
i n v e n t 

HP-UX Performance and Tuning 
H4262S COO 

HP Training 

Student guide 

j 
- -

TOME 2/2 



Copyright 2004 Hewlett-Packard Development Company, L.P. 

The information contained herein is subject to change without notice. The only warranties for HP 
products and services are set forth in the express warranty statements accompanying such 
products and services. Nothing herein should be construed as constituting an additional warranty. 
HP shall not be liable for technical or editorial errors or omissions contained herein. 

This is an HP copyrighted work that may not be reproduced without the written perrnission of HP. 
You may not use these materials to deliver training to any person outside of your organization 
without the written permission of HP. 

UNIX® is a registered trademark of the Open Group_ 

Printed in the USA 

HP-UX Performance and Tuning 
Student guide 
May2004 



Module 9 -1 HFS File System Performance 

Objectives 

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

• List Uu·ee ways HFS file systems are used. 

• List basic HFS file systcrn data structures. 

• Identify IIFS file �ystern bottlenecks. 

• Identify HFS ken el sys tern parameters. 

crF1 
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9-1. SLIDE: HFS File System Overview 

Physical View 

Student Notes 

Primary l Superblock 

Cylinder Group 1 

Cylinder Group 2 

Cylinder Group 3 

Cylinder Group N 

Logical View 

Data Blocks 

Data Blocks 

Internal Cy&nder 
Group View 

The I-IFS model is a foundation for all other file system vru:i�ults. We will begin our discussion 
of File System performance using the HFS file system model. 

The HP-UX File System 

The HFS file system strategically lays out its <lat� strnctmes on disk to rnost efficiently utilize 
the geometry of the disk. TI1e design of the HFS file system can best be explained by looking 
at the file system from tlu·ee perspectives. 

Physical View 

From a physical disk perspective. the disk d1ive upon which a file syster'n is placed contaiIL<> 
sectors. tracks, platters, and disk heads. 

A key bE>havior of most all disk drives is that the disk heads move in parallel across the 
platters in such a way that each disk head is over the same track witl\in each plat.Ler at the 
same time. To maximize the file system 110 throughput of the disk, it is desirable Lo have as 
many file blocks close to each other as possible, to minimize the time it takes to read or w1itC' 
t11e various blocks of a file. To help achieve tllis goal, the blocks on the disk are allocated to 
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the HFS file system in tmits call cylinder groups. A cylinder group is all the tracks, from 
every platter, grouped together, of several acljacent cylinders. 

Cylinder Group Analogy 

Consider a health spa or gy1n with three floors. Each floor contains a jogging track, and the 
thTee jogging tracks ar , located directly above or beneath one another from floor to floor. 
From this point of view, a cylinder group would be the same group of lanes from each floor's 
jogging track. In other \'Vords, all lane 1, 2, and 3 tracks would make up cylinder group 1; all 
lane 4, 5, and 6 tracks would make up cylinder group 2, etc. 

By organizing space on disks in cylinder group tmits, tile HFS file system can logically keep 
all U1e blocks of a giveJ} file close to each other. For example, in the slide above. the first 6 
blocks of a file might be allocated as follows: 

File block #1: Platter #1, Track #1, Sector #1 
File block #2: Platter #1, Track #1, Sector #2 
File block ID: Platter #1, Track #3, Sector #5 
File block #4: Platter #1, Track #3, Sector #6 
File block #5: Platter #2, Track #7' Sector #10 
File block #6: Platter #3, Track #9' Sector #7 

By allocating file system space in this mairner, a multiple block read (say 6 blocks) could be 
read with less than six separate reads. In the example above. file blocks l and 2 could be 
read with one read operation, followed by a head switch (no carriage movement) to track ;5, 
rnwther read for file blocks 3 and '1, a short seek to the next cylinder and a head switch to 
read file block 5, and repeat for file block 6. Four reads could U1en read the six blocks. The 
more contiguom> the blocks that make up the file, the more efficient the reads and writes can 
be. 

Logical View 

From a logical perspec :ve, an llFS file system conta.ins a series of cylinder groups. Even 
though the physical cylinder groups are laid out from top to bottom, trnnscending all the 
platters, logically, we v\ew the cylinder groups as horizontal units going from left to right. 

111e HFS file system is made up of multiple cylinder groups, where the number of cylinder 
groups is dependent on the size of U1e file system. In t11e slide, we assmne tJ1e IIFS file system 
takes the whole disk, therefore, there are N cylinder groups in Ute sample file system. 
Typically, they are numbered from 0 to N-1. 

A critical data st.n1ctme contained with every HFS file system is d1e primary superblock. 
The primary supcrblock is located at the start of every HFS file system a t  tJ1e stmt of the first 
cylinder group, and contains the critical header information for the HFS file system. Data 
structmcs contained witJ1i11 U1e superblock indude t11e free block list, t11e mmmt flag, the 
starting address of each cylinder group, and mnch more. 
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Internal Cylinder Group View 

Within each cylinder group, the following data structures exist: 

Data blocks 

Redundant Superblock 

Cylinder Group Header 

Inode Table 

The data blocks are where files are stored within the cylinder 
group. TI1e data blocks are distributed in such a way that a 
portion of tl1e data blocks come before the cylinder group 
header structmes and tJ1e rest come after tJ1e cylinder group 
header structures. Tilis ensures Uiat the cylinder group header 
structures are randomly placed tl1rougho11t the cylinder gronps. 

A redundant copy of the p1imary superbloqk is contained 
wiU1in each cylinder group. 111ese redundant copies c.u·e kept to 
protect against the loss of the p1irnary superblock. The 
locations of the redtmdant snperblocks cru1 be viewed by 
displaying the contents of the /etc/ sbtab file. Should tl1e 
primary superblock become lost or corrupted, the file system 
could still be recovered by executing the fsck conuna.nd and 
specifying the location of one of the alternate superblocks. 

TI1e cylinder group header contains the header information for 
the cylinder group. This information includes the free blocks 
within the cylinder grnup, the starting addresses of the inode 
tables for that group, and a list of free in odes for the local 
inode table. 

'TI1e inode table contains all the inodes (fil� header stmctures) 
for files located within t11e cylinder group. Every file within a 

file systen1 is managed by an inode, which desc1ihes the 
attributes and location of the file. Tite inode l.able is divided 
into equal-sized sections and u section is slored in e�u:h 
cylinder group. !nodes within a cylinder gtoup poiJ1t to files 
usually contained within the same cylinder group. 
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9-2. SLIDE: lnode Structure 

-----.---�, 

Data Blocks 

Cylir1der 
Grp �dr 

_________ ....-

Student Notes 

lnode for File 
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Data 
-...._ Block 

Pointers 

An inorle contains all the header information for a pruticular file. Every file has a 
con-esponding inorle, usually located within the same cylinrler group as the file. 

Fielcts contained within the inorle include: 

• File type 
• File access perm issions 
• Number of hard links to Ute file 
• Owner and group of the file 
• Size of tlte file u1 bytes 
• Time stamps (file access, file modification, inocle changes) 
• Data block poi.ntern (direct and indirect) 

NOTE: AJthough the size of the inode differs from one type of file system to <inother, 
the basic types of data cont.ai.Hed is vi1tually the same, the main differences 
are in the data pointer strnctmes. 
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9-3. SLIDE: Inode Data Block Pointers 

I node 

Direct Access 

0 Data Block 
0 Data Block 
D Data Block 

D Data Block 

2 Logical llOs needed to 
access each 8 KB of data 

Student Notes 

Single Indirection 

I node 

lnode Extension 

0 
Data Blocks 

3 Logical I/Os needed to 
access each 8 KB of data 

Double Indirection 

I node 

Data Blocks 

4 Logical I/Os needed to 
access each 8 KB of data 

One of the structures within each HFS inode is them-ray of data block pointers that reference 
the data blocks within tl1e file. Tite size of U1e dat-'l block pointer array is 15 entries, meaning 
there are a maxinuun of 15 file system block addresses within the array. 

111e first l� addresses v.ritlun the data block pointer :.u-ray are "direc.:t acc¢ss'' addresses. Tite 
thirteenth entry is a "single i..ndirectfon'' block address, the fomteenth is a "double 
iHdirection" block address, :utd the fifteenth (and last) entry is a "t iiple indirection" block 
n.<ldress. 

Direct Access 

A direct access address points directly to a file's data block. When accessing a file using a 
.. direct access" acld.rcss, a m.i.nimnm of two logical I/Os ;:u·c needed: one I/O to access the file's 
inode (containing the direct access address), and one T/O to access Ille file's corresponding 
data block. 
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Single indirection implies the address within U\e inode references a block on disk that acts as 
an inode extension block. Tite inode extension block, in turn, contains addresses that point 
to the file's corresponding data blocks. 

It should be noted that three logical I/Os are needed to access a file's data blocks using single 
indirection: one I/O for the file's inode, one I/O for U\e inode extension block, and one 1/0 for 
the data block itself. 

Double Indirection 

Double indirection means access to a file's data blocks require going through two i.nodc 
eJ\.'tension blocks. TI1e first inode extension block references IJ 1e address of a second inode 
extension block, which contains addresses referencing the file's datablocks. Double 
indirection is needed only for files above 16 MB (wiU1 a default block size of 8KB). 
When accessing files requiring double indirection, a total of four logical I/Os are required: an 
110 for tJ1e file's inode, an I/O for each of the two inode extension blocks, and an I/O for the 
file's data block. 

Triple Indirection 

Tiiple indirection (not shown on the slide) adds one more level of indirection when accessing 
a file's data blocks. Triple indirection is only needed to access files larger titan ;J2 GR (with a 
default block size of SKB). 

NOTE: Every level of indirection adds an additional logical 1/0 wh en accessing the 
fiJe's data. In the case of uiple indirection, five logical I/Os are needed 
compared to two 1/0s for direct. acces.s data blocks. 

As you cmt see, the performance of ru1 HFS file system tends to favor small files (12 blocks or 
less), and tencb to pen:lliz.e large files that have to use single, double, or even triple 
indirection. You can delay this perforrn:.mce degradation somewhat.. by building tJ1e file 
systems with larger block sizes. (More on Uiat later in the module.) 
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9-4. SLIDE: How Many Logical I/Os Does It Take to Access 
/etc/passwd? 

Type lnode 2 
I (root) 

Blk. 74 MTime � lnodes(O-
2 74 

Type Lin s 
lnode 504 Owner Size /etc 

A lime MTime Clime 

717 

� Type Links 

Group Size 
lnode 1824 
/etc/passwd 

Atime MTime 

Student Notes 

TI1e above slide illustrates how a file within the HFS file system is accessed. It may surprise 
sonte people when they find out how rnany logical I/Os are needed to access the 
I etc/passwd file. 

Starting from the Top 

When the fuU patlrnarne of a file is specified for access (as in /etc/passwd), U1e kernel 

struts witl1 the only inode it knows: the inode of the root directory of the root file system. 
lnode number 2 is always the inode of the root directory of mty file system. "/"symbolizes (in 
the kernel) the root directory of the root file system. 

Using the slide as an example, after reading inode 2 of the root file syste.(U (first logical I/O), 
the kernel discovers that tl1e conLents of llle root directm-y (the listing of tlte files containect 
in that dire<.:tory) are located at file system block 74. Upon rending block 74 (second logical 
IIO), the names of the files in U1e root directory and Uteir co!Tesponding inode numbers are 
known. Directories a.re primru:ily listings of file names and the numbers of the iuocles tlrnL 
manage them. 
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From this inform .. 'ilion, the kernel discovers the inode for the etc directory (in "r) is 504. 

!node 504 is then read (third logical I/O) and from that the kemel learns the etc directory is 
located at file system block 717. Block 717 is read (4th logical 1/0) and the file names tmd 
inodes cont.ai.ned ·with.in that directory are now known. 

One of tl1e entries -�rithin block 717 is the passwd file and its corresponding inode number 

1824. TI1e inode 1824 ic;; read (5th 1/0), e:md from this the kernel finally learns that block 2240 
is the one that contains the contents of the I etc/passwd file. Block 2240 Le; read (6th 1/0) 

and tl1e kernel finally has the data it set out to access. 

So, the answer to the question at the top of the slide, "How many logical I/Os does it take to 
access /etc/passwd'?" is ... 6. 

,. "' 

1\. L .. 1 c I \ b lf (. ca ck _' a� ( tr1 fl.inf C.1� 
U l'J (JM. a_ p P'"" \ c..t C(..,. JL'-' (1 . 
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9-5. SLIDE: File System Blocks and Fragments 

I 

l®l . �"'illlM] : l fiTi1 � ffil!.j_ iq I If :l I•� f5;i:i 
I 

FileA FileD FileE -, 
FileF I 

FileB FileD FileE FileF I End 
FileB FileD FileE FileF 
FileC FileD FileE FileF of '"----Fi1ec FileE FileF 

Fragment{ FileF Disk 

'--v-� 
File System Block 

FileA, FileC, and FileD grow by 1 fragment 

--:0� FileD ca�c FlleF 

FileD c:o-r- FileF End 
FileB FileD ca�c FileF 

FileD FilPF FileF i of 
FileD FileE FileF 

I 

� 
File A FileC FileF I Disk -
FileA FileC 

1-11ec 

Student Notes 

The concept of blocks and fragments was introduced when the UFS file system was 
designed. TI1ere is always a trndeoff when managing a resource based on a fixed allocation 
unit size (the file system "block" in this case). If the block size is lc.u·ge we can manage them 
with fewer pointers (system overhead) bnt if it is too large Lhere is an opportunity for 
inefficient utilization of the resource (very small files still require a block). In tJ1e case of Ute 
HFS file system this concem was addressed by making the block capable of tmifomt 
subdivision. The fragment was created for this purpose. 

Definitions 

Sector 

Frngment 

A sector is U1e smallest mlit of space addressable on the physical disk. 
The sector size is used when the tlisk is formatted to approp1fately 
place timing markers on the platter. 'Ille default sector size for HP-UX 
mtd most UNlX systems is 512 bytes. 

A fragment is the increment in which space is allocated to files within 
the HF'S file system. The default fra.grnenl size is l KB. Titis can be 
t1med when the HFS file system b initially created. Allowable sizes are 
lK. 2K. -IK, anrl SK. 
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A file system block is the minimum am0tmt of data transferred to/from 
the disk when pe1ionning a disk 1/0 on an HFS file system. 111e default 
file system block size is 8 KB. 111is can be tlmed when the IIFS file 
system is initially created. Allowable sizes are 1K, SK, 16K, :32K, and 
64K. 

Example - Top Half 
111e top half of the slide shows the allocation of disk space when the following six files are 
created (assuming only 5 file system blocks are free within the HFS file system). 

File A (size 1 KB): 111e kernel searches for the first free fragrnent. On the slide, the first 
fragment in the first file system block is allocated. 

File B (size 2 KB) 111e kernel searches for the first 2-KB continuous fragment that is 
available. Tilis is in the same file system block in which FileA was 

allocated. The fact that FileA has already been allocated in this 

file-system block does not matter. M11lliplefilcs can be allocated 
within the sanwfilc system block. 111e first basic rule is: Best fit on 
"close". 

File C (size 2 KB): 1l1e kernel searches for the first 2-KB continuous fragment available. 
TI1is is in the same file system block as FileA and FileB. Hence. 

Fi lee is allocated 2 KB from this same file-system block. (la 11y of 
these tlvrccfiles arc accessed, then all thrccji'lcs arc read into the file 
system buffer cache as a, s i11glc unit. 

File D (size -l KB): TI1e kemel scarchf's for the first fonr contiguous 1 KB fragments 

available (within the same file system block). This is in the second file 
system block. 111e kernel does not allocate 3 fragments from U1e fll'st 
fi1e system block and 1 fragment from tJ1e second file system block, 
because that would require two logical I/Os lo read in the entire 4 KB. 
This is inefficient, as only one VO is required if the file is contained 
within the same file system block. The second basic rnle is: �r the size 
of afile is 8 KB or less, the kernel willfit the entircjilc within a 
si nglc file-system block. 

File E (size 5 KB) and File F (size 6 KB): 

�1e kernel searches for the first available file-system hlock that can 
holci the entire file. On the slide, FileE is allocated in file system 

block ;3, and FileF is allocated in file system block <1 .  
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Example - Bottom Half 

TI1e bottom half of the slide illustrates how the growth of tlu-ee files affect5 allocation within 
the HFS file system. 

FileA (IKB-> 2KB): When FileA grows, it cannot grow into U1e next fragment because 

FileB is occupying th.is spot. TI1erefore, the kernel relocates FileA 
to the first free 2 KB that is within the sanw file system block. (Why 
transfer another block into memory, at this point'?) 

FileC (2KB -> 3KB): When FileC grows, it cannot grow into the next fragment, because 

FileA is now in that spot. TI1erefore, the kernel relocates FileC to 

the first free 3 KB that is in a different file system block. (It can J\o 
longer fit into the first block). It selects block three been.use that block 
has a space exactly snited for tl1e three-block FileC. 'Ille third ba sic 
rnle is: if a file owns multiple fragments within th:e same block, they 
must be contiguous. 

FileD (4KB-> 5KB): When FileD grows, it simply grows into the next fragment because it 

is still free. 

H4262S C.00 9·12 
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9-6. SLIDE: Creating a New File on a Full File System 

New FileG (4 KB) is created 
-

FileD RleE FileF FileG 
FileB FileD FileE FileF FileG 
FileB FileD FileE FlleF FileG 

FlleD FileE FileF FlleG 
FileD FileE FileF 

RleA FileC RleF 
FileA FileC 

FileC 

What happens when new FileH (1 KB) is created? 

Student Notes 

End 

of 

Disk 

As an HFS file system becomes full, the performance impact of creating a new file becomes 
significant. This is due to the hehavior of the kernel when creating a new file: Whc11 a 1ww 

file is created 011 JJPSfile systmns, the kemel f1ics allocates a block-sized bu.ffcr in bujfer 
caclwfor the file to grow into. Upou the.file being closed. the k<rmcl allocates the file's 

j?·agmcnts to au alrca.dy allocatcdfile system block, �(possible. 

FileG Is Created 

Int.he example on the slide, FileG is openecVcreated as a new file. Not knowing U1e size to 

which FileG will grow, the kernel allocates n block-sized buffer in bnffer eaehe for FileG to 

grow into. When FileG is closerl, tl1e kernel searches for a set of four contiguous lKB 
fragments in a bloek. Si.nee there are no shared blocks tlml have fonr contiguous fragments, 
the file is w1itten Lo a new, empty block. 

Wltat Happens When FileH Is Created? 

The impact of creating new files on a full file system can be seen when Fi leH is created. 

When FileH is opened for creation, the kernel nllocates a block-sized buffer in buffer cnche. 
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As it turns out, FileH i5 closed after writing only 1 KB worth of data. Upon closure, FileH is 

moved to file system block 1, first fragrnent. 

NOTE: Performance on HFS file systems typically degrades whei;t free space falls 
below 10%, due to the length of ti.me it takes to find free file system blocks for 
new files. For this reason, it is reconunended that MINF'R'EE always be 10% or 
greater, even for large file systems (greater tha1t4 GB). 

· 

111e fomth basic rule is: No fragment belonging to another file will be moved to make room 
for this file. 

H4262S C.00 9-14 
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9-7. SLIDE: HFS Metrics to Monitor - Systemwide 

• Utilization of the file systems 

• File system 110 queue lengths 

• Amount of physical 1/0 to the file systems 

• File system free space 

• Open files for each process 

Student Notes 

When monitoring ctisk 1/0 activity, the main metrics to monitor are: 

• Percent utilization of the file systems: As utilization of the file system increases. so 
docs the ammutt of time it takes to pe1fonn an 1/0. According to the performance queuing 
theory, it takes twice as long to pe1fonn an I/O when tJ1e file system is 50% busy, than it 
does when the file F.>ystem is idle. 

• Requests in the file system 1/0 queue: 111e number of requests in Ute file system I/O 
queue is one of the best indicators of a file systern performance problem. If the average 
number of request� is three or great.er, then requests are having to wait in Ute queue 
longer than the amount of ti.me needed to service those requests. 

• A.mount of physical 1/0: If the amount of file system activity is high, it is impork'U1t to 
investigate on which file system the activity is occurring. 

• File system free space: A5 ;.u1 HFS file system becomes full (greater than BO%), it t.akes 
longer :.md longer to find an available free fragment for a new file or to grow an existing 
file. Titis creates additional disk activity, leading to slow file system performance. 
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• Files opened with heavy access: For each process performing large amounts of file 
system 1/0, the names of the files to which they are reading or writing should be 
inspected. For files receiving high I/O activity, (hit <CR> frequently, then inspect how 
quickly the offset to each file changes) consider relocating these files to other disks that 
are less busy. 
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9-8. SLIDE: Activities that Create a Large Amowit of File System 

1/0 

• File writes on an almost full file system 

• Long, inefficient PATH variables 

• Deep subdirectory structures 

• Accessing large files sequentially with a small READ block size 

• Accessing many files on a single disk 

Student Notes 

Conunon causes of disk-related perfonrk111ce problen1s ru·e shown on the slide. 

• Full file system cause excessive 1/0 due to locating free fragments. 

• Long, inefficient PATii variables cause excessive directo1y I/O (especially when the 
conunand is found in the last directory within the PATif varinble). 

• Deep subdirectories cause lots of logical I/Os (two logical I/Os for each subdirectory in 
the full patJt name). 

• Sequential file access, with a small file system block size, causes excessive amounts of 
physical 1/0. 

• Accessing lots of files on one file system. versus many, creates an imbalance of 
utilization. 1l1is leads to performance problems with the busy file systems ;md tmder 
ntiliz."ltion with the others. 
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9-9. SLIDE: HFS 1/0 Monitoring bdf Output 

# bdf 
Filesystem kbytes used avail \used Mounted on 
/dev/root 81920 38018 40901 48% I 
/dev/vgOO/lvoll 47829 22403 20643 52% /stand 
/dev/vg0 0/lvol6 286720 257116 28003 90% /usr 
/dev/vg0 0/lvol4 360448 346127 i 3 �'!!.--···-��\.-1Pe.!: 
/dev/dsk/c0t4d0 1177626 1113204 <:�::._ .. _g···--��.9.� /�!.:/.!.��> /dev/vg0 0/lvol7 122880 102098 19257 84% /var 
/dev/vgO O/lvolS 53248 22589 28549 44% /tmp 

Student Notes 

The bdf rcpo1t shows how mnch file system space is being used (and how much is free) for 
all file systems c1mently molmted on the system. TI1e key fields are: 

avail Indicates the ammmt of disk space available on the file system (in KB). 

Indicates the percentage of disk space used. 

TI1e slide shows there are three file systems with 90% usage or more, and one of the file 
systems is at 100% utilization. Recall that when an HFS file system becomes full. perfmrnance 
on thnt file system suffers due to fragments being moved. 

TI1e good news is that the amount of free space which is being held back by the file system 
parnmet.er, MINFREE, is already subtracted from the values. In fact, if yon compare the 
kbytes, used, and ava i l  cohmms, you'll see that something is missing. used + avail clo 
not add up to be kbytes. rme difference is MINFREE. 
For example, look at Is tand. Clearly, 22403 + 20643 does not equal ..17$29. ht fact, 
22-l03+206il3 divided by 17829 equals 90%, i.ndkating that MINFREE mnst be set to 10% for 
Ulis file system. 
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9-10. SLIDE: HfS 1/0 Monitoring glance - File System 1/0 

B3692A GlancePius B . 1 0 . 12 

Cpu util @:: 
Disk Util � -

Mem Util Is + lu 
Swap Util lu Ujl! 

Idx File System 

l I 
2 /stand 
3 /var 
4 /usr 
5 /tmp 
6 /opt 
7 /home .lvol5 
8 /export 
9 /disk 

10 /cdrom 
11 /net 

Fl 

06:39:52 e2403roc 9000/856 CUrrent Avg High 

s!RI u 

uli> 

IO BY FILE SYSTEM 
Device 

/dev/root 
/dev/vgOO/lvoll 
/dev/vg00/lvol9 
/dev/vg00/lvol8 
/dev/vg00/lvol7 
/dev/vg00/lvol6 
/dev/vgOO/lvolS 
/dev/vg00/lvol4 
/dev/vgOl/lvoll 
/dev/dsk/c1�2d0 
e2403roc: (pid604) 

ul 1 100\ 100\ 100\ 
Fl I 83\ 22\ 84\ 

ij I 94\ 95\ 96'11 

I 21\ 21\ 22\ 

Users• 
Type Logl IO Phys IO 

vxfs 0.3/ 0 . 6  0.0/ o . o  
hfs 0 . 0 /  0 . 0  0 . 0/ o . o  
vxfs 1 . 0 /  1 .  8 0 . 1 /  0 . 3  
vxfs 9 . 2 /  2 . 8  1 .  5/ 0 . 6  
vxfs 0 . 0 /  0 . 0 0 .  l / o . o  
vxf s 0.0/ 0 . 0  0 . 0/ o . o  
vxfs 0.0/ 0 . 0  o.o; 0 . 0  
v x f s ll.-O.,L--O,-G···-··-·0.··4/.--· O . • . Q 
vxts C�46"3 . B /  8 6 . 4  105.8/ 20 . l

- ··-::> 
cdf s ---·o-:-or-.,:--a----o-:·o-r- -n-:·c;·-· 
nf s 0.0/ 0.0 0.0/ 0.0 

Top disk user: PIO 3603, disc 1 0 4 . 0  IOs/sec S - Select a Disk 

Student Notes 

111e glance file system l/0 repo1t. (i key) shows activity on a per file system basis. Only 

total J/O actjvity (not r�ads versus writes) is sho\\rn with thi<> report. 

This report is similar to the logical vohune report (discussed in the previous morlnle) except 
tJ1is report shows logical J/O compared to physical I/O, and does not distingnish between read 
and write activities. 11rn logical volmne report shows reads compm·ed against wtites. but 
rloes not distinguish bE'tween logical mid physical activities. 

From the report on U1e slide, we note tliat all U1c file system activity is being pcrformerl 
against one file system. 

Note: The file system 1/0 repo1t shows I/O activity for all types of mo1mted file 
systemc:;, including CDFS file systemc; mid NFS-mmrntcd file systems. 
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9-11.  SLIDE: HFS 1/0 Monitoring glance - File Opens per 

Process 

B3692A GlancePlus B . 1 0 . 1 2  0 6 : 4 4 : 3 9  e2403roc 9000/856 CUrren� Avg High 

cpu Util I :. SIRI lJ u) 1100\ 100\ 100\ 
Disk Util F F I 83\ 22\ 84% 
Mem Otil It; Siii uj!i Iii I 94% 9 5\ 96\ 
Swap Otil (Cii[� I 21\ 21\ 22\ 

Open Files for PIO: 3911, disc PPID: 2410 auid: 0 Oser:root 

FD File Name Type 
O /dev/pts/l chr 
1 /dev/pts/1 chr 

__.�_.Lrie></-pt:.-(-l:" ----··------·-·-· -----... __ __ chr 
,.,.,} <reg, vxfs , inode : 3024 ,/ . . . ol9, vnode : Ox00f9e00_2.>,)reg 

4. "-nrt-a"lrdf1'i·1'e!> --····-··-········--·-···-···· .......... -.................... .  _ ...... --.---
reg 

10 /dev/null chr 

Open Open rn;; .... � { �\. - ����--����� - - - -� �� rd/wr 6 13582826 
rd/wr 6 13582826 
rd/wr 13582826 
read l 85 
write l 32768 
read 2 0 

Student Notes 

11le glance open files report (F key), available only from the select process repmt (s key), 

shows the n;unes of files opened for the Clll"rently selected process. Sometimes, tl1e full path 
name of the file is shown. Otherwise, the inode number, and device name m·e shown and yon 
would have to translate that information into the filename. 

NOTE: To determine U1e full patlmame of a file, given its inode nmnber <utd logical 
vohune name, use the ncheck conunand: 

ncheck - F  vxfs - i  [inode #) [device nameJ 

Another way to determine the full pathname of a file, giv0n its inode number 
and logical volume rn.une, is to nse the find conunan<l: 

find [mountpoint of device] -inum [inode �l -xdev 
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To detenui.ne whether 1/0 activity is occun::i.ng against a file, enter Ule open file report for a 
particular process, and press <CR> multiple times in succession. Watch the offset field for 

each file. If tlu! offset field is constantly changing, it indicates the file is cmTently being 

accessed. 

Performance Scenario 

A system is experiencing slow pelfom1rulce due to high file system utilization. Upon fmther 
investigation, not all file systems are heavily utilized. bl fact, some show no activity at all. 

By sorting the processes within glance by disk I/O activity, then selecting tlt0se pro<"esses to 
obtain further details, you cm1 dctennine which files m·e getting Ule majority of the activity. 
To take advantage of Ule underutilized file system, move the heavily accessed files to this file 
system and create a symbolic link to the file from its original location, thereby removing a 
heavily accessed file from a busy file system and putting it on an underutilized file system. 
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9-12. SLIDE: Tuning a HFS 1/0-Bound System - Tune 

Configuration for Workload 

Tune the following parameters, based on workload: 

• File System Block and Fragment Sizes 

• Blocks per cylinder group (maxbpg) 
• File system mount options 

• The mkf s options when creating the file system 

• The tune£ s options can modify parameters on existing file systems 

Tune other configurations, based on workload: 

• Optimize $ PATH variables 

• Use flat directory structures when possible 

• Ensure sufficient freespace exists on file systems 

Student Notes 

Every workload and every application is different. Each has different re-'>omce requirements 
and each places different de1mu1ds on the system. TI1ere is no one configuration that is 
optimal for all applications. For example, CAD-CAM application stress memo1y (and 
graphics); accounting applications tlwt do forecasting stress CPU; NFS-based applications 
stress the disks (and the network); and RDBMS applications stress all resources. 

File System Blocks and Fragments 

Tips and notes for choosing the sizes of me system block and fragments follow: 

Fra!(ments 

• Fragment sizes can be 1. 2. 'l, or 8 KB i11 size. 
• Fragments can be 118. Yi, Y:?, or equal to the file system block size. 
• For large files which are opened and dosed a lot dming their growth, large fragments are 

recommended. 
• For file systems with Lots of small files. small fragments arc reconunenderl. 
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File System Blocks 

• F'ile systern.blo · s sizes can be 4, 8, 16, 32, or 64 KB. 
• For file systems rith large files, large file system blocks are reconunended. 
• For file systems rith large files, increase maxbpg (maximum blocks per group). 

• For application. which perform a lot of sequential 110 (with read-aheads and 
write-behinds), arge file system blocks are recommended. 

HFS Mount Opti 

The mount options feet pe1formance by specifying when files on tJ1e file system are 
updated. These opti ns can be specified in tl1e options column of the /etc/ fstab file. 

The HFS-specific m tmt options include: 

behind 

delayed 

fs-async 

Ena!e, when possible, asynchronous writes to disk. 111is is the default for 
wor ·tations. It does not use the sync daemon. 

Ena le delayed or buffered writes to disk. This is the default for servers. It 
does use the sync daemon. 

Ena e relaxed (asynchronous) posting of file system metadata (changes to 

the s 1perblocks, inodes, etc.). 1ltis option may improve file system 
perf rmance, but increases exposme to file system corruption in the event of 
pow r failure. 

no_fs_async Fol'C tigorous (synchronous) posting of file system metadata to disk. This is 
the default. 

mkfs Options 

mkfs is usually not .xecnted directly, but is called by newfs -F hfs instead. File system 

tuning is best accor� plished when the file system is created. Tile workload for a file system 
should be well lmd ·stood and dedicated before serious attempts are made to ttme one. 
Many options are al o dependent on the type of physical device on wl1ich a file system is 
being created. 

The HFS specific opticms include: 

size 111e . ize of the file system in DEV_ BSIZE blocks (the defanlt is the entire 

devi e). 

The 1 1aximum size of a file can be up to 128 GB. 

nolargefiles The 1 tmcinuun size of a file will be limited to 2 GB. 

ncpg 

min free 

The I mnber of cylinders per cylinder group (range l-;32. the default is lG). 

the n 'nimnm percentage free disk space reserved for non-root proct>sses 

(def;. 11t is 10%). Beginning with IIP-UX 10.20 the bdf command does not 

cone •al th.is free space rntd as a result will report free disk space accurately. 
1llis neans tl1al a file system crnrnot show 111% utilization anymore. 
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nbpi Tile munber of bytes per inode. This vruue determines how \uany i.nocles are 
alJocated given a file system of a certain size. (The default is 16144.) 

tunef s  Options 

Some parameters c:.Ul be changed once the file system has been created, wi61 tunefs ( lm) . 
TI1ere are min free and maxbpg. minfree is explained above. 

maxbpg TI1e mamnum munber of data blocks that a large file can use out of a cylinder 
group, before it is forced to continue to grow in a different c}'linder group. 
TI1is value does not apply to :my file which size is 12 blocks �r less. 

tunefs can also be used to display the contents of an HFS file system: 

# tunef s -v I dev I .. ./. .. 

Other Configurations 

Optimize $PATH 

TI1e PATii variable i.I1 a user's envi.I-01rn1ent specifies a list of directories to 1em·ch when a 
command is entered. Having an excessive number of directories or duplicate directories to 
search can increase disk access, particularly when the user makes a mistake typing a 
conunand. 1l1is problem can be greatly exacerbated if tJ1e user's PATH var·able contai.I1s 
directories that are rn0tmted automatically with the NFS automount utilit , causing the 
network mount of a file system because of a typographical error. 

Use Flat Directory Structures 

Long directory path names create more work for the system because each 4"·ectory file and 
its associated i.I1ode entry require a disk I/O in order to bring them into me1tory. Recall that 
six logical I/Os were required to read the I etc/passwd file. Conversely. ypn rlon't want 
Ut0usands of files in the same directory, as it would take many I/O operations to read mid 
search tJ1e directory. 

Ensure Sufficient Freespace 

As the file system becomes full (greater than 90%), the kernel begins to tak longer ;md 
longer to find available free fragments. TI1e algoi;thrn gets very lengU1y wl1en the file system 
free space falls below 10%. Of com-se, if you do not have m1y files that grow: and yon m·e not 
adding m1y new files, Lhis would waste 10% of your file system free space far no reason. 
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9-13. SLIDE: uning a HFS I/0-Bound System - Use Fast Links 

Blk. 74 I /daLa I '--"-"---='11--1 

/usr/data -> /data /usr/data -> /data 

Standar Symbolic Links 

Student Notes 

There are two ways ymbolic links can be stored on HFS file systems. 

Standal'd Symbo ic Links 

Standard symbolic �tks are implemented in the same way :L'> tltey are on other UNIX 
systems. TI1e inode for the symbolic link points to a data block on disk, and the contents of 
the data block con · ts the nmne of the file being referenced by the symbolic link. 

In U1e example on ti e slide, /usr Ida ta i'> tJ1e symbolic link with an in ode number of 12. The 

conlent5 of inode 12 contain an address pointer to data block 74, and the contents of data 
block 74 contain the name of U1e file being referenced (in the example, /data). Two logical 

I/Os are required to esolve the symbolic link, one 1/0 to retrieve the inode and ont> I/O to 
retrieve the dak'1 blo �k containing the referenced name. 

HP Fast Links 

HP fast links allow s 11bolic links to be resolved with one logical 1/0 instead of two. HP fast 
links store the name of the referenced file in the inode of the symbolic link itself, rather than 
in a data block that t 1e inode references. bl the example, when the inode (12) of tl1e symbolic 
link is retrieved, tlte ·ontents of tlte inode contain the name of the referenced file. 
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HP fast links can be configured by setting the tunable OS parameter creat;e_fastlinks 
to 1, and recompiling the kernel. Upon booting from the new kernel, all futtire symbolic links 
created will use HP fast links. No existing standard symbolic links will be utomatically 
conve1ted to fast symbolic links. The standard symbolic links would have o be removed and 
then rncreated to conve1t thern. 

Fast symbolic links will only work for link destinations that can be eA.rpres�ed in 59 
characters or less as this is the limit of the space within the inode where the fast link 
information is stored. If a symbolic link contains more than 59 characters, it will be stored as 
a standard symbolic link, regardless of the value of create_fastlinks. 

Tl'ansition Links 

Saving one logical 1/0 when accessing a symbolic link may not seem sign· cant, tmtil 
considering that HP-UX makes heavy use of transition links (which are an implementation of 
symbolic links). Transition links allow an HP-UX file system to contain older 9.x directory 
paths. The 9.x d.irectmy names are symbolic links that point to the correct current location 
(for example, /bin > /usr /bin). Many HP-UX installations have applic tions (including 

HP-UX applications), which rely on and make heavy use of tnmsition links 

A quick performance gain for all HP-UX systems is to convert these transi on links from 
standard symbolic links to HP fast links. Tile procedure for making this conversion is: 

l .  Recompile the kernel to use HP fast links (i.e. set the create_fastl,inks to 1). 

2. Shut down and reboot the system. 

3. Execute tlremove to remove all tlle transition links from the system. Over GOO links will 

be removed. 

4. Execute tlinstall to re.install (that is, recreate) tlle transition links. When the links are 

reinstalled1 they will be created with HP fast links. 
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Directions l 
The following lab ill istrates a number of performance issues related to HFS file systems. 

l.  A 512 MB HFS file system is requiTed for this lab. Use the mount and bdf conunands to 

determine if such a file system is available. 

# mount -v 
# bdf 

If there is no sn t IIFS file system available, create one nsing the conuuands below: 

ff lvcreate -n hfs vgOO 

# lvextend lL 512 /dev/vgOO/hfs /dev/dsk/cXtYdZ ( s econd disk) 

# newfs - F tjf s /dev/vg O O / rhfs 

# mkdir /h fs 

ff mount / deV/vgOO/hfs /hf s 

2. Copy the lab filf> - to the newly created HFS file systern. 

ff cp /home/ h4 2 6 2 /di sk/ l ab l /di sk_long /hfs 

# cp /home / �4 262/disk / l abl /make_f iles /hfs 

Next, execute t e make_ files program Lo create five 4-1\'IB ASCII files. 

# cd /hf s 

# . /make files 

;3. Pm·ge the buff en cache of this data, by tuunotmting and remmmting the file system. 

# cd I 

# umount /hfls 

# mount / dev/vgO O /hfs /hfs 

# cd /hf s 

http:/Jeducation.hp.com 9-27 H4262S C.00 
© 2004 Hewlett-Packard Development Company, L.P. 



Module 9 
HFS File System Performance 

'1. Time how long it takes to read the files with the cat command. Record he results below: 

# timex cat file* > /dev/null 

real: 
user: 
sys: 

5. In a second window start: # sar - d  5 2 0 0  

From the first window, execute the disk_ long program, which w1ites �00 MD to the 

HFS file system (and then removes the files). 

# timex . /di sk_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 task take? 

6. Performance tlming - recreate the file system with larger fragment anq file system block 
sizes. 

1'mu.ng the size of the fragments and file system blocks can improve perfonnance for 
sequentially accessed files. TI1e procedure for creating a new file system with customized 
fragrnents of 8 KB and file system blocks of G4 KB is shown below: 

# lvcreate - n  custom-lv vgOO 

# lvextend -L 512 /dev/vg O O /custom-lv / dev/ dsk/cXtYdZ 

# newfs -F hfs - f  8 1 9 2  -b 6 5 5 3 6  /dev/vg O O / rcustom-lv 

# mkdir /cust-hfs 

# mount /dev/vgO O /cus t om_l v /cust-hfs 

7. Copy the lab files to the customized HFS file system, e_'Cecutc the make_ files program, 

and purge lhc buffer cache. 

ti cp /hf s /disk _long /cust-hfs 

# cp /hfs/make_files /cust-hfs 

# cd /cus t - hfs 

n . / make f i les -
n c d  I 

# umount. /cust-hfs 
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8. Time how long i takes to read the files with the cat conuuand. Record the result5 below: 

ff t i mex cat E le* > /dev/null 

real: 
user: 
sys: 

How do the resu ts of step 8 compare to the default HFS block and fragment results from 
step 4? 

9. Performance tm :i.ng - change file system mOlmt opt.ions. 

'Ille mruu1er in w�lich the file system is mounted can impact performance. TI1e fsasync 
mom1t option c4 1 improve pelfonnance, hut data (metadata) integ1ity is not as reliable in 
the event of a er h, and fsck could nm into difficulties. 

# cct I 

# umount /hf 

� mount -o f async /dev/vgOO/hfs /hfs 

# cd /hfs 

10. In a second wi.nclow st.<ut; # sar -d 5 2 0 0  

Front the first ''11dow, execute the disk_ long program, whidt writes 400 MB to the 
HFS file system (nd then removes the files). 

# tirnex . /dif k_l o ng 

• How bnsy did he disk get? 
• What was the < verage number of requests in the 1/0 queue? 
• What was the <lverage wait time in U1e I/O queue? 
• How much rea time did the task take? 

How do the rcsu ts of step 10 compare to. the default mo1mt options in step 5? 
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10-1. SLIDE: Objectives 

Upon completion of this lesson, you will be able to: 

• Understand JFS structure and version differences 

• Explain how to enhance JFS performance 

• Set block sizes to improve performance 

• Set Intent-Log size and rules to improve performance 

• Understand and manipulate synchronous and asynchronous 1/0 

• Identify JFS tuning parameters 

• Understand and control fragmentation issues 

• Evaluate the overhead of online backup snapshots 

Student Notes 

Upon completion of U1is module, you will be able to do the following: 

• Understand JFS Structure and version differences 

These course notes are based on the JFS Version 3.5 file system, built Jn Version 4 di<;k 
layout. The next few slides will describe the basic differences between versions and 
relate them to HP-UX relcoses. HP JFS 3.5 and HP OnlincJFS 3.5 arc available for HP-UX 
l li and later systems. 

TI1e standard (base) version of HP JFS has been bundled with HP-UX siJtce release 10.01. 

TI1e "advanced" HP OnlineJFS is a purchasable product wiU1 additional adminL'5trativc 
f eatnres for ltigher availability and t1mable performance. These notes "l·ill make dear 
which features belong to Ute base product and which belong to tJie On{ineJFS version. 

'nte Operating Environment delivery model of HP-UX l li includes JFS as follows: 

HP-UX 1 li OE 
HP-UX l l i Enterprise OE 
HP-UX 1 1  i Mission Ctitic.:al OE 

BaseJFS 3.3 
Onl ine.JFS ;3.3 
Online.JPS :.3.3 
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You can downlo d JFS 3.5 for HP-UX 1 l i  for free from the HP Software Depot 
(http://www.soft arc.hp.com), or you can request a free JFS 3.5 CD from the Software 
Depot. Yon can I)mchase HP OnlineJFS 3.3 (product nmnber B3929CA for servers and 
product munber B5118CA for workstations) for HP-UX 11.0 or HP-UX lli from yom· HP 
sales representative. JFS 3.5 is included with HP-UX l l i  systems. 

• Explain how to enhance JFS performance 

The HFS file sys em uses block based allocation schemes, which provide adequate 
random access <Vtd latency for small files but limit throughput for larger files. A5 a result, 
the HFS file syst�m is less th:m optimal for conunercial environments. 

VxFS addresses 6us file system pe1formancc issue through an alternative allocation 
scheme and ulcreased user control over allocation, I/O, and caching policies. 

• Set Block Sizes to improve performance 

It is often advan ageons to match the block size of a file system to the I/O size of the 
application. We ·n show you how! 

• Set Intent Log size to im1>rove performance 

TI1e JFS u1tent l g provides for rapid f sck recovery after a system crash. In general Ute 
u1tent log is not protectlllg your data; the focus is on structural integrity and not data 
integrity! Fast f sck comes at a plice and that piice is performance. Setting the correct 
intent log size is imporumt as it cannot be changed once a fiJe system is created. 

• Underst:and and manipulate synchronous and asynchronous 1/0 

Progranuners myt data base providers do different types of I/Os to obtain the best 
possible balancq between <lata integrity and performance. We will investigate all the 
"gray" areas a.nd1 tune the JFS file system lo meet our administrative and perfonnance 
goals which nlight be quite different to those of lhe programmer! 

• Identify JFS tuning parameters 

• 

TI1e JFS is tunable through mount options, the command line, configuration file.s and 
kernel parameters. We will lem·n where and how to tune. 

Understand anr control fragmentation issues 

'Ole extent base�! file allocation design of Jf'S is ideal for pe1formance of large files. One 
weakness of Uti approach is the potential fragmentation of files anrl free space over the 
life of the file system. In general this will only occm· ul clynarn.ic work file orientated JFS 
file systems (e.g. a mail server) and is unlikely in fixed "large file., file systems where 
major 110 rates OCClU- to static files (e.g. a data base). We will i.nvestign.t.e ways of 
measuring aHd fLxing fragmentation. 
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• Evaluate the overhead of online backup snapshots 

OnlineJFS supports on.line backups via snapshot molmts. We will discu�s the 
performance issues involved when working with snapshots. 
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10-2. SLIDE: JFS History and Version Review 

• JFS introduced in 1 995 with HP-UX 1 0.01  

• Version 2 structure at introduction 

• Version 3 structure at 10.20 allows 1TB files 

Module 10 
VxFS Performance Issues 

• Version 4 structure at 1 1 .00 allows more tunable controls and supports 
ACLs 

• Do not us6i V4 structure on 1 1 .00 for /, /usr, /opt, /var 

• vxupgrade( 1 M) tool can migrate up through versions (not down!) 

• 1 1 i delivers JFS 3.5 software on V4 structure 

• Differences between Base JFS 3.5 and OnlineJFS 3.5 

Student Notes 

The HP-UX Joumal�d File System (JFS) was introduced by HP in August, 1995, on the HP-UX 
10.01 release. The jo tmaled file system attempts to improve on tl1e high-performance file 
system (HFS) by off ring the following enhancements: 
• Extent-based allication of disk space 

• Fast file system tecovery through an bltent Log 

• Greater control and flexibility of file system behavior through new rnotmt options and 
tmwble options. 
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Disk Layout Versions 

Version 1 

Version 2 

Version 3 

Version 4 

TI1e Version 1 disk layout was never used in HP-UX. 

The Version 2 disk layout has the following changes and feat\ues: 
• Many internal JFS structures are dynamic files themselves. 
• hltemal "filesets" separate data files (User Fileset) from strnctmal files 

(Structural Fileset). 
• Allocation m1its now contain data and data map structmes only, iuode 

tables are elsewhere. 
• inode allocation is dynamic and cannot run out. 
• Optional suppo1t for quotas. 

The Version :1 disk layout offers additional support for: 
• Files up to one terabyte 
• File systems up to one terabyte 
• Indirect inode extent maps can now address vmiant length file extents. V2 

restricts all indirect extents to the size of the first indireqt extent. Hence 
large files and sparse files possible wiU1 less overhead. 

Version 4 is the latest disk layout: 
• TI1e Version 4 disk layout supports Access Control Lists. 
• The Version 4 disk layout does not include significant physical changes 

from the Version :1 disk layout. Instead, the policies implemented for 
VersimL 4 are different, allowing for petfonnance impro\

l
ernents, file 

system sluinking, and other enh�mccments. 
• IlP-UX l li witl1 Version 4 layout now supports both files an<l file systems 

up to 2TB in size. 

Table: Matching HP-UX version to JFS version 

HP-UX Release VxFS Version Supported Default 

10.10 2.:3 

10.20 :10 

1 1 .00 with JFS :3.1 3.1 
1 1 .00 with JFS 3.:3 3.3 

lli v l 3.3 
l l i  v2 3.5 

vxupgrade {lM) 

Disk Disk 
Layouts Layout 

2 2 

2.3 3 
2,3 3 

2,3,4 �� 
2,3.4 4 
2,3, il 4 

TI1e vxupgrade eonun�utd can upgrade an existing Version 3 VxFS file sy�t.em to the Version 
-1 layout while U1e file system remains online. 

vxupgrade can also upgrade a Version 2 file system lo the Version 3 layont. See 
vxupgrade(lM) for detail<> on upgrading VxFS file systems. You cannot downgrade :1 file 
system that hns been upgraded. 

H4262S C.00 10-6 
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NOTE: You <1rumot upgrade tl1e root (/) or /usr file systems to Version 4 on an 11.00 
systeln numing JFS 3.3. Additionally, we do not advise upgrading the /var or 
/opt .Q.Ie systems to Version 4 on an 1 1.00 system. These core file systerns are 
crucial for system recovery. The HP-UX 11.00 kernel and emergency recovery 
media were built with an older version of JFS tltat does not recognize the 
Version 4 disk layout. If these file systems were upgraded to Version 1, your 
systetn might have errors booting with the 11.00 kernel as delivered, or 
bootihg with the emergency recovery media. 

Comparing Base and Advanced JFS 

Table: Comparing �ase and Online JFS 

Feature JFS 3.5 OnlineJFS 3.5 
extent-based alloc�v.ion 
extent attdlmtes 
fa�t file system rect·ery 
access control li�t CL) support 
enhanced applicati n interface 
enhanced mount options 
improved synehrornOlL5 write pe1formance 
suppo1t. for large fi!ies (up to two terabytes) 
suppo1t. for large fiLe systems (up to two terabytes) 
enhanced I/O performance 
suppo1t for BSD-s�le quotas 
unlimited munbcr of inodes 
file system ttmi.ng [vxtunefs(lM)] 

on line adrninistrati<r>n 
ability to reserve space for a file and set fixed extent 
sizes and allocation flags 
online snapshot file system for backup 
direct 1/0, supporting improved database performance 
data synclu·onous I)o 
DlVIAPI Data Mm1· ement AP 

How to tell if JFS $.5 is installed 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
,I, 

To detenni.ne if a vmt.mix file has JFS:J.5 compiled into it, you can nm: 

what /stand/ymunix I grep l ibvxfs . a  

or 

nm /s tand/vmyn i x I grep vx_work 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

* 
'i' 

* 
* 
* 
* 

If yon get output from either of U1ese two commands, then the vmunix file has .JFS :3.5 

compiled into it, e.g.: 
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# what /st.and/vmunix I grcp libvxfs . a  
$Revision: libvxfs . a :  

2 2  PST 2000 $ 

# nm / stand/vmunix grep vx_work 
(135851 I 974696 8 1  

st._gettag 
1 1 3587] I 97469761  

st_enqueue 
[13589) I 9746984 1 

st thread 
113591] I 9746992 1 

st_process 
( U 5 9 3 l  I 9·141000 I 

read_set 
13'1 1 1 8 ]  9912001 

ueuc 
127664 l 1 9 4 0 2 8 8 1  

tag 
(?.3820] 13229528 I 

h 

122805] 1 3 1 8 2 8 8 8  I 
I 36804 I 1376225 6 1  

[39078) 17447921  
cess 
( 3 3 9 9 7 ]  174'>344 1 

ead 
123090) 1 23 5 0 0 5 6 1  

e<>d_sv 
[36954) 17452321 

eup 
f 3 1 23 8 )  2 0 3 4 9 2 8 1  
i:eate 
[ 1 3 5 7 9 )  n1s6so I 

et. 

CUPT8 0_0L2 0 0 0 _ l l 08_2 Wed Nov 8 1 0 : ':> 9 :  

8 I OBJT I LOCAL I O I  . rodata l S$704$vx workli 

8 I OBJT I LOCAL I O I  . roda t a 1 Sf705 $ vx_work l i 

S I OBJT I LOCAL I O I  . rodat.a l s$ 1 06 $ vx_wo rk l i  

8 I OBJT I LOCAL J O I  . rodata l S$707$vx_workli 

8 I QB,:rr I LOCAL I 0 I 

232 I FUNC ! GLOB I O I  

9 6 I FUNC ! GLOB I O I  

4 0 I OBJT I GLOB 1 0 1  

16 I OBJT I CLOB 1 0 1  
4 0 I OBJT !GLOB I O I  

436 I FUNC ! GLOB I O I  

1 9 6 I FUNC I GLOB 1 0 1  

B I OBJT I GLOB I O I  

84 I FUNC j GLOB I O I  

4 8 [ FUNC ! GLOB I O I  

232 I FUNC I LOCJ\L I O I  

. rodata l S*7 08 $vx_work t.h 

. text. l vl_workli st._enq 

. Lext l vx_worklist_ get 

. bss l vx_workl i s t._hig 

. bss l vx_worklis t_lk 

. bss l vx_workl lst_low 

. text l vic_worklist__pro 

. text I vf_workli st_thr 

. sbss l vic_workli st_Lhr 

. text l vx_worklist_wak 

. text l v�_workthread_c 

. t.ext l vx_wo rkthread_s 
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10-3. SLIDE: JFS Extents 

JFS I ode 
(data pointers) 

Student Notes 

Extent 1 � 
Extent 2\ 
Extent 3 

Disk 

Module 1 0  
VxFS Performance Issues 

� 
Diff 
File 

erent 
s 

J 

,TFS allocates space lo files in tJ1e form of extents - adjacent blocks of disk space treated as a 
nnit. El'..'tents can vary in size from a single block (rn:i.nimum 1 KB in size) to many megabytes. 
Organizing file storage in this manner allows JFS Lo better support large 110 requests. with 
more efficient reading and writing to con tin nous disk space areas. 

JFS extents are represented by a starting block number and a block cmmt. In the ex;unple on 
Ute slide, the first ex tent starts at block -10 m1d con tains a length of 128 bluc.:ks (or 128 KB, 
assmning blocks ar lKB in size). When the file grew past the 128 KB size, JFS tried to 
increase the size of the last extent. Since another file was ah'eady occupying this location, a 
new extent was allocatccl, sta1ting at block 200. Titis extent grew to a size of ()rt KB, before 
encountering :mulher file. At this point, a third extent was allocated nt block 8. Initially, 8 Jill 
were allocated t,o the tl1ird extent, but upon closing the file, any space not used by the last 
extent is returned to the operating system. Since only G KB were used. Ule extra �� KB were 
returned. 
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Direct and Indirect Extents in Version 2 Disk Layout 

Unlike the HFS inode, the vxfs inode is 184 (rather than 128) bytes long mtd contains direcl 
and indirect pointers. 

In the HFS inode, the pointers address data blocks (SK by default) with 12 direct pointers and 
3 additional indirect pointers for single, double and triple indirection. In reality triple 
indirection is rarely needed. Mapping large files in HFS is complex due to tl�e levels of 
indirection needed to address many SK blocks. 

Tite JFS (vxf.s) inode has 10 direct pointers and UU'ee additional pointers ro,- single, double, 
and triple indirect addressing. TI1e pointers no longer address single blocks] of data but rather 
large extents of data. It is milikely that any indirect pointers will be needed at all as the 10 
direct pointers can define large spaces due to the variant length of the extents themselves. 

Version 3 and Version 4 Extent Mapping .. "Typed Extents". 

The above discussion is true only for Version 2 disk layout. In addition to the above, in V3N4 
we also have "Typed Extents" which basically allow any level of indirection allowing very 
l�U'ge files to be created from many small extents if required (this is not desirable however!). 

Version 2 also imposes the limit that all i..ndirect extents be the same size (direct extenL5 can 
be vrufable in length). In V3/V4 we can have indirect extents of any size mix. 

V3/V4 will always attempt to use tl1e simplest approach. We use the 10 dire t pointers when 
we can! Inodes are converted to TyJ>ed Indirect when the file exceeds Ute capability of 10 

llircct extents. 

H4262S C.00 1 0-10 
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10-4. SLIDE: Extent Allocation Policies 

• Disk space allocation: the Block Size can be 1 K, 2K, 4K, 8K. 

• Extents are predefined in free space - "Power of 2 Rule" 

• Preferred allocation rules 

• Largest single extent is 16MB (with 8K block size). 

• Full use of Single Indirection in default HFS would also be 16MB 

• VxFS supports large files without indirection. 

Student Notes 

Disk Space Allocation: Tbe Block Size 

Disk space is allocaled by the system in 1024 byte device blocks (DEV _BSIZE). An integral 
munber of device blocks are grouped together to form a file system block. VxFS supports file 
system block sizes of 1024, 2048, 4096, and 8192 bytes. 

TI1e default block size is: 

• 1024 bytes for file systems less than 8 gigabytes; 
• 2018 bytes for file systems less thm1 16 gigabytes; 
• '1096 bytes for file systems less tlHUl 32 gigabytes; 
• 8192 bytes for file syslelns 32 gigabytes or larger. 

TI1e block size may be specified as an argmuent to U1e mkfs or newfs utility :md may vmy 
between VxFS file systems mmmted on the same system. VxFS allocates disk space to files 
in extents. An extent Le; a set of contiguous blocks (uµ to 2048 blocks in size). 

http://education.hp.com 10-11 H4262S C.00 
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Extents in Free Space - "Power of 2 Rule" 

Free space is described by bitmaps in each allocation unit. ·me allocation units are split into 
16 .. sections". Each section has a series of bitmaps that represent all the possible extents with 
sizes from l block to 2048 blocks by powers of 2. 11te first bitmap represe1�ts all the blocks in 
the section as one block extents, the second as two block extents, the thfr1 as fom block 
extents, etc. 

The first bitmap, of 2048 bits. represents t11e section as 2048 one-block extents. The second 
bitmap, of 1024 bits, represents the section as 1024 two-block extents. This continues for all 
powers of 2 up to Ute single bit that represents one 2048 block extent. ·me file system uses 
this bitmapping scheme to find an available extent closest in size to the sp ce required. This 
keeps files ::is contiguous as possible for faster performance. 

TI1e lru·gest possible extent on a file in a VxFS file system (with the largest block size of 8 KB) 
is 2048 * 8 KB = 16 MB. 

Pref erred Allocation 

The following rules are satisfied wherever possible starting with the preferred rules at Ute top 
and working down to less prefened rules. 

• Allocate files using contiguous cxte'llt of blocks 
• Attempt to allocate each file in one extent of blocks 
• If not possible, attempt to allocate all cxteulc; for a file close to each other 
• If possible, attempt to allocate all extents for a file in the same allocatiqH unit 

An allocntion mut is ru1 amount of contiguous (and therefore close together) file system 
space equal to 32 MB in size. It is roughly an::ilogous to tJ1e HFS cylinder group, but is not 
dependent on the geometry of tJ1e disk d1;ve in any way. 

H4262S C.00 10-12 
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10-5. SLIDE: JFS Intent Log 

I I 1 I 1 1 I � I I 1 I 1 1 I 1 I 1 1  I 1 I� I 1 I 1 l�l 1 I 
= meta data update in memory (i.e. superblock or inode table update) 

v-:-v- . I l 
b fRJ 'J) cJf ct-l h1n� t Q � {{ vn <J'\.U 

= JFS Intent Log Write 

= System Crash 

Student Notes 

A key advm1tage of .IFS is Uwt all file system transactions are written to an Intent Log. Tite 
logging of file systen\ transactions helps to ensure the integrity of the file system, and allows 
the file system to be recovered quickly in the event of a system crash. 

How the Intent Log Works 

When a change is made to a file within the file system, such as a new file being created, a file 
being deleted, or a file being updated, a munber of updates mttst be made to tl1e superblock, 
i.node table, bit rn.aps, m1d other struct1u·es for that file system. TI1ese changes are called 
metadata updates. fypically, there are multiple metadata updates, which take place every 
time a change is made to a file. 

With JFS, after eve1y successful file change (also called a transaction), all Ute metadata 
updates related to Umt transactio.n get written out. to a JFS Intent Log. TI1e rnn11ose of the 
Intent Log is to hold all com,plctcd transactiorts U1at have not yet been flushed ont to disk. 

If the system were tQ crash, the file system could quickly be recovered by checking tJ1e file 
system and applying all transactions in tl1e intent log. Since only completed trm1sactions are 
.Logged, there is no risk of a file change being only partially updated (i.e. only some metadata 
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updates related to the transactions being logged, and other metadata updates related to the 
same transaction not being logged). The logging of only COMPLETED transactions prevent5 
the file system from being out-of-sync due a crash occurring in the middle of a transaction. 
Either the entire transaction is logged or none of the transaction is logged. 'fili5 aJlows tl1e 
JFS intent log to be used in a recovery situation as opposed to a standard fsck. Tite JFS 
recovery is done in seconds, as opposed to a standard f sck that (on a big file system) could 
take minutes, or even hom-s. 

Example 

Using the exmnplc on the slide, assmne U1at each file transaction requires from one to fom 
metadatu npdates. After each successful file transaction, all the related metadata updates arc 
written to the JFS intent log. 

After 30 seconds, all the met.adata updates are written out to disk by tl1e sync daemon, and a 

coITe�1)onding DONE record is w1itten to the JFS intent log for each JFS transaction that was 
flushed during the sync. The system can now reuse that space in the JFS intent. log for new 

JFS transactions. 

When a crash occurs (in our example, in the middle of a file transaction), the uncompleted 
trm1saction never has any metadata w1itten to the JFS intent log; therefore only one 
tr:msaction is in the JFS intent log since the last sync. Only this transaction needs to be 
redone and then the file system is recovered and in a stable state. Compare this with having 
to <lo a standard f sck . 

Performance Impacts 

TI1e intent log size is chosen when a file system is created and cannot be subsequently 
changed. 111e mkfs utility uses a default intent log size of 1024 blocks. The default size is 
sufficient for most workloads. If the system is used as an NFS server, for intensive 
synchronous write workloads, or for dynamic "work file loads" with many metadata changes, 
pe1formance may be improved using a lai·ger log size. 

File data is not normally wiitten to the intent log. However, if U1e application has designated 
to do synchronous w1ites m1d the writes are 32 KB or smaller, the file data will be w1itten to 
U1e intent log, along with the meta-data. TI1is behavior can be modified by nmmt options 
(discnsse<l later in this rnodule). 

With larger intent log sizes, recovery time is proportionately longer and the file system may 
c:onsume more system resources (such as memory) dming norn1al operation. 

'J1lere arc several system perfonmrnce benclunark suites for which VxFS performs better 
wit11 larger log sizes. A.5 with block sizes, the best way to pic.k U1e log size is to try 
representntive system loads against various sizes and pick Ute fastest. 

The performm1ce degradation occm·s when Ute entire JFS intent log becomes filled with 
pending JFS tnmsactions. In these situations. all new JFS transactions must wait for DONE 
records to mTive for the existing JFS transactions. Once the DONE records anive. the space 
rnsed by the corre.sponcling trnnsactions can be freed anct reust-d for new transact.ions. 

Ilm'ing to wait for DONE recorcls to anive can significantly decrease perfommnce with JFS. 
In these cases, it is suggested the .JFS file system be reinitialized with a larger JFS intent log. 
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Network file systems (NFS) C<ut generate a large number of metadata 
updates if accessed currently by multiple systems. For ,WS file systems 
being exported for network access via NFS, it is strongly 
reconunended these file systems have an intent log size of 16 MB 
(maximum size for intent log). 
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10-6. SLIDE: Intent Log Data Flow 

Superblock lnodes Bitmaps ffi3 ffi3 B:E 
Buffer Cache err 111111111.-/ 
DProcess @ 

Memory 

Student Notes 

JF@ 
Transaction 

Allocation 
1--------' Unit 
fr:\ . \...::!)Allocation unn 
L1node �1 

Allocation Unit 

lnode c:=J I 
Allocation Unit 

lnode r::=J 

Disk 

1l1e following slide shows a graphical representation of how JFS transactions are processed. 

System call is issued (for example, write call). 

1 .  All in-memory data structures related to the transaction are updated. Titese i.n-memoty 
structures would include the superblock, the inode table, and the bitmaps. 

2. Once tl1e in-memory structures are updated, a JFS transaction is packaged containing tJ1e 
modifications to the in-memory structures. TI1is packaged tr:.msaction contains all tl1e 
data needed to reproduce the transaction (should that be necessmy). 

3. Once the .JFS transaction is created. it is written to the intent log. (When it is written 
depends on mount options.) 

At this point. control is returned to the system call. 

-1. Si.nee the tr�msaction is now stored on disk (in the intent log), there is 1\0 hnrry to flush 
lhe in-memmy dat:t structmes to their conesponding disk-based data structmes. 
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TI1erefore, the in-memory sh·uctures are transferred to the buff er cache, and the sync 
daemon flushes out these transactions within the next 30 seconds. 

5. After the metadata structures are flushed out, a DONE record is w1itten to the intent log 
indicating the transaction has been updated to disk, and the corresponding transaction no 
longer needs to be kept in the intent log. 
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10-7. SLIDE: Understand Your 1/0 Workload 

• Is it data-intensive? 

- few files, large chunks being shuffled around 

• Is it attribute-intensive? 

- many files, small chunks being shuffled 

• I s  the access pattern random or sequential 1/0? 

- Check for read ( ) , write ( ) , and lseek ( )  system calls 

• What is the bandwidth and size of the I/Os? 

- Are these consistent? 

- Spindles Win Prizes! LVM or VxVM Stripes 

- Use XP Disk Arrays 

Student Notes 

Understand your 1/0 Wo1·kload 

1\ming the file system's p�u-::uneters to optimize performance can only be done effectively 
when you know what type of I/O.s the application is doing. It would be wrong to tlmc for large 
block size and ma.xirmuu contiguom; space allocation if the application does many small 
random I/Os to many small files. 

Data Intensive'? 

Conm1ercia1 data base applications generally deal with very large files in the table space and 
large I/Os to those ftles. Any high degree of small random 110 should be taken care of by the 
data base's own buffers (System Global Area) and the HP-UX buffer cache (if it is being 
used). 

We may choose to increase the block size in thic; situation and tm1e for maximum read 
aheacl/writ.e behind. 'I11e following slides will cover this type of tmling. 
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Some applications gEmerate many small I/Os to. many small files. In this situation a large 
block size and maxinuun read ahead/write behind would be inappropdate, generating more 
I!O than is necessary. A Mail Server or Web Server could be regarded as such an application. 

Sequential or Random IO? 

We need to characte1ize the I/O from an application into sequential or random types. Again, 
in general sequential I/O will benefit from larger block size and continuous files and random 
I/O will requh·e smaller block size to increase the number of blocks that can be maintained in 
the buff er cache. 

With sequential 1/0 we are more interested hl maximizing the MB/sec throughput of the disk 
(as seen with sar or glci.nce etc). With random 1/0 we will be looking to the "I/Os Per 
Second" metrics associated with the disk (r+w/s in sar). Remember that the fastest random 

I/Os we do are the ones that never go to the disk (!) because they are in the buffer cache (we 
hope). 

Tile Direct VO featmre of OnlineJFS 3.5 is an attempt to recognize when I/Os to a file are very 
large and sequential. Direct 1/0 will then attempt to bypass the buffer cache to benefit the 
generator of the large I/Os in question. Most applications are not designed to handle their 
own buffering rutd will lose a great deal of performance if they attempt to use Direct 1/0. 

Disk Bandwidth 

In the end we can only get so mnch perforn1m1ce ont of a single spindle. Modem fast clL<>ks 

(10,000+ RPM, 5ms access time) can only provide an absolute mm..imurn of approx 10 MB/s 
for very sequential I/O and arOlmd 150 I/Os Per Second. Once your file system is extracting 
these so1ts of numbers (or even 50% of them!) yon can consider that the hardware has 
become the limiting factor. Stop tuning and buy more disks! 

Remember that "spindles win prizes". LVM or VxVM st1iping will help in this situation as tile 
single spindle perforrnance can be aggregated by the nmnber of spindles. 

Using expensive RAID technology like tl1e HP XP256, XP512, or XP1024 Di5k Arrays will also 
improve apparent "spindle" performance. The author has seen a single XP512 logical device 
provide a sustained 60MB/s read performance for sequential I/O and over 1500 I/Os per 
second for a single tlu-eaded random application test to a single logical device. 
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10-8. SLIDE: Performance Parameters 

Things that an administrator can change to optimize JFS: 

• Choosing a Block Size 

• Choosing an Intent Log Size 

• Choosing Mount Options 

• Kernel Tunables 

- Internal lnode Table Size 

• Monitoring Free Space and Fragmentation 

• Changing extent attributes on individual files 

• 1/0 Tuning 

- Tunable VxFS 1/0 Parameters 

- Command Line 

- Configuration file 

Student Notes 

We will discuss the following choices over the next slides. Note Utat the some parameters c:�m 
only be set when tJ1e file system is created. 

• At file system creation time (only): 

- Choosing a Block Size 

- Choosing an Inteut Log Size 

• After f'lle system creation: 

Choosing M0tmt Options 

Kernel Tunables 

Kernel !node Table Size 

Monitoring Free Space and Fragmentation 

Changing extent attributes on inrlividual files 

1/0 Tmting 

T11nable VxFS 1/0 Parameters 
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10-9. SLIDE: Choosing a Block Size 

• Choose the right block size for the application. 

• Consider maximum block size (8K) for large file data base 

- Small files will waste space 

- System overhead will be less 

- Files approaching 1GB are "large" 

• Consider minimum block size ( 1  K) for small file mail server or web 
server 

- More system overhead if files are large 

• Use large block size for sequential 1/0 application 

• Use small block size for random 1/0 application 

Student Notes 

Yon specify the block size when a file system is created; it cannot be changed later. TI1e 
standnnt HFS file system default.<> to a block size of 8K with a lK fragment size. Titis means 
Utat spnce is allocated to small files (up to 12 blocks) in l K incremenls. Allocations for larger 
files arc done in 8K incrernents. Because m .. 1..ny files are small, the fragment facility saves a 
large amotmt of space co1npared to allocating space SK at a time. 

TI1e 1mit of allocation in VxFS is a block. There are no fragments because storage is allocated 
in extent<.> that consist of one or more blocks. TI1e smallest block size availablf' is lK, which is 
also the clefault block size for VxFS file systems created on devices of less than 8 gigabytes. 

Choose a block size based on the type of ::ipplication being nm. For example, if there are 
many small files, a 1 K block size may save space. 

For lmgc file systems. wiUt relatively few files, a larger block size is more appropriate. 1lte 
trade-offs of specifying larger block sizes m·e: 1) a decrease in the amom1t of space used to 
hol<l tl1e free extent bitmaps for each allocation unit, 2) an increase in the m:udmmn extenL 
size, and 3) a decrease in tJ1e muuber of extents used per file versus an incrense in the 
amount of space wasted at U1e encl of files that are not a multiple of U1e blodc size. 
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Larger block sizes use less disk space in file system overhead, but consmne more space for 
files that arc not a multiple of the block size. TI1e easiest way to judge which block sizes 
provide the greatest system efficiency is to try representative system loads against various 
sizes and pick the fa5test. 

Specifying the Block Size 

TI1e following newf s conunand creates a VxFS file system with the maxinuun block size and 
support for large files. 

# newfs - F vxfs -b 8192 -o largefiles /dev/vgj fs/rlvoll 

TI1e block size for files on tl1e file system represents the smallest amo1mt of disk space that 
can be allocated to a file. IL must be a power of 2 selected from the range 1024 to 8192. 111c 
default is 1024 for file systems less titan 8 gigabytes, 2048 for file systems less Utan 16 
gigabytes. 1096 for file systems less than 32 gigabytes, and 8192 for larger file systems. 
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Module 10 
VxFS Performance Issues 

• Intent log size cannot be changed after file system creation 
• rnkf s applies a default log size of 1 024 blocks 

• Performance may improve as using a larger log size 

- NFS server will benefit from a 16MB ( largest) log size 

- Synchronous write intensive appli��- ""\ f'/) / l· ac tuiUi:\d 3� J1J3 

Student Notes 

The intent log siie is chosen when a file system is created <.utd cum wt he changed afterwards. 

TilC default intent log size chosen bymkfs is 1024 blocks and is snitable in most sitnatious. 

For some types of applications (NFS server or intensive synchronous write loads), 
perf01ma11ce may be improved by increasing the size of the intent log. 

Note that recovery time will also be proportionally longer as the log size increases. 

lVIemory requirements for the log maintemmce will also increase as the log size increases. 
EnslU·e Lhat the log size is not more than 50% of tl1e physical memory size of the system or 
fsck will not be able to fix it after a system crash. 

Ideal log siie for NFS is 2048 with a file system block size of 8192. 
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Specifying the Intent Log Size 

To create a VxFS me system wiU1 a default block size and a 16MB intent log: 

# newfs - F  vxfs -o logsize=16384 /dev/vgjfs/rlvoll 

" - o 1 ogs i ze =" specifies the munber of file system blocks to allocate for the trnnsaction­
logging area. It must be in the range of 32 to 16384 blocks. 

The mini.mum munber for Version 2 disk layout.<> is 32 blocks. 

The nliniimun number for Version 3 and Version 4 disk layouts is the number of blocks that 
make the log no less than 256K. 

If the file system is: 

• greater tlum or equal to SMB, default is 1024 blocks 
• greater than or equal to 2MB, and less than 8 MB, default is 128 blocks 
• less than 2MB, default is 32 blocks 

W11ilc logs i z e  is specified in blocks, the maximum size of the intent log is 16384 KB. 
This means the ma.xi.mum values for logsi ze are: 

• 16384 for a block size of 1024 bytes 
• 8192 for a block size of 2048 bytes 
• 4096 for a block size of 4096 bytes 
• 20·18 for a block size of 8192 bytes 
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10-11. SLIDE: Intent Log Mount Options 

• Full logging* 
• Delayed logging 

• Temporary logging 

• No logging 

log � J � "a.-0 � "'l � �o..ffit '1r'I ')n 
delaylog : c.� b c.,4e .S ':r'J\.i\·"' 'ln�J 1 
t I "�t .. lht\JI: l::iam-e 0 /JG".-ji<:ffl 
mp og � J 

nolog � 

• Disallow small sync I/Os in log nodatainlog (50% pert cost!) 

blkclear ( 1 0% pert cost!) • Force clear new file blocks 

*Note only the first option is default for mount 

Student Notes 

JFS offers rnotml options to delay or disable tnmsactfon logging to the intent log. 'lllis allows 
the system administrator to make trade-offs between file system integrity and perfommuce. 

Following are the logging options: 

Mount Option 

l''uJI logging (log) 

Delayed logging 
(delay log) 

Temporary logging 

http://education.hp.com 

Description 

File system structural changes are logged to disk before the 

system call returns to Ute application (synchronously). If tlte 
system crashes, fsck ( lM) will complete logged operations 

that have not completed. 

Some system calls return before the intent log is written. This 
improves U1c performance of the system, but some ch�mges are 

not guaranteed lmtil a sho1t time later wheu the int.e11t log is 
written. This mode npproxirnntes traditional UNLX system 
gunrnntees for correctness in case of system failure. 

Tite intent log is almost always delayed. 'l1lis i1nproves 
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(tmplog) 

No logging (nolog) 

nodatainlog 

blkclear 

performance, but recent changes may disappear if the system 

crashes. Tili.s mode is only recommended for temporary file 
systems. 

TI1e intent log is disabled. The other three logging modes 

provide for fast file system recovery; no log does not provide 

fast file system recovery. With no log mode, a full structural 

check must be performed after a crash. Tilis may result in loss 
of substantial portions of the file system, depending upon 
activity at the time of the crash. Usually, a no log file system 

should be rebuilt with mkfs (lM) after a crash. Tite nolog 
mode should only be used for memory resident or very 
temporary file systems. 

Tite nodatainlog mode should be used on systems with disks 
that do revectoring. Normally, a VxFS file system uses the 
intent log for synclu·onous '-"',;tes. TI1e inode update and the 
data are both logged in the transaction, so a synchronous write 
only requires one disk write instead of two. When the 
synchronous wtite returns to tllC application, tl1e file system 
has told the application that the data is already written. If a 
disk e1Tor causes U1e data update to fail, then the file must be 
marked bad and the entire file is lost. If a disk supports bad 
block revectoring, then a failure on U1e data update is lrnlikely, 
so logging synchronous wiites should be allowed. If tJ1e disk 
does not suppo1t bad block revectoriug, then a failure is more 
likely, so the nodatainlog mode should be used. 

A nodatainlog mode file system should be approximately 50 
percent slower than a standard mode VxFS file system for 
synchronous writes. Other operations are not affected. 

The blkclear mode is used in increased data security 
enviromnents. 'l11c blkcleru· mode guarantees tl1at tminitialized 
storage never appears in files. TI1e increased integiity is 
provided by clearing extents on disk when they are allocated to 
a file. Extending writes are not affected by this mode. A 
blkclear mode file system should be approximately 10 percent 
slower than a standard mode VxFS file system, depending on 
tlle workload. 

frl\c1r1\ }:-- /du I �i:"" Ida� /Ja.b.. -� 

) })� (HJ.ti) 
f .SG/4l :J 
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10-12. SLIDE: Other JFS Mount Options 

mincache options (buffer cache) 

• closesync* 

• direct 

• dsync 

• unbuffered 

• tmpcache 

convosync options (synchronous 110) 

• closesync 

• qirect 

• dsync 

c ';.At � 1ll� J-Ql (� c_�{.. 
j-Xi,t 6l ac (e. 

• unbuffered 

• delay 

� a,v\\c �a 11YMck O � � 1\ c�� C " �  \-- lllV\ jJc.t'\Gi,.._ L 
* NOTE: This is the only additional opt/on available with BaseJFS. all 

other options require OnlineJFS. 

rftlea;'ffJ.: -I 
Student Notes 

Unde1·stauding asynch1·011ous, data synchronous (O_DSYNC) and fully 
synchronous (O_SYNC) application 1/0. 

When an application program opens a file with the open ( )  system call the programmer 

makes a decision on how the I/Os will occur between the application memory and the file 
system. TI1e following three options are available, in order, ranging from highest performance 
(lowest integrity) to lowest performance (best integrity) . .In this discussion "integritytt refers 
to U\e potential damage to file system structures and customer data d1ffing ::t system crash. 

l .  Asynchronous 1/0 Standard Mode High performance I Low integrity 

[n nsynchronous mode, all application T/Os are done Lo buffer c:i.che including data. and 
in ode modifications. TI1e write ( ) system c:all will return quickly to Ll1e application 

which can continue "in faiUl" that the data will make it to the disk. Data integrity will be 
fully romprornised by a system crash and new "just created" files may even disappear. 

http://education.hp.com H4262S C.00 
© 2004 Hewlett-Packard Development Company, LP. 



Module 10 
VxFS Performance Issues 

2. Data Synchronous 110 O_DSYNC Low performance I Good integ1ity 

If the file is opened with the O_DSYNC flag, the file is in "Data Synchronous" mode. In 
this situation, write ( ) system calls that modify data do not retm11 until the disk has 

acknowledged the receipt of the data. However, some inode changes (time stamps, etc.) 
are still performed asynchronously :.u1d may not have ;ui.ived at the disk in ti1e case of a 
system crash. 

:3. Synchronous 1/0 O_SYNC Lowest perfo1mance I Best integdty 

Fully synchronous behavior is obtained by opening the file with O_SYNC. All operations 
are now synchronous and write ( ) system calls block for both data and inode 

modifications. Minimal damage will now occur in the event of a system crash. 

mincache vs. convosync 

mincache manipulates the behavior of U\C buffer cache. All of the mincache options except 
mincache=closesync require the Online.TFS product (see slide). 

convosync ( .. convert osync") changes U1e behavior of data synchronous (O_DSYNC) and 

synchronous (O_SYNC) writes. All convosync options require Onl ineJFS. 

1l1e mincache and convosync options generally control the integrity of U\e user data, 

where the log options (log, delay log, tmplog, nolog) control the integrity of the 

metadata only. 

min cache 

mincache=closesync Flush data to dic:;k synchronously when file is dosed. 

1l1e mincache=closesync mode is useful in desktop environments where users are likely 

to shut off the power on IJte machine ·without halting it fil'St. In tl1Lc:; mode, any changes to tJ1e 
file are flushed to disk synchronously when U1e file is closed. 

To improve perfonnance, most file systems do not synchronously update data and inode 
duu1ges t.o disk. If the system crashes, files that have been updated within the past minute 
are in danger of losing data. With the mincache=closesync mode, if the system crashes or 

is switched off, only files that are cmTently open can lose datn. A mincache=closesync 
mode flit> system should be approximateJ:v 15 percent slower thmt a standard mode VxFS file 
system, depending on the workload. 

mincache=direct 

mincache=unbuffered 

Bypass tl1e buff er cache for aU data and inode changes, forces 

fully synchronous behavior and tot.ally skips buffer cache. 

Bypass the buffer cache for data only. hlo<le changes ;_u-e 

cached. Forces data synclll'onous-like behm,;or wiU1 no data in 
cache. 
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Equivalent to nom1al data synclu-onous behavior. Write does 
not return until data. is on dic;k but data does go through buffer 
cache. 

The mincache=direct, mincache=unbuffered, and mincache=dsync modes are 
used in envir01rn1ents where applications are expe1iencing reliability problems caused by Ule 
kernel buffering of 1/0 and delayed flushing of non-synchronous 1/0. 
The mincache=direct and mincache=unbuffered modes guarantee Utat all non­
synchronous I/O requests to files will be handled as if tlle VX_DIRECT or VX_UNBUFFERED 
caching adviso1;es had been specified. The mincache=dsync mode guarantees that, all non­
synchronous TIO reqnests to files will be handled as if the VX_DSYNC caching advisory had 
been specified. Refer to vxfsio(7) for explanations of VX_DIRECT, VX_UNBUFFERED, and 
VX_DSYNC. 

The mincache=direc t ,  mincache=unbuffered, and mincache=dsync modes also 
flush file data on close as mincache=closesync does. 

mincache=tmpcache Speeds up file growUl by breaking data initialization rules. 

The -o  mincache=tmpcache option only affects write extending calls and is not 
available to files performing synchronous VO. w1·ite extending calls refer to vvrite calls that 
cause new file system blocks to be assigned to the file, extending the size of the file in blocks. 
The normal behavior for write extending calls is to wtite the new user data first, and insi5t 
on met:adata to be written only after the user data. 

Write extending calls are expensive from a performance standpoint. because tile wtitc call 
has to wait for the user data and the metadata to be written. A non-extending write call only 
requires the call t,o wait for the metadata. 

With the -o mincache=tmpcache option, write extending calls do nol have to wait for the 
user data to be written. This option allows the metadata to be written before user data (and 
the write call to retm11 before the user data is written), significantly improving perfonnauce. 

C..lUTION: The - o  mincache=tmpcache option significantly increases the 
likelihood of non-initialized file system blocks (i.e. jmtk) appearing in 
files during a system crash. 11tis is due to the file poi.J1ting t,o data 
blocks before the data is actually there. If the system crashes between 
the file's iuode being updated (done first) ;md the user data bei.Jlg 
written (done second), then 1111i.Jlitia lized data will appear in tile file. 

The tmpcache option should only be used for memory resident or 
very temporary file systems. 
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convosync 

NOTE: Use of the convosync=dsync option violates POSIX guarantees for 
synchronous 1/0. 

TI1e "convert osync" ( convosync) mode has five values: 

convosync=closesync, convosync=direct, convosync=dsync, 
convosync=unbuffered, and convosync=delay. 

11le convosync=closesync mode conve1is synchronous and data synchronous writes to 
non-synchronous writes and flushes the changes in the file to disk when the file is closed. 

The convosync=delay mode causes synchronous and data synchronous writes to be 
delayed rather Urnn to take effect inunediately. No special action is performed when closing a 
file. 111is option effectively cancels any data integrity guarantees normally 1>rovided by 
opening a file wiUl o _SYNC. See open(2), fcntl(2), and vxf sio(7) for more information on 
0 SYNC. 

Caution! Extreme care should be taken when using the 
convosync=closesync or convosync=delay mo<le because 

they actually change synchronous J/O into non-synclu·onous I/0. TI1is 
may cause applications that use synchronous 1/0 for data reliability to 
fail, if the system crashes and synclu·onously written data is lost. 

TI1e convosync=direct and convosync=unbuf fered mode conve1t syndu·onous and 
data syuclu·onous reads and wiites to direct reads and writes, bypassing the buffer cache. 

TI\e convosync=dsync mode converts synchronous writes to data synchronous writes. 

A,., with closesync, the direct, unbuffered, and dsync modes flush changes in the fiJe 
to disk when it is closed. These modes can be used to speed up applications that use 
synclu-onous 1/0. Many applications that are concerned with data integrity speciJy o 

_
SYNC 

in order to w1ite the file data synclu·onously. However, this has the undesirable side effect of 
updating inode t.in\es and therefore slowing down performance. 

TI1e convosync=dsync, convosync=unbuffered, and convosync=direct modes 
alleviate this problem by allowing applications to take advantage of synchronous writes 
wit110ut modifying i.nodc tirnes as well. 

NOTE: Before using convosync=dsync, convosync=unbuffered. or 
convosync=direct, make smc that all applications that use the file system 
cto not require synchronous inode time updates for o SYNC writes. 
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10-13. SLIDE: JFS Mount Option: mincache=direct 

Buffer Cache 

ORACLE 
Database 

Data Flow with default 
mount options 

Student Notes 

Buffer Cache 111111111 
SGA Database Cache 

ORACLE 
Database 

Data Flow with mount 
option mincache=direct 

The above slide illustrates the impact of setting the - o  mincache=direc t option. 

By default, all JFS file system I/O goes tlu-ough the system's buffer cache. When an 
npplication docs its ov..11 caching (e.g. an Oracle databnse application). there are two levels of 
caching. One cache is managed by the application; the other cache is managed by the kernel 
Using two caches is inefficient from both a performance and a memory usage st.m1dpoi.nt. 
(data exists in both caches). 
When the me system is motmtcd with the - o  mincache=direct option, it causes 

bypassing of the system's buffer cache and the data is written dii·ectly to disk. rl1tis improves 
pe1formance and keeps the buffer cache available for other file systems that do not go 
through an application cache. 
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CAUTION: 

NOTE: 

Use of the - o  mincache=direct option can lead to a significant 

decrease in performance if used in the vvTong situation. Titis option 
should only be used if: 

1. An application creates and maintains its own data cache, and 

2. All the files on the file system are cached in the application's data 
cache. 

If there are some files being accessed on the motmted file system and 
these files are not being cached by tl1e application, this option should 
not be used. 

TI1is option is only available vvith the OnlineJFS product. 

'· ' 
, 
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10-14. SLIDE: JFS Mount Option: mincache= tmpcache 

SB lnode AU 

EB EB EB 
Buffer Cache cni 1111111 JFS 

Tran ction D Process 

Memory 1 

default 

Student Notes 

Allocation Unit I 0 lnode a::::::1 I 
[d 
File 

Disk 

SB lnode AU 

B3 EB EB  
Buffer Cache cni 
EEEEm JFS 

D Tran 

Process 

Memory 2 

ction 

Intent Lo 

Allocation Unrt I O lnode a:::::J I 
[d 
File 

Disk 

mincache=tmpcache 

By default. when a process pe1fo11ns a write extcndi11g call, the new data is wdtten to di5k 
before the file's inode is updated. In the slide above, the left side shows the default behavior: 

l .  W1ite data to newly allocated file system block. 

2. W1ite JFS transaction meta-data out to the d.isk. TI1e system call returns. 

TI1e advantage of this behavior is that 1minitialized data will not be fotmd within the file 
should a system crash occur. TI1is is impo1tant from a data integiity sta.ndpoint. 

TI1e disadvantage of this behavior is slow perfonuam:e, because the JFS transaction must 
wait for the user data. I/O to complete before it cmt be written to the intent log. 

Behavior with -o mincache= tmpcache Option 

Perfo1111anc:e cm1 be improved (at the expense of dat.a integrity) by mmmti.ng file systems 
with the -o mincache=tmpcache option. TI1is option allows the JFS IJ·;msactions lo be 

wiitten to the intent log IJefore the user data is written to the file. 

In tlte slide, the right side shows the tmpcache behavior: 
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1. Write JFS transaction out to disk. (TI1e system call returns). 

2. W1ite data to newly allocated file system block. 

The advantage of this behavior is performance of write exlcnd'ing calls is fast. 'fl1e system 
does not wait for tlte user data to be written to disk. 

TI1e disadvantage of this bel1avior is data integrity of the file is jeopardized, especially if the 
file is being updated at the time of a system crash. By updating the file's inode first. the file 
points to tminitialized data blocks which contains unknown data. The mlinitialized file 
system blocks c.u·e expected to be initialized soon after tJ1e inode is updated; however, there 
still exists a small window of time when the file's inode references unknown data. If the 
system crac;hes during tJ1is small window, then the file will still be referencing tl1e 
uninitialized data after the crash. 

CAUTION: TI1e - o mincache= tmpcache option should only be used for 

memo1-y resident or very temporary file systems. 
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• VxFS inodes are cached in memory, separate from HFS. 

• Kernel parameter ninode has no effect on VxFS. 

• When vx--.ijinode is zero (default), inode cache is set in proportion to 
ystem memory (see table). 

• vx_ncsize sets directory name lookup cache (1 KB) 

Student Notes 

Internal Inode Table Size 

VxFS caches inodes in ;m inode table (see Table below, "hwde Table Size"). There is a 
tm1able in VxFS called vx ninode that determines the number of entries in tl1e in ode table. 

A VxFS file system obtains the value of vx_ninode from the system configuration file used 
for making the kernel (/stand/system for example). 'filis value is used to determine the 
nmuber of entties in tJ1e VxFS inode table. By default, vx_ninode is set to zero. The kernel 
then computes a value based on the syste1n memory size. 
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Total Memory in Mbytes Ma..'timumNumber of 

8 
16 
32 
64 
128 
256 
512 
1024 
2048 
8192 
327()8 
131072 

In odes 
400 
1000 
2500 
6000 
8000 
16000 
32000 
64000 
128000 
256000 
512000 
1024000 

Other VxFS Kernel Parameters 

If the available memory is a value 
between two entries, the value of 
vx_ninode is interpolated. 

vx ncsize Controls tJ1e size of the DNLC (directory name lookup cache) in the 

kernel. Recent directory path names are stored in memory lo improve 
performance. This parameter is set in DNLC entries. The size of the 
DNLC is set to the sum of ninode and vx ncsize. 
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10-16. SLIDE: Frag1nentation 

• Keep file system free space over 10% 

• Maintain free space distribution goals 

- Monitor with df ( lM) or fsadm ( lM) 

• Repack files and free space with fsadm -e 
- Reduces the number of extents in large files 

- Makes small files contiguous (one extent) 

- Moves small recently used file closer to inode structures 

- Optimizes free space into larger extents 

• Repack directories with fsadm -d 

- Remove empty entries from directories 

- Place recently used files at beginning of directory lists 

- Pack small directories directly in inode if possible 

Student Notes 

• Keep file system free space over 10% 

ln general, Vx.F'S works best if the percentage of free space in the file system does not get 
below 10 percent. This is because file systems with 10 percent or more free space have 
less fragmentation and better extent allocation. Reguhu· use of the df(lM) c01mnan<l to 

monitor free space is desirable . .F'ull file systems should therefore have some files 
removed, or should be expmuied (see fsadm(lM) for a description of on line file system 

expansion). 

• Maintain free space distribution goals 

;3 factors which can be used to determine the degree of fragmentation: 

• percentage offree space in extents < than 8 blocks in length 
• percentage of free space in extents < thml 64 blocks in length 
• percentage of free space in extents of 64 blocks or greater 

An unfragmeuted file system will have tJ1e following characteristks: 
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• less tlum 1% of free space in extents < 8 blocks in length 
• less than 5% of free space in extents < 64 blocks in lengUt 
• more than 5% of total file system size available as free extents in lengUt of 64 or more 

blocks 
A fragmented file system will have the following charactelistics: 
• greater than 5% of free space in extents < 8 blocks in length 
• more than 500.tb of free space in extents < 64 blocks in length 
• less than 5% of total file system size available as free extents in lengths of 64 or more 

blocks in size 

Using df ( lM) 

111e following example shows how to use df to map free space: 

If d( F' vxfs -o s /usr 
/usr: (/dev/vg00/lvol7 
F'rC!e l=:xtents by Size 

1 :  823 2 :  
1 6 :  1 5 8  3 2 :  

2 5 6 :  23 512 : 
4096 : 1 8 1 9 7. :  

• Repack files and freespace 

206 
6 1  
1 4  

1 

4 :  55 
64 : 4 8  

1 0 2 4 :  3 
16384 : 0 

fsadm -e has the following goals for files and free data space 

• Make "small" files (default.: <6tlk) one contiguous extent 
• Enstu·e that "large·· files are built from l::u-ge extents 

8 :  
128 : 

2 04 8 :  
3 2 7 6 8 :  

• Move "small" and "recently used" (default: <14 days) files near inode area 

206 
43 

3 
0 

• Move "large" or "old" (>14 days since last access) files to end of allocation 1mit 
• Consolidate free space in center of data area 

• Repack directories 

f sadm -d has the foil owing goals for directories 

• Remove unused sp;,1ce from between used directory entries 
• Pack direct.odes and symbolic links into inode inunediate ;u·ea if 
• possible 
• Place directories and symbolic links first, Uten other files 
• Sort each m·ea by time of last access 

fsadm ( lM) Ove1·view 

Because blocks arc allocated and deallocated as files are added, removed, expande<l, and 
tnmcated, block space can become fragmented. This can make it more difficult for JFS to 
take ad,·antage of the benefil.S provided by a contiguous extent allocation. To remove 
fragmentation, HP OnlincJFS includes a utility called fsadm, which ·will take fragmented 

blocks and reallocate Uiem M contiguous extents. TI1e fsadm utility can be nut on a live file 

system (inc.:luding one containing active dak'tbases) safely without interrupting data access. 
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TI1e fsadm utility will bri.ng the fragmented extents of files closer together, group them by 

type and frequency of access, and compact and sort directories. TI1e f sadm utility i5 typically 

nm as a recurring scheduled job and is an effective tool for the management of a high­
performance on.line file system. Even if database software used on top of the file system has 
its own defragmenter, this additional defragrnentation is necessary to make the storage that 
the database engine sees as contiguous as possible. 

You can defragment (reorganize) your HP OnlineJFS file system using SAM or with 
fsadm (lM) , directly from the conm1and line. 

To nse SAM: 

l .  hwoke SAM. 

2. Select the Disks and File Systems functional area. 

3. Select the File Systems application. 

4. Select the JFS file system that you wish to reorganize from the directories' list. 

5. Select the Actions rnenu. 

6. Select t11e VxFS Maintenance menu item. 

7. View reports on extent and directory fragmentation, U1en select Reorganize Extents 

or Reorganize Directories to defragment yom· JFS file system. 
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10-17. TEXT PAGE: Monitoring and Repairing File 

Fragmentation 

For optirnal performance, the JFS extent allocator must be able to find large extents when it 
wmtts them. To maintain the file system perfmwance levels, the fsadm utility should be run 

periodically against all JFS file systems to reduce fragmentation. The fsadm utility should be 

nm between once a day and once a month against each file systenL 'file frequency depends 
on file system usage and activity patterns and the importance of petformance. The - v  option 

can be used to examine the amount of work performed by fsadm. The frequency of 

reorganization can be adjusted, based on the rate of file system fragmentation. 

To perform both directory and extent reorganization and to output reports on the direct-Ory 
and extent fragmentation before and after reorganization, enter the following: 

# f sadm - F  vxfs -d - 0  - e  -E / < j f s_mount_point> 

Reorganizing Options 

-F vxfs Specify the JFS file system type. 

-D Report on directory fragmentation. If specified in conjunction witJ1 the - d  
option, the fragmentation report is produced both before and after the 
directory rcorgmtization. 

-E Report on extent fragmentation. If specified in conjtmction with U1e - e option. 

the fragmentation report is produced both before ru1d after the extent 
reorganization. 

-d Reorganize directories. Directory entries are reordered to place subdirectory 

ent1ies first, then all other entries in decreasing order of time of last access. 
TI1e directory is also compacted to remove free space. 

- e  Extent reorganization. Attempt to minimize fragmentation. Aged files are 

moved to the end of the allocation tmits to produce free space. Other files are 
reorgnnized to have the minimum number of extents possible. 

-s Print a sununary of activity at the end of each pass. 

-v Verbose. Report reorganization activity. 

-a days Consider files not accessed witllin the specified number of clays as aged files. 

111c default is 14 days. Aged files arc moved to the end of the directory by the 
- d  option and reorganized differently by the -e  option. 

-p passes Maxilmm1 number of passes to nut. 111e default is 5 passes. Heorga1tiza.tions 

are processed until reorganization is complete or tmtil the specifie<l mm1ber of 
passes have been nm. 

-t time Mmdmtun time to nm. Heorganizations are processed tmtil reorganization Le; 
complete or tlte time limit has expired. time is specified in seconds. 
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© 2004 Hewlett-Packard Development Company, L.P. 

http://education.hp.com 



Module 10 
VxFS Performance Issues 

If both the -t and -p options are specified, the utility exits if either of t:he tenninating 

conditions is reached. If both the -e and -d options are specified, t11e utility will nm all the 
directory reorganization passes before any extent reorganization passes. 

fsadm uses the file . fsadm in the lost+ found directory as ::tlock file. When fsadm is 
invoked, it opens the me lost+ found/ . fsadm in the root of the file system specified by 
mount_point . If UlC file does not exist, it is created. TI1c fcntl ( 2 )  system call is used to 

obtain a write lock on the file. If tl1e write lock fails, f sadm will assume U1at another f sad.m 
is running and will fail. f sadm will report the process ID of the process holding the write lock 

on the . fsadm file. 

Reporting on Directo1·y Fragmentation 

As files are allocated and freed, directories tend to grow and become sparse. hl general, a 
directory is as large as U1e largest munber of files it ever contained. even if some files have 
been subsequently removed. 

111e conunand line to obtain a directo1y fragmentation report is: 

U f sadm - D /mountpoint_dir 

111e following is example output from the fsad.m -D conunand: 

# fsadm - D  /home 

Directory Fragmentation Report 

Di rs Total Immed Immeds Di rs to Blocks to 
Searched Blocks Di rs to Add Reduce Reduce 

au 0 15 3 12 0 0 0 
au 1 0 0 0 0 0 0 
total 15 3 12 0 0 0 

111e Di rs Searched colnnm contains the total nmnber of directories. A directo1y is 
associated with the extent-allocation mtit containing the extent in which the directo1y1s inode 
is located. The Total Blocks colm1m contains the total number of blocks used by 

directmy extents. 

'Ole Immed Di rs cohu1u1 contains the number of directo1ies that are immediate, meaning 

Uiat the dh"ectory datn is in U1e inode itself as opposed to being in an extent. lnunediate 
directories save space c.md speed path name resolution. 'fi1e Immeds to Add cohmm 
contains the number of directories that cmrent�y have a data extent. but that could he 
reduced in size and contained entirely in the ino<le. 

11te Dirs to Reduce colmm1 contains Ute number of directories for which one or more 
blocks cm1 be freed, if the entries in U1e directory are compressed to make U1e free space i.n 
the directory contiguous. Because directory entlies vary in length. large directories may 
contain a block or more of total free space. but with the ent1ies arranged in such a way that 
Ute space cannot be made contiguous. As a result, it is possible to have a non-zero Di rs to 
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Reduce ca.k:ulation inunediately after numing a directory reorganization. TI1e - v  (verbose) 
option of directory reorganization reports occmTences of failure to compress free space. 

TI1e Blocks to Reduce cohmm contains the nwnber of blocks that can be freed if the 

entries in the di.rectory are compressed. 

Measuring Directory Fragmentation 

If Ute totals in the Di rs to Reduce colwru1 are substantial. a directory reorganization 
should improve the performance of path name i·esolntion. TI1e directodes that fragment tend 
to be the dil'ectories witlt the most activity. A small number of fragmented directories may 
accotmt for a large percentage of name lookups in the file system. 

Directory Reorganization 

If the - d option is specified, f sadm will reorganize the directories on the file system whose 
mount point is mountpoint_ dir . Directories are reorganized in two ways: compressing 
alld sorting. 

For compression, U1e valid entries in the directory are moved to the front of the directory and 
the free space is grouped at the end of the directory. If there are no ent1ies in the last block of 
the directory, the block is released and the directory size is reduced. If the directory entries 
;u-e small enough, the directory is placed in tlte inode inuuediate data area. 

'me entries in a directory are also sorted to improve path name lookup perfonnance. Entries 
arE> sorted based on the last access time of the entry. 111e - a option is used to specify a time 

in t.erval; 14 days is the default if - a is not specified. The time interval is broken up into 128 

buckets, and all times within U1e same bucket are considered equal. All access ti.mes older 
th�m the time interval are considered equal, and those entiies are placed last Subdirectory 
entries are placed at the front of the directory and symbolic links are placed after 
subdirectories, followed by the most recently accessed files. 

111e directory reorganization nms in one pass across the entire file system. 

111e conunanct line to reorganize directories of a file system is: 

f::;,1dm -d { - S ]  / - v] { p passes} / - r:  timeout} {- r ro.wdevJ [ DJ /mountpoi nL_dir 

111e following example illustrates t11e output of the conunand fsad.m -d - s  command: 

# fsadm - d  - s  /home 

D i rectory Reorgan ization Statistics 

Di rs Di rs Total Failed 
Searched Changed Ioctls Ioct l s  

a u  0 2 3 4 3  1376 2 9 2 7  1 
au 1 582 2 54 5 1 0  0 

au 2 142 2 6  3 8 0 

au 3 8 8  24 29 1 
total 3155  1 6 8 0  3504 2 
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Reduced Changed Added 
2 0 9  3120 7 2  

4 7  5 8 6  2 8  
2 1  54 1 6  

5 3 6  2 
282 3796 1 1 8  
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The Dirs Searched coltmm contains the number of directories searched. Only directo1ies 
with data extents are reorganized. Inunediate directo1ies are skipped. The Dirs Changed 
coltmm contains the number of ctii-ectories for which a change was made. 

The Total Ioctls coltunn contains the total number of VX_DIRSORT ioctls pelformed. 
Reorganization of directory extents is perfo1med using this ioctl. 

TI1e Failed Ioctls column contains the number of requests that failed. The reason for 
failure is usually U1at the directory being reorganized is active. A few failures should be no 
cause for alarm. If the -v option is used, all ioctl calls and status rettu-ns are recorded. 
TI1e Blocks Reduced colunm contains the total number of directory blocks freed by 

compressing entJ·ies. 'Ilw Blocks Changed column contains the total munber of directory 
blocks updated while sorting and compressing entries. 

TI1e Immeds Added column contains the total number of directo1ies with data extents that 
were compressed into inu11ediate directories. 

Reporting on Extent Fragmentation 

As files are created and removed over time, the free extent map for an allocation mlit will 
change from having one large free area to having many smaller free areas. This process is 
known as fragmentation. Also, when files are grown, particularly when growth occms in 
small increment5, small files can be allocated in multiple extents. ln the ideal case, each file 
that is not sparse will have exactly one extent (containing the entire file), and the free-extent 
rnap is one conUnuous range of free blocks. 

Conversely. in a case of extreme fragmentation, there cm1 be free space in the file system, 
none of which can be allocated. For example. on Version 2 JFS file systems, the i.ndircct­
address extent size is always 8 KD long. This means that to allocate an indirect-address 
extent to a file, an 8-KB extent must be available. If no extent. of 8 KB or larger is available. 
even though more than 8 KB of free space is available, an attempt to allocate a file into 
indirect extent5 "'rill fail and retmn ENOSPC. 

Dete1·mining Fragmentation 

To determine whether fragmentation exists for a given file system, the free extents for that 
file system need to be examined. If a large number of small extents are free, there is 
fragmentation. If more than half of t11e mnotmt of free space is taken up by small extents. 
(smaller thm1 64 blocks) or there is less than 5 percent of total file system space available in 
large extents, t11en there is serious fragmentation. 

Running the Extent-Fragmentation Report 

TI1e extent-fragmentation report cm1 be nm to acquire detailed information about tJ1e degree 
of fragmentation in a given file system. 

The following is the command line to nm an extent-fragmentation repent: 

fsadm -E [ - 1  l argesize] /mountpoint_dir 

TI1e extent reorganizer has the concept of an inunovable extent: if the file already contains 
large extents, reallocating and consolidnti:ng these extents will not improve pe1formance, so 
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they are considered inunovable. How large an extent must be to qualify as inunovable can be 
controlled with the - 1 option. By default, largesize is 64 blocks, meaning that any extent 
h.u-ger than 64 blocks is considered to be inunovable. For the pm-poses of the extent 
fragmentation report, the value chosen for largcs'izc will affect which extents are reported ns 

being irrunovable extents. 

TI1e following is an example of the output generated by the f sadm -E  co1mnand: 

# fsadm -E /home 

Extent Fragmentation Report 

Files with Total Total 
Extents Extents Blocks Distance 

Au 0 1 4 3 8 1  1 8 6 0 7  3 0 5 1 6  4 4 4 0 9 9 7  

au 1 2822 3 3 04 24562 927841 

au 2 2247 2 8 8 4  2 2 0 2 3  1 3 8 2 9 6 2  

au 3 6 0 5  7 8 0  2 4 0 3 9  6 7 9 8 6 7  

total 19992 2 5 5 7 5  1 0 1 1 4 0  7 4 3 1 6 6 7  

Consolidatable Immovable 
Extents Blocks; Extents Blocks 

au 0 928 2 5 3 9  0 0 

au 1 4 6 1  5225 99 1 3 1 0 0  

au 2 7 2 9  8 7 8 1  58 1 1 0 5 8  

au 3 1 3 9  1 4 6 3  4 9  1 7 2 5 8  

total 2257 1 8 0 0 8  2 0 6  4 14 1 6  

Free Extents by Size 

au 0 Free Blocks 2 1 7 ,  Smaller Than 8 - 4 8 %  t Smaller Than 6 4  - 1 0 0 %  

1 :  15 2 :  1 5  4 :  1 5  8 :  1 4  

16 : 0 3 2 :  0 6 4 : 0 1 2 8 :  0 

2 5 6 : 0 5 1 2 : 0 1 0 2 4 : 0 2 04 8 :  0 

4 0 9 6 : 0 8 1 9 2 : 0 1 6 3 84 : 0 

au 1 Free Blocks 286 , Smaller Than 8 - 4 1 %- ,  Smaller Than 64 - 100% 

1 :  16 2 ;  2 1  4 :  1 5  8 :  13 

1 6 : 4 3 2 :  0 6 4 :  0 12 8 :  0 

2 5 6 : 0 5 1 2 : 0 102 4 : 0 2 04 8 : 0 

4 0 9 6 : 0 8 1 9 2 : 0 1 6 3 84 : 0 

au 2 Free Blocks 5 1 0 , Smaller Than 8 - 1 5 % ,  Smaller Than 6 4  - 1 0 0 %  

1 :  1 0  2 :  14 4 :  1 0  8 :  14 

1 6 :  8 3 2 :  6 6 4 :  0 1 2 8 : 0 

2 5 6 : 0 5 1 2 : 0 1 0 2 4 : 0 2 04 8 :  0 

4 0 96 : 0 8 1 9 2 :  0 1 6 3 8 4 : 0 

au 3 Free B l ocks 6 2 3 5 ,  Smaller Than 8 - 3 g,.  0 I Smaller Than 64 - 15% 

1 :  29 2 :  3 3  4 :  27 8 :  3 0  

16 : 18 3 2 :  8 6 4 :  4 1 2 8 :  3 

2 5 6 : 2 5 1 2 : 2 102 4 : l 2 04 8 :  1 

4 0 96 : 0 8 1 92 : 0 1 6 3 8 4 : 0 

H4262S C.00 1 0-44 http://education.hp.com 
© 2004 Hewlett-Packard Development Company, L.P. 



Module 1 0  

VxFS Performance Issues 

au 4 Free Blocks 8551 , Smaller Than 8 - 22,. 0 ,  Smaller Than 6 4  - 22%  
1 :  29  2 :  3 3  4 :  J O  8 :  38 

16 : 28 3 2 :  2 9  64 : 2 6  1 2 8 :  1 1  
256 : 8 512 : 3 1024 : 0 204 8 : 0 

4096 : 0 8192 : 0 16384 : 0 

total Free Blocks 15799 ,  Smaller Than 8 - 4 2,.  O I Smaller Than 6 4  - 24% 
1 :  99 2 :  116 4 :  97  8 :  1 0 9  

1 6 : 58 32 : 4 3  64 : 3 0  128 :  1 4  
2 5 6 : 10 512 : 5 1024 : 1 2048 : 1 

4096 : 0 8192 : 0 16384 : 0 

Tile numbers in the Files with Extents coltunn indicate the total munbcr of files that 

have data. extents. A file is considered to be in U1e extent-allocation tmit that contains the 
e:i...'ient holding the file's inodc. 

TI1e Total Extents colturu1 contains the total number of extent<; belonging to files in tJ1e 

allocation mtit. The extents themselves are not necessarily in the same allocation tmi.t. 

The Total Blocks cohmm contains the total number of blocks used by files in Ute 

allocation unit. If the total munber of blocks is divided by the total number of extents, the 
resulting figmc is the average extent size. 

TI1e Total Distance column contains the total distance between extents in tJ1e allocation 

tmit. For example, if n file has two extents, tl1e first containing blocks 100 through 107 and 
the second containing blocks 110 tlu·ough 120, tJ1e di.stance between the extent5 i5 110-107, 
or 3. ht general, a lower nmnber means that files are more contiguous. If an extent 
reorganization is nm on a fragmented file system, the value for Total Di.stance should be 
reduced. 

TI1e Consolidatable Extents colunm contains the number of extents that arc 

candidates to be consolidated. Consolidation means merging two or more extents into one 
combined extent. For files that are entirely in direct extents, the extent reorganizer will 
attempt to consolidate eA.'tents into extents up to size largesize. All files of size 

largesi ze or less typically "'.jll be contiguous in one e:\."tent after reorganization. Since most 

files are small, U1is will usually include about 98 percent of all files. 

Tite Consolidatable Blocks colunm contains the total nmnber of blocks in 

Consolidatable Extents. 

The Immovable Extents colunm contains the total number of extent<; tltat are considered 

Lo be inunovable. Tn the report, tut inunovable extent appears in the allocation mtit of the 
extent itself, as opposed to in the allocation unit of its inodc. 11tis is becanse tJte extent is 
considered to be immovnble, ;md thus pennanently fixed in the associated allocation tmiL 

Tite Inunovable Blocks column contains U1e total munber of blocks in immovable extent<>. 

Tite figmes m1dcr the Free E.>..'tents by Size heading indicate per-allocation unit total5 for free 
extents of each size. TI1e totals are for free extents of size 1, 2, 4, 8, 16, . . . up to a rna.-..dnum1 
of the number of data bloc:ks in c:in c:illocation unit. The totals should match the output of df 
-o s unless there has been recent allocation or deallocation activity (a.5 this utility acts on 
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motmted file systems). TI1ese figures give an indication of fragmentation and extent 
availability on a per-allocation-tmit basis. For each allocation unit. and for the complete file 
system, tl1e total free blocks and total free blocks by category are shown. 

The figures are presented as follows: 

• TI1e Free Blocks figure indicates U1e total munber of free blocks. 

• The Smaller Than 8 figm-e indicates the percentage of free blocks that m·e in extents 

less than 8 blocks in length. 

• Tite Smaller Than 64 figure indicates U1e percentage of free blocks that are in extents 
less than 64 blocks in lengtll. 

In the preceding example, tl percent of free space is in extents less than 8 blocks in length. 
and 24 percent of tl1e free space is in extents less tlum 64 blocks in length. Titis represents a 
typical value for a mature file system that is regularly reorganized. TI1e total free �pace is 
about lO percent. 

Extent Reorganization 

If the - e option is specified, fsadm will reorganize the data extents on the file system whose 
mmmt point is moun tpoin t _ dir. The primary goal of extent reorganization is to 

defragment tl1e file system. 

To reduce fragmentation, extent reorganization tties to place all small files in one contiguous 
extent. Tite - 1  option is used to specify the size of a file that is considered large. 'Orn default 

is G4 blocks. Extent reorganization also tries to group large files into large extent.s of at least 
G4 blocks. In addition to rednci.ng fragmentation, extent reorganization improves 
pe1formance. Small files can be read or written in oue 1/0 operation. Lm·ge files can approach 
raw-disk perforni.ance for sequential 1/0 operations. 

Extent reorganization also tries to improve the locality of reference on tl1e file system. 
Extents nre moved into tJ1e same allocation Lutit as their inode. Within the allocation unit� 
small files and directories are migrated to the front of the allocation unit. Large files and 
inactive files are migrated towards the hack of the allocation wtit. (A file is considered 
inactive if Ute access t.itne on the inode is more than 14 days old. 111e time interval can be 
varied using the - a option.) Extent reorganization should reduce the average seek time by 

placing inodes and freqnently used dat(l closer together. 

fsadm will try to perform extent reorganization on all inodes on the file system. Each pass 

tlu-ough the i.nodcs will move the file system closer to Ute orgonization considered optimal by 
fsadm . The first pass might place a file into one contiguous extent. The second pass might 

move the file into the same allocation unit as its i.node. TI1en, since the first file has heen 
moved, a third pass nlight move extents for a tUe in another allocation mlit into the space 
vacated by the first file during the second µass. 

When the file system is more Utan 90 percent full, fsadm shifts to a different reorganization 

scheme. lllstead of attempting to make files contiguous, extent reorganization tries to 
ctefragment the free-extent map into chunks of at least 64 blocks or the size specified by the 

- 1 option. 
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TI1e following is the conunand line to petform extent reorganization: 

fsodm -F vxfs - e  f-svl [ -p passes] [ - t  timel [-a days] ( - 1  largesize] /mountpoint_dir 

TI1e following example illustrates the output from Ule fsadm -F  vxfs -e - s command: 

# fsadm - F vxfs - e - s  

Allocation Unit 0 ,  Pass 1 Statistics 

Extents Consolidations Performed Total Errors 
Searched Number Extents Blocks File Busy Not Free 

au 0 2 4 6 7  1 1  3 0  3 1 0  0 0 

au 1 0 0 0 0 0 0 

au 2 0 0 0 0 0 0 

au 3 0 0 0 0 0 0 

au 4 0 0 0 0 0 0 
total 2 4 6 7  11 3 0  3 1 0  0 0 

In Proper Location Moved to Proper Location 
Extents Blocks Extents Blocks 

au 0 1 3 7 9  8 4 8 4  794 1 0 9 2 5  

au 1 0 0 0 0 

au 2 0 0 0 0 

au 3 0 0 0 0 

au 4 0 0 0 0 

total 1 3 7 9  8 4 8 4  794 1 0 9 2 5  

Moved to Free Area In Free Area Could not be Moved 
Extents Blocks Extents Blocks Extents Blocks 

au 0 2 3 1  4 8 5 1  4 1 3 3  0 0 

au 1 0 0 0 0 0 0 

au 2 0 0 0 0 0 0 

au 3 0 0 0 0 0 0 

au 4 0 0 0 0 0 0 

total 2 3 1  4 8 5 1  4 1 3 3  0 0 

Allocation Unit 0 ,  Pass 2 Statistics 

Extents Consolidations Performed Total Errors 
Searched Number Extents Blocks File Busy Not Free 

au 0 2 4 6 7  0 0 0 0 0 

au 1 0 0 0 0 0 0 

au 2 0 0 0 0 0 0 

au 3 0 0 0 0 0 0 

au 4 0 0 0 0 0 0 

total 2467 0 0 0 0 0 

In Proper Location Moved to Proper Location 
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Extents Blocks Extents Blocks 
au 0 2173 1 9 4 0 9  2 3 5  4 9 8 4  

au 1 0 0 0 0 

au 2 0 0 0 0 

au 3 0 0 0 0 

au 4 0 0 0 0 

total 2173 1 9 4 0 9  2 3 5  4 9 8 4  

Moved to Free Area In Free Area Could not be Moved 
Extents Blocks Extents Blocks Extents Blocks 

au 0 0 0 0 0 0 0 

au 1 0 0 0 0 0 0 

au 2 0 0 0 0 0 0 

a u  3 0 0 0 0 0 0 

au 4 0 0 0 0 0 0 

total 0 0 0 0 0 0 

Note that the default five passes were scheduled, hut the reorganization finished in two 
passes. 

Titis file system had not had much activity since the last reorganization, with the result that 
litUe reorganization was required. The time it takes to complete extent reorganization varies, 
depending on fragmentation and disk �-peeds. However, in general, extent 1·eorganization may 
be e:\..'lJected to take approximately one minute for every 10 megabytes of disk space used. 

In the preceding example, the Extents Searched cohmm contains the total muuber of 

extents examined. 111e Number colmml (located tmder the Consolidations Performed 
heading) contai.Jls the total munber of consolidations or merging of extents perfonued. Tile 
Extents colmrm (located under the Consolidations Performed headi.J1g) contains U1e 

total munber of extents that were consolidated. (More than one e::(tent may be consolidated 
in one operation.) 111e Blocks colmtm (located tmdcr the Consolidations Performed 
headi.J1g) contains U1e total number of blocks that were consolidated . 

'Ille File Busy coltm111 (located under the Total Errors heading) contains the total 

number of reorgru1ization requests that. failed because the file was active dtu-ing 
reorganization. The Not Free colunm (located under the Total Errors heading) contains 

the tota.l number of reorganization requests that failed because an extent that the reorganizer 
expected to be free was allocated at some time dming tlte reorganization. 

The In Proper Location column contains the total extents and blocks Urnt. were already 

in the proper location at the start oft11e pass. TI1e Moved to Proper Location column 

contains the total extent5 mid blocks that were moved to the proper location during the pass. 

'11\e Moved to Free Area colunm contains the tot..'11 munber of extents and blocks that 

wNe moved into a convenient free area in order to free up space designated as tlte proper 
location for au extent in U\e allocation nnit being reorganized. The In Free Area colunm 

co11tains the total nnmber of extents and blocks tJrnt were in areas designated as free areas at. 
the hegi.Iming of U1e pass. 

111e Could not be Moved cohmm cont.'lliIB U1C total munber of extents :md blocks Uwt 

w�re in an undesirable location and could not be moved. Thi5 occurs when there is not 
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enough free space to allow sufficient extent movement to take place. TI1is often occms on 
the first few passes for ru'I. allocation unit if a large mnount of reorganization needs to be 
performed. 

If the next to last pass of the reorganization nm indicates extents that cannot be moved, tl1en 
the reorganization fails. A failed reorganization may leave the file system badly fragmented, 

since free areas are used when trying to free up reserved locations. To lessen th.is 
fragmentation, extents are not moved into the free areas on the final two passes of the extent 
reorganizer and the last pass of the extent reorganizer only consolidates free space. 

To defragment a 13aseJFS you need to pe1fo11n the same steps you would for an HFS: 

1 .  Back np the file system (with. fbackup). 
2. l\fake a new file system (\7\ritl1 newfs). 
3. Restme the data from tape (with frecover). 
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10-18. SLIDE: Using setext 

The set ext command can manipulate the extent allocation policies of the 
JFS file system on a file by file basis: 

• Use setext to override default VxFS extent allocation policies 

• Specify the extent size 

• Force files to be continuous 

• Pre-reserve space for future continuous growth 

• Prevent files from growing past reservation 

• Use getext to view file parameters 

• Use 1 s -1 e to view extent parameters 

Student Notes 

setext specifics a fL-xed c:>.."teut size for a file, and reserves space for a file. TI1e file must 

already exist. 

setext [ - F'  vxfs] 1 -F.? extent.size I [ - r  reservation I [ [ f f l ag] . . . I f i l e  

Options: 
- e  extentsize 

- r  .reserva tion 

- f align 

- f contig 
- f noextend 
- f  chgs ize 

Specify fL'l:ed extent size (in file system blocks) 

Pre-allocate space (in file system blocks) 

All extent'.> aligned on cxtc11tsizc boundaries relative the start of 
allocation units 
Reservation must be allocated contiguously 

l''ilc mny not be extended once pre-allocated space has been nsed 

Reservation is i11corporated .into file; on-disk inocte updated witlt size 

and block count information that includes the reserved space 
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- f  noreserve Resc1vation made as non-persistent ruloc.:ation to file; 011-disk 
inode not updated; associated wiUl file until last close, then 
trimmed to current file size 

- f  trim Reservation is trinuned to cmrent file size upon last close by 
all processes that have lhe file open 

Example 11.Sing setext 

# touch bigfile . O  bigfile . l  bigf i l e . 2  
# /usr/sbin/setext - F  vxfs - r  4096 - f  contig bigfile . l  
# /usr/sbin/setext - F  vxfs - f  align - e  128 bigfile . 2  

# cp bigfile bigf i l e . O  
# cp bigfile bigfile . l  
# cp bigf ile bigfile . 2  

# ls - 1  bigfile* # ls -1 
- r w - r - - r - - l root other 
-rw - r - - r- - 1 root other 
- rw - r - -r - - 1 root other 

bigfile* 
2 6 9 1 0 0 0  Nov 
2 6 9 1 0 0 0  Nov 
2691000  Nov 

# /usr/sbin/getext - F  vxfs bigfile . *  

2 1 0 : 52 bigfile . O  
2 1 0 : 53 bigfile . 1 
2 1 0 : 53 bigfile . 2 

bigfile . O :  Bsize 1024 Reserve O Extent Size O 
bigfile . l :  Bsize 1024 Reserve 4096  Extent Size o 
bigfile . 2 :  Bsize 1024 Reserve O Extent Size 1 2 8  

Example output from ls  - l e  

# ls l e bi�1f ile* 
- r:w r r-- 1 root other 2691000 .Nov 2 ] 0 : 5 2 big[ile . O 

r w - r - - r- - l root other 2691000 Nov /. 1 0 : 5 3  bigfi le .  1 : res 4 0 96 
- rw- r - - r· - - 1 root other 2691000 Nov 2 1 0 : 5 3 bigf i l e . 2  : res 0 ext 

ext 
128 

0 
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10-19. SLIDE: 1/0 Tunable Parameters 

• JFS provides a set of eleven ( 1 1 )  tunable 1/0 parameters. 

• If the default 1/0 parameters are not acceptable, then the 
/etc /vx/tune f s tab file can be used. 

• mount_ vxf s ( l M )  invokes the vxtunef s ( lM) command to process 
the contents of the / e t c /vx/tunefstab file. 

• Failure to set 1/0 parameters does not prevent mount from occurring 

Student Notes 

JFS Tunable Parameters 

l/O Parameter 

read_pref_ io 

write_pref_io 

read_nstream 

Description 

'Ole preferred read request size. The file system uses U\is in 
conjwlction wit11 tl1e read_ustream value to determine how much 
rlata to rc[l.d-ahead. Default value is 64K. 

The prcfeITed write request size. 'I1te file system uses this in 
conj1mction with t11e write_nstream value to determine how to do 
flush-behind on wdt.es. Default value is 641<. 

1l1e munbcr of parallel read requests of size read_pref_io to have 
outstanding at one time. TI1e file system uses the product of 
read_ustream multiplied by read_pref_io to deterntine its read­
ahea<l size. Default value for read_nstream is l .  
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TI1e nmnber of parallel write requests of size write_pref_io to have 
outst.;:inding at one time. Tite file system uses the product of 
write_nstream multiplied by write_pref_io to delenn.ine when to do 
flush-behind on \vrites. Default value for write_nstream is I .  

(Only the ffrst four pararneters are described here. Refer t o  man page for vxtlmefs(lm) for 
the remainder.) 
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10-20. SLIDE: vxtunef s Command for Tuning VxFS 

# vxtunefs /tondir 
Pilesystem i/o parameters for /tondir 
read pref_io = 65536 # Preferred read request size is 64k 
read nstream = 1 I Desired nwnher of parallel read pref_io•s 

read_unit io = 65536 

write_prcf io = 65536 # Preferred write request size 64k 
write nstream = l # Desired nwnl:>er of parallel write p.ref_io• 11 
write .uni t lo = 65536 
pref strength = 10 
buf breakup size • 131072 

discovered direct iosz = 262144 w Large I/O's treated like direct for speed 
max_dircct iosz � 131072 

default indir_si�e � 8192 
qio_cach" enable " 0 
max diskq = 1048576 
inir.ial extent_size - 8 
max seqio_cxtent_size " 2048 
max buf data_size a 8192 

Student Notes 

The slide shows tJ1e outpnt of the vxtunefs cunummd being nsed to query the configlU'ation 

of n VxFS file system. 

vxtunef s  Command Details 

/sbin/vxtunefs [ -ps] [ - f  tunefstab] [ - o  parameter=value] 
[ { mount_point l block_special } ]  

Options: 

- f  f i l ename Use filename instead of /etc /vx/tunefstab as the file 

containing tuning parameters. 

-o parameter=value Specify parameters for the file systems listed on the command line. 

TI1e parameters are listed below. 

-p P1int the tuning parameters for all the file systems specified on the 
conuuru1d line. 
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Set the new ttming parameters for the VxFS file systems specified 

on the c.onunand line or in the tunefstab file. 

vxtunefs sets or prints tunable I/O parameters of mounted file systems. vxtunefs can set 

parameters desclibing the I/O properties of the underlying device, parameters to indicate 
when to treat cut 1/0 as direct I/O, or parameters to control the extent allocation polky for the 
specified file system. 

With no options specified, vxtune f s prints the existing VxFS parameters for the specified 

file systerrL'>. 

vxtunefs works on a list of mount points specified on the conunand line, or all the mounted 

file systems listed in the tunefstab file. 1l1e default tunefstab file i� 
/ etc/vx/tunefstab. You can change U1e default using the - f option. 

vxtunefs can be nm at any time on a motmted file system, and all parameter changes take 

inunediate effect. Pm·ameters specified on the conunand line ovenide parameters listed in 

the tunefstab file. 

If /etc/vx/tunefstab exists, the VxFS-specific mount conunand ilwokes vxtunefs to 

set device parameters from /etc/vx/tunefstab. 
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10-21. SLIDE: /etc/vx/tunefstab Configuration 

• File is read every time a VxFS is mounted. 

• Automatic permanent vxtunefs options implemented here 

• File format as follows: 

block-device tune f s - opt ions 

system-default tunef s -options 

• Options set for individual file systems or globally all VxFS file systems 

Student Notes 

The tunefstab file contains ttming parameters for VxFS file systems. vxtune f s  sels the 

tuning parnmeters for mounted file systems by processing conunand line opt.ions or by 
reacting parameters in the tunefs tab file. 

Each entry in tune f s t ab is a line of fields in one of the following formats: 

block-device tunet s - options 
system-default tune f s - options 

block-device is the name of the device on which the file system exists. If there is more 

than one line that specifies options for a device, each line i5 processed and the options are set 
in ordt>r. 

In placC' of block-device, system-default specifies tunnbles for each device to 

proce�c.;s. If there is ml en b-y for both a block device and a system default, the system default 
value takes prec:edenc:e. 

Lines in tunefstab that start with the pound (#) character are treated as comments <mrl 

ignored. 
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TI1e ttmefs-options correspond to the tuneable pararn.eters that vxtune fs and mount_ vxfs 
set on the file system. Ench option in this list is a narne=value pail'. Separnte the options by 
conun.as, with no spaces or tabs between the options and cormnas. 

See the vxtunefs(lM) manual page for a description of the supported options. 

Examples 

If yon have a four cohmu1 striped volume, / dev /vgOl I 1 vol3, with a stripe tmit size of 128 
kilobytes per disk, set the read_pref_io and read_nstream parameters 128 nnd four, 
respectively. You can do this in two ways: 

or: 

/dev/vg01/ lvol3 

/dev/vg01/lvol3 
/dev/vg01/lvol3 

read_pref_io=l28k, read_nstream=4 

read_pref _io=l28k 
read nstream=4 

To set the discovered direct I/O size so tliat it is always lower than the default, add the 
following line to the /etc/vx/tunefstab file: 

/dev/dsk/c3tld0 discovered direct iosz=128K 
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10-22. SLIDE: Taking Snapshots and Performance 

• Issues for the "online" Snapped File System: 

- Read performance should not be affected. 

- Any writes after the snap will be 2-3 times slower 

- Subsequent writes to the same area will perform normally 

- Have the snapshot on a separate physical disk 

- Tests of OL TP show 1 5-20% degradation 

• Issues for the "backup" Snapshot File System 

- Snapshot performance should be equivalent to normal JFS 

- Read performance suffers if Snapped (online) half is busy 

Student Notes 

Performance of the "Advanced" (Snapped) File System. 

TI1e write perfonmmce of the ouline (snapped) file system will be degraded but the read 
perfonnance will stay the same. It i5 important to enstu·c that the snapshot file system (the 
backup) resides on a different ph ysical disk, otJ1erwise backnp I/O will use up valuable 
bandwidth. 

Initial writes to a block after the snapshot is sta1ted will be 2 to :.3 times slower. 

l. Read the old data 
2. W1ite the olrl data to the sn::ipshot 
;3. Write of the new data 

Multiple snapshots would cause tllis process to he even slower. 

Only Ule initial write suffers, subsequent changes are not recorded in Ule snapshot and 
therefore would proceed at normal speerl. 
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Overall i.rnpact will depend on the read to write ratio and tJ1e mixing of the 1/0 operations. 
For example, Oracle nu ming an OL TP workload on a snapped file system was mea5\u-ed 
about 15 to 20% slower than a file system that was not being snapped. 

Performance of the "Backup" (Snapshot) File System. 

Performance of tJ1e snapshot is maximized at the expense of writes Lo the snapped file 
system. 

Reads from a snapshot file system will typically be at the same rate as from a normal JFS file 
system, allovving backups to proceed at the full speed of .TFS. Reads from the snapshot arc 
impacted if the snapped file system is very busy. Remember the read data comes from the 
snapped file system tmless it has been modified. 
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10-23. LAB: JFS File System Tuning 

Directions 

'flle following lab exercise compares perfommnce of JFS with different motmt options. The 
mount options used "';u1 JFS can have a big impact on JFS perfommnce. 

1 .  Mount a JFS file system to be used for U1is lab under /vxf s .  

# mount /dev/vgOO/vxfs /vxfs 

2. Because the above mount conuwmd specified no special motmt options, the default 

mount options are used. Use the mount -v corrunand to view the default options, 

including the option for transaction logging type. 

What type of transaction logging does JFS use by default? 

3. Change directory to /vx.f s. Time Ute execution of the disk_ long program, which 
wlites 400 MB of data to the file system in 20 MB increments. After each 20 MB is written, 
Ute files are deleted. Run the corrutt..111d tlu-ee times and record the middle results. 

# cd /vxfs 

# timex . /disk_long 
# t imex . / disk_long 
# timex . /di sk_long 

Record midcUc result<>: 

Real: _____ _ User: ____ _ Sys: ____ _ 

4. Remount the .JFS file system using delay log option. This helps performance of 
uoncdtical trnnsactions. Rtm the c:ommmid three times an<l record the middle results. 

# cd I 
# umount / vxf s 
# mount - o  delaylog /dev/vg O O /vxfs /vxfs 
# cd /vxfs 
# timex . /disk_long 
# t imex . /disk_long 
n timex . /di sk_ long 

Record nriddle rcsnlls: 

Real: _____ _ User: _____ Sys: ____ _ 
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Based on the results, does the disk_long program perform many noncritical 
transactions? 

5. Remount. tJ1e JFS file system using tmplog option . This causes t11e system call to return 
ajtcr the .TFS transaction is updated in memory (step 1 from lecture), and before the 
transaction is written to the intent log. Run the conunand three times and record the 
middle results. 

# cd I 
# umount /vxfs 
# mount -o tmplog /dev/vgO O/vxfs /vxfs 
# cd /vxfs 
# timex . /disk_long 
# t imex . /di sk_long 
# timex . /disk_long 

Record middle results: 

Real: _____ _ User: ______ Sys: _____ _ 

Based on Ute result<;, why does the disk_long program show little improvement when 

mounted with tmplog'? 

6. Rernmmt tJ1e JFS file system using tmpcache option. 'TI1is allows the .JFS transaction to 

be created wiU10nt having to wait for the user data to be wTitten in extending w1ite calls. 
Rtm the co11111w1Hl three times and record the middle results. 

# cd I 

# umount /vxfs 
# mount -o mincache=tmpcache /dev/vgOO/vxfs /vxfs 
# cd /vxf s 
� t imex . /disk_long 
# timex . /disk_long 
4 timex . /disk_long 

Record middle results: 

Real: ____ _ User: _____ Sys: ____ _ 
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7. Remount the JFS file system using direct option. This option requires all user data and 

all JFS transactions to bypass the buffer cache and go directly to disk. Run tJ1e conunand 
just once and record the results. 

# cd I 
# umount /vxfs 
# mount -o mincache=direct /dev/vgO O/vxfs /vxfs 
# cd / j f s  
# timex . /disk_long 

Record results: 

Real: _____ _ User: _____ Sys: ____ _ 

Based on the results, why does the disk_long program show poor performance results 

when mom1ted \\-ith mincache=direct? When would this option be appropriate to use? 

8. Dismotmt the VxFS file system. 

# umount /vxf s 
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Objectives 

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

• List factors directly related to network perfonrnmce. 

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

• Evaluate UDP and TCP transport options. 

• Identify a network bottleneck. 

• List possible solutions for a network perfonnance problem. 

� 11 t)J( dJ f- �4[\ i 1Jj 

c 
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11-1. SLIDE: The OSI Model 

f d n s , mount d 
Application telnetd, f tpd 

Presentation XOR 

Session RPC 

Transport UDPfTCP 

IP IP 

Data Link Data Link 

Physical Physical 

I 
Server 

Student Notes 

f tp, b '  d l.O I 

telnet 

XOR 

RPC 

UDPfTCP 

IP 

Data Link 

Physical 

Application 

Presentation 

Session 

Transport 

IP 

Data Link 

Physical 

I 
Client 

� Ou i' r-�tQ c:vL� 
C ccp 

---;. 
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Networking allows one computer (server) to corrurnmicate with and share its local files and 
directories with other computers (clients) in a homogeneous environment. 

Network Protocols 

• NFSD, MOUNTD, FTPD, TELNETD 
The Networking server daemons respond to requests from clients and pelfonn the 
requested operations. 

• BIOD, FTP, TELNET 
TI1e Networking user applications request operations to be performed for them on the 
server. 

• XDR 
External data representation is a rnachi.ne-independent data format used by 
applications to translate machine-dependent data formats to a universal fornmt that cm1 
be nsed by other networking hosts using XOR. 
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TI1e remote procedure call mechanism allows a server machine to define a procedure 
that a client program can call. This is how a client can perform file system operations, 
such as creating, deleting, modifying, and viewing a directory, creating, deleting, 
modifying, and copying a file, and so on. 

• UDPtrCP 
Network protocols tJ1at efficiently move large amom1ts of data. Because there is no 
acknowledgement from Ute receiver, UDP is considered tuu·eliable, whereas TCP is 
considered reliable. However, TCP generally has more overhead and therefore does not 
perform as well as UDP. 

• IP 
Internet protocol is a network protocol which is responsible for getting packets 
between hosts on one or more networks Uwt are linked together. 

• Data Link 
The data link defines how the packets are assembled on the physical wire. Exmnples of 
data link protocols include IEEE 802.3 (CSMA/CD), IEEE 802.4 (Token Bus), IEEE 802.5 
(Token Ring). 

• Physical 
The Physical layer describes the actual trru1sfer media, <md how data is transferred on 
the network. Examples of physical layer protocols include Twisted Pair, Coaxial, and 
Fiber Optics. 
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1 1-2. SLIDE: NFS Read/Write Data Flow 

mount server: /data /datu 
I 0 ---.................. - ----·-0-·----. ------ --

I ,. ', I !NFS kernel ' t I --. , I I :. I I �ii>------------ kernel 1 NFS -
/ data 0t1111111 Q#lffi0 ' File(] .. 

Buffer Cache 
- ···-··---··· 

Buffer Cache Exported NF s 
© Dev [J0 File System 

00 biod 

process "--- . nfsd 

Student Notes 

As a prime example of how network performance can affect applications, let's look at how 
NFS works. TI\e above slide shows a high level overview of the sequence of events which 
occnr when an NFS client attempts to access data on an NFS server: 

l .  A user process issues the read ( )  system call against an NFS mom1ted file system. TI\e 
user process goes into a wait state, waiting for t11e system call to return. 

2. Upon checking U1e buffer cache for the reqnested datH (assume data is not in the buffer 
('ache), the biod daemon .inunediat.ely follows the original read with a read-ahead 
request. TI1is is done by biod so subsequent T/O requests have a better chance of being 
satisfied through the bnff er cache. 

3. TI1c NFS subsystem within the kernel on the client issues an RPC read request on behalf 
of the process (and a second on behalf of biod) to the NFS server. 

I .  111e NFS se1ver receives the request :Uld schedules ::in nfsd process to handle it.. 
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5. Tite n f sd daemon performs the file system read and the data is returned to tile nf sd 
daemon through the servers' buffer cache. 

6. TI1e NFS subsystem within tJ1e kernel on the server schedules a reply to the client 
containing the requested data. 

7. 111e data is returned to the client process through the buffer cache on the client. 11le data, 
plus the data read ahead by the biod daemon, is stored in botl1 the client's and server's 

buffer caches to allow futm·e I/O requests to come from the buffer caches. 

8. Tite read system call is retmned (along with the data) to the client process. 

As you can see, NFS initiates a fair am0tmt of traffic over the network. Other services, such 
as telnet and ftp, have their own peifonmmce profiles. Some are interactive and 

response time is important. Otllers are task-oriented and rely mostly on tluonghpnt. 
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1 1-3. SLIDE: NFS on HP-UX with UDP 

• NFS packets arrive in the UDP 
socket (port 2049). 

• The UDP socket is a 256-KB 
FIFO queue. 

• The UDP socket is emptied by 
the nfsds. 

• Not enough n f  sds cause NFS 
packets to be backed up in the 
queue. 

kernel NFS 
port 20451 I I I I I I I I 
port 20491 I I I I I I I !'°\ 
port 20sol I I I I I I I ') 

nfsd .--------

Memory - Server 

\'- File � -.........._ __ _ 

Exported NFS 
File System 

�t�\rl.'\ -� '1.ci·y -� o\·1eu� ---:> � �� �  
\'""""- "-" o\I. fa\;� � ��h '<-°"'-'. \:- n ?c. t 

Student Notes 

NFS packets come into the NFS server through the UDP receive queue (port 2049). TI1e size 
of this queue is 256 KB. 

TI1e NFS packets are processed sequentially, FIFO. Upon receipt of an NFS packet, an nfsd 
daemon is awakened, removes the request from the queue, ::ind processes the request. 

If request'> come into the se1-ver faster than the daemons can process U1em. the UDP queue 
quickly begins to back up with requests. If Ute UDP qneue is full when a new requesl anives, 
tl1e new request is dropped off the back of the queue. TI1is i.s known as a UDP socket 
overflow. To preYent this, always have a sufficient nmuber of daemons running. 

Regardless of how many nfsd daemons are numi.ng, only one will be awakened for each 

incoming request. TI1is allows a site to meet the demands of peak workload without suffering 
performance problems during periods of light dem.an<l. NFS ttming can thus focus on file 
system and network pe1formance than CPU perfo1n1ance, since the number of nfsd 
daemons does not impact performance. 
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11-4. SLIDE: NFS on HP-UX with TCP 

• 16 nf sd processes are started 
by default. 

• Multiple n f sds respond to udp 
queue . 

• Single multi thread f sktcIJd t1 P"� 
processes is dedicated:Jo tcp M A 

• Client establishes udp/tcp 
method on mounting. 

� -

kernel 1NFS r--:::-1 ... 
/ data po��-I I I I I I I ; TCP ( i· I I I I I 11 

'

E:;,::�NFS 

I File System 
. 

nfsktcpd 

Memory - Server f\J! �t- c p  , (\ o� � u n p � 
. n Q_ n., t A. d- r. l__ • j' I � �� ,\(QT\ 

C d ' 1\ .0 \A., e � &v { I r \ · ,r C 1h i i cJ' \--tou.\'.e C/J;.. ' ld-
CA- • -� Q�'J',�JQ Qf<\ \- c � c '��t- ,.L Qd t  l{t� <&1 '2occiX .t_ )Qi.� �._, ,� M\(u�C+llC'l'l� UD � � 

Student Notes 

Network File System (NFS) is now suppmted over the co1mection-oriented protocol, TCP/IP 
for NFS versions 2 and 3, in addition to nuuting over User Dat.agram Protocol (UDP). TCP 
transport increnses dependability on wide-area networks (WANs). Generally, packets arc 
successfully delivered more consistently because TCP provides congestion control and error 
recovery. 

/\s a resnH., with this new ftmctionality, NFS is now supported over WANs. As long as TCP is 
supported on the WAN, then NFS is supported also. 

The mount_nf s  conuna11d now supports a pro to= option on the conummd line where the 
value for proto can be either UDP or TCP. (In tl1e past. this option was ignored.) 'fltis 
change allows the adntinistrntor to specify which transport protocol they wish to use when 
mounting a remote file system. 

If U\e pro to= option is not specified, by default, NFS will attempt a TCP co1mection. If tliat 

fails, it will then try a UDP connection. 'flrns, by default, yon will begin using TCP instead of 
UDP for NFS traffic when you begin nsing Ule l l i  version of HP-U.X. This should have little 
impact on you. You do, however, have the option to specify either UDP or TCP co1mcctions. 
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If you specify a pro to= option, only the specified protocol will be attempted. If tJ1e server 
does not support the specified protocol, the m01mt will fail. 

nfsd now opens TCP transport endpoints to receive incoming TCP requests. For TCP, the 
nfsktcpd is multi-threaded. For UDP, the nfsd is still multi-processed. 

Kernel TCP threads execute tmder the process nfsktcpd. When counting the number of 
nfsd processes, keep in mind the following algorithm: An equal number of nfsd's that 
suppmt UDP will be created per processor and only one nfsd that supports TCP will be 
created. In the case of a fom·-way machine and NUM_NFSDS=4 (set in 
/etc/re . config . d/nfsconf), 17 nfsd's will be created: 16 for UDP (4 per processor) rntd 
I for TCP. 

nfsstat will now report TCP RPG statistics for both client and server. TI1e TCP statistics 
will be tmder the co1mection-oriented tag and the UDP statistics will be under the 
connectionless-oriented tag. 

H4262S C.00 11-8 
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11-5. SLIDE: biod on Client 

1,�,1CD 
process 

Read-ahead Read 
request request 

Memory - Client 

Student Notes 

Module 1 1  
Network Performance 

Write 
requests 

The biod daemons allow performance on the NFS client to maintaiI1 the illusion of having 

file systems on the local disks. The biod daemons assist in improving NFS client 

performance by pe1fonni.ng read-aheads and write-behinds for the client processes. 

Read-Ahead Requests 

'flle biod daemons help read performance 011 NFS clients by reading ahead (that is, 

prefctching) data into the buffer cache so thaL when tlw client needs the data, it will be in its 
buffer cache. 

When m1 NFS client iI1itiates a read request. and the data is not in its local buffer cache, the 
process performs the RPC read, itself. To prefetch data for the buffer cache. the kernel has 
the biod daemons send ndditional RPC read requests to the NFS server, just as if the NFS 

client process had requesterl tl1i.s data. Subsequent read requests by tl1e client (especially if 
reading sequentially) will find tl1e dnta already in the buffer cache. 
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Write-Behind Requests 

TI1e biod daemons assist in wiite perforrnance by allowing the NFS client process 

perfonning the write ( )  call to return inuuediately rather titan waiting for the write ( )  call 

to complete. 

When an NFS client peiforms a write ( )  call, the data is w1itten to the client's buff er cache. 
Once the data is in the buffer cache, the kernel schedules an RPC write to occur. If there are 
available biod daemons. the kernel can schedule the write to occur for the biod daemons, 

rather than the NFS client process. This allows the client process to continue its execution 
without having to wait for the write ( )  call to retum. Instead of the client process waiting 
for the wiite call, the biod daemon waits for the wiite call. 

NOTE: Without any biod daemons on the client, NFS still works. TI1e difference is no 

read-aheads are done, causing NFS read perfonnancc to suffer. All NFS 
clients perfonning wi·ites are forced to wait for the RPC \.\'lite requests to 
retmn, causing NFS write performance to suffer. 

H4262S C.00 11-10 
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11-6. SLIDE: TELNET 

Memory - Client 

Student Notes 

Module 1 1  
Network Performance 

Memory - Server 

Telnet also nses sockets. A socket is simply a system-port pair. A co1rnection is a pair of 
sockets. 

On U1e client (when the user enters the telnet conunand), a port is assigned t.o Ute process 
from a pool of available ports. Thus a socket is fonned on the client. A connection is 
established between that µorl ;.u1d port 23 on the server (used exclusively to hancUe incoming 
telnet requests). 

On the server (a5 a result of the co1mectio11), a telnetd daemon is spawned ;u1d linked to 
port 23. 

Now, the telnet process running on U1e client (l) issues a request to execute some 
command on the server. The c:onunand is placed in a packet. n.nd sent U1rough the socket on 
Ute client. (2) to the socket on the server (3). The conunand is removed from the packet and 
given to the telnetd daemon (-1) to execute. 

The telnetd cfaemon executes the conummd and places tJ1e result in a packet. That packet is 
sent through the socket on the server (5) to the socket on the client (6). The rt>stilts arc 
removed from the packet mtd sent to the telnet process (7). 
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By default, telnet uses TCP for its transfers, since it needs to establish a firm connection 
between t11e client process and the server daemon. 
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1 1-7. SLIDE: FTP 

• 

20/21 

ports 

0(418) 
ftpd � 

Memory - Client Memory - Server 

'J: �·" . c4i �cu Ye"" c:.u. 1-e iAI f e ilijc• l:e "Vee JA <;":>U .el:­
� ow. Wt+�-

Student Notes 

FTP also uses sockets. It tLSes a pair of connections to perfonn all its operations - one 
connection passes the conunands and their results back and foith while tJ1e otlter connection 
passes file data back and forth. 

On tl1e client (when the user enters the ftp conummd), a po1t is assigned to the process 

from a pool of available po1ts. Thus a socket is fonned on the client. A connection is 
established between that port and port 21 on UlC server (used exclnsively to handle incoming 

ftp requests). 

On the server (as a result of the connection). a ftpd rlaernon is sp:nvned and linked to port 
21. 

Now, the ftp process nmning on tl1e client (1) issues a request to execute some conurnmd 
on the seJYer. The command is placed in a packet and sent through U1c socket on the client 
(2) to the socket on the server (3). The conummd is removed from the packet :md given to 
the ftpd daemon (4) Lo execute. 
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TI1e ftpd daemon executes U1e command and places the result in a packet� That packet is 
sent through the socket on the server (5) to the socket on the client (6). The results are 
removed from tl1e packet and sent to the ftp process (7). 

If the conuuand involves the transfer of some file data, the f tp process on the client (or the 

ftpd daemon on the server) iI1itiates tl1e transfer of the data from one socket to ti1e other -

using port 20 on the server and another available port on the client. 

For example, let's say that the user entered the ftp conunand: 

get /etc/hosts /tmp/hosts 

When the conunand ariives at the ftpd daemon, it triggers a read of the I etc/hosts file 
from the server's file system into the server's buffer cache. Once there, tl1e daemon (8) 
places Ute contents of the file into one or more packets (as necessary) and sends them to 
port 20 (9). 

The packets arrive at the socket in the dient (10) and are reassembled into the image of the 
file in a network buffer. TI1en it is copied into a buffer in buffer cache. The ftp process (11) 
acknowledges ti1e receipt of the file by sending a packet to lhe socket (12) across the 
network to the socket on the server (13), where it is extracted and sent on to the daemon 
(14). 

By default, ftp uses TCP for it5 transfers, since it needs to establish two firm connections 
between the client process mtd the server daemon. 
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11-8. SLIDE: Metrics to Monitor - NFS 

• Number of nf sd daemons: 
- Monitor ratio between ca 1 1  s 

- Monitor CPU time used by all nfsd daemons 

• Number of biod daemons: 
- Monitor number of waits due to no biods available 
- Monitor CPU time used by all biod daemons 

• Number of badcal l s  

• Number of read and write NFS calls 

Module 1 1  
Network Performance 

• Number of UDP socket overflows, timeouts, retransmissions, 
and late responses 

Student Notes 

Numbel' of nfsd daemons 

Too few nfsd daemons can hinder performance on tlle NFS se1ver. If all the nfsd daemons 

are busy when new NFS requests come ill, then the requests have to wait 1mtil one of the 
daemons become free. 

Monitol' Ratio between calls and nfsd daemons 

It is important to monitor the total RPC traffic (represented by the RPC cal l s  field) relative 

to the NFS traffic (represented by the nfsdrun or NFS calls field). This c;;tn be especially 

helpful when there arc multiple RPC-bascd applications (for example, NIS) running on the 
same system. 

NOTE: TI1e nfsdrun field is no longer present on the HP-UX 11.00 release, due to 

(lliierences in how nfsd daemons nre nm in the 10.x relense. To monitor the 

ratio of RPC to NFS traffic on HP-UX 11.00, use the calls fields. 
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Monitor CPU Time Used by All nfsd and biod Daemons 

Distribution of NFS requests is spread over all nfsd daemons. This means each daemon is 

scheduled sequentially as NFS requests anive. A sample CPU distribution on HP-UX would 
look something like: 

CPU Utilization in minutes : 
10  I 

9 I 
8 I 
7 I 
6 I 
s I x x 

4 I x x x x 

3 I x x x x 

2 I x x x x 

1 I x x x x 

0 I x x x x 

NFSDs l 2 3 4 

While the scheduling algmithm evenly balances the NFS call load across all nfsd daemons, 
it makes it difficult to determine if enough nfsd daemons are numing on the server. 

The number of biod daemons 

Too many biod daemons can cause NFS servers to be flooded with requests, since each 

biod daemon can have an outst:mding NFS request pending. Increasing the number of biod 
daemons on a client increases the number of NFS requests the client cmt have pending. 

Too few biod daemons could mean an NFS request has to be perfonne<l by the client 

process itself (which means it has to wait) because no biod daemons are available. When the 

client process performs an RPC, the wait field (from the nf s stat - c conunand) is 
incremented by one. Too many wait.<> indicate not enough biod daemons. 

Number of Read/Write NFS Calls 

TI1e NFS read and NFS w1ite RPC calls ru·e the most resource-intensive of tJ1e NFS RPCs. 
l\fonitoring the percentage and quantities of these calls helps to give an indication of tl1e total 
load these calls are placing on the NFS server. 

Number of nullrecv 

If the nf sd daemons are not being kept busy this counter will be incremented. If this 

counter is incrementing try reducing the ntunber of nfsd daemons on the system until 
nullrecv is static. 

Use nets tat -p udp to View the Number of UDP Socket Overflows 

UDP socket overflows can occur when too many NFS clients are sending requests to Ute NFS 
server, and too few nfsd daemons m:e nmni.ng to ha11dle the requests. When all the nfsd 
daemons are sen icing RPC requests, none of them cau read a new request from the UDP 
socket. lnconti.ng RPCs are q\1ened tmtil the UDP socket structme becomes full. If the socket 
queue is full when a new request <-UTives, a UDP socket overflow condition occurs. 
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Bad calls indicate that tile NFS server cannot process RPC requests. 111is could be dne to 
authentication problems caused by having a user in too many groups, attempts to access 
expo1ted file systems as root, or an improper sectll'e RPC configuration. Titis can also be due 
to the server being down, or soft-mom1ted NFS file systems timing out. 

Number of Time-Outs, Retransmissions, and Late Responses 

A ti.me-out indicates that tlle RPC call did not complete within the expected time pe1iod. 111e 
late responses (al5o known as badxid) refer to the NFS server responding to the client after 

the time period has expired. If time-outs <md late responses are approximately equal. it 
indicates a healtJ1y network, but an overloaded NFS server. If tirne-out.s are high and late 
responses ru·e low (or zero), it indicates packets are never making it to the server, and the 
network components (inte1iace cards, cables, hubs) need to be exmni.ned. 
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1 1-9. SLIDE: Metrics to Monitor - Network 

• Amount of NFS traffic: 

- Monitor number of collisions 

- Monitor server workload 

- Monitor client workload 

• Type of network topology and hardware 

• Number of subnets 

• Number of routers 

Student Notes 

Some key metrics to monitor from an overall network perspective include: 

• Amount of Traffic. The amoLmt of network u·affic should be monitored across the entfre 
LAN. However, tmless network probes are available, this is very difficult to do. At a 
minimum, the amount of traffic into and out of the servers should be monitored •.vith the 
netstat command. 

When monitoring network traffic, it is important to know the maximum packets per 
second on the LAN. In tJte case of a 10 MB Ethernet, this would be: 

10 MB I 8 bits_per_bytc = 1.2 MB per second 
l.2 l\.fB I 1 KB_avernge_pncket_size = 1.200 packet'> 
1,200 * :J0%_satm-ation_poi.nt = 360 packets 
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• Type of Network Topology: Each network topology has different limitations. Ethernet 
is the most conunon, but it is U1e slowest. More recent Ethernet technologies are faster. 
offe1ing 100 Mbits/sec or even 1000 l\ilbits/sec. I<'DDI is tl1e fastest, but it is somewhat 
expensive. Token Ring has no collision issues (since itis token based), but it is not as 
pervasive. 

• Number of Subnets: Snbnetting is a method for localizing traffic to help reduce packet 
congestion. If too much traffic exists on a networls it may need to be split into multiple 
snbnets. 

• Number of Routers: Routers are another possible solution to help segment nelwork 
traffic. In addition, routers can help with network seclll'ily issues and routing of diverse 
packet types. 
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1 1-10. SLIDE: Determining the NFS Workload 

• Run nf s s t a t  - s  or n e t  stat - c  to view total RPC calls 

• Each week, zero counters; at end of week, divide total RPC calls by 5 
days, 8 hours per day, 60 mins per hour, 60 seconds per minute 

• Write a script to automate the data collection, calculation, and 
notification of the system administrator 

• Set up a cron job to execute the script at the necessary times 

Student Notes 

1l1e NFS workload on a server is defined ns the total nu mbcr of NFS packets rccci vcd and 
processed. 

The NFS workload on a client is defined as the total 1w1nbm· of NFS requests initiatcdji-0111 
the clic11t. 

IL is important to establish a baseline regarding the NFS workload being placed on an NFS 
machine. 'flus allows the system administrntor to determine periods when the NFS workload 
is particularly high or low. 

Sample Procedure for Calculating the NFS Workload 

l .  On Mouday morning at 8:00 AM. run nfsstat - z. This zeroes out nil the NFS registers. 

�- On Friday evening at 5:00 PM, nm nfsstat -rs (on the server) or nfsstat -re (on 

the client). This shows the total number of NFS calls. Sample outputs are: 
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# nfsstat -rs 
Server rpc: 
calls badcalls 
1 71792344 0 

# nfsstat - re 

Client rpc : 
Connection oriented: 

N/A 

nullrecv 
0 

Connectionless oriented: 

badlen 
0 

Module 1 1  
Network Performance 

xdrcall 
0 

nfsdrun 
549734423 

calls badcalls retrans badxid timeouts waits newer eds 
17547240 0 0 
badverfs timers 
0 7 

toobig 
0 

240 
nomem 
0 

3 6 0  0 0 
cant send bu flocks 
0 0 

3. Calculate tlle average nmnber of NFS calls per second by dividing the total RPC calls by 5 
days, 8 hours per day, 60 minutes per hour, and 60 seconds per minute: 

((((171792344 calls/ 5 days) I 8 holU's) / 60 min) / 60 sec) = 1193 RPC calls/sec 

Sample Script for Calculating an NFS Workload 

A silnple script for gathering and calculating the average number of NFS calls/second at the 
end of a week is shown below. Such a script could be called: 
usr/local/bin/create_nfs_report 

# ! /usr/bin/sh 
/usr/bin/nfsstat -rs I tail - 1  I read c a l l s  trash 
NFS_CALLS_PER_SEC=$ ( echo " $calls I 5 I 8 I 60 / 6 0 "  be ) 
HOST=$ ( hostname) 
echo " The average NFS server calls ( inbound) received for $ ( date 
+%x) was $NFS_CALLS PER_SECOND on $HOST "  I mailx -s "NFS Report " 
root 

# ! /usr/bin/sh 
/usr/bin/nfsstat -re I tail - 3  I read calls trash 
NFS_CALLS_PER_SEC=$ (echo " $call s  I 5 I 8 I 6 0  I 6 0 "  I b e )  
HOST=$ ( hostname) 
echo "The average NFS server calls ( outbound) initiated for 
$ (date +%x) was $NFS CALLS_PER_SECOND on $HOST" I mailx - s  "NFS 
Report" root 

111is report can be mailed to the performance analysis station or to the NFS machine. 

http://education.hp.com 11-21 H4262S C.00 
© 2004 Hewlett-Packard Develoment Company, L.P. 



Module 1 1  
Network Performance 

Sample cron Entry for Automating the Procedure 

To automate the process so that this happens every week without user invention, the 
following two entries can be placed in root's crontab file: 

O 8 * * 1 /usr/sbin/nfsscat - z  
o 17 * * 5 /usr/local/bin/create_nfs_report 

Titi.s is a very simplistic form of data collection. Much more involved scripts can be 
developed. For example, scripts that take into accotmt the time of day that demand is mosl 
heavy so lhat peak demand and demand patterns can be observed. Doing this on all NFS 
clients of an NFS server is also key. 

It is irnpo1tant to establish a baseline regarding the NFS workload being placed initiated from 
all NFS clients. 11lis allows the system administrator to determine periods when the NFS 
workload is particularly high or low. 
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1 1-11. SLIDE: NFS Monitoring - nf s s tat Output 

# - �r:;r , - s 

Connection oriented: 
c<• l 1 £:  bade al ls 
0 0 

nullrecv 
0 

�:onnectionless orientedi ,.
-

'·-. 
·' cal l s badcalls / nnllrecv· 

\ 428 () f, 
'· . 

Client rpc: 
Co1meclic� oriented : 
calls badcall 
() 0 
cant conn 
0 

nomem 
0 

_ _, 
,. 

badxids 
0 
interrupts 
0 

badlen 
0 

badlen 
() 

timeouts 
0 

C.ol)n;:c l ion le �g_ .or.i e�n;:d :-- ... ·--, 
( c alls' badcal ls y rct rans - ' badxid� · 

.;,: !p�l !; '�>.QJ ...• -- ,, "- .lJ.9 � --· .• 
' <l;i. 

badve1·fs timers t.oobig nomem 
0 l 6 0 0 

Student Notes 

xd.rcal 1 
0 

xdr,call 
() 

newcreds 
0 

t imeouts 
M] '{. _ _  �· 

cantsend 
0 

dupe hecks 
0 

dupe hecks 
0 

badverfs 
() 

dupreqs 
0 

dupreqs 
0 

timers 
!) 

waits'·.. newcrf:ds 
0 () 
buf ulocks 
0 

The nfsstat - s  report shows NFS statistics on an NFS server. The report shows overall 
RPC statistics and detailed NFS type packets received. 

Fields of Intei·est in This Report 

calls (RPC) 

nullrecv 

This is the total RPC calls received. This should be compared to U1e 

total NFS calls received. Analyze the ratio of RPC calls to NFS calls to 
detenuine Ute percentage of RPC calls that are NFS related. 

'mis is tlle number of times an NFS daemon (or other RPC daemon) 

was scheduled to run only to find nothing in the UDP queue. '111.is was 
very common on a 9.x system, since every time ru1 NFS packet W<'IS 
placed in the UDP queue, all tlie nfsd daemons were awakened. 'l11e 

first nfsd daernon would take the NFS packet and the other daemons 

would find no packets in the UDP queue (u1crcmenting the nullrecv 
field). 

The example on the slide shows all the RPG packets received aTe NFS related. 'llie SL'{ 
nullrecvs explain the difference between the RPC calls and NFS calls. 
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TI1e reason for the nullrecv may be due to a client retransmission duplicate request. For 

example, if a client sends an NFS read request and does not receive a response v.rithin its 
time-out pe1iod, it will re-send the same request, which canses a duplicate entry to be in the 
se1ver's UDP queue. When the first nfsd daemon removes the first NFS read request, it will 

also remove the duplicate request. This causes the second nfsd daemon to find an empty 

UDP queue when it executes. 

nfsstat -s (Full Output) 

It nfsst.at s 

Server .cpc : 
connection oriented: 
calls 
0 
badlen 
0 
dupreqs 
0 
Connectionless oriented: 

baacalls 
0 
xdrcall 
0 

calls badca l ls 
0 0 

badlen 

0 
dupreqs 
0 

Servet-
c a l l s  
0 
Vers ion 
null 
(} 0% 
root 
0 0% 
read 

0 0 %  
ct·eatc 

0 0% 
link 

0 0% 
rmd i r 

0 0% 
Vers i on 
null 

0 0% 
lookup 

0 0 %  
read 

0 0 %  
mkdlr 
0 o ·  -0 
r-emovc 

0 0% 
link 

nf s :  

2 :  

3 :  

( 0  C.J.l J s )  

( 0  cal l s )  

xdrcall 

0 

badcalls 
0 

getattr 

0 0% 
lookup 
0 0% 
wrcoche 
0 0% 
remove 
0 0 %  
symlink 
0 0% 
re.:idd i r  
0 0% 

getactr 
() 0 %  
access 
0 0 %  
write 

0 0% 
symllnk 
0 0% 
rmdir 
0 0% 
rcaddir 
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nullrecv 
0 
dupe hecks 
0 

nullrecv 
0 
dupe hecks 
0 

setattr 
() 0% 
r.-eadlink 

0 0 %  
wrile 
0 0% 
rename 

0 0% 
mkdir 
0 0% 
statfs 
0 0 %  

sctaltr 
0 0 %  
readlink 

0 0 %  
create 

0 0 %  
mknod 
0 0% 
rename 
0 0 %  
readdi r 1  
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0 0 %  
fsstat 
0 0 %· 
commit 
0 0 %  

0 0 %  
fsinfo 
0 0% 

0 0% 
pathconf 
0 0 %  

Module 1 1  
Network Performance 

TI1e nfsstat - c  repo1t shows NFS statistics on an NFS client. The report shows the amount. 

of RPG calL5 generated by the client, as well as the specific NFS calls. 

Fields of Inte1·est in This Report 

calls (RPC) 

waits 

timeouts 

badxids 

NOTE: 

This is the total RPC calls generated by the client. TI1is should he 

monitored relative to the total NFS calls generated. Analyze the ratio 
of RPC calls to NFS calls generated to determine U1e percent.age of 
RPC calls Urnt. are NFS related. 

Tilis is the number of times an NFS client process is put into a wait. 
st.;.1te due to no biod daemons being available. An example of this 

wonld be dm'ing an NFS write. Normally, an NFS write is performed by 
a biod daemon, and the biod daemon waits for an aclmowledgment 

to be returned by the NFS server. When no biod <lae1nons are 

available. then the actual client process itc;elf pelforms the NFS write 

ru1d the client has to wait for the acknowledgment to be returned. 

This is the munber of times an NFS request was sent to the NFS server 

and no response was returned witl1in t11e timeout period. A timeout 

can occur for two reasons: the NFS server machine is too busy and 
crumot get back to the client within the timeout period, or the network 

is having problems (collisions, bad interface card, bad hub) and the 
NFS request is never making it to the NFS senrer. 

This indicates a bad or duplicate transfer ID munber was relmned 

from the NFS server. When a client sen<ls (l request to the server, a 
corresponding trru1sfer ID is sent with the requests. When the NFS 
server responds, it specifies which transfer ID request it is re�l>onding 
to. 

For example, if a client. sends an NFS request (with a corresponding 
transfer ID) and does not hear back from the NFS server, it then 
transmits the request a second time. If the NFS server returns the first. 
and second requests after the client had timed out the first. time. the 
client will view the second response ns a duplicate tra.usfer ID. 

TI1e ratio of timeouts to badxids is mt excellent way to determine iJ 

timeouts are occurring due to a slow NFS server or due to a failed network 
component. If the badxids are approximately the same as timeouts, then 

the NFS server is slow and the timeout period should be increased. If U\ere are 
a lot of timeouts with few to no badxids, tJ1en tlte NFS requests are not 

making it to the server and there is most likely a failed LAN component. 
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re trans This indicates the nmnber of NFS requests ret.ransmitted due to 
timeouts. Keep in mind, not every timeout causes a retransmission, as 
most cl ients error out after two to three retries. 

bade a l l s  TI1is indicates an NFS request has reached its retry count and has 
returned an error. Titis is most often due to Ute NFS client not being 
able to reach the NFS server (eiU1er because the NFS server is down, 
or the network link between the client and server is down). 

nfsstat -c  (F11ll output) 

# nfsslat - c  

Cl ient. rpc : 
Connec;l.ion o r i ented: 
cal l s  
0 
timeouts 
0 
timers 
0 
interrupts 
0 
Connectj onless oriented: 

badcalls 
0 
newcreds 
0 
cantconn 
0 

calls badcal l s  
55 0 
bc:idx ids 
0 
newcreds 
0 
toobig 
0 
bufulocks 
{} 

Cl ient nts :  
calls 
55 

cl toorn1:1ny 
() 
Version 2 :  ( 5 5  cal l s )  
null 
0 0% 
root 
(} 0% 
l'."ead 
0 0% 
create 
0 0% 
link 
0 C>*; 
rmdir 
0 0% 
Version 3 :  (0 c;alls) 
null 
0 0% 

timeouts 
0 
badverfs 
0 
nomem 
0 

badcal l s  
0 

getattr 
50 90% 
look.up 
3 5 %  
wrcache 
0 0% 
remove 
0 0% 
syml ink 
0 Q9,; 
readdir 
1 1 %  

gel.attr 
0 0% 

H4262S C.00 1 1 -26 
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badxids 
0 
badverf s 
0 
nomem 
0 

re trans 
0 
waits 
0 
timer·s 
16 
cant send 
0 

clgets 
55 

setattr 
0 0% 
readl ink 
0 0 %  
write 
0 0% 
rename 
0 0% 
mkdir 
0 0 %  
statfs 
1 1% 

secattr 
0 0 %  
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lookup 
0 0 %  
read 
0 0 %  
rnkdir 
0 0 %  
remove 
0 0 %  
link 
() 0 %  
fsstat 

0 0% 
commit 
0 0 %  

http:l/education.hp.com 

access 

0 0 %  
write 
Q 0 %  
symlink 
0 0 %  
rmdir 
0 0 %  
readdir 

0 0 �>  
fsinfo 
0 0% 

read link. 
0 0 %  
create 
0 0 %  
mknod 
0 0 %  
rename 
0 0 %  
readdir+ 
0 0 %  
pathconf 
0 0 %  

Module 1 1  
Network Performance 
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11-12. SLIDE: Network Monitoring - lanadmin Output 

Network Management 10 = 4 
Description = lanO Hewlett-Packard LAN Interface Hw Rev 0 
Type (value) = elhemet-csmacd(6) 
MTU Size = 1500 
Speed = 10000000 
Station Address = Ox800097bfb43 
Administration Status (value) = up(1) 
Operation Status (value) = up(1) 
last Change = 4834 
Inbound Octets = 426550151 
Inbound Unicast Packets = 3380123 
Inbound Non•ttnicast· Packets = 1992200 

Ethernet-like Statistics Group 

Index = 4 
Alignment Errors = O 
FCS Errors ··-·· ,_= 9. 

inbound Discards = O /Single Collision Frames = ·s22-,· -.. 
Inbound El!Qrs_ _; 1271 
Inbound Unknown Protocols = 53618 

.M\Jttiple Collision Frames = 1015-1 
DeferredTransmissions ·-- = 

-
1 16267 

Outbound Octets = 1653363768 
Outbound Unicast Packets = 2626023 
Outbound Non-Unk:aslPackets = 1454 

· Outbound Discards ;·1 
�nutbound..E!r.ors. --= <L..,;_., 
�.9.IJ.!.bou�_gueue LenQ.!1:1 __ .::.__ .::.9 .. i 

Specific = 655367 

Late Collisions = o 
Excessive Collisions = o 
Internal MAC Transmit Errors = O 
Carrier Sense Errors = O 
Frames Too long = O 
Internal MAC Receive Errors = O 

Press <Return> to continue LAN Interlace test mode. LAN Interface Net Mgmt ID = 4 

Student Notes 

The lanadmin conunand lli5plays general network packet transmission statistics for a single 
system. 

Fields of Interests in this Report 

Collisions Frames 

Inbound/Outbound 

1l1ese fields indicate the number of collisions rlelected by lhe 
system. Collisions slow NFS performance, as the network has to 
subside before ;my packets can be sent following a collision. 

Tilis is the tot.al of all packet types being sent and received from 
Ule Packets system. Compare this to the total nmnber of 
daemon-related packets transmitted/received to obtain a mtio of 
total network traffic relative to the specific traffic. 

TI1e primary metric for determining if you have a network bottleneck is the ratio of collisions 
to out-bound packets. In this example, yon would take the total 111u11ber of collisions (6221 + 
10151 = 1637 l )  :u1d divide it by U\e total number of oulbonnd packets (262G023 + 1·15'1 = 

2627-477) t.o get the percentage of collisions per outboun<l packet (16371 I 2627-177 = 0.6%). 
The conunonly used t.lu·eshold is 5%. Any network expe1iencing greater than a 5% collision 
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rate is said to have a bottleneck. This system is well below that tlueshold. Of course, this 
metric only works on networks that experience collisions. Standard Ethernet does. Token 
rings do not. 

The procedure for producing tllis repo.rt is: 

1 .  Execute the lanadmin conunand. 

2. From the main menu, select lan. 
3. From the lan menu, select display. 

Following is a complete output from this tool: 

ff 1 anadm1n 

LOCAL AREA NETWORK ONLINE ADMINISTRATION, Vers jon 1 . 0  
Thu, Mar 2 5 , 7.004 1 1 : 2 2 : 5 1 

Copyright 1994 Hewlett Packard Company. 
All righ.t.s are reserved . 

Test Selection mode . 

lan 
menu 
qu j t. 
Lerse 
verbose 

8nter command :  lan 

L&l\J Incerface Admi ni.stration 
Display this menu 
Terminate the Administration 
Do not display command menu 
Di splay command menu 

LAN Interface test mode . LAN lnterface PPA Number - 0 

Clear statistics reglst2rs clear 
display 
end 
menu 
ppa 

Display T.AN Interface slat us and stati sties registers 
End LAN Tnterface Administral.ion, return to Test S.elecLion 

- Display this menu 
PPA Number of the LAN Int.erf ace 

quit. Terminate the Administral.ion, return to shell 
reset - Reset LAN Interface to execute i ts selftest 
spec i f i c  - Go Lo Driver speci f i c  menu 

Ent.er cmnm<rn d :  displ ay 

LAN INTG�FACE STATUS DI SPLAY 
Thu, Mar 2 5 , 2004 1 1 : 23 : 0 2 

0 PPA Number 
Descript.ion 
'l'X , FD ,  
AUTO , TT= l S O O J  
Type (value) 
MTU Size 
Speed 

lano TIP PCI 1 0 / l O OBi:i!;e-TX Core [ lOOBASE-

Statj on Address 

http://education.hp.com 

ethernet-csmacd ( 6 ) 
1 '1 0 0  
1 0 0 0 0 0 0 0 0  

- OX306<-?48cS'l� 
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Administration Status (value) 
Operat ion Status (value) 
Last Change 
Inbound Octets 
Inbound Unicast Packets 
Inbound Non-unicosL Packets 
Inbound Di scards 
Inbound Errors 
Inbound Unknown Protocols 
Outbound Octets 
Outbound Unicast Packets 
Outbound Non-Unicast Packets 
Outbound D i scards 
Outbound Errors 
Outbound Queue Length 
Spec i f i c  

Press cReturn> L o  continue cCR> 

Etherne t - l ike Sta l is tics Group 

- up ( 1 )  

- up ( l )  
780 

- 1 1 4 4 0 5 8 6 7 2  

3 5 13'/ 2 9  

2 5 7 5 3 ' / 4  

0 

0 

1 3 8 9 5  

- 784916247 

3600289 

379474 

- 0 
= 0 
- 0 

= 6 5 5 3 6 7  

Index - l 
Alignment F.rrors 0 
FCS P.rrors o 
Single Col l i s ion Frames o 
Multiple Col lision Frames o 
Deferred Transmissions o 
Latf:! Col l i s ions O 
Excessive Col l i s ions - 0 
Internal MAC Transmit Errors - 0 

Carrier Sense Errors = 0 
Frames Too Long - 0 
Internal MAC Receive Errors - 0 

LAN Intertace test mode . LAN Interface PJ:'A Number 0 

Clear stat i s tics registers c l ear 
d i �;play 
end 
menu 
ppa 

Display LAN Interface status and s tat i stics registers 
End LAN Interface Administration, return to Test Select.ion 
D i splay r..h i s  menu 

- PPA Number of the LAN Inlerface 
quit Terminate the Administration, recurn Lo she l l  
reset - Reset I.A.I'll Interface to execur..e i t s  �elttcst 
speci f i c  - Go to Driver speci f i c  menu 

Ent.er command : quit 
n 
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1 1-13. SLIDE: Network Monitoring - nets tat -i Output 

# netotat · i 
Name Mt.u Network Address · T[kts-,,_lerr.s· -Opklu Oern:: Cofl· 
lanO 1500 1 56 . 1!>3 . 208 . O r265c7 !> .  cup . C!d_une L .  hp. coin 

4 5.4 668� 'O • 4 1 3 8 6 1  8 •b · 0 loO 4 1 3 6  loopback localhost 11.'fatn 0 ll78171 0 0 

# netslat -p udp 
udp: 0 incomplete headers 

o bad dat<A length fields (Deleted from later versions) 
o bacl ... c.hccksum� 

.: .. 0 i:;ocket overtl<?_�' 
o daLa d.ocai:--Cis (Deleted from later versions) 

Student Notes 

Tite netstat conunand can be used to monitor total collisions and total packet traffic in and 

out of a LAN card, ::is well as any UDP socket overflows. 

The - i option monitors input packets, input e1Tors, output packets, output errors, and 

collisions for every LAN card on the system. Some versions of tltis tool did not show the 
Input. Errors, Output E1Tors, and the Collisions. The output of this tool c:m also be used to 
calculate the collision/outbotmd packet ratio described in the previous topic. 

TI1e -p udp option monitors overflows related to the UDP socket queue. If there are not 

enough nfsd daemons, the volume of incomi.ug client NFS requests can exceed the server's 

;ibility to ch'ain t11ese requests from the UDP socket queue. When the socket queue becomes 
full and new N F'S L"cquests are received, the NFS request falls off the q11ene and a UDP socket 
overflow occurs. 
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11-14. SLIDE: glance - NFS Report 

HJ692A G l ancnPlun 0 . 1 0 . 1 2  1 0 : 4 7 : � 7  �240J1u� 9000/BbG 

rpu Ut. i l::=�:::i ===-========="'==H====--____:;_ju llisk Ut i l';::F::;_,===============F-� Mr.m U l i  l lli::.filJi U I R !JI 
Sw<lp lit i 1 m::Jj[R _ _  - _ jJ _ _ _ _ _ _ _  _ 

Curn•nt AV<J 111911 

1 1oot 1001; iooi 
I R1\ 2�'. 841; 
I ?1t 95\ 9r,' 
I 21t 21t 22i 

:«-., -- �TEM __ - -- use.-s• 1 3  
Serve1 (tnbounrll , Client (outbounrl) 

-Rca.d_F_r _ W __ _!::_l _,, S" !."' .. 0llv-><tJ I--� _". � t ,, ___ S,.'!J:::rOI NN wkTm 
- - - ------ - - - - - - - - - · - - - - -- - - - - - - - - - - - · · · - - -

1 .;;.MOJLOC 0 . 0 o . o  n . o o  0 . ll 0 . 0  n . o o  n .  n o  
2 r.>:?4 01 '1tn 0 . 0  n . o  0 . 0 0  0 . 0  (l .  0 0 .  ()0 u '(JO 
I "21 03.:i l t 0 . 0  0 . 0  0 . ()() 0 . 0  0 . 0  0 . 00 0 .110 

P�q"' I ot l 

Student Notes 

The glance NFS report (the n key) monitors total inbotmd requests for NFS servers and 
total outbomtd requests for NFS clients. 

For NFS servers. the total munber of inbound read/w1ite requests received from each client is 
shown, along with the average amount of time for the server to service each request. 

For NFS client systems, the total number ontb0tmd rcad/\-vTite requests sent to each NFS 
server is shown, nlong with the average amount of time, from the client perspective. for the 
request.'> to be serviced. 

For a det.<1iled inspcctio11 on Ute types of NFS requests being sent (client) or the types of NFS 
requests being received (server), llle specific client or server can be selected with the s key. 
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11-15. SLIDE: glance - NFS System Report 

B1fi<J7.A r�lancePlu,; !l . 1 0  . 1 2  1 0 : 4 5 : 2 6  e24Dlrnc 9000/856 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ll Cpu lft i I:=:,';:::; ============i,=· =R::!:· :=:ll===:;---­
t>lsk lft ll;::P==;::==========:::;======:!F'_--, 
Mcm uti 1 l.s slu ole �l 
Swap uc i , :=lu==ul�R==R:::;I-------�------� 

Cut.LE!:Ol /'1v(,) Hiqh 

l l OM 1 0()'1; 1 ooi 
I 83� 22\ 8·1 � 

I 94% 95% 9Gt 
I 7.H 2 P �  22"t> 

IH'!·i OPC:RJ\TIONS f o r :  e:i4 <J:l,,t:o ll.d<lu";" = 1 5 .  1 9 .  B J .  75 !'10 - 1275 
NF'S GLOBAL l\CTJV1'T'Y Use-rs" 

t ···s�1 ;;;r--r..+ubound) , · ·c i�,,-;-c· l'q1uLb0<1ndl 

_ Jo----� --=_ _ _ _  ----::�-: =�r:!?.�-_;··· --·---�um '·--·-�-�-����:4• �,,' rum 

'._l<"'"d t{,< Le o .  o o�·o; �n··He_J�«tt 0 .  0 -·· --··I} :o 
Read Flyr·�--R�,t(> --............ - -- --;f:-o- - CL o 
v1r'ire Byte Rat•� o . o  o . o  
NPS c., 1 1  Count 0 0 

!:<ad CalJ Count 
Sr.1 vict-! Time 
Network 'Time 
R<>ad/Wdte OLE-n 
Lelle bioo:ls 

Student Notes 

0 
0 .  00 

na 
na 

[f 
o.on 

11il 
11a 
na 

0 . 0  0 . U 

0 . 0  () . 0 

0 . 0  0 . 1) 
0 . 0  0 .  I) 

0 
(l 

o.no 0 . 11 0  
o . uo o . no 

() 0 
1 6  ii.it 

Pagt! J ut J 

TI1e glance NFS system report (the N key) displays the activity of NFS packets that are 

being received by an NFS server, or being sent as an NFS client. 

H a  system is both a client and a server, separate colturu1s are maintained for each. 

Fields of most interest in this report are the read ;md wdte rates, as these typically put the 
greatest load on a system. 

Note Urnt this is page one of three. On the following two pages, the individual RPCs are 
broken down by type and c:mmted. TI1ere are vcrsion2 and version 3 counts to aecmmnod<ite 
earlier and later versions of NFS. 
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11-16. SLIDE: glance - Network by Interface Report 

RJ697.A <aancef>lus n. 10.12 1 0 : 4 1 :�·1 e2�01rcx: •JOOOf8S6 CUL ient Avg lli<Jh 

Cpll UL l � -:..,,, £,:::· -=-==-:=· =· ·=·=·=·=· -===·=·-'· ·=·=·=s=f R=l=u==·=·=·
:;
- -
;;-

_______ =--1!1_-"-J!I . . I ���� F ul.sk llr i l  F I an 
MPlll u c j I u I B Bl I '14 ., Is slu 

In U]R Rj sw.,p UL il I 2 J\. 

Int�1·v;il:  � Nl':TWORK BY TllTl':RFAC:I:: 
H�twnrk rn Pac�rr Out racket 

Tdx lrllt?rt;ir.e 

I 1,,1() 

.! loo 

l'yp'i' 

1 • ..-1 n 

LOJ)p 

i{dl.� 

3 0 . 9 /  
na/ 

S - Select an interface 

Student Notes 

Rau• 

% . 6  3 1  . l / 9 � . 3  
Jl.J na/ IM 

Tn KA 
Rate 

7. . 3 /  :? J . 1  
na/ na 

iooi 

21 '. 

1 00\ 
IM'l. 
')(J1. 

Use1·s­
Ouc Kil 

Rat1.:-

2 . 1 /  ·l � >. I  
na/ ti.:& 

Page l of 1 

The glance Netwrok by Interface report (the 1 key) displays the activity of i.nboun<l mid 
outbound packets. 

Fields of most. interest in this rep01t are the inbomlCI and outbmmd packets rates, as well as 
the KB transfctTed in and out by each network card. 'l11e loO interface is the internal 
loopback interface - used for diagnostics. 
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11-17. SLIDE: Tuning NFS 

• Tune number of nfsd daemons 

• Turn on "sticky bit" for exported executables 

• Export file systems with asynchronous write option 

• Avoid using symbolic links on exported file systems 

• Tune number of biod daemons 

• Tune mount options when mounting NFS file system: 

- rsize and wsize options 

- retry and timeout options 

Student Notes 

Module 1 1  
Network Performance 

There are a nmnber of NFS tuning solutions thnt cnn help to improve performance on NFS 
servers: 

• Ttme number of n f sd daemons: The default number of n f sd daemons in IIP-U X 11.00 
and earlier was four. This most likely is too small. TI1e best reconunendation for 
performance is to have two nfsd daemons for each siumlt:meous disk operation that 
can be performed. This allows a request to be received, while ;mother is awaiting disk 
service. For example, on a system with fom SCSI controllers and NFS-exported file 
systems spanning disks on these controllers, schedule eight nfsd daemons. hl l li, Uie 
default. number of n f sd was raised to 16. This seems a. more reasonable nwnber. 

The best indicator of too few nfsd daemons is UDP socket overflows. Increase the 

number of nfsd daemons s if even one UDP socket overflow occms. Tite size of the UDP 

socket queue can be viewed with the nets tat -an I grep udp I grep 2049 

eomrn:md. 

Another indicator of too few nfsd server daemons is a high total of hadxids being 
returned to NFS clients. Remember, only UDP requires tl1� number of nfsds to be tuned. 
TCP uses multiple threads in the same daemon. 
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• Turn on "sticky bit" for exported executables: By default, text segments are not 
paged to swap, as their pages already exist on the file system. In the case of an executable 
program being loaded from an NFS server across the network to an NFS client, it is 
desirable to page tile text locally, rather than retnm to the NFS server when the text page 
is needed again. This behavior can be achieved by setting the sticky bit to ON for the 

executable prograrrL 

Below is an example of setting the sticky bit to ON for an executable: 

n chmod 1555  prgm 
# l s  - 1  prgm 
-r-xr-xr-t l root bin 4 11089  Feb 3 1997  /opt/PGMS/bin/prgm 

Titis also requires modifying the following tunable kemel parameter on the client: 

pagLtext.!_to local = 1 !!'- rn 'Vi ,sh:- f � 
TI1ere are a number of NFS tuning solutions that can help to improve performance on 
NFS clients: 

• Tune number of biod daemons: The default number of biod daemons in HP-UX 11.00 
and eadier was four. 1l1is most likely is too small. 1l1e best reconuneudation is to have a 
minimum of two biod daemons for every client process perfonning 1/0 to and from the 

NFS file system. Each biod daemon has, at most, one NFS request outstanding at any 

time, and as the number of biod daemons increase, the more disk requests the client can 

send. If the client has x process performing file system 1/0 ru1d y biod daemons, then the 

client could have .t:+y RPC request5 outstanding at one time: one for each of the biod 
daemons, and one for each of the clients. In l l i, the default number of biod was raised 

to 16. TI1is seems a more reasonable number. 

TI1e best. indicator of too few biod daernons is the nmnber of waits shown in the 

netstat - c  conm13nd. 

• Tune the NFS Mount Options: There ;.u-e a number of NFS motmt options that can 
affect client performance, among U1em the NFS read and write buffer sizes. 1lw NFS 
buffer size (specified with the rsize and wsize mount options) determines tJ1e 

increment in which data is transferred to ru1d from tJ1e NFS file system. For example, if 
the file system block size is 8192 bytes, and the NFS buffer size was 8,500 bytes, t.wo file 
system I/Os would be required before any NFS packet could be sent. 

TI1e reconunendation for NFS buffer size is to match the size of the file system block size. 
TI1e default NFS buffer size is 8192 bytes, and this does match the default file system 
block size on HFS. For JFS, try to match U1e buffer size to the size of a typic<"tl extent 
size. 
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11-18. SLIDE: Tuning the Network 

Ways to Reduce LAN Congestions 

• Subnet the network 

• Use routers, not a computer for IP gateway 

• Use higher speed LAN technology: 

- Fast Ethernet, FOOi, ATM 

• Increase the number of LAN adapters on the server 

Module 1 1  
Network Performance 

• Put the server on an FOOi network and use routers to segment client 
traffic 

• Put the server on an FOOi network and use switches to fan out to clients 

Student Notes 

Subnetting a network is an effective way to reduce congestion on a LAN. 

Using routers (as compared to bridges, Ethemet switches, and Etlternet to FDDI 
concentrators) provides a great deal of flexibility in the forrn of secmiLy, network 
segmentation, m1d routing of diverse types of packets. Routers usuaJJy provide good 
throughput and performance at a relatively low cost. 

Hsing an existing rompnter system as a gateway for traffic between NFS clients m1d the file 
se1ver is often inefficient <.md limits the performance of the NFS clients. 

By making sme Ute max.i.rmun transmission unit l\1lTU on the client system, Lhe file ser.-er, 
and all routers iJ1 between them, U1e overhead on the routers caused by packet fragmentation 
and re-assembly can be avoided. 
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Example 

# nets tat - i  
Name Mtu Network 
niO* 0 none 
nil* 0 none 
loo 4 6 0 8  loopback 
lanO 1500 156 . 15 3 . 192 
lanl* 1500 none 

Address 
none 

I pk ts 
0 

none 0 
local host 6 0 5 5  
prlwl 3724729 
none O 

I errs 
0 
0 
0 
0 
0 

Opkts 

0 
0 

6 0 5 5  
1 7 0 5 2 4 0  

0 

Oerrs Coll 
0 0 
0 0 
0 0 

1 0  34739 
0 0 

The route command ( - p  option) can be used to set Ule Path Mtu size for a host route only. 
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11-19. SLIDE: Tuning the Network (Continued) 

10 Mb/ s • • • 
- . 10 Mb/s • • • • .. 

·� 10 Mb/s • - • 
_._,,,,. -

Add LAN Interfaces to server 

11!1 • 
·-

• • • .., ---• __... -

• Add Subnets 
• 

--- -- • 

Module 1 1  
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10 Mb/s 
• 10 Mb/s 
• 

- 10 Mb/s 

Use Ethernet Switches 

Student Notes 

If tJ1e average client demand on an NFS server is measmed to be greater tlum ilie network 
bandwidth, and assuming 100 clients demand 10 NFS requests per second, then a single 
10-MB Ethernet segment (with a calculated 360 packets Hk'tximmn per second) could not 
handle this workload, even though the server itself may be able to (from a processing strn1d 
point). 

To allow tJ1is client workload to be processed by the single NFS server, the following 
network configmations can be implemented: 

1 .  Use at least three network interfac·e cards, one for each segment, distributing 3;1-;34 

clients on a segment. 

2. Use one or more high-speed network connections, which c01rnect to multiple lower 
bandwidth LAN segmenL5. 

In the first. example, we have added multiple LAN interfaces to our NFS server. 

rn the second example, we have a 100-MB/second/ FDDI cm·d OH tile NFS file se1ver. We also 
have a router on the same segment as the server that has an f'DDI interface, as weH as 
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several regular 10-Mil/second Ethernet interfaces. Here, the issue of tJ1e routers ability to do 
packet fragmentation and reassembly efficiently, may become important. 

In our last example, we have a 100-MB/second FDDI card on the NFS fi.le server and a 
100-MB/second translating Ethernet switch on the same FDDI segment. Since this is not 
routed, the file server and clients share tl1e same subnet address. 

There arc many other possible network topologies. 
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1 1-20. LAB: Network Performance 

Directions 

Module 1 1  
Network Performance 

The following two labs investigate Network read and write performance. The labs use NFS 
and are performed against the JFS file system created in the JFS module. 

Lab 1 - Network Read Performance 

To perform this lab, two systems are needed: an NFS server and an NFS client. Pair up with 
another student in the class for this lab. 

1 .  Make sure the JFS file system on the NFS se1ver contains the make_files program. 
Execute the make_files program to create files for the client to access. 

# mount /dev/vgOO/vxfs /vxfs 
# cp /home/h4 2 6 2 * / disk/labl/make_f iles /vxfs 
# cd /vxfs 
# . /make_f iles 

2. Export Ute JFS file system so the client can mmmt it. 

# exportfs - i  - o  root=client_hos tname /vxfs 
# exportfs 

3.  From the client system, m01mt the NFS file system. 

# mount server_hostname : /vxfs /vxfs 

4. Tune how long it takes to read the 20 MB of files from the monnted file system. Record 
the results: 

# timex cat /vxfs/file* > /dev/null 

Record results: 

Real: _____ User: _____ Sys: ____ _ 

5. Now tJrnt the data is in the client's buffer cache, time how long it takes to read the exact 
same files again. Record the results: 

# timex cat /vxfs / f i l e *  > /dev/null 

Record results: 

Real: ------ User: _____ Sys: ____ _ 

l\foral: Try to have a big enough hnffer on the client system for a lot of data to be cached. 
Also, biod daemons will help pref etching data. 
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6. Test to see if fewer biod daemons will change the initial performance. 

# cd I 
# umount /vxf s 
# kill $ (ps - e  l grep biod l cut - c l - 7 )  

# /usr/sbin/biod 4 
# mount server_hostname : /vxfs /vxfs 
# timex cat /vxfs/f ile* > /dev/null 

Record results: 

Real: ______ User: _____ Sys: ____ _ 

7. Once finished, remove the files and umount the file system. 

# rm /vxfs/f ile*  
# umount /vxf s 

H4262S C.00 11-42 
© 2004 Hewlett-Packard Devetoment Company, LP. 

http://education.hp.com 



Lab 2 - Network Write Performance 

Module 1 1  
Network Performance 

The following lab has the client perform many writes to an NFS file system. The following 
parameters will be investigated: 

• Number of biod daemons 

• NFS version 2 versus NFS version 3 

• TCP versus UDP 

Dming this lab, the monitoring tools shown below should be used on the client and server 

CLIENT 

# nfsstat -c  
# glance NFS report (n key) 

# glance Global Process (g key) 

- monitor biod daemons 

# glance Disk report (d key) 

monitor Remote Rds/W1ts 

SERVER 

# nfsstat -s  
# glance NFS report (n key) 

# glance Global Process (g key) 

-monitor nfsd daemons 

1 .  From the NFS client, mmmt the NFS file system as a version 2 file system. 

# mount -o vers=2 server_hostname : /vxfs /vxfs 

2. Terminate all U1e biod daemons on the client. 

# kill $ (ps - e  l grep biodl cut - c l - 7 ) 

3. Time how long it takes to copy the vmunix file to the rnotmtcd NFS file system. Record 

the results: 111e first conmumcl buffers the file. 

# cat /stand/vmunix >/dev/null 
# t imex cp /stand/vrnunix / j fs 

Record result5: 

Real: _____ _ User: _____ Sys: ____ _ 

4. Now, stmt up Ule biod daemons. and retry tinting the copy. Record the results: 

# /usr/sbin/biod 4 

# timex cp /stand/vmunix / j f s  

Record results: 

Real: ______ User: Sys: ____ _ 
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5. Chmtge the motmt options to version 3 and retilnc the transfer: 

# cd I 
# umount /vxf s 
# mount -o vers=3 server_hostname : /vxfs /vxfs 
# cd I 
# timex cp /s tand/vmunix /vxfs 

Record results: 

Real: ______ User: _____ Sys: ____ _ 

6. Compare the speed of FTP to NFS. Transfer the file to the server using the ftp utility. 

# ftp server_hostname 
# put /stand/vmunix /vxfs/vmun i x . ftp 

How long did U1e FTP transfer take? ___ _ 

Explain the difference in perfonnance. 

7. Test U1e potential performance benefit of turning off the new TCP feature of HPUX 1 1  i. 
First, motmt the file system with UDP protocol rather than the default TCP. 

# umount /vxfs 
# mount -o vers=3 -o proto=udp server_hostname : /vxfs /vxfs 

Perform the copy test again and compare the results witl1 the TCP version ;3 mount data 
in part 3. Is UDP quicker than TCP? 

# t imex cp /stand/vmunix /vxfs 
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Module 12 - Tunable Kernel Parameters 

Objectives 

Upon completion of this module, you will be able to do the followi11g: 

• Identify which tunable parameters belong to which category 

• Identify tunable kernel parameters that could impact performance 

• Ttme both static and dynamic tmrnble parameters 
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12-1. SLIDE: Kernel Parameter Classes 

• Static 

- requires a kernel rebuild and a reboot 

• Dynamic 

- changes take place immediately 

- changes survive a reboot 

• Automatic 

- constantly being tuned by the kernel 

- can be set manually to a fixed value 

tj I . 0 cu 

Student Notes 

ct-'""' � 

TI1ere are a munber of tunable parmneters withjn the kernel that can have a big impact on 
petfonnance. When making changes to these parameters, it may reqnire that a new kernel be 
compiled. As of l l i  vl,  about 12 parameters were converted to dynamically tunable 
parameters. Tirnt is, their val\les could be changed without rebuilding the kernel m1d without 
rebooting U1C system. As of lli v2, there are now around 36 dynamically tlumble parameters. 
plus a few trailitional parameters that are now tm1ed by the kernel, so no manual tmung of 
them need be done at all. 

Static kentcl J)aramcters have been around since UNIX was ffrst designed. In order to dumgc 
one of these parameters, it was necessary to alter the contents of a system configmation file. 
system, rebnilci the kernel using this altered configuration file, move the new kernel into 

place, and reboot Ll\C system to activate tJ1e new kernel. TI1is lended to be time consm1ring 
;u1d forced the system to become unavailable for a lime. 

Recently, witl1 HP-UX l l i  vl, a few kernel parameters were converted to dynamic tlming. 
TI1ese µnrnmeters could be altered, using SAM or kmtune, and the changes would become 

effective i.nunediately. TI1ere was no longer a need to rebuild U1e kernel or reboot the system. 
However, Lhis only npplied to tJ10se few kernel parameters. 'n1e vast majmity of kernel 
parameters were st.ill static. TI1e dozen parameters tJ1at were made dynamically tunuble, 
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were ones that tended to be tlmed by system adm.i.nist.rators more frequently, but were 
relutively easy to convert to dynamic. 

More recently, \vitJ1 HP-UX l li v2, several more parameters were conve1ted to dynamic 
ttming. These parameters were also tuned fairly frequently by system administrators, but 
were more difficult to convert to dynamic. 

At the same time, a new class of parameters was introduced - automatic. TI1ese parameters 
were ti.med by the kernel - constantly - in response to changing conditions .in the system. 
However, the system administrator could ovenide Ute automatic handing by the kernel and 
force the parameter to some fixed value, if needed. 

At HP-UX l li vl , the following kernel parameters became dynamic: 

core addshmem read 
core addshmem write 
maxfiles lim 
maxtsiz 
maxtsiz 64bit 
maxuprc 
msgmax 
msgmnb 
scsi_max_qdepth 
semmsl 
shmmax 
shmseg 

At HP-UX lli v2, the following additional kernel parameters became dynamic: 

aio listio max 
aio_max_ops 
aio moni tor run sec - - -

aio_prio_delta_max 
aio_proc_thread_pct 
a i o_proc_threads 
aio_req_per_thread 
alloc_fs_swapmap 
alwaysdump 
dbc_max_pct 
dbc_min_pc t  
dontdump 
fs_symlinks 
ksi alloc max - -

max acct file size - -

max_thread_proc 
maxdsiz 
maxdsiz 64bit 
maxssiz 
maxssiz 64bic. 
nfile 
nflocks 
nkthread 
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nproc 
nsysmap 
nsysmap64 
physical_io_buffers 
shmmni 
vxfs_ifree_timelag 

Also at HP-UX l li  v2, the following kernel parameters are obsolete or automatic: 

bootspinlocks 
clicreservedmem 
rnaxswapchunks 
maxusers 
mesg 
ncallout 
netisr_priority 
nni 
ndilbuffers 
sema 
semmap 
shmem 
spread_UP_drivers 
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12-2. SLIDE: Tuning the Kernel 

• Use system
_

prep, kmtune, or kctune to view current values of 
tunable kernel parameters. 

• Use SAM (or new km/kc commands) to tune kernel parameters. 

• Tune only one parameter at a time. 

• Do not make parameters unnecessarily large. 

• Use glance to monitor system table sizes (ensure highest value is not 
equal to total table size). 

• Some kernel parameters are dynamic (no reboot) see kmtune and 
kctune. 

� � A,. 1/2' -j �' o. ),. po s'i1 b J.. f e .k � d. gd.<AQ_ ,.we&� 2.""J� � '*'"'"j "" I M 
Student Notes 

Some general rules and notes regarding timing aud recompiling the kernel: 

• View the existing, tmrnble parameters witJ1 the kc tune conun::md (HP-UX l li v2), the 

kmtune conunand (HP-UX 1 1 .00 and lli  vl) or the sysdef or system_prep commands 
(HP-UX 10.x). You can also use SAM with any version of HP-UX to view the c:mTent 
values. Examples of outputs are sho"\\rn below. 

• Use the System Adrniuistration Manager (SAM) to tune the kernel parameters and rebuild 
the systems. SAM has the advantage of displaying all available, t.tmable pan:uneters, their 
current values, :md a range of acceptable values. SAM also knows which parnmeters can 
be ttmed dynmuically and will mnke changes to them inunediately. As of IIP-UX l li v2. 
SAM calls a separate utility to do the actual t.nning. 

• When lrming performance by modifying kernel p�m:uneters, modify only one value with 
each kernel rebuild. By changing several parameters at once. yon may cloud the picture 
aucl make it much 1nore difficult to detennine what helped and what lnut the system's 
performance. 
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• Avoid setting the tmiable paxameters too large. Many of U1e parameters create in-core 
memory data strnctmes whose size is dependent upon the value of the tunable parameter 
(for example, nprocs to the size of the process table). Generally, it is a good mle of 

thumb to increase or decrease a parameter by no more than 20%, while trying to find the 
best setting for it. Of course, if you are changing a parameter's value to accommodate 
some new application you are installing, always follow the manufacturer's suggested 
changes. 

• Use glance to monitor system table sizes. Ensw·e the system tables are not nmni.ng out 
of entries. In general, there should be arOlmd 20% of unnsed entlies in any table. Tilis 
will ensure that you have enough ent1ies to handle any high demand periods. 

Tite step-by-step procedme for tmling and recompiling the kemel manually on HP-UX 1 1.X is 
shown below: 

1. Log in as superuser. 

2. Change directory. 

cd /stand/build 

3. Create a system file from your current kernel. 

/usr/lbin/sysadm/system_prep -v - s  system 

4. Modify the I stand/build/ system file as desired. 

5. Bnild Ute kernel: /usr I sbin/mk _kernel - s system. 

G. Save yom old syste1n and kernel files, just in case you want to go back. 

cp / stand/system /stand/system . prev 
cp /stand/vmunix / stand/vmunix . prev 
cp /stand/dlkm /stand/dlkm_vmuni x . prev 

7. Schedule the kemel update on the next reboot. 

kmupdate 

8. Shut down and reboot from your new kernel. 

/sbin/ shutdown - ry O 

Understanding Dynamic Kernel Variables. 

kc tune ( lM) , kmtune ( lM) or sam can be used "on the t1y" to modify some kernel 
vatfables. Any durnges take place inunediat.ely without the need to reboot. In HP-UX l li v2, 
kmtune still exists, but simply calls kc tune. 
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Example using kmtune to set and then activate a new value for a dynamic kernel 
variable. 

tt kmtune -q shmseg 
Parameter Current Dyn Planned Modu l e  Version 

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

shmseg 120 y 1 2 0  

# krntune - s shrnseg=l 5 5  

# krntune - 1 -q shrnseg 
Parameter : shrnscg 
Current: 120 

Planned : 15S 
Defaul t :  120 
Minimu m :  
Module : 
Version: 
Dynamic: Y'es 

# kmtune u shmseg 
shmseg has been set to 1 5 5  (Ox9b) . 
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12-3. SLIDE: Kernel Parameter Categories 

• File system 

• Message queues 

• Semaphores 

• Shared memory 

• Process 

· Swap 

• LVM 

• Networking 

• Miscellaneous 

Student Notes 

111e next few slide.5 will present Ute tunable kernel parameters in these categories. 
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12-4. SLIDE: File System Kernel Para1neters 

I"""" 
Kernel 

Parameter 
Default Description 

dbc min pct Minimum size of dynamic buffer cache (dbc) 

dl;>c max pct Maximum size of dynamic buffer cache (dbc) 

.. :::: .. �-
0 

0 

Number of buffer headers (in 1 O.x and above, use OBC) 

Number of 4-KB buffer pages (in 1Q_x and above. use DBC) 

If on (1). forces all meta-<lata w-ites to disk to be ( ·DOM 
asynchronous I -� � fs async 0 

..--�-1---�- - maxfiles 60 Soft limit to the number of files a process can have open 

\ ..i-;_ �. ��\ �ms_ <la. �'- \j.l \ \ -
maxf il es lim 1024 Hard limit to the number of files a process can have open 

nfile formula Size of file table in memory 

�· ninode formula Size of inode table in memory 

nflocks 200 Size of file-lock table in memory 

vx ncsize 1024 Size of vxfs directory name lookup cache (ONLC) Cd � ck f cJf/fl f�'J}:) 
Student Notes 

dbc_min_pct 

dbc_max_pct 

nbuf 

bufpages 

B cl� cp.f-o& 
dbc _min _pct specifies the minimum size that the system's buffer 
cache may shrink to as a percentage of physical memory. It is now 
dynamic in l li v2. 

dbc_max_pct specifies the maxinuun size that the system's buffer 
cache may grow to as a percentage of physical memory. It is now 
dynamic in l li v2. 

nbuf is used to specify the nmnber of file system buffer cache headers. 

Set nbuf to zero if you want to use the system's ability to grow m1d 
shrink this important table dymunically, based on demand. It is not yet 
obsolete, but expect it to be so in a futme release. 

bufpages specifies the munber of 4-KB pages in memory that will be 
allocated for tl1e file system bnffer cache. Like nbuf, this parameter 
should be set to zero if yon want to use the dynamic form of buffer 
cache allocation. If tl1is value is non-zero, enough nbufs (one for every 

two bufpages) will be created ns well, tmless otherwise specified. It is 
not yet obsolete, but expect it to be so in a future relense. 
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fs_async 

maxfiles 

maxfiles lirn 

nfile 

ninode 

nflocks 

vx ncsize 

f s _ async specifics that file system data structures may be posted to 

disk asynchronously. While this cm1 speed file system performance for 
some applications, it increases the tisk that a file system will be 

corrupted in the event of system power loss. 

maxfiles specifies the soft limit to the number of files that a single 
prograrn may have open at one ti.me. A program may exceed this soft 
limit up to the value ofmaxfiles lim. In l li v2, maxfiles is 

computed at boot and is set to 512, if memory is less Uum 1 GB. 
Otherwise it's set to 2048. 

maxfiles _lim is the hard limit to the number of files that a single 

program can open up at one time. 1ltis parameter was made dynamic in 
l li vl and the default value was set to 4096. 

nfile is the size of the file table in memory, and therefore defines the 

maxirmm1 number of files that may be open at any one time on the 
system. Every process uses at least three file desctiptors. Be generous 
with this number, as the required memory is minimal nfile depends 

on U\e parameters nproc, maxusers, and npty. 1l1is parameter was 

made dynamic in l l i  v2 Md was no longer dependent on maxusers. Its 

value is computed at boot time and is set to 16384 if memory is less than 
1 GB; otherwise it's set to 65536. 

ninode is the size of the HFS in-core inode table. By caching inodes 
in memory the amount of physical I/O is decreased when accessing files. 
Each tmique HFS file open on the system has a tuuque inode. TI1is 

tn.blc is hashed for perfonnance. At boot time in l li v2, it's set to 4880. 
if memory is less than LGB; oU\erwise it's set to 8196. 

nflocks is the munber of file locks available on U1e system. File locks 

are a kernel service to enable applications to safely share files. 
Databases or other applications that make use of the lockf ( )  system 

call can be large consumers of file locks. Note Utat oue file may have 
several locks associated wiU\ it. This parnrneter wms made dynamic in 
l li v2 - at boot time, if memory is less than 1 GB, it's set to 1200; 
otherwise it's set to 4096. 

Along with ninode, this parameter controls the size of the DNJ,C 

(directory name lookup cache). Recent directory path names arc stored 
in memory to improve performance. 1l1is parameter is set in bytes. This 
parameter has been obsoleted in l l i  v2. VxFS 3.5 now uses its own 
internal DNLC. 
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12-5. SLIDE: Message Queue Kernel Parameters 

Kernel Default Description 
Parameter 

mesg Enable or disable IPC messaging (700 only) 

msgmap fonnula Size of message-free-space map 

msgmax 8192 Maximum size in bytes of an individual message 

msgmnb 16384 Maximum size in bytes of message queue space 

msgmni 50 Maximum number of messages queue identifiers 

msgseg 2048 Number of segments in the the system message buffer 

msgssz 8 Size in bytes of segments to be allocated for messages 

msgtql 40 Size of message header space (1 header per message) 

Student Notes 

Message queues are used by applications to transfer a small to medium amom1t of 
information from exactly one process to :mother process. TI1is i..nfonuation could be in the 
form of a structtU'e, a string, a nmnerical value, or :.u1y combination thereof. SVIPC message 
queues have been m·mmd for a long time. They are controlled by a number of tunable kernel 
parameters. 

mesg 

msgmap 

msgmax 

msgmnb 

msgmni 

mesg when set (mesg = 1) enables the message queue services in t11e kernel. 

This parameter is obsolete �5 of I li v2. 

msgmap specifies the size of the free-space map used in nllocati.ng message 
buffer segments for messages. 

msgmax specifies the maxirnmn size in bytes of an individual message. This 

parameter is dynamic at HP-UX I li v l .  

msgmnb specifies the maximum total space consmned by all messages in a 
queue . This parameter is dymunic at HP-UX l l i  vl. 

msgmni specifies U1e mmdnuun nmnber of message queue identifiers allowerl 

on the system at one time. Each message queue has an nssoeinted message 
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msgseg 

msgss z  

msgtql 

queue identifier stored in non-swappable kernel memory. In lli v2. the default 
was raised to 512. 
msgseg is the number of segments in the system-wide message buffer. In 11 i 

v2, the default was raised to 8192. 

msgss z is the size in bytes of each message buffer segment. In l l i  v2, the 

default was raised to 96. 

msgtql is the total number of messages that can reside on the system at any 

on time. In l l i  v2, the default was raised to 1024. 

Any of these parameters could affect the pe1fonnance of an application, simply by vi1tue of 
not having enough of the message queue resmuces available when needed. However, the 
msgssz and Ute msgseg para.meters also control the size in an in-memory message buffer 

that is shared by all SVIPC message queues. It needs to be large enough to handle au the 
messages that may be pending at any one time, but by the same token, should not be much 
larger than that. It could be taking up far more memory than is necessary. It is not dynamic; 
it is fixed in size. 

There also e.xi5t in HP-UX 11.x POSIX message queues. There are no tunable parameters for 
them. POSIX message queues have been shown to consistently out-perfmm SVIPC message 
queues. 
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12-6. SLIDE: Semaphore Kernel Parameters 

Kernel Default Description 
Parameter 

sema Enable or disable Semaphore code (700 only) 

semaem 16384 Maximum amount a semaphore can be changed by undo 

semmap formula Size of free-space map used for allocating new 
semaphores 

semmni 64 Maximum number of sets of semaphores 

semmns 128 Maximum number of semaphores, system-wide 

semmnu 30 Maximum number of processes that can have undo 
operations pending on a given semaphore 

semume 10 Maximum number of semaphores that a given process can 

have undo operations pending on 

semvnuc 32767 Maximum value a semaphore is allowed to reach 

semmsl 2048 Maximum number of semaphores in a given set 

Student Notes 

Semaphores are another form of interprocess conummication. Semaphores are used mainly 
to keep processes properly synchronized to prevent collisions when accessing shared data 
structtU"es. 

Semaphores m·e typically incremented or decremented by a process to block other processes 
while it is performing a critical operation or using a shared resom·ce. When finished, it. 
decrements or increments the value, allowing blocked processes to then access the resource. 
Semaphores can be configured as binary semaphores with only two values: 0 and l, or they 
can serve as general semaphores (or counters), where one process increments/decrements 
the semaphore and one or more cooperating processes decrementlincrement it. 

SVIPC semaphores have been aronnd for .a. long time. TI1ey :lre controlled by several tunable 
pm· a.meters. 

sema 

semaem 

sema (Se1ies 700 only) enables or disables !PC semaphores at system boot 
time. TI1is parameter is obsolete as of 11  i v2. 

semaem is the maximum valne by which a semaphore can be duu1ged in a 

semaphore undo operation. 
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semmap 

semrnni 

semmns 

senunnu 

semume 

semvmx 

semmsl 

semmap is the size of the free-semaphores resource map for allocating 
requested sets of semaphores. Tilis semaphore is obsolete as of I Ii v2. 

semmni L'S the maximum nmnber of sets of IPC semaphores allowed on the 

system at any given time. In l li v2, tl1e default was raised to 2048. 

semmns is the total system-wide number of individual IPC semaphores 
available to system users. In lli v'2, the default was raised to 4096. 

senmmu is tl1e maximtun number of processes that can have 1mdo operations 
pending on any given IPC semaphore on the system. In l li v2, tJ1e default was 
raised to 256. 

semume is U1c maximum munber of IPC semaphores on which a given process 
can have mtdo operations pending. In 1 li v2, the default was raised to 100. 

semvmx, the max.irnmn value any given IPC semaphore is allowed to reach. 
prevents undetected overflow conditions). 

Until l li v2. semmsl was an m1tlmable value in the kernel. It specified the 
maxinuun number of semaphores that could be allocated to a specific 
semaphore set. In 10.X it was set to 500. In 1 1.00, it was set to 2048. Now it is 
a dynamic t1mable. 

Any of these parmneters could affect the performance of an application, simply by virtue of 
not having enongh of semaphore resom·ces available when needed. 

111ere also exist in HP-U X l I .x POSIX semaphores. 111ere are no tunable parameters for 
them. POSIX semaphores have been shown to consistently out-pe1fo1n1 SVIPC semaphores. 
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12-7. SLIDE: Shared Memory Kernel Parameters 

Kernel Default Description 
Parameter 

shmem Enable or disable Shared Memory (700 only) 

shmmax 64 MB Maximurrr shared memory segment size 

shumni 200 Maximum number of total shared memory segments 

shmseg 120 Maximum number of shared memory segments that a 
single process may attach 

Student Notes 

Shared memory is rE>se1ved memory space for storing data shm·ed between or among 
cooperating processes. Sharing a common memory space eliminates tJ1e need for copying or 
moving data to a separate location before it can be used by other processes, rerluci.ng 
processor ti.me anrl overhead, as well as memory consmnption. 

Shared memory is allocated ill swappable, shared memory space. Data structures for 
managing shared memory ;u-e located in tl1e kcmel. Sharee.I memory segments are much 
preferred by memory intensive aµµli.cati.ons, such as Data Bases, since U1ey can be very large 
and can be accessed without nsillg system calls. SVIPC shared memory use the following 
tunable ptmunetcrs. 

shmem 

sh.mmax 

shmmni 

shmem ,when set to true, enables the shared memmy subsystem at boot time. 

111is parameter is obsolete in l li v2. 

shmmax specifies Ule maximum shared rnemo1y segmenL size. Dynamic in l l i  

v I .  Also in l l i  v2, tlle defaull was raised to l GB. 

shnunni specifies the mmillmuu munbcr of shared memory segmenLs allowed 

on th0 system at any one time. Dynamic ill l li. v2. Also in l L i  v2, Ille default 
wns raised to 400. 
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shmseg shmseg specifies the maximum number of shared memory segrnents that can 

be sinmltaneously attached (shma t ( ) ) to a single process. Dynamic in 11i vl. 

Also in l l i  v2, the default was raised to 300. 

i\.ny of these parameters could affect the performance of an application, simply by virtue of 
not having enough shared mem01-y resources available when needed. 

TI1ere ulso exist in HP-UX 11.x POSIX shared memory. TI1ere are no tunable parameters for 
them. POSIX shared memory segments are implemented through the memory-mapped file 
architecture, so it could be affected by some of the file system tunable parameters described 
earlier. 
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12-8. SLIDE: Process-Related Kernel Parameters 

Kernel 
Parameter 

maxdsiz 
maxdsiz 64bit 

maxssiz 
maxssiz_ 64bit 

maxtsiz 
ma.xtsiz_ 64bit 

maxressiz 
maxressiz_64bit 

maxuprc 

nproc 

t:imeslice 

Student Notes 

........ 

Default 

256MB 

8 MB 

64 MB 

8 MB 

50 

formula 

8 

Description 

Maximum 32 and 64 bit process data segment size 

Maximum 32 and 64 bit process stack size 

Maximum 32 and 64 bit process text segment size 

Maximum 32 and 64 bit process RSE stack size (IA-64 
only) 

Maximum number of concurrent processes per user ID 

Maximum number of processes system wide 

Manage the number of processes on the system and processes per user to keep system 
resources effectively distributed among users for optirnal overall system operation. 

i\hmage allocation of CPU time to competing processes at equal and different priority levels. 

Allocate virtual memory among processes, protecting the system mid competing users 
against mtreasonablc demands of abusive or nm-away processes. 

ma.xdsiz 

maxdsiz 64bit 

maxssiz 

http://education.hp.com 

maxds i z defines the ma..'.:imnm size of the static data storage 
segment of m1 executing :32-bit process. ln 11 i v2. this default has 
been raised to 1 GB. 

maxdsi z _ 64bi t defines Ute maximmn size of the static dat� 

storage segment of au executing 64-bit process. JJ1 l l i  v2, this 
default has been raist><l to -1 Gil. 

maxssi z defines the nut.-ximmn size of the dynamic storage 
segment (DSS), also called tJ1e stack segment, of ru1 executing ;32-
bit process. 
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maxssiz 64bit 

maxtsiz 

maxressiz 

maxressiz 64bit 

maxuprc 

nproc 

times lice 

maxssiz_ 64bit defines the ma...ximmnsize oftJ1e dynamic 
storage segment (DSS), also called the stack segment, of an 

executing 64-bit process. h1 1 li v2, this default has been raised to 
256 MB. 

maxtsiz defines the maximum size of the shared text segment 

(program storage space) of an executing process. Note 
maxtsiz_64bit for 64 bit HP-UX 11. 

maxress iz defines the ma."Ximum size of the register stack engine 

(RSE), also called the RSE stack segment, of an executing 32-bit 
process. Tilis parameter is only f0tmd on an IA-64 kernel. 

maxressi z _ 64bi t defines the maxinuun size of the register 
stack engine (RSE), also called the RSE stack segment, of an 

executing 64-bit process. TI1is parameter is only fowtd on an IA-64 

kernel. 

maxuprc establishes the max:immn number of simultaneons 

processes available to each user on the system. TI1e user ID 
munber identifies a user. The superuser is irrunune to this limit. In 

lli v2, this default is now set to 256. 

nproc specifies the ma.,ximum total number of prncesses Urnt can 

e>.ist simultaneously in the system. 11lis pnmmeter has been made 
dynamic in l li v2. and the new default setting is 4200. 

The timeslice interval is the amount of ti.me one tlu-ead is 
allowed to accumulate before the CPU is given to the next thread 
at the same prio1ity. Tite value of timeslice is specified in units 
of (10 millisecond) clock ticks. 
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12-9. SLIDE: Memory-Related Kernel Parameters 

Kernel 
Parameter 

vps ceiling 

vps chatr_ceil ing 

vps_pagesize 

swapmem_on 

nswapdev 

nswapfs 

awe hunk 

maxswapchunks 

page_text to local 

Student Notes 

Default Description 

16 Maximum automatic page size (kbytes) the kernel selects 

1048576 Maximum page size (kbytes) useable INith i::hatL 

4 Default page size used without chat: r specification 

Enable or disable pseudo swap 

10 Maximum number of device swap areas 

1 0  Maximum number of file system swap areas 

2048 Size in DEV_BSIZE (1-KB) units of swap space units 

256 Maximum number of swchunk units 

0 Enable or disable process text to be swapped locally 

-���) 

Configurable kernel par;.tmeters for memory paging enforce operating rnles aud limits related 
to virtual memory (swap space). 

vps_ceiling 

vps_chatr_ceiling 

http://education.hp.com 

Tilis parameter is provided as a means to minimize lost cycle 

time caused by TLB (t.nmslation look-aside buffer) misses on 
systems using newer PA-RISC devices such as the PA-8000 and 
U1e Itanium family that have smaller TLDs and may not hnve a 
hardware TLB walker. 

If a user application does not use the cha tr conuuand to 

specify a page size for program text and data segments. the 
kernel selects a page size that. based on system configru-ation 
<md object size, appears to be suitable. Titis is called 
transplli'ent selection . 

User applications can use the cha tr conunmul to specify a 

page size for program text and data segments, in·ovidin g  some 
Ilexibility for improving overall perfonnan<:e, depending on 
system configuration and object size. TI1e specified size is then 
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compared to the page-size value limit defined by 
vps _ chatr_ ceiling tJrn.t i5 defined in the kemel at systern­

boot time. If the value specified is larger than 
vps_chatr_ceiling, vps_chatr_ceiling is nsed. 

vps_page_size Specifies the default user-page size (in Kbytes) that is used by 

the kernel if the user application does not use the cha tr 
command to specify a page size. 

swapmem_on swapmem_on enables or disables the creation of 

pseudo-swap, which is swap space designed to increase the 
apparent total swap space, so that real swap can be used 
completely, or large memory systems don't need corresponding 
swap space. 

nswapdev nswapdev specifies an integer value equal to the number of 

physical disk devices that can be configmed for device swap up 
to the maximum limit of 25. 

nwapfs nswapfs specifies an integer value equal to the number of file 

systems that can be made available for me-system swap, up to 
the max:imum limit of 25. 

swchunk swchunk defines the clnmk size for swap. TI1is value must be 

mt integer power of two. When the system needs swap space. 
one swap chwlk is obtained from a device or file system. When 
U\at chunk has been 11sed and :motl1er is needed, a new chtmk 
is obtained. If the swap space is full or if Urnre is auoU1er swap 
space at the same prio1ity, the new dnmk is taken from a 
different device or file system. thus distributing swap lL5e over 

several devices. 

maxswapchunks maxswapchunks specifies the mmcimtuu amount of 

configurnble swap space on the system. In l li v2 Ulis 
parameter is obsolete. 

page_text_to_local 

H4262S C.00 

page_text_to_local allows NFS clients to write the text 

segment to local swap and retrieve it later. TI1is eliminates rnro 
sepan1te text-segment dat.a transfers to and from the NFS 
server, thus improving NFS client progr�un perfomu.mce. TI1is 
parameter does not seem to be defined in l l i  v2, even Uwugh it 
has not been identified as au obsolete pc.u·;:uncter. 
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12-10. SLIDE: LVM-Related Kernel Parameters 

Kernel 
Parameter 

maxvgs 

no lvm disks 

Default 

10 

0 

Description 

Maximum number of volume group on the system 

Enable or disable system to use LVM (0 = false. LVM exists 
1 = true, no LVM disks exist} 

Student Notes 

Two configurable kernel parameters are pro\.ided that relate to kernel interact.ion vvith the 
logical volume nurnager. 

maxvgs 

no lvm disks 

maxvgs defines the maxlintUll number of vohuue groups configured by 

the logical volmne manager on the system. 

no_ l vm _disks flag notifies U1e kernel when no logi<:al volumes exist 

on the system, i.e. LVM is djsablcd. This parameter does not seem to be 
defined in lli v2, although it is not identified as m1 obsolete parameter. 
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12-11. SLIDE: Networking-Related Kernel Parameters 

Kernel 
Parameter 

Default Description 

netisr priority Define priority to assign to the network packet processing 
daemon (-1 means handle on an interrupt basis - best 
packet processing performance) 

netmemmax 

Student Notes 

10% of mem Amount of memory, in bytes, to be allocated for IP packet 

fragmentation reassembly queue 

Two configurable kernel parameter are related to the kernel's interaction with the 
networking subsystems: 

netisr _priority 

netmenuna.x 
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netisr _priority sets the real-time interrupt p1iority for the 

networking interrupt service routine daemon. By default, it is set to 
1 on Uniproct>ssor systems and 100 ou Multiprocessor systems. This 
parnrneter is obsolete in l l i  v2. 

ne tmemmax specifies how much memory is reserved for use by 

networking for holding partial Internet protocol (IP) messages which 
arc typically held in memory for up to :30 seconds. When messages 
nrc transmitted using internet protocol, they are sometimes broken 
into multiple. "partial" messages (fragments). netmemmax simply 

establishes a nuLxitmun amount of memory that. cm1 be used for 
storing network-ruessage fragments mttil Lhcy are re:1ssemblcd. This 
panuncter does 11ol seem to be rlefi.ned in l l i  v2, although it is not 
ictentified as an obsolete parameter. 
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12-12. SLIDE: Miscellaneous Kernel Parameters 

Kernel 
Parameter 

create_fastlinks 

default disk ir 

maxusers 

ncallout 

npty 

rtsched_numpri 

unlockable mem 

Student Notes 

Default 

0 

32 

formula 

60 

32 

0 

Description 

Enable or disable creation of fast symbolic links 

Enable or disable immediate reporting on all disks 

Maximum number of simultaneous users expected 

Maximum number of timeouts {for example, alarms) 
pending 

Maximum number of concurrent pseudo tty connections 

Number of distinct POSIX real-time priorities 

Minimum amount of memory to reserved for use by the 
paging system 

11le following µammeters are more or less umelated. 

create fastlinks 

default disk ir 

maxusers 
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When create_fastlinks is non-zero, it causes the system to 
create HFS symbolic links in a manner that reduces the number of 
disk-block accesses by one for each symbolic link in a pathname 
lookup. 

default_disk_ir enables or disables immediate reporting. 

With Immediate Reporting ON. disk drives that have datn caches 
return from a write ( )  system call when the data is cached, rather 
l11<u1 returning after the data is written on the media. 111is 
sometimes enhances write performance. especially for sequential 
tnmsfers. In 11 i v2. Ulis parameter is set Lo 0, by default. 

maxusers docs not itself determine the size of m1y structures in 

the system; instead, the default value of otl1er global system 
parameters depends on U1e value of maxusers. When other 
configurable parameter values are defined in terms of maxusers. 
the kernel is made smaller and more efficient by minintizing 
wasted space due to improperly balanced resource allocations. In 
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ncallout 

npty 

rtsched_numpri 

unlockable mem 

l l i  v2, the use of maxusers ltas been eliminated from the formula 

of every parameter that was dependent on it. Changing its value 
has no effect on l li v2. 

ncallout specifies the maximum number of timeouts U\at can be 
scheduled by the kernel at any given time. A general mle is iliat 
one callout per process should be allowed unless you have 
processes that use multiple cal louts. h1 l li v2 this pru·ameter is 

obsolete. 

npty specifies tlie mmdmmn number of pseudo-tty data 

structures available on the system. 

rtsched _ numpri specifies the number of distinct priorities that 

can be set for POSIX real-time processes numing tmder the real­
time scheduler. 

unlockable_mem defines the minilmuu amotmt of memory that 

always remains available for virtual memory management ;md 
system overhead. 
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Module 13 - Putting It All Together 

Objectives 

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

• Identify and charactelize some network performance problems. 

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

• Identify bottlenecks on other conunon system devices not associated directly with the 
CPU, di<>k, or memory. 
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13-1. SLIDE: Review of Bottleneck Characteristics 

CPU D�k 

• High CPU utilization • High CPU utilization 
• High disk utilization 

Student Notes 

Memory 

• High CPU utilization 

• High disk utilization 

• High memory 
utilization (with 
swapping) 

TI1e above slide recaps the characteristics related to the three main perfonnance bottlenecks. 

CPU Bottlenecks 

CPU bottlenecks often exhibit Ute following characteristics: 

• High CPU usage due to lots of processes competing for the CPU 
Large number of processes in the CPU nm queue 

• No disk bottleneck problems; disk utilization is low, few to no T/O requests in Ute disk 
queues 

• No memory bottleneck problems; vhand not needing much, no paging to swaµ devices 

Disk Bottlenecks 

Disk bottlenecks often exhibit the following charncte1istics: 

• High CPU usage clue Lo the disk device d1ivers constm1Uy executing to perform the 110 
and user/system processes continually running to snbmit the I/O requests 
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• High disk utilization due to lots of VO requests being continually submitted. 

• No memory bottleneck problems; vhand not needing much, no paging to swap devices 

Memory Bottlenecks 

Memory bottlenecks often exhibit the following characteristics: 

• High CPU usage (system) due to vhand constantly running to free memory pages, the 

kernel spending lots of time in the memory management subsystem. and the device 
dlivers for the disk '-"liting memory pages to and from swap 

• High disk utilization due to memory pages being constantly written to and from the swap 
devices 

• High memory utilization (with swapping) due to free memory falling below LOTSFREE, 
DESFREE, and MINFREE 

Given tl1e above recap, in what order should tl1e tl1ree main bottlenecks be checked? 

When arriving on the scene of ;m tmknov1m system, where do you sta1t? It would be wise to 
look for the bottleneck with the most specific symptoms, first. Since the memory bottleneck 
is the only one to show signs of memo1y pressme, look for it fil'St. Once yon have eliminated 
that, look for disk bottlenecks. Finally, look for CPU bottlenecks. 
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13-2. SLIDE: Performance Monitoring Flowchart 

Potential Memory 
Bott1eneck 

Potential Disk 
Bottleneck 

Potential CPU Bottlenec 

Student Notes 

TI\e above perfonnancc monitoring now chart assmnes glance is being used as tile 
performance-mo11itoring tool. If glance is not available, the same informat ion can be 

obtained from a variety of otl1er tool'i, such as sar and vms tat. 

The flow chmt starts by first looking for symptoms of a memory bottleneck. 

• Is memory utilization high? 
• 15 there activity to the swap device? 

Memory bottlenecks are checked for first, since memory bottlenecks often exhibit symptoms 
of high disk and CPU utilization, which could initially be mistaken for disk or CPU 
bottlenecks. 

If Ute system is not bottlenecked on memory, U\e second bottleneck checked for tlu·ough the 
flow chart is a disk bottlenedc 

• Is disk utilization high'? 
• Are U1erc disk I/O requests in the disk queue'? 
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Disk bottlenecks are checked for second, as disk bottlenecks often exJtibit symptoms of high 
CPU utilization, but uot high memory utilization. 

If Uw system is not bottlenecked on disk, the final bottleneck to check for is a CPU 
bottleneck. 

• ls CPU utilization high'? 
• Are U1ere processes in the CPU nm queue? 

CPU bottlenecks arc checked for after memory and disk bottlenecks, as CPU bottlenecks do 
not exhibit high memory or CPU utilization. 

If none of these situations appear to exist, then it is time to check the less conu11on 
bottlenecks. Networks would be a good possibility. but don't neglect other hardware or even 
software resources, such as file locks and semaphores. 
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13-3. SLIDE: Review - Memory Bottlenecks 

Student Notes 

Look at the memory 
utilization bar graph. 

Is there act1v1ty on the swap device? 
(m) Mem Report- Look at VM wntes. 
(d) Disk Report - Look at Virt Memory 

(v) 110 by LV -Look at swap devices 
(w) Swap Space - Look at Used (ignore pseudo). 

Potential Memory 
Bottleneck 

No 

No 

TI1e p1irnary symptoms of a mern01y bottleneck include high. mcuw171 utilization and 
activity to the swap clevicc. 

1'he glance reports tluit show activity on the swap device include: 

( rn) 
( d )  
(v)  
( w )  

Memory Report 
D i s k  Report 

I / O by log . volume 
Swap Space Report 

- shows currently number of VM reads/wr i t e s  

shows VirtMern 1 / 0  
shows T / O  t o  the swap logical volumes 

- show current-. l y  used swap space 

Also look at vhand and swapper as processes. Are U1ey accumulating any CPU time? Look 
at the output of vmsta t -s. Are pages being paged out? Are processes being swapped out·? 
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�-------., --""""'--------��-·.,.·��-����'� ...... -------

• Reduce maximum size of dynamic buffer cache. 

• Identify programs with large resident set size (RSS). 

• Use the serialize command to reduce thrashing. 

• Use PRM or WLM to prioritize memory allocations. 

• Add more physical memory. 

Student Notes 

Tite above slide reviews some of the ways to correct a memory bottleneck: 

• Limit Llle rnaximnm size of the qynam.ic buffer cache. TI1is can help to prevent 
mmecessary paging dming periods when the dynamic buffer cache needs to shrink. 

• Identify programs (and users) taking np lm·ge amounts of memory, and investigate 
whr.ther tl1e memory usage is warranted or whether the process has memory leaks. 

• Consider using Urn serialize conu11and to keep several memory intensive program .'> 
from competing with each otl1er. 

• Consider using the Process Resource Manager (PRM) or Work Load Manager (WLM) t.o 
favor rne1nory allocation to important processes. 

• Adcling more physical memory will always help a memory-constrained system. 
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13-5. SLIDE: Review - Disk Bottlenecks 

Student Notes 

Look at the disk 
utilization bar graph. 

(u) UO by Disk - look at File System activity 
(B) Global Waits - Look at BIOCl<ed on Disk 110 

(d) Disk Report-look at Logical 1/0 to 
Physical 1/0 rabo 

Potential Disk 
Bottleneck 

No 

No 

'Tile p1fatary symptoms of a disk bottleneck inclucte high disk utiliza.tion nnd multiple IIO 

requests i 11 tile disk queue. 

The glance reports that show disk VO relnted activity include: 

(u) 1/0 l)y Phys . D i s k  

( B l  Global Wai ts 

(d) Diok Repoi:t 

- shows curren t l y  number of reads/writes 
shows percent:age of processes blocked on Disk I/O 

- ohows r,ogical I/O and Physical I/O act i v i t y  

Also check the output of sar -u (%wio), sar -d, :md sar -b (for read c:l<'he hit rate and 

write cache hit rate). 
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• Load balance across disk drives and disk controllers. 

• Consider asynchronous instead of synchronous 1/0. 

• Tune file system block and fragment/extent size. 

• Tune file system (vxfs and hfs) mount options. 

• Tune vxfs file systems with vxtunefs. 

• Tune buffer cache for better hit ratios. 

• Add additional and faster disk drives and controllers. 

Student Notes 

The above slide reviews some of the ways to correct a dic;k bottleneck: 

Module 13 
Putting It All Together 

• Spread U1e 110 activity. as evenly as possible, over the disk drives and disk controllers. 

• Consider using asynclu·onous 1/0 so applications do not have to wait for a physical l/O to 
complete. TI1e trade-off here is a greater e'.\.-posnre to data loss in the event of a system 
failure. 

• For HFS file systems. increase the fragment and file system block size if large files arc 
being accessed in u sequential manner. For VxFS file systems, increase the block size to 
improve read-ahead and write-behind. Consider using a frn:ed exte11t siie. 

• Look at customizing file system mOLmt options (especially for VxFS file systems). Recall 
that, by default, VxFS is mmmted to favor integrity. and HFS is mounted to favor 
perfonnance. 

• Consider using vxtunef s to tune the performance of VxFS. Match preferrerl IO size :md 

read ahead to physical stripe depth. 
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Module 1 3  
Putting It All Together 

• Verify (and tune) Ute hit ratio on the file system buffer cache. TI1e ratio of logical reads to 
physical reads should be a minimum of 10 to 1. The ratio of logical writes to physical 
w1ites should be a minimum of 3 to I. 

• Add bigger, better, faster disks and disk controllers. 
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13-7. SLIDE: Review - CPU Bottlenecks 

Student Notes 

Look at the CPU 
utilization bar graph. 

Potential CPU 
Bottleneck 

Module 1 3  
Putting It A I I  Together 

No 

No 

'Ille ptimary symptoms of a CPU bottleneck include high CPU utilization mHI nwltiplc 
processes in the CPU nm queue. 

111e glance report-; Uiat show CPU activity include: 

( a )  CPU by Processor 
( c l  CPU Reporr: 
( g )  Proce&G Reporl 

- shows CPU 1 o<sd average over· l cl s t  1 ,  � ,  15 111 inuLes 
- shows CPU activities 
- Dhows CPU hO<JS in order (see note) 

Note !\fake sure you are looking at processes in CPU order. Use the 'Till'esholds 
Page (o) of glance and set "CPU" as the smt. criteria. 

Also check sar -u and sar -q. Use the -M option, if you have a multiproc<>ssor. 
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Module 1 3  

Putting It All Together 

13-8. SLIDE: Correcting CPU Bottlenecks 

• Use nice to reduce priority of less important processes. 

• Use nice to improve priority of more important processes. 

• Use rtprio or rtsched on most important processes. 

• Run batch jobs during non-peak hours. 

• Add another (or faster) processor. 

Student Notes 

1l1e above slide reviews some of the ways to correct a CPU bottleneck: 

• Use t11e nice or renice conunands on lower prio1ity processes (set nice value to 21-

:39). As a rnle of thumb, favor I/O bound programs over CPU-bmmd programs. I/O-b0tmd 
progrnrns will block freqnently, allowing the CPU-bound programs to run. 

• Use LllC nice or renice conuuan<l on higher priority processes (set nice value to 0-19). 

• Use the rtprio or rtsched conunands 011 highest p1iority processes. BE CAREFUL! A 

poorly written process could take over yow· system ;md render it usele_c:;s_ 

• Sdiedulc b.rge hatch jobs, long compiles. anrl other CPU intensive activity for non-per1k 
hours. 

• Add an additional CPU or a faster CPU to the system. 
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Module 1 3  
Putting It All Together 

13-9. SLIDE: Final Review - Major Symptoms 

Memory Bottleneck: 

Disk Bottleneck: 

CPU Bottleneck: 

Network Bottleneck: 

All conditions sustained over time! 

Student Notes 

Both vhand and swapper active 

Disk utilization > 50% 

Request queues > 3 

CPU utilization > 90% 

Run queues > 3 per processor 

Collisions/out-bound packets > 5% 

Let's sununarize the major bottlenecks and their symptoms: 

Memory Bottleneck: You lrnow that yon have a memo1y bottleneck if both vhand ;md 

swapper are active. This indicates severe memory pressure! 

Disk llottleneck: A disk botUencck will be characterized by disk utilization of at Least 50% 
and at least 3 requests waiting in the request qnene. If a controller is the bottleneck, you will 
see multiple disks vvith lengUly queues on that controller. 'nlei.r utilization may not be 50%! 
The queues are more important than the utilization. 

CPU Bottleneck: If all of your CPUs are at. least 90% busy and they each have run queues that 
have 3 or more processes in them. yon have a CPU bottleneck. If one or more of the 
processors has empty (or mostly empty) queues, either you are at the limit of your CPU 
resource, or something is nnbnlauci.ng the loads on your processors. 

Network Bottleneck: U your ratio between yom· collisions/sec and your packets-out/sec is 
greater than 5%, you have a network bottleneck. 
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Module 1 3  
Putting It All Together 

As with m1y bottleneck symptom, it must be a constant condition - sustained over time to be 
considered a tme bottleneck. Otherwise, it's a momentary spike which we will keep an eye 
on, but otherwise ignore. 
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Appendix A - Applying GlancePlus Data 

111is module is an optional self-study for students. 

Objectives 

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

• Use case studies to demonstrate how GlancePlus screens can be used to analyze system 
perform.1nce. 

• Observe how a performru1ce specialist approaches a tuning task. 
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Appendix A 
Applying GlancePlus Data 

A-1. TEXT PAGE: Case Studies-Using GlancePlus 

TI1e case studies stylized in this module come from the logbooks of HP-UX Performance 
Specialist.<> and are presented for your consideration. The goal is to help you prepai-e for your 
own tasks and adventures. 111e examples show you possibilities and are not intended to be 
exact reconunendations or solutions to situations that you may encomlter. TI1ese examples 
may cause you to tlunk up new questions, in addition to answering some of the classic tm1ing 
scenarios. As in most endeavors, there is often much to be gained from reviewing someone 
else's actions and trying to reverse-engineer their solutions. 

An Approach to Monitoring System Behavior 

TI1e best approach to monitoring yom system's pelformance is to become famifuu· with how 
your system usually behaves. nus helps you recognize whether a sudden shift in activity is 
no1mal or a sign of a potential problem. 

The first screen Ulat appears when you sta1t GlancePl.us in character mode summarizes 
system-wide activity and lists all processes that exceed the usage thresholds set for the 
system. TI1e information on tltis screen tells you if a resource is being used excessively or a 
process is monopolizing available resources. TI1e Global screen is the usnal starting point for 
ru1y review of system activity and pe1fonnance. 

Yon c;m use the statistics on the Global screen to monitor system-wide activity, or you may 
need to refer to the detailed data. screens to focus on specific areas of system usage. TI1e 
examples in this chapter highlight the use of all GlancePlus screens. 

Glmu:ePlus provides you vvith valuable information, but optimal use of this information 
depends on how well you tmderstand your system's operation and what is Ute nom1al or 
usual behavior for that system. As you use GlancePlus to review your system's pe1fomiance, 
you will leam to recogilize patterns that differ from this nom1-pattems that may indicate a 
problem. 

Bottlenecks 

A bottleneck is the most conunon type of problem on ;my system. It occurs whenever a 
hardware or software resource cannot meet the dema.nds placed on it, and processes must 
wait nntil tile resource becomes available. Tilis results in blocks and long queues. 

Your system handles processes much like a freeway system hanrlles traffic. During normal 
hotu-s. the freeway adequately carries the traffic load. a.nd cars can trnvel at optimmn speed. 
But, dming rnsh hour. when too many cars try to access the freeway, the hmes become 
clogged and traffic can slow to a halt. TI1e freeway becomes bottlenecked. 

Similarly, a bottleneck can oecm· on your system if the processes you are nnming need more 
CPU time than is available or more memory Urnn is configmed for the system. A bottleneck 
also can occur if there isn't enough disk 110 bandwidth to move daw, or if swap space isn't 
configtu-e<l optimally. 

A bottleneck can be a temporary problem that is easily fi.xed. 111e solution may be to 
reanm1ge workloads, such as rescheduling batcl1 progrnms to run late at night. Solving a 
disk bottleneck may require only spreading disk loads cuuong au the available disks. 
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A recmring bottleneck, however, can indicate a long-term situation that. is worsening. 
Perhaps the system was configured to serve fewer users than are now nsing it, or workloads 
have gradually increased beyond the system's capacity. 'Ille only solution may he a hardware 
upgrade, but how do you know? 

If you can identify a bottleneck coITectly, you can avoid randomly tmtiug U\e system (which 
can worsen the problem), and you can avoid adding extra hardware that doesn't help 
performance. Yon can also avoid expending resom·ces solving a corollary bottleneck-one 
Uwt is caused by the primary bottleneck. 

Characteristics of Bottlenecks 

Common system bottlenecks have several general characteristics or symptoms. By 
comparing these symptoms with the statistics on yom GlancePlus screens, yon can mwlyze 
the performance of yom· system and detect potential or existing bottlenecks. Although a 
single symptom may not indicate a problem, a combination of symptoms generally reflects a 
bottleneck situation. 

Symptoms of a CPU Bottleneck 

• Long nm queue without available idle time 
• High activity in user mode 
• Reasonable activity in system mode (high activity may indicate otlter bottlenecks as welJ) 
• Many processes frequently blocked on ptiotity 

Symptoms of a Memory Bottleneck 

• High swapping activity 
• High paging activity 
• Very little free memory available 
• High disk activity on swap devices 
• High CPU usage in system mode 

Symptoms of a Disk Bottleneck 

• High disk activity. 
• CPU is idle, waiting for 1/0 request..c:; to complete 
• High rate of physical reads/w1ites 
• Long disk queues 

Symptoms of Other 1/0 Bottlenecks 
• High LAN activity 
• Low 1/0 throughputs 

You may discover that solving one bottleneck uucovers or creates another. It is possible to 
have more tJ1an one bottleneck ou a system. ll\ fact. changing workloads are constantly 
reflected in changing system pe1fonnance. 11\e goal is not to seek a fo\al solution. but to seek 
optimal pe1fonn:mce at ;my given time. 
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Evaluating System Activity 

One aftemoon Doug noticed that system response had slowed. He ran GlancePlus and 
looked at the Global screen to view system-wide activity. He saw that the CPU usage was 
near 10096. Although this is not necessarily a problem, he decided to check it out. 

Doug then looked at the process summary section of the Global screen, which lists all 

processes that exceed the usage thresholds set for the system. He noted that a single process 
accounted for a majo1ity of Ute near 100% CPU usage. 

W<"mting more information on that particular process, he checked it on the Individual 
Process screen, which provides detailed information about a specific process. Reviewing 

that screen, Doug noticed the process was doing no 1/0 and was spending all its time in nser 
code. Tilis suggested that the process might be trapped in a CPU loop. After identifying the 
user's name he telephoned the user to find out if the process could be killed. 

In this situation, the CPU use for the system did not drop after the user tenninated the 
looping process, because other processes took up the slack. However, response time 
improved becanse other processes did not need to wait as often to be given their share of 
CPU time. 

Evaluating CPU Usage 

Dean was checking the system one afternoon when he noticed a sudden slowdown in system 
response time. He ran GlancePlus and looked at the Global screen to view system-wide 

activity. He saw that the CPU usage was near 100% . The other system resources, such ns 
Memory, Disk, and Swap, showed much less use. Furtlter checking revealed that several 
processes were blocked clue to another process using the CPU (PRI), which meant they were 
waiting for higher priority processes to finish executing. 

Dean accessed the CPU Detail screen to see how CPU time was allocated to different 
states (activities). He discovered that real-time activities were using a much larger 
percentage of the CPU than other activities. 

Dem1 rettm1ed to Ute Global screen to check µriolities. One user was numing with a 

priority of 127-- mt RTPRIO real-time processing pri01ity. Dean knew Urnt this particular 
program is CPU-intensive and nmning it at such a high priority wonld keep other processes 
from executing. Already it was causing system performance to degrade. He reset the priority 
for lltat process to a lower timeshare prio1ity by using the GlancePlus renice con:unan<i. 

TI1is allowed oUter processes more consistent access to tlte CPU, and system response time 
improved. 

Evaluating Wait States 

Jose's system was numing fine tmtil he installed a new application. Now, every time Ute 
application nms. response time degrades. Si.nee the application is the only change to the 
system, Jose st.arts by checking how it is using the system. Looking at the Glm1ce 
Individual Process screen, he sees that CPU utilization L5 about 7 percent, so that isn't 

U1e problem. Next, he checks overall CPU utilization on the system; it's averaging about 48 
percent, which means there is sufficient CPU resource to acconunodate the new application. 
Jose checks di5k VOs and notices the application is processing abouL 5 VOs per second. most 
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of which is vhtual memory 1/0. Tirnt looks slow to Jose, so he looks at the Wait States screen 
to find out what the process is waiting on. 

Jose learns tlrnt the process is spending about 7 percent of its time utilizing the CPU 
(executing), 27 percent of its time waiting for terminal input, and 66 percent of its time 
waiting on virtual memory. That's a significimt amount of time. Jose checks other processes 
on the system and discovers that they are experiencing similar waits for vfrtual mem01y. He 
realizes that the new application overloads the system's memory. He makes copies of the 
relevant screens so he can explain the situati.on to hi<> manager. 

Evaluating Disk Usage 

Vivian's company often nms processes that tax available memory. She keeps track of the 
situation by checking the Disk Detail screen, which displays both logical <.Uld physical 1/0 
requests for all mounted disk devices. It also categorizes the physical requests as User, 
Vhtual Memory, System, and Raw requests. This screen shows her when large numbers of 
physical read and write req11ests are occurring, a situation that results from excessive page 
faults by processes. Vivian also checks the virtual memory request rate, since that also will 
be high when systern demand is ta."Xing its physical memory capacity. 

By paying attention to which processes are active when U1e virtual memory activity is high, 
Vivian can make intelligent decisions ahont redi5tiibuting activities to balance the system 
load. This helps increase overall throughput for the system. 

Evaluating Memory Usage 

Terri's system was experiencing a slowdown in system response tirne. She checked the 
Global screen to get an overall picture. All fonr system resomces (CPU, Disk, Memory, and 

Swap) were near 100%. A large portion of the disk bar activity showed virtual memory 
activity. In addition, the swapper system daemon appeared to be running continuously. 

Terri realized that this indicated a possible memory bottleneck. She checked the Memory 
Detail screen, which provides statistics on memory mm1agement events such as page 

faulls, munber of pages paged-in and paged-out, and the nmuber of accesses to virtual 
n1emory. TI1e screen indicated that Free Memory was 0.0 MB, indicating a lack of usable 
memory. and the Swap In/Outs showed a rate above 1 per second. 

Concluding that the problern was a memory bottleneck, Teni returned to the Global screen 

to study the active processes. She knew that a memory bottleneck can be relieved by adding 
more memory or by reducing the memory demands of active processes. In this case, she 
suspected that high swap rates were caused by the large Resident Set Sizes (RSS) for the 
most active processes. 

One test program showed a large RSS that appeared to grow at a constant rate. Examining 
this situation more closely, Terri discovered the program had a "memory leak." It allocated 
memory using malloc ( ) but. did not. free up memory using free ( ) . The process's memory 

allocation increased steadily, causing memory pressure. on the system. 

She talked with the developer, who studied the program code and f Olmd the memory leak. 
The test progrmn was changed and recompiled to use far less memory, Ums alleviating Ule 
memory bottleneck aml improving system response time. 
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Evaluating 1/0 by File System 

Ingrid noticed that system perfonnance degtaded drastically when the system was doing 
swapping. Looking at U1e Global screen, she observed U1at the swapper process was 
numing and that virtual memory use counted for a high percentage of the disk utilization. 

She checked the Disk I/O by File System screen to verify which disk was busiest. 
The Disk I/O by File system screen provides details of U1e I/O rates for each file 
system or mmmted-disk partition. TI1is information is useful for balancing disk loads. When 
she looked at the Disk I/O by File System screen, Ingrid saw that one disk was being 
utilized more than au other disks on the system. The dic;;k most utilized was a swap disk. 

Ingiid decided to add additional swap disk areas to the system to alleviate the load on that 
one disk. She also might have considered allocating dynamic swap areas on existing under­
utilized file systems 

Evaluating Disk Queue Lengths 

Ray had already determined that his system had a disk 1/0 bottleneck. By reading the Global 
screen, he noticed that the disk utilization was almost always at 100%. He had checked the 
Disk 1/0 by File System screen, wltich showed that several disks were being heavily 

utilized. 

What Ray wanted to find was a way to ease the situation. Ile studied tlle Disk Queue 
Lengths screen, which shows how well disks are able to process 1/0 requests. He wanted to 

determine which of the busy ctisks had Ule longest delays for service. He knew that "busy" 
disks did not necessc.uily have a long queue length. High disk utilization is not a problem 
unless processes must wait to use the disk. For example, using a high percent.age of the lines 
on a telephone system is not a problem tmless calls cmmot get through. 

Ray also knew that long queue lengths meant several disk requests must wait while that drive 
is servicing other requests. For example, if all phone lines are busy, incoming calls must wait 
to connect. 

Once he had a elem· picture of the situation, Ray reduced the large queue lengths by moving 
se\'ernJ files to different file systems to distribute the workload more evenly. 

Evaluating NFS Activity 

Paul works on a system that is used as a network file system server. One local disk is NFS­
mounteci frorn several different nodes on the LAN. One afternoon, Paul noticed poor 
response time on UlC system. TI1e file system mounted by remote systems was very active. 

Paul reviewed tl1e NFS Detail screen, wltich provides current static;tics on in-bound and 
out-bound network file system (NFS) activity for a local systern. He wanted to detennine 
which remote system was using the disk the most. He obse1-ved a large In-bound Reads rate 
from one system. 1l1is led him to examine that remote system to find out why il was over­
ntili:ling the N FS-monnted disk. 

His exantination pinpointed the situation to n single user on the remote system. TI1e user was 
making repeated, unnecessary greps to files on tlte NFS-motmted disk. Paul explained tlte 
problem t.o tlte user ;md worked 'With her to lessen the heavy <Usk use. 1l1is reduced the load 
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on the NFS server and improved overall response time. 

Evaluating LAN Activity 

Appendix A 
Applying GlancePlus Data 

Lee noticed a slow response time for applications using datacom services to access data 
across tlte local area network. He checked the LAN Detail screen to see what was causing 

the problem. The LAN Detail screen describes four ftmctions for each local area network 

card con.figured on the system. On netwo1·ked systems, this information can show potential 
bottlenecks caused by heavy LAN activity. 

Lee noticed that the Collision and Errors rates were higher than usual. This 

information led him to investigate whether processes were competing for LAN resources or 
overloading the LAN softwme 01· hardware. 

In tl1is case, an application that was improperly written using netipc ( )  was causing a 

bottleneck. Once this program was stopped, other programs using the L..t\.N were able to 
improve their response time. 

Evaluating System Table Utilization 

When Debbie was nmning a program on the system, the program failed, giving this error 
message: 

sh : fork failed - too many processes 

To decide whether or not to reconfigme the value of nproc in her kernel, Debbie needed to 

find out how much room she had in the Process Table. She referred to the System Table 
Utilization Detail screen, which provides i.ttformation on the use and configmed siz-es 

of several important internal system tables. The information on this screen provides 
feedback on how well the kernel configunition is ttmed to the average workload on the 
system. 

Debbie confirmed that she had i.t1Cleed run out of room in the Proc Table. She knew tlmt 
usually the system buffer cache is fully utilized. Other tables can be proactively monitored in 
order to reconfigure the appropriate kernel variable before she reached a limit. 

Evaluating an hulividual Process 

Cliff noticed that one process seemed to be nmning quite slowly. He nrn GlancePlus mld 
looked at the detail information for that process. He then examined the statistics on the 
Single Process Detail screen, which provides detailed information about a specific 

process. 

Cliff knew that if the process was nmning slowly because of a memory shortage, he would 
see an increase in context switches and fault counts. 

He not.iced that the I/O read and write count.<; were large and tlrnt tJ1e process was doing a lot 
of I/O. He checked what the process had been blocking on and noticed a high percentage for 
Disk 1/0 blocks. He suspected that the process was slowed because of competition for disk 
throughput capacity. 
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Had the process shown a high percentage of being blocked on pdmity, it would have meant 
the process was ready to nm but was unable to do so because the CPU was being used 
by processes with higher dispatching p1i01ities. 

Evaluating Open Files 

Katlu-yn is developing an application for commmucat.ing with remote systems. When a 
request is received, the application opens a socket and sends the specified data. However, 
when KaUu-yn tests the application, no data is received by the remote system. To find out 
what happened she checks Ute Glance Open Files screen. When she looks for tl1e opened 

socket, she discovers that it never opened. She retmns to her application to look for the 
coding error. 

Evaluating Memory Regions 

One day while reviewing Gla.nce's Global Sununary screen, Nancy notices that several 

processes have very large resident set sizes. Could this mean a potential problem with the 
applications' memory usage? She wonders if she should begin plarming to increase physical 
memory size to acconuuodate additional users in the future. She knows current system 
pe1fonnrutce is fine and memory size seems adequate, but she wru1t5 to prevent any future 
degradation in perforrnance. 

Before making any decisions she reviews Glance's Memory Regions screen to analyze Ute 
situation more closely. She discovers that all of the affected processes have a shared 
memory region of about 200 KB. When added to the p1ivate DATA and TEXT regions, tJ1is 
acc0tmts for the large resident set sizes. By checking the virtual address of the shmem 

region, she determines t.hat the same shared memory region Le:; being used by the processes. 
Because it is a shared region, it is physically in memory only once, but Glance displays it for 
each process attached to the shared memory region. Nancy smiles when she sees this, 
because it means that no problem exists. By using the slu.u·ed memory region the processes 
are using far less merno1-y than it appears. 

Evaluating All CPUs Statistics 

Rosalie works on a multiprocessor system. While checking the All CPUs screen one day 

she noticed tJmt one CPU seemed to be consistently busier than t11e others. Realizing U1at 
overall system tlu·oughpnt would be improved if the load were balanced among the 
processors. she decided to investigate the situation. As she studied the All CPUs screen 

she noticed Urnt one PID always seemed to be the last PID executing on CPU 1. her bttsiest 
CPU. When Rosalie checked mpctl {), she saw that the process had been assigned to CPU 1. 
Using mpctl - f, she reassigned the process to be a floater, so t11at the system could 
determine which processor should run the process. Rosalie then checked for other 
processes that had been assigned to CPU I and reassigned them as floating processes. After 
doing so, she rechecked the All CPUs screen and observed Uiat the load appeared more 
even among all the processors, thus alleviating a potential bottleneck on any single CPU. 

Evaluating Activity on Logical Volumes 

Lately when Yuki uses GlancePlus to <'heck his system, he notices tliat the Global Disk 
Utilization bar - displayed in the top po1tfon of every Glance screen - is often close to 

100%. Yuki's system has multiple disk drives, hut he knows that U1e global clisk utilization 
fignre incticates t11e activity on the busiest disk. 
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Yuki would lil<e to spread U1e disk I/O more evenly among the cl.rives to avoid potentjal I/O 
bottlenecks. With that goal in mind, he first checks the Disk Detail screen. It shows thnt 
logical dLc;k activity L5 high. For details, he goes to the Logical Volumes screen, where he 

notices a high wiite activity on logical voltuue /dev/vgOO/lvoll2. Getting out of Glance 
and into the UNIX shell, he types vgdisplay -v /dev/vgOO Lo ascertain the physical disk 

names associated with the volume. 

Back in Glance, Yuki views the Disk Queue Lengths screen to detemune the busiest 
disks in the voltuue. TI1en he checks the Disk Detail screen to fmd out whetJ1er disk 
activity was caused by system or nser activity. Yuki notices that the Vi.J.tual Memory physical 
accesses are low, indicating application raU1er than system activity. lie checks the Open 
Files screen Lo find which application was creating so many w1ites to U1e disk. Voila! Fred 
is numing his baseball pool again! Yuki pays a visit to Fred. 

After discussing Fred's I/O needs, Yuki retm11s to his console to balance the I/O load, 11si.J.1g 
L VM: conm1ands to reammge the logical volmnes. 

Now it's time to grab your toolbox, pop the hood, and take a look. 

Good Luck! 
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Solutions 

1-11. LAB: Establishing a Baseline 

Directions 

The following lab exercise establishes baselines for three CPU-b0tmd applications and one 
disk-bmmd application. The objective is to time how long these applications take when there 
is no activity on the system. 

'Tilese same applications will be executed later on in the course when otl1er bottleneck activity 
is present The impact of these bottlenecks on user response time will be measured U1rough 
these applications. 

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

# cd /home/h4 2 6 2 /baseline 

2. Cornpile tlU'ee C programs long, med and short by running the BUILD sc1ipt 

# . /BUILD 

3. Time the execution of the long program. Make sme U1cre is no activity on tJle system. 

It t imex . / long 

Record Execution Time real: 
user: 
sys: 

Answer: 

Varies with system configuration - in the order of lO's of seconds to minutes. 

Example output follows from an rp24:30 server: 

# t i mex . /long 

The last pr ime number is 

real 
user 
sys 

3 : 3 7 . 8 9  

3 : 3 5 . 6 8 

0 . 12 

4 9 9 9 9  

Example output follows from an rx2600 se1ver: 

# timex . / long 
The last prime number is 

real 
user 
sys 

2 : 53 . 24 

2 : 5 1 . 74 

0 . 0 6  

9 9 9 9 1  
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4. Time the execution of U1c med prognun. Make sure there is no activity on the system. 

# timex . /med 

Record Execution Time real: 
user: 
sys: 

Answer: 

Varies with system configm·ation - shonld he about one half of long. 

Exmnple out.put follows from an rp2430 server: 

# timex . /med 
The last prime number i s  

real 
user 
sys 

1 : 52 . 6 8  

1 : 51 . 5 5 

0 . 0 8 

4 9 9 9 9  

Example output follows from an rx2600 server: 

# timex . /med 
The last prime number i s  

real 
user 
sys 

1 : 3 3 . 7 1 

1 : 3 3 . 0 2 

0 . 04 

9 9 9 9 1  

5. Time the execution of the short prognuu. Make Stll'e there is no activity on U1e system. 

# timex . / short 

Record Execution Time real: 
user: 
sys: 

Answer: 

Varies with system configurntion - should be about one cigth to one tentJ1 of med. 

Ex::unplc out.put follows front an rp2430 server: 

# t imex . /short 

The last prime number i s  

real 
user 
sys 

1 0 . 8 8  

1 0 . 7 0 

0 . 0 5 

4 9 9 9 9  

Example output follows from an rx2600 server: 
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tt timex . /short 
_he last prime number is 

real 
user 
sys 

8 . 56 
8 . 4 9  
0 . 03 

99991 

6. Time the execution of the diskread program. 

# t i mex . /diskread 

-·"cord Execution Time real: 
user: 
sys: 

\uswer: 

Varies with system configmation - in the order of tens of seconds. 

Ex.ample output follows from an rp2430 server: 

# t imex . /diskread 
' -Read: System 

.�ead : RawDisk 
D�skRead: Start reading 
1024+0 records in 
lOi�+O records out 

real 
user 
sys 

2 8 . 01 
0 . 02 
0 . 53  

[HP-UX] 
[ /dev/rdsk/cltlSdO] 
1 0 24MB 

Example output follows from an rx2600 server: 

# timex . /diskread 
DiskRead: System 
D1 Pad : RawDisk 
DiskRead : Start reading 
2048+0 records in 
2 0  records out 

real 
user 
syr-; 

28 . 6 9 
0 . 01 
0 . 13 

[HP -UX] 
[/dev/rdsk/c2tld0s2] 
2 0 4 8MB 

7. In tlte case of tlte long, med, and short programs the real time is the Slml oft.he usr and 

sys lime (approximately). TI1is is not tl1e case with diskread. Explain why. 

Answer: 

We first assume Uwt there is no other load on the system. In lhe case of a classic nmnber 
cnmt hin� CPU hog (long, med, and short are all these) there will be no system calls 

(except for the final terminal output) and tl1e program only needs CPU time in usr mode. 
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As t here is only one process, there is no waiting. Titis is shown by the "real" time being 
very dose to the sum of tl1e sys and usr times for the process. 

long, med, and short only do calculations mHl make no call on kernel resources 

during tJ1eir execution, so tile usr time is very high cornpared to tile sys time. 

TI1is is not the case for diskread. The program makes very little demand on the CPU. 
shown by the sum of usr and sys being quite small cornpm·ed to the real or "wall clock" 

time. The huge difference between real time and usr+sys time proves lhat the prognun is 
waiting on di5k 1/0 most of the time. Also note Utat sys is much higher Utan usr meaning 
that the program is bound on system calls (disk I/0) rather than computation when it does 
execute. 
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1-12. LAB: Verifying the queuing Theory 

Directions 

TI1e peziormance queuing theory states that as the munber of jobs in a queue increases, so will 
the response time of the jobs waiting to use that resource. 

(This lab uses the short prngram compiled from 
/home/h4262 /baseline/prime_short . c).  

Example figures below are from a C200 workstation 

1 .  In terminal window 1, monitor the CPU queue with the sar conunaud. 

# sar -q s 2 0 0  

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

# timex . /short & 

Answer: 

rp2430 : 

# timex . /short & 
( 1 )  1 0 0 5 0  

# The last prime number i s  

real 
user 
sys 

1 0 . 85 
1 0 . 70 

0 . 0 5  

# timex . /short & 
[ l J  6486 

rx2600 : 

49999  

rootwr26Sc145 : /home/h4262/baseline 
# The last prime number is : 99991 

real 
user 
sys 

8 . 59 
8 . 5 0  
0 . 0 3 

How long did the program take to execute? 
8 to 11 secs. 

How does lhis compm·e to U1e baseline measurement from earlier'? 
A little longer due to the overhead of sar . 
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a. Time how long it takes for three short programs to execute? 

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

How long did the slowest program take to execute? _________ _ 

How did the CPU queue size change from fast window? _______ _ 

Answer: 

rp2430: 

# t imex 
[ 1 ]  

. /short & t imex . / short & tirnex . /short & 
1 0 2 0 3  

[ 2 ]  1 0 2 0 5  

[ 3 ]  1 0 2 0 6  

# The last prime number is 

real 
user 
sys 

2 9 . 8 6 

1 0 . 6 8 

0 . 0 1 

The last prime number is 

real 
user 
sys 

3 2 . 0 7 

1 0 . 6 7  

0 . 0 1 

The last prime number is 

real 
user 
sys 

3 2 . 3 5  

1 0 . 6 7 

0 . 0 1 

ix2600: 

4 9 9 9 9  

4 9 9 9 9  

4 9 9 9 9  

# timex 
[ l ]  

. /short & timex . / short & t imex . /short & 
6 6 9 0  

[ 2 ]  6 6 9 2  

[ 3 ] 6 6 9 4  

# The last prime number i s  

real 
user 
sys 

2 5 . 0 8 

8 . 4 8 

0 . 0 0 

The last prime number is 

real 
user 
sys 

2 5 . 5 6 

8 . 4 8  

0 . Q O  
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The last prime number is 

real 
user 
sys 

2 5 . 6 0 
8 . 4 8  
0 . 0 0 

99991 

How long did the slowest program take to execute? 
25 to 34 secs, around three times longer than one occuITence of the program. 

If yon have a multiprocessor, the time will be distributed over the number of processors -
with the lower limit being the time a single process would take. For example, if yom· 
system had two processors, the slowest process would complete in one-half the time it 

would take on a single-processor system. Since we're only numing three processes here 
(not including sar). tlu·ee processors or more llrnn tJ1ree processors would show the same 
results. 

How did the CPU queue size change from first window'? 
TI1e sar -q shows that the average cpu queue length (first field) increases by three time:. 

when three programs are nm concurrently. 

-1. 'lime how long it takes for five short programs to execute'? 

# t imex . / short & timex . / short & timex . / short & \ 
timex . / short & timex . /short & 

How long did the slowest program take to execute? ___ _ 

How did the CPU queue size change from first window? ___ _ 

Answer: 

1112430: 

tt t imex . /short & timex . /short & timex 
t i mex . /short & timex . /short & 

[ l ]  10212 
f 2 ]  10214 
[ 3]  10216 
[ 4 ] 10218  
[ 5]  10220 

# The last prime number is 4 99 9 9  

real 
user 
sys 

.53 . 98 
1 0 . 68 

0 . 0 1 

The last prime number is 

real 
user 
sys 

.5 4 . 0 8  
1 0 . 6 8  

0 . 0 1 

4 9999 
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The last prime number is 4 99 9 9  

real 54 . 08 
user 10 . 6 8 
sys 0 . 01 

The last prime number i s  4 9 9 9 9  

real 54 . 08 
user 1 0 . 6 7  
sys 0 . 01 

The last prime number is 4 9 9 9 9  

real 5 4 . 15 
user 1 0 . 6 8 
sys 0 . 01 

rx2600: 

# t imex . /short & timex . /short & timex . /short & \ 
. /short & timex . / short & timex . /short & 

[ l]  6 7 3 7  
[ 2 ]  6 7 3 9  
[ 3 ]  6 7 4 1  
[ 4 ]  6 7 4 3  
[ 5 ]  6745  

# The las t prime number i s  9 9 9 9 1  

real 42 . 52 
user 8 . 49 
sys 0 . 0 0 

The last prime number i s  9 9 9 9 1  

real 4 2 . 5 6  
user 8 . 4 8  
sys 0 . 00 

The last prime number i s  9 9 9 9 1  

real 42 . 5 9  
user 8 .  4.8 
sys 0 . 00 

The last prime number is 9 9 9 9 1  

real 4 2 . 6 7 
user B . 4 8  
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sys 0 . 0 0  

The last prime number i s  

real 
user 
sys 

4 2 . 7 5 

8 . 4 8  

0 . 0 0 

9 9 9 9 1  

How long did the slowest program take to execute? 
43 to 54 secs 

If yon have a multiprocessor, the time will be distlibuted over the number of processors -

with the lower limit being the time a single process would lake. For example, if your 
system had two processors, the slowest process would complete in one-half the time iL 
would take on a single-processor system. Since we're only numing five processes here 
(not including sar), five proce�c;sors or more than five processors would show the same 

results. 

How did the CPU queue size change from first window? 
It increased by 5 while the test is being nm. 

5. Is the relationship between elapsed execution (real) time and the nm11ber of numing 
programs linear'? 

Answer: 

Yes ve1y much so. TI1e fastest program in the last case (where 5 programs are numing) 
takes five times longer tlum with one program. Yon can draw a graph and go to 10 
programs if yon are tmsure! Typing the command with more tlum 10 occurrences gets a 
little tedious! You will find a linear relationship in any case. 

6. Conuuent about tJ1e overhead of switching from one process to another. 

Answer: 

TilC overhead of task switching i5 very low. If it were not, U1e relationship in the above 
tests would not be linear. If there is an overhead. it looks like we wilJ not see it mtless 
there are hundreds of processes being switched. 
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2-68. LAB: Performance Tools Lab 

TI1e goal of Utls lab is to gain farniliarity \vitl1 performance tools. A secondary goal is to get familiar 
with the metrics reported by the tools, although they will be explored in depth during the next days. 

Directions 

Set up: Change direct01ies to: # cd /home/h42 6 2 / tools 
# . /RUN Execute the setup script: 

Use glance (or gpm if you have a bit·rnapped display), sar, top, vmstat, and any other 

available tools to answer the following questions. List as many as possible, and include tJ1e 
approp1iate OPTION or SCREEN, which will give the requested information. 

Specific numbers are not the import�mt goal of this lab. TI1e goal is to gain familiarity wit h a 
variety of pe1fonmmce tools. 

Always investigate what lhe basic UNIX tools can tell you before numing glance or gpm. 

You may want Lo nm through this lab with the solution from the back of this book for more 
guidance and discussion. 

TI1ese results were obtained on a C200 workstation running lli. Remember U1e absolute 
numbers are not important here but you should be drawing similar conclusions. 

l. How rrumy processes are numing on the system? 
Which tools can yon use to determine this'? 

Answer: 

top 

ps 

glance 

sar 
gpm 

Gives Urn nun1ber of numing processes in the sununmy portion of the 

screen: 119 processes: 96 sleeping, 1 7 runniug, 6 zmnbies 
ps - e I wc - 1  nnd subtract l for the headers and 1 each for ps an<l 

WC. 

Look at the table screen (t page) and see Ute cmTent size of U1e proc 

table. 
sar -v 2 1 0  Look at the proc-sz field. 

Gives the cotmt at the top of the Process List report. 

2. Arc U1ere any real-time prio1ity processes numing'? If so, list the name and p1iority. What 
tools can yon nse to detennine this? 

Answer: 

syncer, midaemon, lab_proc2, sometimes swapper. 
t ti sr and prm3d ·will also be seen on 11/lli systems running at pri -32. 111 is is the 

posix real time range which is even higher thmt Ute normal UNIX real time priorities. 

glance 
top 

Global. PRI cohmm (Tum off all fillers) 

PRI coltu1m 
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gpm 
ps -el 

Use the filters to filter priorities <128 (process list/conJigure/filters) 
PRI colunm 

(Try this COllUlk'lnd: 
# ps -el I grep -v PRI I sort -k 7 , 7n I more 

TI1e highest priority processes will be listed on the top.) 

Remember a real time p1iority is anything less than 128 

�3. Are there any nice'd processes on the system? If so, list the name and p1iority for each. 
What tools can you use to determine tJ1is·? 

Answer: 

glance Go tJu-ough each single process screen. 

gpm 
top 

(Default is 20. 21-39 is nice; 0 to 19 is nasty, i.e. anti-nice.) 
Process list, select a process by double clicking. 
Nl colunm 

ps -el Nl cohmm 

(Try this command: 
# ps -el I grep -v NI I sort -k 8 , 8n I more 

TI1e nasty processes will be listed at the top and the niced processes will be at the 
bottom.) 

On lli the follov.'ing were "nasty": 
diagmond, diaglogd, psmctd, memlogd, krsd 

The following were "nic:e": 
All 6 <defunct> zombie processes (see below), lab_proc4 

4. Are there any zornbie processes on t11e system? If so, how many are there? What tools c:m 
yon use to determine U1is? 

Answer: 

A zombie is a tcnninated process whose p�u·cnt is still rnnning. but hns not called 
wait ( ) for the dtild. 

Zombies whose pareut llns tenninaled should eventually be adopted by the ini t 
pro<·ess, "' hich will issue a wait ( )  cm Ute zombie. Therefo1·c, n zombie whose 

parent hus terminated should eYcntually <iisappenr. 

Whnt resom·ces do zombies consunH."? memory «= 20 pages ) ,  table 
entries 
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top 

glance and gpm 

TI1e number of zombie processes is shown in the sununary portion 

of the screen: 119 processes: 96 sleeping, 1 7  ru.nning, 6 .<:ornbics 
By design, they do not currently report zombies, tmlcss the process 

entered the zombie state during the interval. 

ps -el Z ill S(tate) column and <defunct> in the Conun(and) column 

5. What is the length of the nm queue? What <U-e the load averages? What tools can you use to 
detenni.ne this? 

Answer: 

glance 

gpm 

uptime 
top 
sar -q 
vmstat 
xload 

CPU screen (c), page 2, shows a RUNNING LOAD AVERAGE, but has 

been labeled iltconectly in older versions as nm-queue. TI1e All CPUs 
screen (a) shows Ute 1-, 5-, and 15-minute load averages whereas the 
CPU screen shows the interval load average. 
CPU button or Report5/CPU Graph show the interval load average. 

Reports/CPU report shows the interval load avernge. 
Reports/CPU by processor shows the 1-, 5-, and 15-rninute load 
averages. 
1-, 5-, m1d 15-rninute load averages 
Load averages: 5.39, 5.27, f>.20 and inter val load average 

Average nm queue size over interval. 
r cohmm is the run queue size over the interval. 

10-second load average over time. 

The nm queue length on the test system was around 5 no matter how it was measmcd. 

TI1ere is also a hardw::u·e dependant approach that can be nsed on servers using tl1e 
console Hex display code . . . .  

HEX: dispL'ly (front panel or console) shows size of runQ in the second digit. F31F 
means there ru·e three processes in lhe runQ and one CPU. F AlF means 10 or more il1 

the runQ. MPE uses lh.is as a percent utilization number. 

The runQ is rut instantaneous yaJue and can never be a fn1c·tional uuinber. The load 

average is based on U1e runQ, but includes short sleepers (discnssed in CPU section). 

6. How many system processes are nmning? What tools can you use to determine this? 

NOTE: A system process is defined as a proc�ss whose data space is the kernel's 
data spa.ce. (i.e. swapper, vhand, statdaemon, unhashdaemon, 
supsched, etc.) ps reports their size as zero. Others as below. 

TI1ere are three ways this can be determined. If you get stuck on this question, move on. 
Don't spend more titan a few minutes trying to answer Ulis question. 
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Answer: 

top 

glance 

ps -el 

PA-RISC: RES = 16K (32-bit kernel) or 32K (64-bit kernel) per Uu-end. 
IA-64: RES = SOK per thread 
PA-RISC: 16K (32-bit kernel) or 32K (64-bit kernel) per thread on global 

screen. IA-64: BOK per tlu·ead on global screen. 
The second bit in the F cohmm value indicates a system process. (See 

the 1mut page for ps . ) F cohmm = :3, PPID coltmm = 0, nnd SZ 

column = 0. 

(Try this conunand: # ps -el I grep " 3 " I more 
This will list all the system processes. No, technically, init is NOT a system process.) 

This 1m1otmts to 17 processes on the test lli  system. 

7. What percentage of time is the CPU spending in different states? What tools c:an yon use to 
detcrrnine this'? 

Answer: 

glance 

gpm 
sar 
top 

Bar graph, CPU screen (c): displays detailed CPU state infomiation. 
Per-process (s): details per/process CPU utilization. 

(Display can be toggled between cmnulativefmterval (C) and 
percent/absolnte (% ).) 
Main window � Reports/CPU or Reports/CPU by processor 
user/system/waiting for io/idle 
user /nice/ system/ idle/block/ swai t/intr I ssys (context 
switch) SEE /usr/include/sys/dk . h  for CPUSTATE (CP_USER, 
etc.). 
block is spinlock percentage (on MP systems only). This figm·e is 
obsolete at lli. 
swai t is alpha semaphore percentage (on MP systems only). This 

figure is obsolete at lli. 
vmstat 
iostat -t 

user/system/idle 
us/ni/sy/id 

NOTE: Always watch Ute first line in vms tat or ios tat. It is the average since 
bootup. Use vmstat - z to elem· the sum strnct.Lu-es for vmstat. TI1erc is no 
similar option for iostat. 

8. What is tl1e size of memory·? 
What L'> the size of free memory? 
What tools can you use to determine this'? 

Answer: 

glance IVI(emory) screen, Free Memory. Phys Memory, Avail Memory, 
Total VM, Active VM, Buf Cache Size 
Repo1ts/Memory Report gpm 

vmstat Free (in pages) avm (active virtuaJ memory, in pages) includes on-clisk 
pages 
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/etc/dmesg 

Real (real active), virtual ('-i1tnal active), free in KB. 

Amotmt of physical and available memory. 

Solutions 

11le memory stats from top me misleading. The values in brackets are figures for 

processes that are regarded as "busy" whatever top means by that. In most ntilities, "busy" 
or "active" means that the process is in the RUN state, or has executed within Ute last 20 
seconds. TI1e "real" figures are a su.nunation of tl1e resident set sizes for all processes (smn 
of the RES field). TILis is not the amount of physical memory in the system. 

The only way to get the true physical memory in tlle system is through glance/gpm or 

dmesg. TI1e boot info seen in dmesg with the physical memory figure wiJI be lost if general 
console messages (e.g. tUe system full) have overwritten the limited buffer space. 

vmstat figures are generally accurate with the "free" field agreeing well with 

glance/gpm and top. Remember top reports memory in l K  tmits while vmstat repmts 

memory in 4K pages so multiply the vmstat figures by 4 to compare them to top. 

9. \.Vhat is the size of the swap area(s)'? 
What is the percentage of swap utilization? 
What tools can you use to detennine this'? 

Answer: 

glance 

gpm 

sar -w 
vmstat -s 
top: 
swapinfo - t  
bdf -b 

Bar graph (reserved/used) w(swap):%used (device and filesys) and lVIB 
reserved by swap device1 MB available m1d MB used 
Rep01ts/Swap space (glance w) Reports/System Table hlfo/System 

Tables Graph Report 

NOTE: Graph shows high water mark (nice!) 

NIA (only shows size of swap queue and swapping rates) 

NIA (only shows paging and swapping rates) 

NIA 
KB avail/usecl/free /% used by swap device 

File system swap space used/avail 

swap info can be misleading unless you know what yon are looking at. To remove the 

confusing issne (pseudo swap) enter a swapinfo -t to coITectly calculate and include 
pseudo swap issues by taking the "total" figures. This will be explained in detail in tJ1e 
module on swap space management. 

If swapinfo - t. 
Kb Kb Kb PC'T' S'T'ART/ Kb 

TYPE AVA IT, USED FREE USED LIMIT RESERVE PRI NAME 

dev 52428H 11276 5 1 3 0 1 2  2 %  0 1 /dev/vg00 / l vol2 
reserve 2 0 4 3 6 () - 204 .1 6 0 
memory 180940 8 4 4 8 8  964S2 47% 
total 7 0 !J 2 2 8  300124 4 0 5 1 0 4  �1 3 't  0 
II 

Note Utat we have used 43% of om swap space and not 2%. 
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10. What is the size of the kemels i..ncore inode table? 
How much of the inode table is utilized? 
What tools can you use to determine this? 

t(able) screen, page two 

Answer: 

glance 
gpm 
sar -v 

Reports/System Table Info/System Tables Report (NOT Graph) 
Used/size/overflows 

Remember that tl\e inode cache may contain cntties for files that are closed, if it 
doesn't need to flush it out to open a new me 

1t5 size is the ma.ximum number of unique files that cnn be open sy5tem \\;de. 

1 1 . A.re there any CPU bmmd processes numing (processes using a "lot" of CPU)? 
If so, what is the name of the process? 
What steps did you take to determine this? 

Answer: 

Global screen and single process screen glance 
gpm 
top 
ps -el 

Can sort by CPU utilization and can filter b y  > 0 

Automatically lists the processes by CPU utilizatio11 
Cpu hogs often have large C COlmts ( <=255) 

(Try this conun::md: 
# ps -el I grep -v " C "  I sort -k 6 , 6n 

This will list the most active processes at the end.) 

lab_proc5 and lab_proc3 are the rnain CPU users. They arc consmning close to 100% 
of the CPU between them. This is not normal behavior! 

12. Arc there :my processes running which are using a "lot" of memory'? (A "lol" is relative, i.e. 
a large RSS size compared to other processes.) 
If so, what is Ute name of the process'? 
What steps did you take to determine this? 
ls memory utilization ch;mgi.ng? 

Answer: 

glance 
gpm 
top 

Global screen: RSS. Per-process screen: RSS :md VSS sizes 
Repo1ts/Process List (glance g) 
SIZE (KB: text/data/stack), RES (KB: resident size) 

ps -el SZ column (size in 1-K blocks of the core image i..ncluding only text + 
data + stack) 

(Try this conm1and: 

# ps -el I grep -v SZ I sort -k 1 0 , lOn 
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This will list the largest processes at the end.) 
lab _procl has a much larger SZ (ps -el output) size than most other processes. 'Olis 

program is Si\ilB in core and could be regarded as a memo1y hog. Remember that SZ is in 
puges, multiply by 4K to get the actual figure. 

13. Are there any processes numing which are doing any disk I/O ? If so, what is the mune of 
the process'? 
What steps did you take to determine tJ1is? 
What are the I/O rates of tJ1e disk bound processes? 
What files are open by this (these) process( es)? 

NOTE: 

Answer: 

glance 

gpm 
sar - d 
sar -b 

No processes are really doing a lot of physical di'lk 1/0. However, 

lab_proc3 i'> doing a LOT of logical I/0. 

i screen will periodically show lab _proc3 as largest disk user 
s(ingle) process screen, open files, will show actual open files and 

offset, which MIGHT be indicative of the arnom1t of 1/0 
Reports/Process List 

Repo1ts physical disk T/O for the system overall. 

Reports and compares logical .1/0 to physical I/O 

Notice sar -b reporting very high logical read I/Os. The lab _proc3 process is very busy 

with disk reads but the system has cached all the data in the buffer cache preventing 
physical disk T/O. 

# sar -b 2 2 

Hl:' UX workstn B . 1 1 . 1 1 U 9000/78::l 0 1 / 2 2 / 0 1  

1 5 : 3 9 : 3 8 bread/A lread/s %rcache bwriL/s lwrit/s %wcache pread/s pwr i t / s  
1 5 : 3 9 : 4 0 0 1 96 4 6  1 0 0  1 2 6 0  0 0 

1 � : 3 9 : 42 0 2 1 4 5 4  1 0 0  0 3 83 0 0 

14. What is the current rate of semaphore or message queue usage? What tools can you use lo 
determine this? 

Answer: 

sar -m 
glance 

Tile ONLY tool to show mess:ige mld semaphore ops/sec. 

TI1e single process screen shows messages sent/received. 

Semaphore anrl message usage was effectively zero in the lab tesl as none of the test 
programs 111.'mipnlate semaphores or messnges. TI1ese resources will be covered in a 
later module. Relational data bases (Oracle. l.nformi..'t, Sybase etc) are big users of such 
resmu-c:es. 

# sar -m 2 2 
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HP-UX workstn B . 1 1 . 11 U 9000 /782 

15 : 4 1 : 58 
1 5 : 42 : 00 
1 5 : 42 : 02 

msg/s 
0 . 0 0 
0 . 0 0 

sema/s 
3 . 98 
2 . 00 

01/22/01 

15. Is there any paging or swapping occurring? What tools can you use to determine this? 

Answer: 

glance m(memory) screen: page faults, paging request, KB paged ill, KB paged 

out, deactivations/reactivations, KB swapped in, KB swapped out, VM 
reads, VM w1ites 

gpm Reports/Memory Graph (or Memory button): page OUTS, swap OUTS 
Repo1ts/Memory Repmt: in/out/etc. 

sar -w 
vmstat 
vmstat -S 

Swapping only 

Paging (pVpo) 

Swapping (si/so) & Pagu1g (pVpo) 

In terms of simple UNIX conunands, vmstat is the way to go. TI1e sar commnnd does not 
undersl.4utd paging (more in the module on memory management!) and is mea.sming the 
swap rate only. See the pi and po fields below from vms tat. Tilis system is not paging at 
all so we can be confident that there is no swapping activity. 

# vmstat 2 3 
procs memory page 

faults cpu 
... b w avm f ref! re at pi po [r de sr in 
sy cs us sy id 
4 0 0 78478 1593 6 1 0 0 0 0 {) 108 

?.096 171 3 2 94 
4 0 0 78478 l!..>�2 /. 0 0 () 0 0 () 11'/ 

glance/gpm do give good paging and swapping detail on the "m" screen and the data 
should tie in with vms tat. 

16. Whnt is tlte system call rate'? What tools can you use to determine thic.;? 

Answer: 

glance: 

gpm 

sar -c 
vmstat 

CPU screen, page 2; Single process screen (s), Uwn (L) 
reads/writes/opens/closcs/ioctls/forks/vforks/i11essages sent :utd 
received 
Reports/CPU Report Repmts/Process List, select for single process 

screen 
TotaVreads/\.vrites/forks/execs 
First sy cohu1m (under "faults") 

s ar nnd vms tat give good data tJ1at should agree here. TI1e system cnll rate can be used 

as nn indication of how busy your system is once you have established the normal range 
for its value. There is no absolute �good" or "bad" figure as this depends on: 
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a) How powe1ful your system is. 
b) How many cpus yon have. 
c) What processes yon are nmning. 

Example Jive data from tlte test system (C200 nurning l li): 

# sa r - c  2 1 0  

HP-UX workstn 13 . 1 1 .  1 J U 9 0 0 0 / 7 8 2  

1 6 : 0 3 : 2 4 scall/s 
1 6 : 0 3 : 2 6  1 4 1 7  
1 6 : 0 3 : 2 8  4 6 2 3  

sread/s 
1 20 5  
1252 

swt·it/s 
1 1 8 8  
1 2 4 9  

01/22/01 

Eork/s 
0 . 0 0 
0 . 0 0 

exec/s 
D .  DO 
0 . 0 0 

Solutions 

rchar/s wchar/ s  
8 5 8 9 9 3 3 6  2 0 3 8  
88524288 4096 

Note the system is doing over 4k system calls per second (scall/s), over half of which 
can be attributed to reads (sread/ s) and wtites (swri t/  s). 

See how dramatically this number can be changed by adding a simple extra process (you 
might like to try this while monitoring sar -c). 

U dd i f =/s tand/vrnunix of-/dev/null bs-64 5i; 

# sar c 2 1 0  

HP-UX works tn B . 1 1 . 1 1 u 9 0 0 0 / 7 8 2  0 1 / 2 2 / 0 1  

1 6 : 1 0 : 3 7  scall/s sread/s swr i t / s  fork/s 
J 6 : 10 : 3 'J 21528 10461 9 5 8 6  4 . 98 
1 6 : 1 0 : 4 1  1 9 8 8 2  '7 7 9 0  6 8 7 8  5 . 0 0 

exec/s 
4 . 98 
5 . 00 

rchar/s wchar/s 
172712128 1 6302 
1 4 8 1 5 5 3 9 2  7 1 6 8  

The glance/gpm tools become invaluable when you want to know which processes are 

hitting the system with so m..'Uly system calls. More on this later. 

17. What is t11e buffer cache hit ratio? What tools can yon nse to detemline this? 

Answer: 

sar -b 
glance 
gpm 

Read mtd write hit ratios 

Disk screen ( d), page 2 shows bo th ratios 

Reports/Disk report shows both ratios 

See answer 1:3 for example output of sar -b. 

18. What is t11e tty I/Orate? \Vhat tools can yon use to detennine this'? 

Answer: 

sar - y : 
iostat - t :  

The quic:kest tool to tL5e here is ios tat -t. In general modem system administrators 
c:m·e less mtd less about terminal VO as almost all users connect to application servers and 
services over LAN networks. An exception to this rnle would be the case of modems. A 
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system with multiple modems may expedence a modem "stom1" with rneaningless data 
being fired at the host by a bad modem line. 

iostat -t will catch t11is problem as a high tin (tty characters read per second) value. 

# iostat t 
tty cpu 

tin tout us ni sy id 

c 5 3 1 3 94 

19. Are there any traps (intenupts) occtming? What tools can you use to determine this? 

Answer: 

vmstat -s Traps since bootup (should probably zero it out first) 

NOTE: examples of trap caU 
page faults 
overflow/underflow (integer and floating point) 
HPMC/LPMC 
floating point emulation traps 

When traps occur, tl1e normal flow of a program is interrupted and work is done to take 
care of a problem before normal program instructions can be continued. For exan1ple, 
trying to access a data page wh.ich is not in rnemory and is out on disk would result in a 
�page fault" causing the execution of the prognun to stop, waiting for the required da ta to 
come in from di5k. 

Like with system call rates (see 16), there is no "good figure" but you arc advised to 
monitor the trap rate as a "sanity" reference. 

CJe;ar the vmstat counters with vmstat -z first. Note that the numbers seen have been 

generated in U1e time between the two vmstat conunands! 

Example data from our C200 numing lli. Tile parameter list has been reduced and the 
tr:;ip events are in bold. 

# vmstat - z 
# vmst.at. - s  
1 2  swap ins 
12 swap outs 
0 pages swapped in 
0 pages swapped out 
8636 total address trans. faults taken 
2 6 3 3  paqe ins 
0 pa�-Je� outs 
2 0  pages paged in 
0 pnges paged out 
6594 cpu context switches 
7640 device interrupts 
1 1 3 3 5  traps 
1 5 3 724 system calls 
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20. What information can you collect about network traffic? What tools can you use to 
determine this'? 

Answer: 

glance 

gpm 

net stat: 

nfsstat 

l(<m) screen: packets in/out. collisions, errors 

NFS global screen (N): rd/wr rates, calls, response time, etc. 
nfs by system (n): reads/wiites/response time by system for both client 
and server requests 
Reports/LAN Graph (or NW button): packel5 in/o\1t per second, 

Reports/Network by LAN, Hcports!NFS Global Activity, Reports/NFS by 
system, Reports/NFS by operation 
Sockets in use 
-m memory buffers in use (NOTE: No longer works in HP-UX 11.X) 

- i packets in/out, en-ors in/out, collisions by inte1face 

- s packets, bytes, retransmissions. duplicate. acks, checksmn errors, 

tinteouts, etc. 
- rs routine statistics 
Seiver rpc and nfs stats; client rpc and nfs stats 

A later module will cover networking pe1ionnance issues in more detail. The most 
important performance mettic in a CSlVIA/CD (Ethernet or 802.:3) network is collision rate. 
This is available in glance/gpm and in the Network module we will learn how to extract 
this data using lanadmin. 

21. What i:nfonnation can be gathered on CPUs in an SMP environment? 
What tools can you use to determine thi5? 

Answer: 

glance 
gpm: 

sar -Mu/Mq 
top 

a(ll)CPU detail utilization and load averages by CPU 
Repo1ts/CPU Info/CPU by Processor: util, ld avg, CS rate, fork rate. 
last PID 
Utilization/queue lengths by CPU (with -u or -q) 
CPU number on which a process is assigned and utilization per CPU. 

sar -M output has changed at lli. The output of sar -M will look identical to sar -u 

(or -q) if the system only has one cpu. For MP systems you are presented with the sar ( 

-u or -q) data on a per CPU basis. TI1i5 becomes helpful in measming the bal;mce of 

processes across processors. 

top displays its MP information by default, giving the cpu reference for each process. 'flus 
information is hidden if there is only one processor or if lhe - h  option is used. 

The a page of gla11ce also measures t11e balance per CPU and indicates the lasl process to 
nm on any given CPU. Very useful. 
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22. What infonnation can be gathered on Logical Volumes? 
What tools can you use to determine this? 

Answer: 

glance 
gpm 

vgdisplay, 
lvdisplay, 
pvdisplay 
bdf , mount 

v(LVM)screen reads/w1ites/MWC hits and misses by LV or VG 

Reports/Disk Info/I/O by L V 

General info1mation on Volume Groups, Logical Voltunes and Physical 
Volumes. Use -v for details 

Information on file systems on logical volumes. 

Physical disk layout (the positioning of data on disk) is important for performance. The 
1 vdisplay -v and pvdisplay -v conunands are the best way of finding out the 

precise layout of logical volmnes on physical disks. In a later module we will look in detail 
at rnirr01ing and st1iping techniques used to manipulate physical disk layout to our 
advant.nge. 

2:3. What infomw.tion can be gathered on Disk VO? What tools can you use to detemtlne this? 

Answer: 

glance 

gpm 

iostat 

sar -d 

d(isk) logical/physical reads/writes, nser/VM/system/raw/NFS 

i(o): by file system, logical/phys/VM 
u(queue) queue length and utilization by spin<Ue 

v(LV): see above 

press disk bottleneck button (queue) 

Repot1s/Disk Info/Disk Rep01t (glance d) 
VO by disk (glance u + type [phys, log!, VM, FS, System, RAW]) 
VO by fs (glance i + blocksizc, util, logl, sys, VM) 
1/0 by LV (glance v) 
KB/sec, seeks/sec, millisec/seek by spindle (NOTE: millisec/seek uo 
longer reported - permanently reports 1.0) 
%busy, average queue, io per sec, blocks/sec, average wait time, average 
service time 

iostat is a redundant tool because it's data is not as useful or as accurate as that 

obtaine<l from sar -d. The most important place to sta1t looking for disk I/O info lies 
with the disks themselves. sar cannot tmderstnnd LVl\1 layouts and only "sees" tl1e disk 

as a whole. Use glance/ gpm on the individual <lisks once you have identifie<l them with 
sar -d. 

Below is some example data collected at tl1c start of the tools lab. Stop the lab wit11 
• /KILLIT and start it again with . /RUN to sec some <lisk I/O. 

If . /KlLLI'l' 
Kill ing the lab procs 
Removing the ( i les 
# . /RUN 

cc - wa l l 

cc -wa l L 
cc -wal 1 

+Dl\portable cpu_hog . c  
+DAportable vrn bnd . c  
�DAportable i o_bnd . c  
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cc -wall +DAportable zombic . c  -o zombie 
It sa r -d 2 4 

HP ux workstn B . 1 1 . 1 1  u 9000/782 0 1 / 2 2 / 0 1  

1 '7 : 2 2 : 5 '1 device %busy avque r 1 w/s blks/s 

1 7 : 2 2 : !:> 6 c0t6d0 3 . 5 0 0 . 5 0  6 1 6 0  

17 : 2 2 : ':> 8 cOL6dO 2 . 5 0 0 . 5 0 4 84 

17 : 2 3 : 0 0 c0c6d0 3 . 0 0  0 . 50 5 84 

1 7 : /. 3 : 0 2 c0c6d0 5 . 50 0 . 5 0  6 1 5 9  

Average c0t6d0 3 . 62 0 . 50 s 1 2 2  

Solutions 

avwait. avserv 
3 . 55 9 . 24 
1 .  9 0  10 . 75 
2 .  ':>7 8 . 7 5 

3 . 76 14 . 07 

3 . 04 1 0 . 90 

We wonld not consider 3-5% busy as being a bottleneck here. We will see much higher 
disk loads later! 

Shut down the simulation by entering: 

# . /KILLIT 
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3-18. LAB: gpm and glance Walk-Through 

Directions 

The following lab is intended to familiarize the student witlt gpm and gl::mce. To achieve this 
result, the lab will "walk the student thl'Ough" a number of windows m1d tasks in both tJ1e 
ASCII ;rnd X-Windows versions of !:,lpm and glance. 

The Graphical Version - GlancePlus 

1. Log in. If yon have not already done so, please log into the system wiU1 U1e user name and 
password provided by yotu- instructor. 

2. Start GlancePlus. From a terminal window, invoke GlancePlus by enLering gpm. 

# gpm 

ln a few seconds gpm will come up. The first thing will be a license notification informing 
you that you m·e starting a trial version of GlancePlus, along with ordering and teclmicaJ 
snppo1t infonnation. 

On the gpm Main screen, you will see four graphs for CPU, Memory, Disk, and 
Networking. By default, the graphs are in U1e resource history format. This means that 
for each interval (configurable) there will be a data point on the graph, up to U1e maximum 
number of intervals (also configurable). 

3. Interval Customizations. Click on Configure in the menu bar, and select 
Measurement. Sel the sample interval to IO seconds and the mm1ber of graph points to 
50. This ·will allow you to see up to 500 seconds of system history. Click 011 OK. 

NOTE: 1l1is setting will be saved for you in your home directory in a file called 
$HOME/ . gpmhp-system_name. Tilis means that all GlanccPlus users will 
have U1eir customizations saved. 

Start a program frorn another V'.>indow: 

# cd /home/h4 262/cpu/labl ; 
# . /RUN & 

4. Main Window. Below each graph within the GlancePlus Main window, you will find a 
button. These buttons display tJ1e status color of adviser symptoms. TIU.s is a powerful 
feature of GlancePlus that we will investigate later. Clicking on one of U1ese buttons 
disµlnys detail<> of thnt particular graph. 

To view the �dvisor symptoms from the main window, select: 

Adviser - >  Edit Adviser Syntax 

This will display the definitions of tl1e current symptoms being monitored by GlcmcePlus. 

Close the Edit Adviser Syntax window. 
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View CPU details: 

Click the CPU button. 

To view a detailed report regarding the CPU, select: 

Reports - >  CPU Report 

Select: 

Reports - >  CPU by Processor 

This is a useful report., even on a single processor system. 

5. On Line Help. One method for accessing online help within GlancePlns is to click on the 
question mark ( ? )  button. TI1e cursor changes to a ? . 

Click on the cohmm heading, NNice CPU % . This opens a new window describing the 

NNice CPU% colmnn. 

View descriptions for other cohmms, including Ute SysCall CPU %. 

When finished viewing online help for coltunns, click on Ute question mark one more time. 
This returns the ctu-sor to norm.al. 

6. Alarms and Symptoms. A symptom is some characteristic of a perfonnance problem. 
GlancePlus comes with predefined symptoms, or Ute user can define hi<.> own. 

An alann 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 that pruticular symptom is displayed graphically. 
'Ille d1m1tion is dependent on the glance history buffers, which are user-definable. Close 
the window. 

Click on the ALARM button in the main window. Tius displays a history of all the alanns 

that have occurred since GlancePlns was started. Up to 2GO alam1s cru1 be displayed. Close 
the window. 

7. Process Details. Close all windows except for the main window. Select: 

Reports - >  Process List 

This shows the "interesting" processes on the system (i..11teresting in terms of size [utcl/or 
activiLy). To customize this listing, select: 

configure - >  Choose Metrics 
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111is will display an astonishing munber of metrics, which can be chosen for display in this 
report. Tilis is also a quick way to get an overview of all of the process-related metrics 
available in GlancePlus. Note that U1e fanliliar ? button is also available from this window. 

Use the scroll bar to find the met1ic PROC NICE PRI. Select this metiic and click on OK. 
Close Uus v.indow by clicking on OK • 

- -

8. Customizations. Most display windows can be customized to sort on any metlic. and to 
arrange Ute mettics in mty user-defined order. To define the sort fields, select 

Configure - >  Sort Fields 

111e sort order is determined by the order of the cohmms. Placing a paiticular metric into 
colmnn one makes it the first sort field. If multiple entries have the same value with.in this 
field. tJ1en Ute second colmm1 is used to determine tl1e order between those entries. If 
further s011:ing is needed, then the third column is used, and so forth down the line. 

To so1t on Cumulative CPU Percentage, click on the cohmm heading CPU % Cum. 
The cursor will become a crosshair. Scroll window back to colunm one, and click on 
coltmu1 one. This makes CPU % cum the first sort field. 

Atnmge the sort order so tliat CPU % L'i followed by CPU % Cum. 

Click Done when finished. TI1is sort order is automatically saved so that the next Lime 
processes are viewed, this will remain the smt order. 

In a simihu- fashion. the order of the cohmms can also be arranged. To define the cohmm 
order, select 

Configure - >  Arrange Columns 

Select a colunm to be moved (for example, CPU % cum). 111e cursor will become a 

crosslwir. Scroll the window to the location where the colunm is to be inserted. Click on 
the colunm where the colunm is to be inse1ted. 

Arrange the first four colmnns to be in the following order: Process Name, CPU %, CPU 
% Cum. Res Mem. 

Clkk Done when finished. 111is display order is automatically saved so that the next time 
processes are viewed, this will remain the display order. 

9. More Customizations. It is possible to modify the defi.Jlition of interesting processes by 
selecting: 

Configure - >  Filcers 

An easy way to limit the processes shown is to aud all the conditions (the default is to OR 
the conditions). In the Configure Filters ""indow . select AND logic, then click on 
OK. A much smaller list of processes should be displayed. 

Return to Ute Configure Filters window. Modify the filter definition for CPU % Cum 
as follow:-;: 

Change Enable Pilter to ON 
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Change Filter Relation to > =  

Change Filter Value to 3 . 0  

Enable Highlight to ON 
Highlight Relation to 
Highlight Value to 3 . 0  

> =  
Change 
Change 
Change 
Change Highlight Color to any LOUD 

Solutions 

color 

Reset the logic condition make to OR, then click OK. Ve1ify the filter took effect. 

10. Administrative Capabilities. Tilere arc two udn:ri.nistrative capabilitjes with GlancePlus. 
ff working as root, processes in the Process List screen can he killed or reniced. 

In the Process List window, select the proca process. To access the Admintools, 
select: 

Admin - >  Renice 

Use the slider to set the new nice value for this process to be +19, then click OK. Note the 
impact on this process. 

Now, select the proca process again. Select: 

Admin - > Ki 11 

Click OK, and note the process is no longer present. 

11. Process Details. Detailed 1nct1ics can be obtained on a per process basis. To view 
process details, go to tile Process List window and double click on any process. 

Much of the details iI1 Ulis repo1t will be explained in the Process Managernent section of 
the course. 

The Reports menu provides much valuable i.uformation about the process, including the 
Files Open and the System Calls being generated. 

After surveying the information available Uu·ough Ulis window. close and return to the 
Main window. 

There are many other features available in Glm1cePlus. TI1ere 1we close to 1000 metrics 
available with it. Notice that when you ic:onify tl1e GlancePlus Main window. all of the 
other windows are closed and Ule Glance Plus active icon is displayed. Alarm5 and 
histograms are displayed in tllis active icon. E:iq>lo<ling this icon will agai.11 open up aU 
previously open windows. 

12. Exit GlancePlus. From tl1e Main whldow, select: 

File -> Exit GlancePlus 
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13. Glance, the ASCII version. From a terminal window, which has not been resized, type 
glance .  

NOTE: Never nm glance or gpm in Ute background. 

If yon are accessing tJ1e ASCII version of glance from an X terminal window, make sure 
yon strut up an hpterm window to enable full glance softkeys. Do not resize Lhe window 
as ASCII glance e}..l)ects a standard terrn.i..nal size . .  Yon can make the hp term window 

longer, but never wider. However, making it longer is frequently of no use. 

# hpterm & 

In the new window . . .  

# glance 

Display a list of keyboard functions by typing ? . 111is b1ings up a help screen showing all of 

the conuuand keystrokes that can be used from the ASCII version of GlancePlus. Explore 
these to fai11iliarize yourself with the interface. 

1-1. Display Main Process Screen. Type g to go to the Main Process Screen. Tilis lists 
all interesting processes on the system. 

Retiieve online help related to this window by typing h ,  which brings up a help menu. 

Select: 

Current Screen Metrics 

Use the cursor keys to select 

CPU Util 

NOTE: 1ltis metric has two values. Use the online help to distinguish the difference 
between the two values. Use the space bar or the "Page Down" key to toggle to 
the next page of help. 

Exit the online help CPU Util description by typing e. Exit tile Screen Sununary 
topics by typing e. From the main Help menu, select: 

Screen Summaries 

Use the cursor keys t..o select 

Global Bars 

From this help desciiption, explain what R, s, u, N, and A mean in the CPU Util Bar. 

Exit the online help Global Bar description by typing e. Exit the Screen Sununary 
topics by typing e .  Exit the main Help menu by typing e. At any time. you c:m e..'\..it help 

completely, no matter how deep you are, by pressing t11e FS key. 
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15. Modify Interesting Process Definition. From the main Process List window, 

(select g). View the intr:n:sting processes. What makes these processes interesting'? Type 

o and select 1 (one) to view Urn process threshold screen. 

Ctu-sor down to the Sort Key field, and indicate to sol1, the processes by CPU usage. 

Before confirming the other options arc correct, note that any CPU usage (greater than 
zero), or any disk l/Os wiU cause the process to be considered i11tcrcsti11g. 

Rtm the KILLIT conunand to stop all l::ib loads. 

16. Glance Reports. This is the free form part of the lab. Spend tJ1e rest of your lab time going 
through the vaiious Glance screens and GlancePlns windows. Use the table below to 
produce the different performance reports. 

Feel free t.o use this time to ask the instructor "How Do I . . . ?" types of questions. 

Glance 
COMMAND PUNCTION 

* a  
b 

*C 
*cl 
e 
L 

*9 
h 

* i  
j 

* l 
*m 
*n 

0 
p 

q 
r 

*s 
* t  

y 
7. 

All CPUs Per£0rmance Stats 
Back one scr·een 
CPU U t i l i 7.ation Stats 
Disk J/O Stats 
Exit 
Forward one screen 
Global Process Stats 
Help 
I / O  by Filesystem 
Change updat e  i nterval 
Lan Stats 
Memory Stats 
NFS Stats 
Chan�Je Threshold Opt j ons 
Pr:i nt. current screen 
QuiL 
Redraw screen 
Single process information 
OS 'T'able UL l l i zc:ttion 
Disk Queue Length 
Logical Volume Mgr Stats 
Swap Sl.ats 
Renice process 
Zero all Stats 
She l l  escape 
Help with options 
Update screen data 

GlancePlus (gpm) 
"REPORT" 

CPU by Processor 

CPU Report 
Disk Reporl 

Process List 

I/O by Filesystem 

Network by LAN 
Memory Rep0rl 
NFS Report 

Process L i s t ,  double c l i c k  process 
System Tabl e Report 
Disk Rcport , doubl e - cl ick d isk 
I/O by Log i c a l  Volume 
Swap De t a  i 1 
Admini strative Capc:tb i l i t i f:! s  

http:l/education.hp.com Solutions-29 H4262S C.00 
© 2004 Hewlett-Packard Development Company, LP. 



Solutions 

4-16. LAB: Process Management 

Directions 

TI1e foJlowing lab is designed to manage a group of processes. Titis includes observing tl1e 
parent-child relationship and modifying process itice values (m1d thus indirectly p1iorities) 
with U1e nice/renice conunand . 

Modifying Process Priorities 

This portion of the lab uses glance to monitor and modify nice values of competing 
processes. 

1. Change di.rectory to /home/h4262/baseline. 

# cd /home/h4 2 6 2/basel ine 

2. St.art seven long processes in the background. 

# . /long 
[ l ]  

& . / long & . /long & . /long & . / long & . /long & . /long & 
15722 

[ 2 ]  
[ 3 )  
[ 4 ]  
[ 5 )  
[ 6 ]  
[ 7 ]  

15723 
15724 
1 5 7 2 5  

1 5 7 2 6  
1 5 7 2 7  
15728 

;3. Start a glance session. Answer the follo'\\'1.ng questions. 

How much CPU time is each long process receiving? ____ sec ____ % 

Answer: 

Hint: Change the sample period to 10 secs (hit thej key). This will give you more time to 
think and makes "per second" calculations easier! 

TI1e CPU should be balanced between the seven processes with each getting around M% 
of the CPU (i.e. 5n seconds each for a 5 second interval rmd ion seconds each for a 10 
second inteival). 111is is seen in the CPU Util field of the main glance window. Notice that 
the progr:uns all have similar prioiity arotutd 248-219 which is towards the bottom of tJ1e 
pile. 

If you huve a multiprocessor, the processes will quickly distdbnte themselves among all 
avai lable processors. However, tl1e overall metrics should stay the same - with the 
exception of the overall length of time that the processes take. 
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How are the processes being context switched (forced or voluntary)? ______ _ 

Answer: 

Select one of the �long" processes using the glance s key. Make sure the PIO being 
suggested is the right one or enter the correct PID. 

Jn the first colunu1 of info you will find the "Forced CSwitch" and "Vohmtary CSwitch" 
metlics. 

You '¥\rill notice that (almost!) all context switched are forced when you compare the two 
figure.s. Tilis is normal for a CPU hog process. It never le.aves the CPU on hL'> own accord 
and is always told to leave by the scheduler. 

We saw 7.7-9.6 context switches per second for the pe1fod for each of the processes on an 
rp2430. All of the context switches were forced. 

On a multiprocessor, there would be the same mm1ber of context switches taking place, 
however fewer processes would be sharing U1e same processor. 

How many times over the interval is the process being dispatched? ____ _ 

Answer: 

Again, we cm1 look to the first column of U1e selected process' resource sunu11ary page. 
Find the .. Dispatches" metric. Tilis is a measure of how often the process is getting onto 
the CPU wiU1 the sununation of �Forced CSwitch + VolunL'lfY CSwitch" measuring how 
often the process gets switched ouL 

On a multiprocessor, each processor would have fewer processes w;mti.ng its resource, so, 
each process would be selected more often. 

What is the ratio of system CPU time to user CPU time? _____ _ 

Answer: 

Look to the first cohmm of U1c selected process info again and you will find the "System 
CPU" met.lie. Titis will be zero or close to zero 011 any system. By using the C (upper case) 
key we can switch between metrics for the Inst interval (10 seconds if you arc following 
the solutions) or the total over the period of tracking. It makes no difference how you look 
c:1t. it, these processes <lo not process system calls. TI1ey are typical CPU hogs that cnmch 
numbers and clo nothing else. All U1e CPU is User/Nice/RT. 

What are the processes being blocked 011? ---------

Answer PRlority 

TI1e most frequent event that is blocking the process is shown by the "Wait Rec:1son" metric 
at tJ1e bottom of the first coltmm of Process Resource info (the same pnge we have been 
looking at all along) . .l.n this case it is PRI, sho1t for Prio1ity. 

http://education.hp.com Solutions-31 H4262S C.00 
© 2004 Hewlett-Packard Development Company, LP. 



Solutions 

'TI1e process has been blocked because it is timeslicing with all the other processes. Each 
time it is switched out, it is placed at the end of the queue in true rom1d-robin fashion. 
'TI1us, it is no longer the most eligible process to run and the scheduler has chosen another. 

For more stats go to the Wait States page for this process (softkey F2 or hit W) notice that 
the process is blocked on Priority for 80-90% (6n) of the time and the rest of U1c time it. is 
on tJ1e CPU. 111ere are no other active wait states. 

'TI1e seven long processes are in a circular fight to get to Ute top of the pile(s). 

What are the nice values for the processes'? __ _ 

Auswer 24 

A Boume-base<l shell (Bourne, Kom, Posix, bash) always places backgrotmd proces.5es at 
a nice level 4 higher than the calling shell. 'TI1e standard nice value of our shell is 20 so 
the chil<l background jobs inherit 24 as the nice value. One exception is the C shell which 
nms background processes at the same nice value as the shell. 

4. Select one of the processes and favor it by giving it a more favorable nice value. 

What. is the PID of the process being favored? ____ _ 

Answer: 

To change the processes nice value, enter: 

# renice - n - 5  <PIO of selected process> 

Be careful! This forces a negative offset of 5 from 20 (tlte S�'U1dard nice value) m1d not the 
Ctu'rcnt nice value (24). TI1e nice value in thfa case will end np at 15, which is more 
favorable than the others, still at 24. 

Watch Utat process's percentage of the CPU over several display intervals with ghmce or 
top. What effect did it have on the process'? 

Answer: 

'TI1e effect on the process is that it will race away from the others, consuming approx 50-
60% of the CPU! 'TI1is might take a little time to settle <lown at 50-60%. Give it several 
int.en-als lo complete its adjustment. 

5. Select another long process and set the nice value to ;30. 

# renice -n 1 0  <PID of another sel ected process> 

What effect did that have on that process? ----------------
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Answer: 

l1lis really turns the process into a loser! The priority of the process drops to 251-252. 
preventing the process from getting much action. If yon select the process and look in the 
first cohmm of the Process Resource page you will see that it is being dispatched but not 
very often. You will see the process getting less than 2% of CPU but not much more. Each 
of tl1e other processes will take up the excess; with the majority of the excess going to the 
process with the 11.ice value of 15. 

6. You can either let the processes finish up on their own as the next module is covered, or 
you can kill them now with: 

# ki l l  $ (ps -el I grep long I cut - c 1 8 - 2 2 )  
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5-24. LAB: CPU Utilization, System Calls, and Context Switches 

Directions 

General Setup 

Create a working data. file in a separnte 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 file> 
# vgextend vgOO <block di sk device file> 

bl either case: 

# lvcreate -n vxf s vgOO 
# lvextend - L  1024  /dev/vgOO/vxfs <block disk device file > 
# newfs - F  vxfs /dev/vgO O / rvxfs 
U mkdir /vxf s 
# mount /dev/vgOO/vxfs /vxfs 
# prealloc /vxfs/ fi le <75% of main memory in bytes >  

The lab progranl.'> <.U'e under /home/h4262 /cpu/lab0 

# cd /home/h4262/cpu/lab0 

TI1e tests should be run on an otherwise idle system - othe1wise results are tmpredictable. If 
thE> executables are missing, generate them by typing: 

# make all 

CPU Utilization: System Call Overhead 

Use the dd conunand to size the read and write operations. Thus Uleir number can be varied 
to change the number of system calls used to transfer the same ammult of information. Then 
we can see Ule overhead of tJte system call int.edace. 

TI1e llrst conunand loads the entire file into buffer cache. 

I Limex dd if=/ stand/vmunix of = /dev/null bs=64k 

Now we take om· me:lSnrements. 

# t i mex dd l f =/stand/vmunix o f = /dev/null bs=64k 

real user ____ _ system �-�--�-
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# timex dd if=/stand/vmunix of=/dev/null bs=2k 
real user system 

# timex dd if=/stand/vmunix of=/dev/null bs=64 

real user system 

Answer: 

Results for an 11)2430: 

# timex dd if=/stand/vmunix of=/dev/null bs=64k 
282+1 records in 
2 8 2 + 1  records out 

real 
user 
sys 

0 . 04 
0 . 0 0  
0 . 03 

# timex dd if=/stand/vmunix of=/dev/null bs=2k 
9 0 55 + 1  records in 
9 0 55+1 records out 

real 
user 
sys 

0 . 1 5  

0 . 02 
0 . 12 

# t imex dd if=/stand/vmunix of= /dev/null bs=64 
2 8 9 7 6 5 + 1  records in 
2 8 9 7 6 5+1 records out 

real 
user 
sys 

3 . 8 2 

0 . 56 
2 . 9 5 

Results for an rx2600: 

# timex dd if=/ stand/vmunix of=/dev/null bs=;64k 
728+1 records in 
7 2 8 + 1  records out 

real 
user 
sys 

0 . 03 
0 . 0 0  
0 . 03 

# timex dd if=/stand/vmunix of=/dev/nul l bs=2k 

2 3 2 9 9+ 1  records in 
2 3 2 9 9+ 1  records out 

real 
user 

0 . 18 
0 . 02 
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sys 0 . 13 

# t imex dd if=/stand/vmunix of=/dev/null bs=64 

745575+1 records in 
74 5575+1 records out 

real 
user 
sys 

4 . 57 
0 . 54 
3 . 3 9  

Notice that the last case is much slower due to the number of system calls being made. The 
block size is a factor of 1000 times lE>.ss than in the first case causing 1000 time more calls to 
the read ( ) and write ( )  system calls. Try a sar -c 2 1 o in another window while the 
test is being nm to see this effect. 

None of these effects are anything to do with physical disk :VO as the whole vmunix file is 
coming from bnffer cache. Prove Ulis to yomself with a sar -b 2 10 while the test is 
being nm. Notice the 100% read cache hit rate. 

System Calls and Context Switches 

Titis lab shows you the maximmu system call and context switch rates that yom system can 
t:1ke. 11u-ce programs are supplied: 

• syscall loads the system with syste1n calls of one type 
• filestress (shell script) generates file system-related system calls 
• cs loads U1e system with conte.x"t switches 

1. What is the system call rate when your system is "idle"? 

Answer J\rotmd 400-500 on our test systems 

tt sar - c /. /. (rp2430) 

HP-UX r206<.:42 B . 1 1 . 1 1  u 9 0 0 0 / 8 0 0  0 3 / 1 6 / 04 

1 1 : 1 8 : !:> 6 scall/s srcad/s swrit/s fork/s 

1 1 : 1 8 : 5 8 602 3 l 0 . 00 
1 1 : 1 9 : 0 0  264 4 1 0 . 0 0 

Avero.gc 4 3 1  3 1 0 . 0 0 

II sar c 2 2 (r.x2600) 

H P -UX 1:26 !:>c 11 5 B . 1 1 . 2 3  u ia64 0 4 / 06/0IJ 

J.I 
1 0 : 57 : 02 scall/:. srcad/s swrit/s fork/s 
10 : 57 : 0-l 719 3 I 0 . 00 

1 0 : 57 : 06 1 34 3 l 0 . 00 

exec/s rchar/s 

0 . 00 2 0 32·12 

0 . 00 1 0 96 

0 .  00 1 0 3 74 1 

exec/s rchar/s 

0 . 00 260840 

0 . 00 1 0 9 6  

wc;har/s 

81!:>1 

51?. 

'1 3 4  I 

wchar/s 

0 

4096 
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Average 577 3 1 0 . 0 0  0 . 0 0 1 3 2668 2 0 4 3  

2. Run filestress in the background. What i-:; tlte system call rate now? What system calls 

are generated by files tress? Take an average with sar over about 40 seconds i.e. 

# s a r  -c 10 4 

Answer Around 20000-30000 on our test systems 

# sar - c  1 0  4 (rp2430) 

HP-UX r206c42 B . 1 1 . 1 1 u 9 0 0 0 / 8 0 0  

1 1 : 1 9 : 11 3 scall/s sread/s swrlt/s 
1 1 : 19 : 5 3  17423 3 1 1 2  1 1 5 8  
1 1 : 2 0 : 0 3 12420 3577 2627 
1 1 : 2 0 : 1 3 23240 4227 1 3 3 7  
1 1 : 2 0 : 2 3 2(5279 3 8 8 4  7 0 0  

Average 19840 3700 1456 

# sar - c  1 0  4 (rx2600) 

0 3 / 1 6 / 04 

fork/s 
1 3 0 . 0 7  

6 3 . 4 0  
192 . 6 0  
2 1 2 . 1 0 

149 . 5 4  

HP-UX r265cl 4 5  B . 1 1 . 2 3  u ia64 0 4 / 0 6 /04 

1 1  : 0 2 : 4 0  scall/s sread/s swr i t / s  fork/s 
1 1 : 0 2 : 5 0  3 9 6 2 4  4 5 3 0  1 6 1 9  2 9 0 . 5 1 
1 1 : 0 3 : 0 0 2 8 0 6 9  5 6 1 8  3 8 8 3  1 71 .  7 0  
1 1 : 0 3 : 1 0  2 7 1  7 8  5211 3 3 2 0  1 8 9 . 4 0  
1 1 : 0 3 : 2 0  31592 5057 2814 2/.2 . 7 0 

Average 3 1 6 1 8  5 1 0 5 2 9 0 9  2 1 8 . 6 0  

• What systern calls are generated by filestress? 

Answer read ( )  and write ( ) . 

exec/s rchar/s 
1 3 0 .  07 2 9 7 1 02 ] 8 

6 3 . 4 0 3 2 1 5 9 5 4 0  
1 9 2 . 6 0 3 9 5 8 1 9 0 0  
212 . 0 0 4 0 3 09248 

14 9 . 5 1 3 5 4 3 8 7 6 6  

exec/s rchar/s 
2 9 0 . 5 1 924 2 6 3 8 4  
1 7] . 6 0  6 9 4 3 5 3 92 
1 8 9 . 4 0  6 7 7 7 1 5 92 
222 . 6 0  7 2 7 9 9 8 4 0  

?. 1 8 . 55 7 5 6 1 2 4 4 5  

3. Terminate the filestress process by entering the following conunands: 

# kill $ (ps - e l  

# kill  $ (ps - e l  

grep find 
grep find 

cut - c 2 4 - 2 8 )  
cut - c 1 8 - 2 2 )  

wchar / s  
1 4 7 1 04 

8 1 9 2  
17818 

134 9 6 3  

7 7 0 3 7  

wchar / s  
77746 
8 0 2 8 2  
6 2 2 5 9  
9 1 7 5 0  

7 8 0 0 9  

4. Run the syscall program and again answer question 2. Is the system cull rate lower or 
higher than with filestress? Why? 

Answer Syscall rate is higher tlum vvith filestress . Non-blocking system calls 
Produce rates up to 138,000 per second on an 11)2430 :md up to W0,000 
on an rx2600. 

tt sar - c  10 4 (11}24�30) 
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HP UX r20 6c42 B . 1 1 . 1 1  u 9 0 0 0 / 8 0 0  0 3 / 1 6 / 04 

1 1 : 3 6 : 1 1 scall/s sread/s swri t / s  fork/s cxec/s rchar/s wchar/ s  
1 1 : 3 6 : 2 1  1 3 '/ 6 1 9  2 0 0 . 0 0 0 .  0 0  1 2 8 6 3  3 3 7 6  

1 1 : 3 6 : 3 1 1 3 6 7 8 8  2 0 o . o o 0 . 0 0 4 5 0 6  1 9 4 6  

1 1 : 36 : 1 1  137887 2 0 0 . 00 0 . 0 0  5714 3277 

11 : 36 : 5 1 138224 2 0 0 . 00 0 . 0 0  3 6 86 1 2 2 9  

Averugc 13 7 6 2 9  2 0 0 . 00 0 . 0 0 1 4 1 7 1  2 4 5 7  

n sar - c  1 0  4 (rx2600) 

HP UX r265cl4 5 B . 1 1 . 2 3 u ia.64 0 4 / 0 6 /04 

1 1 : 1 5 : 5 1  scall / s sread/s swrit/s fork/s exec/s rchar/s wchar/s 

1 1 : 16 : 01 2 8 7 3 2 7.  2 7  1 0 . 50 0 . 4 0 6 0 5 6 0  4 0 9 2  

1 1 : 1 6 : 1 1  2 8 8 4. 3 9  7 1 0 . 0 0  0 . 0 0  2 3 3 4  72 2 0 4 8 0  

1 1 : 1 6 : 21 2 8 9 2 3 9  9 1 0 . 00 0 . 0 0 2 7 8 5 3  4 0 9 6  

1 1 : 1 6 : 3 1  2 90 3 3 1  4 0 0 . 00 0 . 00 1 4 7 4 6  3 2 7 7  

l\vcrosie 2 8 8 8 3 2  12 1 0 . 12 0 . 10 84 1 04 7 9 8 5  

The syscall progrmn uses the open ( )  and close ( )  system calls and does no l/O as 

such. These system calls do not block the process which turns into a CPU hog, only 
blocking on Priority in U1e glance Wait States page. 

Kill the syscall program. before proceeding. 

# ki l l  $ (ps -el I grep syscall I cut -c 1 8 - 2 2 ) 

5. Using cs, compare the number of context switches on AA idle system and a loaded system. 

Idle __ _ Loaded ______ _ 

Answer 

tt sar - w  2 2 (rp2430) 

HP ux 1-206c12 8 . 1 1 . l l  u 9 0 0 0 / 8 0 0  03 / 16 /04 

1 1 : .3 9 : 2 7  swpi n / s  bswin/s swpot/s bswot/s pswch/s 

1 1 : 3 9 : 2 9  0 . 0 0 0 . 0  0 . 0 0  0 . 0  86 

1 1 : 3 9 : H  0 . 00 0 . 0 0 . 00 () .  0 8 3  

rwcnige 0 . 0 0 0 . 0  0 . 0 0 0 . 0  8 5  

II . / c s  & 

# sa r - w  2 ?. 

HP ux r206c42 B . 1 1 . l  l u 9 0 0 0 / 8 0 0  0 3 / 16 / 0 4  

1 1 : 4 1 : 4 3  swpi n/s b s w i n / s  swpo t / s  bswot / s  pswch/s 

1 1 : 4 1 : 4 5  0 . 0 0 0 . 0  0 . 0 0 0 . 0 4 1 7 3 3  
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1 1 : 4 1 : 4 '/ 0 . 00 0 . 0  0 . 0 0  o . o  4 7 4 7 1  

Average 0 . 0 0  0 . 0  0 . 0 0  0 . 0  4 7 6 0 2  

u sar - w  2 2 (rx2GOO) 
HP-UX r265cl45 B . 1 1 . 23 u ia6 4 04/06/04 

1 1 : 22 : 0 7 swpin/s bswin/s swpot/ s  bswot/s pswch/s 
1 1 : 22 : 0 9 0 . 00 0 . 0  0 . 00 0 . 0 150 
1 1 : 2 2 : 1 1 0 . 00 o . o  o . o o  () . 0  177 

l\verage 0 . 00 0 . 0  0 . 00 0 . 0 1 6 4  

n . / cs& 

u sar -w 2 2 

HP ux r26:icl45 B . 1 1 .  23 u ia.64 04/06/01 

1 1 : 2 7. : 5 7 swpi n/-.; bswin/s swpot / s  bswo t / s  pswch/s 
1 1 : 2 2 : 5<) 0 . 0 0 0 . 0  0 . 0 0  0 . 0  8 1 9 1 2  
11 : 2 3 : 0 1  0 . 00 o . o  0 . 00 0 . 0 B2728 

Average 0 . 0 0 0 . 0  0 . 0 0 0 .  () 82319 

Notice that we go from an idle context switch rate (pswch/ s) of approx 100 processes per 

second up to 47000 or 82000! 

Additionally, you can look at the glance CPU f"{eport (c). Note how much of the CPU 
time is spent doing context switching. (About 15%) 

6. Kill the cs program, remove tl1e /vxfs/file, :md dismount the /vxfs filesystem. 

# ki ll $ ( ps -el I grep cs I cut - cl B - 22 ) 
# rm - f /vxfs/f i le 
# umount /vxf s 
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5-25. LAB: Identifying CPU Bottlenecks 

Directions 

The following labs are designed to show symptoms of a CPU bottleneck. 

Lab 1 

1. Change directory to /home/h4262 /cpu/labl 

# cd /home/h4262/cpu/labl 

2. Start tl1e processes numi.ng in the background. 

# . /RUN 

3. Sta1t a glance session and answer the following questions. 

What is the CPU utilization? __ _ 

Answer At or near IOOOA> 

What are the nice values of the processes receiving the most CPU time? __ _ 

Answer 10 

What is t11e average number of jobs in the CPU nm queue? __ _ 

Answer Varies with configw-ation - should be approx 3-5 

# uptime 
12 : 05pm up 4 doys, 1 9 : 3 8 . 7 users. load average: 4 . 7 3 ,  3 . 3 1 ,  2 . 26 

# 
.t. Characteiize the 8 lab processes that are running (procl - 8). Which are CPU hogs? 

Memory hogs? Disk I/O hogs etc. Identify processes that yon tllink are in pairs. 

Glance global (g) page output (rp2430): 

Process Name PlO 

PROCF.SS LIST 
User CPU Util 

PPID Pr.t Name 100% max) 

Cum 

CPU 

Ur:;ers-
Disk 

TO Rate RSS 

1 
'T'hd 

Cnt 
- - - - - - - - - - - - - - - - - - - - - - - -

procS ?.7425 

procJ 2·1420 

prm3d 1 4 6 2  

procs 27422 

l 215 root S 0 . 1 / 4 9 . 4  
l 221 coot 4 8 . 4 / 4 9 . 2  
l 1 6 8  rool 0 . 0/ 0 . 2  
1 168 coot 0 . 0 / 0 . 2  
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proc2 27419 1 168 root 0 . 0/ 0 . 2  0 . 5  3 . 8 / 3 . 9  168kb 1 

Glance global (g) page output (rx2600): 

PROCESS LIST Use rs = 1 

User CPU Util Cum Disk Thd 
Process Name PIO PPID Pri Nc1me 1 0 0 %  max) CPU IO Rate RSS Cnl_ 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
proc3 2 6 1 9 4  1 2 1 9  t'OOL 5 0 . 8 /4 9 . 3  8 1  . 5  0 . 0 / 0 . 0  268kb 

proc8 2 6 1 9 9  1 2 1 6  root 4 8 . 5 / 4 9 . 4  8 1 .  6 0 . 0 /  0 . 0  268kb 1 

scopeux 2 1 0 5  1 1 2 7  rooL 0 . 0 /  0 . 0  13 . 3 0 . 0 /  0 . 0  2 0 . 7mb 1 
pr-m3d 2 1 3 9  1 1 6 8  root 0 . 0 /  0 .  l 77 . 5  0 . 0/ 0 . 0  4 9 .  5mb 1 9  

ia64 corehw 2 9 8 9  1 154 root. 0 . 0 / 0 . 1  6 5 . 9  1 .  l /  0 . 0  l . Bmb 1 -
prQc2 261Sl3 1 1 6 8  r·oor. 0 . 0 /  0 . 1  0 . 2  7 . 6/ 7 . 7  256kb 

proc5 2 6 1 9 6  1 1 6 B  root 0 . 0/ 0 .  l 0 . 2  7 . 6 / 5 . 8  '.< 5 6kb 1 

proc3 and proc8 me the main CPU hogs. They have been i'un with nice values of 10! TI1e 

process pair are acc0tmting for almost 100% of the CPU between them. Wit11 the same CPU 
rates and RSS (Resident Set Size), it is likely that these are identical programs. Selecting 
one of these processes in glance reveals no disc I/O and a. context switch profile which is 

always forced. 

procS and proc2 also manage to execute with 0.2% CPU utilization each. Again these 
look like a pair. If you select one of these progrruns and look at the Process Resource page 
you can see a small amotmt of write disk TIO, most of which is logical. TilC main Wait 
Reason for this process is SLEEP. It would appear that t11ese processes do a smaU amount 
of disk TIO and then call sleep ( )  and pause for some time intentionally. 

procl and proc7 are a pair. On selecting one of these we see a nice value of 39! These 
processes find it nearly impossible to get CPU with the real time pair of proc3 and proc8 
taking all tl1e CPU resource. If you watch tl1e Dispatches met.tic on the Process Resomce 
page they can be seen to get one or two slices of CPU very infrequently. You should also 
see that for every Dispatch (these are rare), these is always mt accompanying Forced 
Cswitch. You can conclude that these processes would he CPU hogs if they were not. so 
c1ippled by their own high nice values and the aggression of proc 3 and proc 8 .  

proc4 and proc6 are the last pair. 111ey have standard nice values of 20 and seem to do 
nothing but call the sleep ( )  system call. Tiwy are being dispatched slightly more 
frequently than procl and proc7 :mcl they :u·e always subject to Voluntary CSwitc11. 
TI1ese processes are not CPU hogs. 111ey also do no disk I/O of m1y kind. 

None of the above processes had any significant memo1y size. 

5. Detenuine the impact of this load on user processes. Time how long it takes for the short 
ba5eline to execute. 

# timex /horne/h4262 /baseline/short & 

How long did the program take to execute'? ___ _ 

AnsweI": 

# Lirne:x: /home/114262 /basellne/short & 
The last prime number is : 1 9 9 9 9  

( rp24:JO) 
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real � 6 . 4 4  

user 1 0 . 6 6  

sys 0 . 01 

# t imex /home/h4262 /baseline/short & 

N The last prime number is : 9 9 9 9 1  

real 1 : 02 . 3 8  

user 8 .  48 
sys 0 .  0 0  

( 1x2600) 

6. Compare your results to the baseline established in the Jab exercise in module 1, step 7. 

Answer: Total execution time is over 5 times slower! 

7. End the CPU load by executing the KILLIT s<.:lipt. 

# . / KILLIT 
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Lab 2 

1 .  Change directory to /home/h4262/cpu/lab2 . 

# cd /home/h4262 /cpu/ lab2 

2. Start Ule processes running in the backgr0tmd. 

# . /RUN 

3. In one terminal window, start glance. 

h1 a second tenninal window mn 

# sar -u 5 200 .  

Answer tJ1e follovving questions: 

What does glance report for GPU utilization? __ _ 

Solutions 

Answer: Should be greater than 50%. (the more, the merrie:D 

Ontpnt of rp2430 ghmce (g) page below 

Process Name 

proc2 

prm3d 

PID 

2 7 7 6 1  

lll 6 2  

PROCESS LIST 

User CPU Util 

PPTD Pri Name 

1 1 root 

l 1 68 root 

100% max) 

9 2 . 0 / 9 2 . 3  

0 . 0/ 0 . 2 

Users= 1 

Cum 

CPU 

Disk 

IO Rate RSS 

7 2 3 . 2  0 . 0 /  0 . 0  168kb 

11J7 . 2  0 . 0 / o . o  2 6 . 6mh 

Thd 
Cnt 

1 9  

Output of 11124:30 glance (a) page below 

CPU State 

0 Enable 

Util 

93 . 2  

CPU BY PROCESSOR 

T,,oadl\vg ( .1. / 5 / 1 5  m i n )  CSwH.ch 

0 . 5 / 0 . 6/ l . '7 1724 

Users- 1 

T,ast Pi d 

2'/"/61 

Output of rx2GOO glance (g) page below 

Process Name 

proc2 

prm3d 

PIO 

264 (,9 
1462 

PROCESS LIST 

User CPU Util 
P P I D  P r i  Name 1 0 0% max) 

Users- 1 
Cum Disk Thd 

CPU TO Rate RSS CnL 

1 rooL 

1 16!3 root 

7 1 . 5 / 7 l . 6  4 7 . 1  0 . 0 / 0 . 0  

0 . 0 / 0 . 0 

288kb 

2 6 .  6111b 

l 

J 9 0 . 0/ 0 . 2  1 13 7 . 2 

Output of rx2GOO glance (a) page below 

CPU State 

o Enable 

Util 

'73. l 

CPU RY PROCESSOR 

Loac!Avg ( 1 / 5 / 1 5  min) c:.>witch 

0 . 0 /  0 . 2/ 0 . 8  

What does sar report for CPU utilization? ___ _ 
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Answer: sar reports the CPU is mostly idle. Util i5 less than 10%. 

# SCII' - u  5 2 0 0  

HP-UX r206c42 B . 1 1 . 1 1 U 9000/800 

U : 4 5 : 5 8 %usr %sys %wlo 
1 3 : 4 6 : 0 3 4 2 0 

1 3 : 4 6 : 0 8 0 1 0 

1 3 : 4 6 : 13 l l 0 

1 3 : 1 6 : 1 8 0 0 0 
1 3 : 1 6 : 2 :� 1 0 

03/16/04 

%idle 
94 
9 9  
9 8  

100 
98 

TI1is is  ve1y strange; the tools totally disagree with each other. sar is rep01ting over 90% 

idle with glance repo1ting over 80% husy! TI1ey cannot both be dght. Which one do you 
trust? 

TI1e output of top is also confused. It sees the busy process but still reports 90% idle! 

Load uverages: 
1 1 2  processes: 
Cpu states: 

LOAD USER 
0 . 5 0 O . H 

o . so ,  0 . 5 6 .  1 . 41 (rp2430) 
99 sleeping. 13 running 

NICE SYS IDLE BLOCK SWAIT 
0 . 0 % 2 . 2 % 9 7 . 2 %  0 . 0 1 0 . 0 % 

INTR 
0 . 0% 

SSYS 
0 . 0 % 

Memory: 91236K ( 6 4 076K) rea l ,  365020K ( 2 9 9 1 4 0K) virLual, 30120K free Pdge# 1 / 8  

T'l'Y l?ID USERNAME PR! N I  SIZE RES STATE 
1 4 8 K  sleep pts/Lb 27761 root l 20 1664K 

Load averages: 0 . 0 3 ,  0 . 12 ,  0 . 68 1rx2600) 
128 processes: 107 sleeping, 20 running , 1 zombie 

Cpu stales: 
LOAD USER 
0 . 03 0 . 2 %  

NICE 
0. 0�> 

SYS IDJ,8 BLOCK SWAIT 
0 . 0 % 9 9 . 8% 0 . 0% 0 . 0 % 

TIME IWCPU '!;CPU COMMAND 
Jll : 4 9 92 . 5 6  92 . 4 0  proc2 

TNTR SSYS 
0 . 0% 0 . 0 % 

Memory: 197664K {154768Kl T·eal, 608492K (523032K) virtua l ,  23!H6K Crf!<? Page# I /  
1 0  

TTY PIO USERNAME P R J  N I  SIZF. 
tcylpO 26469 root l 2 0  3304K 

RES STATE 
252K sleep 

TTME %WCPU %CPU COMMl',ND 

4 : 08 71 . 77 7 1 . 64 proc2 

What is the priority of the process receiving the most CPU time? __ _ 

Answer 

Tite proc2 process is the culprit amt is nmning with the high UNIX real time priority of l. 

How much time is the process spencii.llg in the sigpause system call? __ _ 

Answer 

Now tJ1is is where the clues start! 
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111e Wait States for proc2 show that it is blocked on SLEEP when it is not numing. 111is 
wajt state is the result of the process putting it5elf to sleep. 

To see the system calls that the prncess is calling hit the F6 softkey or L key once you 
have selected the process. glance will collect the data nnd present it after about 10-20 
seconds. 

rp2430: 

system Calls PIO: 2 7 7 6 1 ,  proc2 

System Call Name ID 

sig.pause 

s i gel eam;p 

rx2600: 

1 1 1  
139 

System Cal l s PTD: � 6 4 6 9 ,  proc2 

System Call Name TD 

sigpause 

sigclec;nup 

1 1 1  
1.3  9 

PPID: l euid: 
Elapsed 

Count Rate Time Cum Ct 

449 9 9 . 7  
450 100 . 0  

0 . 3 S 2 1 8  
0 . 00166 

PPID; 1 euid: 

Elapsed 

1497 
1500 

Count Rate Time cum Ct 

525 100 . 9  
525 100 . 9  

1 . 4 97..55  
0 . 00143 

1500 
1500 

o User: roor. 
Elapsed 

CumRate CumTi rl\e 

74 . l  
7'4 . 2 

1 . 17 0 9 5  
0 . 00553 

o User: root 

Elapsed 

CumRat e CumTime 

74 . 2  
74 . 2 

4 .  2684 7 
0 . 00408 

The s igpause ( )  call is causing the sleep blocks that we see in the Wail States page. The 
interesting thing is that the rate at which the program calls sigpause ( )  is always 100 
times per second. That is 10 ms (milli-seconds) between calls. 

How can a program be so coordinated with the wall clock mul what is it using to achieve 
this synchronization'? Can you tell what it is yet? 

How is the process being context switched (forced or volunt.;.uy)'? __ _ 

Answer 

Review the Resource Smmnru-y page again for proc2 and you will see that all the context 
switches are Vohmtary. 'fllis L5 not the expected case for a CPU hog. How is it that a 
process can use so much CPU m1d never be seen by the scheduler mid thrown off the 
CPU? 

Tile Bottom Line 

If you examine U1e code of tile lab you will see that the process anns a trap waiting for Ule 
system hardware clock (Ule tick) to pop. When tllis occurs the program wakes up :md 
wastes CPU for an cunotmt of time U\at your instructor has tnned to be .iust tmder lOms 
(see waste. c). 11te prograrn then arms the tJ·ap again and voluntarily goes to sleep 
waiting for the next hardware tick. 

Remember the UNDC scheduler analyzes system activity on the hardware tick intervals an<l 
our progrrun has done a good job at never being around at these times! It's :J free lunch. 
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The standard UNIX tools (sar and top for example) feed on tl1e scheduler's internal 
statistics for meastU"ernent data and so they get the wrong story. 

glance however uses the midaemon, which recalculates performance stats eve1y time ::t 
process returns from a system call. And you crumot play this game without system calls. 

4. Determine tJ1e impact of this load on user processes. Time how long it takes for the short 
b<tSeline to execute. 

# timex /home/h4262/baseline/short & 

How long did the program take to execute? __ _ 

Answer: (rp2130) 

ff Limex /home/h4262/baseline/short & 
The last prime number is : 49999 

real 2 : 3 /. . 8 6  
user 1 0 . 8 8 
sys 0 . 07 

(rx2600) 

tt Limex /home/h4262/baseline/short & 

U The last prime number is : 99991 

real 
user 
sys 

3 0 . 86 
8 . :. 1  
0 . 0 1  

Our old benchmark figme was around 10 seconds (real) so th
.

is is significantly slower. ThL'l 
program is rum1i.ng in the gaps tl1at the proc2 process is leaving. You could fmther modify 
waste . c to use more of the tick pe1iod. 

5. E11d the CPU load by executing Ute KILLIT sc1ipt. 

# . /KILLIT 
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6-18. LAB: Memory Leaks 

There are several pe1fonnance issues i-elated to rnemory management, memory leaks, and 
swapping/paging, protection ID thrashing . . . . Let's investigate a few of them. 

1. Change directories to /home/h4262/memory/leak: 

# cd /home/h4262/memory/leak 

Memory leaks occur when a process requests memory (typically through U1e mal loc ( ) or 
shmget ( ) calls) bnt doesn't free the memory once it finishes using it. 111e five processes 

in this directory all have memory leaks to difierent degrees. 

TI1e following solution data crune from an rp2430 server with 640.lVIB of physical memory 

and 2GB of device swap, and an rx2600 se1ver with 1012MB of physical memory and 2GB 
of device swap. The rp24.'30 was numing HPUX lli vl and the rx2600 was numing lli v2. 

2. Before starting the hackgr0tmd processes, look up U1e cmTent value for maxdsiz using the 
kmtune conuuand on l li vl and the kctune command on lli v2. 

On the rp24:30: 

# kmtune -lq maxdsiz 

Answer: 

Varies with configuration - probably 64MB if yon are pre lli and 256MB for lli vl. 

# kmtune-lg maxdsi z  
Parameter : maxdsiz 
Current : OxlOOOOOOO 
Pending : Oxl OOOOOOO 
Default : Oxl OOOOOOO 
Minimum : -
Modul e :  -
Version -
Dynamic : No 
# 

111e number is in hex . . .  Converting this to decimal = 268435456 = 256MB 

On the rx2600: 

# kctune -avq maxdsiz 

Answer: 

Varies with configuration - probably lGB for lli v2. 

U kctune -avq maxdsiz 
Tunable rnaxdsi z  
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Description 
process (bytes) 

Maximum si ze of the data segment o f  a 32 -bit 

Module vm 
Current Value 1073741824 [Default.) 
Value at. Next Boot 1073741824 [Default] 

Value at Last. Boot 1 0 73741824 
Default Value 1073741824 
Constraints maxdsi z  > =  262144 

maxdsiz < =  4294963200 
Can Change Immediately or at Next Boot 

The number is in decin\lll = 1073741824 = lGB 

The default maxdsiz on l li v2 is 1 GB. This will make procl very slow in reaching its 

limits. You can change maxdsiz to a more reasonable number for this lab exercise by: 

# kctune maxdsiz=Ox\0000000 
WARNING: The automatic ' backup' configuration currently contains the 

configuration that was in use before the last reboot of th i s  
system. 

- - > Do you wish to update it to contain the current configuration 
before making the requested change? n 

NOTE : The backup will not be updated. 
* The requested changes have been applied to the curre n t l y  

Tunable 
maxds i z  

running system. 
value 

(before) 1 0 7 3 741824 
( now) OxlOOOOOOO 

F.xpression 
Default 
OxlOOOOOOO 

Changes 
Jmmed 

Also take some vms tat reading to satisfy yomself that the system is not mtder memory 
pressm·c. How much free memory do yon have? 

11>24JO: 

ti vmstal.. ?. 2 
procs memory page 

r .:rnlts cpu 
r b w avm free re at pi po 

i;y cs ll$ sy id 
3 0 0 7 5 1 8 2  9 2 5 1 9  3 0 0 0 

408 1 3 8  1 0 99 
1 0 0 75182 92465 3 0 0 

2 1 4  75 0 0 1 0 0  

We h;we arotmd 92000 free pages which equates to 368MB. 

rx2600: 

II V!!lSl..<ll.. 2 2 
procs 

Caul ts 

r b 

sy cs 

2 0 

cpu 
w 

us sy 

0 

memory 

avm free re at 
id 
1 24095 9 7 9 ?. 7  4 6 6  1 6 5  
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4 7 8 5 6  
2 

4 7 6  14 1 9  67 
0 0 124095 

2 1 5 0 9  4 7 0  3 3 94 
96427 1S7 6 9  

We have around 97000 free pages which equates to 388MB. 

;J. Use the RUN script to st.mt the background processes: 

ti . /RUN 

Solutions 

0 0 0 2 6  5 3 6  

4. Open another window. Start glance. So1t the processes by CPU utilization (should be the 

default), and ;mswer the following questions - fairly quickly, before the memory leaks get 
too large. 

Go for the m page of glance for the best info. You have to be quick off the mark after 

starting the leak programs! 

Event 

- - - - - - - - - - - - - · 

Page Fault.s 
Page In 
Page Out 

KB Paged ln 
KB Paged Out 
React. i va t i ons 
Oeaccivar.ions 
KB Deactivated 
VM Reads 
VM Writes 

Current 

- - - - -
5 8 8  

1 
0 

Okb 
Okb 

0 
0 

Okb 
0 
() 

- - -

MEMORY REPORT 
Current Rate Cumulative 

1 3 ( ) 1  
3 3  

0 
36kb 

Okb 
0 
0 

Okb 
3 
0 

1 1 3 . 0 
0 . 1  
( ) .  0 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0 

Cum Rate 

1 1 6  . 1  
2 . 9  
0 . 0  
3 . 2  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 2  

0 .  () 

Usen;­
High Rate 

1 3 7 . 1  
6 . 1  
0 . 0  
6 . 9  
0 . 0  
q _ o  
()_  0 
0 . 0  
0 . 5  
0 . 0  

1 

Tor.31 VM : 1 8 4 . 9mh 
Active VM: 342 . lmb 

sys Mem 1 8 2 .  Jmb Us@r Mf1m: 96 . 9mh Phyf.l Mem: 64 o . Omb 

Buf Cache : 32 . 4mb Free Mem: 328 . 4mb 

• What is the cmTent amount of free memory'? 

Answer: Varies with configuration 
Already this has dropped to :J28.4MB 

• What is tJ1e size of the buffer cache? 

.Answer:Vruies with configuration 
ln ottr case th is is 32.4MB 

• Is there any paging to the swap space'? 

Answer: Varies with configuration 
No not ilt the last sample, see KB paged Out above 

• How nmch swap space is cu1Tent1y reserved"? 

Answer: Varies with configuration 
Get tl1is from swap info. Again you need to do this just after the programs st.a1t: 
In om· case m·mmd 2119MB. 

� swap j n fo - trn 
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Mb Mb Mb PCT START/ Mb 

TYPE AVAIL lJSl!:D PR8E USED LIMIT RES ERV!!: PRI NAME 

dev 2 0 4 8  0 2048 0% () 1 
/dev/vg O O / lvol2 

reserve 3 7 9  - 3 79 

memory 1013 3 3 0  683 3 3 %  
toLal 3061 7 0 9  2352 23% 0 

The total swapspace "used" (used = really used + reserved) is the figure in bold. More 
detail on swap management is in Module 7 .  For now take the bottom. line figure in bold 
above. 

• Which process has the largest Resident Set Size (RSS)'? 

Answer procl. You can see that from tJ1e global process IL5t in glance (the g key). 
As you watch it, it will grow until vhand kicks in and limits its RSS. However, the VSS 
will continue to grow. Select tJrnt process (witll s) and observe to RSSNSS figure. 

Process Name PIO 
User 

PPID Pd Name 

PROCESS t.IST 
CPU Ut.il 
1 0 0 %  max) 

Cum 
CPU 

Disk 

IO Ro ti::! 

Users= 

RSS 

1 
'I'hd 
Cnt 

- - - - - - - - - - - - -
procJ 32 6 7 ] 1 6 8  root 

proc2 3 2 6 8  1 168 root 
proc3 1 2 6 9  1 1 6 8  root 

proc4 3270 l 1 6 8  root 
alarmgen 3277 J276 1 6 8  rOOL 
vhand 2 0 1 2 8  roor: 

Resout::"ccs P!D: 3 2 6 7 ,  procl 

CPU Usage ( u t. L l l :  0 . 0 Log Rends 

0 . 0 / 0 . 2  
0 . 0 / 0 . 1  
0 . 0/ 0 . 0 
0 . 0 / 0 . 0  
0 . 0 /  0 . 0  
0 .I I /  0 . 2 

PPID: 1 

0 Wa L t  

1 . 0 

0 . 4  

0 . 2  
0 . 1  
0 . 1 
2 . 0  

euid: 

Reason 

0 . 0 /  0 . 0  
0 . 0 /  0 . 0 
0 . 0 / 0 . 0  
0 . 0 / 0 . 0  
1 . 3 / 0 . 1  

8 1 . 7/'1'1 . 2  

2·15 . Smb 
1 1 4 . 6mb 

5 6 . 7mb 
2 7 . 7mb 

l . 6mh 
64kb 

0 User: root 

SI.EEP 
Uaer/Ni ce/RT CPU: 0 . 0 Loq Writes: 0 Total RSS/VSS : 2 7 5 . 7mb/ 47 9 . 1rnb 
Syst.em CPU 
Tnterrupt CPU 
Cont Swiech CPU 
Schedul e r  
Priori Ly 
Nice Value 

DispaLches 
Forced CSwitch 
VoluntaryCSw icch: 

0 . 0  
0 . 0  
0 . 0 

HPUX 
168 

2 0  
5 
0 
5 

Phy Read!'! : 0 
Phy Writes: 0 
FS Reads 0 

FS Writes 0 
VM Reads 0 
VM Writes 0 
Sys Reads 0 
Sys Wrir: e c :  0 
Raw Reads : 0 

Traps I Vfaults : 0 / 542 

Faults Mem/ D i s l< :  0 / 0 

Deactivations 0 
Forks & Vforks 0 
Signa l s  Recd 0 
Mesg Sent/Recd 0/ 0 
Other T,og Rd/Wt : 0/ 0 
Other Phy Rd/Wt: 0 /  0 
Proc Start. Time 

Running CPU 

CPU Switches 
0 Raw Writes: 0 Tue 7\pr 6 14 : 2 9 : 1 6 2004 

0 ByLt�S Xfer: Okb 

• What is the data segment size of the process with the largest RSS? 

Answer:selert. tlte memory regions page for proc 1 with the M key. 

Memory Regionn PIO: 32&7, procl PPID: 1 euid: 0 User : rooL 

Typ!::! Ref Ct RSS vss Locked File Nam!::! 

1 
l 
1 
I 
6 
1 

· - · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ·  - - - - - - - - - - - -
NULLDR/Sharcd 

TEXT /Sharf::!d 

DATA /Pri v 

MBMMAP/Priv 

87 
2 
1 
1 

4kb 
4kb 

3 0 I . Omb 

Ok"b 

·lkb Okb <nul ldref> 
4kb Okb /home/ . . .  /l eak/procl 

716. 2rnb Okb I home/ . . .  I leak/proc l 
16kb Okb /usr/lib/t.zr:ab 
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MEMMAP/Priv 1 4kb 4kb Okb <mmap> 

MEMMAP/Priv 1 4kb 8kb Okb <mmap> 

MEMMAP / Pri v 1 Okb 8kb Okb <mmap> 
MBMMAP/ P r L v  1 24kb 28kb Okb /usr/llb/hpux3 2/libc . so .  

MEMMAP/Priv 1 4 0kb 40k:b Okb <mmap> 

Text RSS/VSS: 4kb/ 4kb Data RSS/VSS : 3 0 1mb/716mb Stack RSS/VSS : 4kb/ 8kb 
Shmem RSS/VSS: Okb/ Okb Other RSS/VSS : 1 .  6mb/3 . 2mb 

TI1e data segment size in this example is 3011716 MB and growi1lg! 

5. After a several minutes, the procl process should reach its maximum data size. lf your 
maxdsiz is set to 1 GB, tl1is could take a while. Please be patient. Observe the behavior 

of the system when this occurs. 

• What happens when the process reaches its maximmn data size? 

Answer nus is going to take several minutes. 'n1e maxdsi z limit is probably either 

256MB or lGB on the test systern. Be careful! maxdsiz is a liinit on the VSS (Virtual 

Set Size) and not the RSS (Resident Set Size). 

System starts doing a LOT of disk 1/0. Look for the large "F" bar in the Disc Util global 
meter. 

• Why does disk utilization become so high at this point? 

Answer Kernel is dumping the core file of the user process in om case. Yon will 
probably nm out of disc space in the /home file systern. You may want to remove the 
/home/h4262 /memory/leak/core file! Remember it is not the process that is doing 
the disk 1/0, it is the kernel Urnt is doing it to produce the core file. 

6. As the other processes grow towards their maxi.mum data segment size, continue to 
monitor the following: 

• Free memory 

# vrnsta L 2 2 
procs memory pagG! 

raults cpu 
r b w avm ft'ee re at pi po fr de sr 
sy cs us sy id 
2 0 0 321 ·1 0 3  9 1 1 1 8  ':> 4  1 9  7 9  2 85 16 0 359 

4962 3 2 6 2 3 95 

2 0 0 3214 03 90'1 J .3 1 0 1 1 ':>  1 2  0 0 () 
S52 1 9 1  0 0 1 0 0  

i n  

5'18 

3 9 7  

Not a lot of free memory now. TI1e system is under memory pressure and i5 paging ont to 
stabilize U1e memory system 

• Swap space reserved 

# swapinfo - tm 

Mb Mb Mb 
TYPE AVAlL USED FREE 

dev 2 0 '1 8  7 1 5  1 3 3 3  
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USED T.T.MIT RESERVE PfU NAME 
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7. 

reserve 
rnemotY' 

Lot.al 
1 0 1 3  
3 0 6 1  

34 l 
3 4 0  

1396 

- 3 4 1  
6 7 3  

1665 

Swapspace is up to 46% utilization! 

3 4 %  

4 6 %  

• 'l11e size of the processes' data segment5 

0 

All the proc (n)  processes continue to grow (see VSS) just like procl did and they are 
aborted in the same way when they cross the line (maxdsiz). 

• TI1e RSS of the processes 

The running memory hog processes compete for the limited real memory resomce. We 
didn't have a lot free at the sL.1.rt of the test and the lab procs all want to grow to the 
maxdsiz limit. TI1ey cruUlot all fit together so they fight. 111is is a classic memory thrnsh 
situation. 

• TI1e number of page-outs/page-ins to U1e swap space 

111is depends on when you look! TI1esc figures were taken while proc2 was still on the 

move and free memory was approaching its minimmn. 

II vmstat 2 1 0  

procs memory page 
faults cpu 
r b w avm ( ree re a t  pi po [r de $ [' in 
sy cs us sy id 
2 0 0 166464 2 6 9 2  0 0 0 0 0 0 0 10'.l 

173 82 0 0 100 
2 1 0 170444 1 64 9 0 0 13 0 0 0 0 123 

209 92 0 0 1 0 0  
2 l 0 170444 1 0 2 8  0 0 8 5 4 0 12!>6 1 /./. 

1 H 9  8 8  () 6 94 
2 1 0 170444 1 J. 1 6  8 0 6 1 0 1  109 0 9 8 6 9  2 2 5  

1 7 6  129 0 5 9 5 

2 1 0 l'/0444 1 3 9 2  12 0 s 263 69 0 9 6 5 9  316 
1 7 5  1 1 2  0 0 1 00 

2 1 0 170444 Ll 6 6  12 0 5 3 1 2  44 0 8 1 8 6  331  
190  1 5 6  0 0 100  

1 0 0 1 694 5 5 1 0 9 0  9 0 5 3 0 4  2 8  0 6 4 1 0  ] 1 6  
209 201 0 0 100 

I 0 0 16 94 55 1 1 1 2  6 0 3 3 5 1  3 1  0 !.>3 34 159 
1 93 1 6 3  0 1 9 9  

1 0 0 169455 1 0 4 8  0 2 332 19  0 .3 9 0 2  33 9 
l 8 0  1 3 3  5 0 % 

1 0 0 1694!>� l G O O  5 0 0 3 %  1 2  0 2 �'16 3 7 0  
240 1 1 9 0 4 96 

• 

Rtm the two baseline programs, short ::md diskread. 

It timex /home/h4 262/baseline/short 

# timex /home/h4262/basel ine/diskread 
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ff tirnex /home/h4 2 6 2 /baseline/short 
The last prime number is : 49999 

real 12 . 0 0 
user 1 0 . 86 
sys 0 . 02 

jj. timex. /home /h4262 /basel.ine/diskread 
Di skRend : System [HP UX) 
DiskRead: RawDisk [/dev/rdsk /cltlSdOl 
DiskRead: Start reading 1 0 24MB 
1024+0 records in 
1024+0 records out 

real 
user 
sys 

rx2 6 0 0 :  

3 1 .  ·19 
0 . 02 
0 . 53 

H timex /home/h4262/basel lne/ short. & 

it The l a s t. prime number ls : 99991 

real 8 . 5 4  
user 8 . 4 8  

sys 0 . 00 

# C imex /home/h4 2 6 2/baseline/diskread & 
[ 1 ]  3 8 4 1  

root�r2 6 5 c 1 4 5 : /home /h4262 /mernory/leak 
# DiskRead: System [HP - UX) 
DiskRead: RawDisk [ /dev/rdsk/c2tld0s2] 
Di skRead : Start re�ding 204 8MB 
2048+0 records in 
� 0 4 8 1 0  records out 

real 2 9 . 6 0  

user 0 . 0 1 
sys 0 . 16 

How does the pedorinance of these programs compare to their earlier runs'? 

Solutions 

Answer: short takes a little longer. The CPU is not under much prcssme ai this time so 
compute b0tmd processes will not be affecte<l (1mless tJ1ey nee<l memory!). ft is a 
different story for diskread, in the first test case, it took noticeably longer due to the 
disk load already in progress for the paging activity. It is not good to have swap space on 
your application disks! 

8. When finished monitoring the behavior of processes with memory leaks. clean up the 
processes. 
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• Exit glance. 
• Execute the KILLIT script: 

# . /KILLIT 

• If you changed maxdsiz, change it back: 
# kctunc maxdslz-Ox4 0 0 0 0 0 0 0  

WARNING: The a ulomat ic 'backup' configurat ion currently contains the 

configuralion that was i n  use before the last reboot ol this 

system. 

=-� Do you wish to update iL to contain the current conf iguration 
before making the requesled change? n 

NOTE : The backup will not be updated. 

* The requested changes have been applied to the currently 

Tunable 

maxds iz 

running system . 

Value 
(before) OxlOOOOOOO 
(now) Ox10000000 

Expression 
OxlOOOOOOO 

Ox4 0 0 0 0 0 0 0  
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7-15. LAB: Monitoring Swap Space 

Preliminary Steps 

A po1tion of tllis lab requires you to interact with the ISL ()Ild boot menus, which can only be 
accomplisherl via a console login. If you are using remote lab equipment, access yom system's 
console interface via tl1e GSP/l\ilP. 

You may get some "file system full" messages while yon are shutting down the system. You 
cm1 ignore these messages. 

Dh-ections 

The following lab illustrates swap reservation, configures and de-configures pseudo swap, and 
adds additional swap partitions with different swap priorities. 

1. Use the swapinfo -m command to display the current swap space statistics on the 
system. List the MB Avail and MB Used for tlle following three items: 

2. 

MB Available MB Used 

dev 5 1 2  0 

reserve - 1 3 9  

memory 4 5 1  2 7  

Answer Varies with configuration, examples below. 

# sw<Jpinfo -m (rp2430) 
Mb Mb Mb PCT START/ Mb 

TYPE AVAIL USED F'REE USF.D T, TMI1' RESERVE PRI NAME 
dev S J 2  0 512 0 %  0 1 /dev /vgOO/ ] vol 2 
reserve 1 3 9  - 1 3 9  
memory 4 5 1  27 424 6% 

# swap info -m (rx.2600) 
Mb Mb Mb PCT S'l'ART/ Mb 

TYPE AVAIL USED FREE USED LIMIT RF.SF.RVF! PRT NAME 
dev 2048 75 1973 4% 0 l /dev/vg00/lvol2 
r-P.sC? rvc 1 8 9  -189 
memory 1013 3 3 9  674 .13 %  

To see tot..'ll swap space "available" and total swap space "resen-ed". enter: 

II swapinfo -mt 

What is Ute total swap space "available" (including pseudo swap)? 

Answer Varies with cmtfigmation, i.J.1 om case it is 9 6 4  Mb or 3 Gb 

(as seen in the bolded figures below.) 
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II swapinf o -cm (rp2430) 
Mb Mb Mb PCT START/ Mb 

TYPE AVAIL USED FREE USED LIMIT RESERVE PR! NAME 
dev 5 1 2  0 5 1 2  0 \  0 1 /dev/vgOO/lvol2 
reserve 139 - 1 3 9 

memory 4 5 1  2 7  424 Gt 
CO Lill 9 6 3  1 6 6  797 17% 0 

II swdpinfo -mt (rx2600) 
Mo Mb Mb PCT START/ Mb 

'fYPE AVAIL USF:D FRE£ USED LIMIT RESt:RVE PRT NAME 
dev 2048 74 1974 H 0 1 /dev/vg0 0 / l vol2 
�·eserve l':I 0 - 1 90 

memory 1 0 1 3  3 3 9  674 3 3 %  

total 3 0 6 1  6 0 3  2458 2 0 \  0 

What is t11e total space "reserved''? 

A.i1swer Varies with configuration. Swap space is fu'st reserved and then it may (or may 
not) be used by the process that reserved it. 111e bottom line i5 that reserved swap space is 
no more available tJian used swap space so the only figure Uwt really matters here are the 
totals tmderlined (166 Mb and 6 0 3  Mb). This figure is tmavailable Lo any other process. 

:3. St.art a new shell process by typing sh. Re-execute the swapinfo conummd and verify 
whether <my additional swap space was reserved when tJ1e new shell process started. In 
this case, the difference is going to be pretty small, so let's not use the -mop lion. 

Upon verification, exit the shell. 

Is the swap space returned upon exiting the shell process? 

Ai1swer It should and it does. But you have to be careful when you look. 

It is easy fm some otl1er activity on the system to "spoil" the results 
You may want to try it 2 or 3 times to sec if your results change. What SHOULD happen is 
that the "reserve-USED" entries should increase an<l then decrease by exactly the same 
amotmt. 

rp2r l30: 

# swapinfu 
Kb Kb Kb PCT START/ 

TYPE AVAIL USED FREI:: USF.D LIMIT 
dev 524288 0 ')24288 ot 0 
1-esnt·ve 144444 144444 

me1m.> ry 462248 2 fl :! fl4 133864 6% 

# r.;h 

# �wapinto 
Kb Kb Kl> PCT START/ 

TYPB AVAlL USF.D FREF. llSEL> LIMIT 
dev ')24288 0 5211288 O't 0 

r:e�i�rve 1 4 4 7 6 8  - 1 4 4  '/68 
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memory 4 6 2 2 4 8  2 8 3 8 4  433864 6 %  

# exit 

# swapinfo 
Kb Kb Kb PCT START/ Kb 

'fYPE AVA TI, USED FREE USED LIMIT RESERVE PRI NAME 

dev 52428H 0 5242BB 0% 0 1 /dev/vg00/lvol2 

reserve 144444 - 1.4444 4 
memory 46224 B 2BJBB  4 3 3 8 6 0  6 % 

rx2600: 

# swap i n f o  

Kb Kb Kb PCT STAJ{T/ Kb 
TYPE AVAIL USED FREE USED l.IMTT RESERVE PRI NAME 

dev 2 0 9 7 1 5 2  75652 2021500 4 % 0 1 /dev/vg00/lvol2 

reser�ve 194 90 0 -194900 
memory 103 7 0 64 34 6 740 690324 33% 

It sh 

# swapinfo 
Kb Kb Kb PC'f START/ Kb 

TYPE AVAIL USED FREE USED LIMIT RRSF.RVE PRI NAME 

dev 2097152 7 56 52 2 02 1 5 0 0  4 % 0 1 /dev/vg00/lvol2 

r·ese eve 1 9 554 0 - 19 S S4 0 
memory 103 '/ 06 4  346740 69032'1 3 3 %  

# exit 

# swapinf o 

Kb Kb Kb PCT S'I'ART/ Kb 
TYPE AVAIL US8D FREE USED LIMIT RESERVE PRT NAME 

dev 2097152 75652 202 1 5 0 0  4 %  () 1 /dev/vg0 0 / lvol2 

reserve l 9'1900 - 1 9 4 9 0 0  
m0mory 1 0:3 7 0 64 346140 690324 3 3 % 

If you see thal some swap \Vas reserved and not released, then there is something e.lse 
going on in the background that is skewing the figures. 

4. Start glance and observe the Global bars at the top of the display for the <lnraUon of tllis 

step. Stmt a large, memory proces..<; and note hen"' much the CmTent Swap Util. percentage 
increases in glance. Type: 

# /home / h 4 2 6 2 /memory/paging/mem2 5 6  & 

This shonl<l reserve a large amount of swap space. Stmt as many mem2 5 6 processes as 

possible. For best results, wait until each swap reservation is complete, by observing the 
increment.al increases in Cmrenl Swap Util. in glance. 'I11e system will get slower and 

slower as yon st:ut more mem2 5 6 processes. 

What was the maximum number of mem2 5 6 processes that can be sta1ted'? 

Answer Varies with configuration, depends on your swap space. 
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On the rp2430, after 12 copies of mem2 5 6 the test system swnp space was almost gone. 

Below is what happened when the 13th process was introduced. 

# swapinfo -tm 
Mb Mb Mb PCT 

TYPE AVAIL USED FREE USED 
dev 5 1 2  4 6 1  51 90% 
reserve 5 1  - 5 1  

memory 4 5 1  399 52 8 8 %  
tot.al 963 9 1  l 52 95% 

H /home/h4262/mcmory/paging/mem256& 

[ J 3 ]  2864 

START/ Mb 
LIMIT RESERVE 

0 

0 

# exec ( 2 ) : insufticient swap or memory available. 

PRI Nl\MF. 
1 /dev/vgOO/ lvol2 

f 1 3 ]  + Done ( 9)  /home/h4262/memory/paging/mem2 56& 

On the rx2600, after 37 copies of mem2 5 6 Lhe test system swap space was almost gone. 

Below is what happened when the 38lh process was introduced. 

If swap info - tm 

Mb 
TYPE: l\VAIL 
de)! 2 0 4 8  
rP.serve 
memory 1 0 13 
tor.al 3 0 6 1  

II . /mem256& 

[ 3 8 ]  4 1 5 9  

Mb Mb PC'T' START/ Mb 
USED FREE USED LlMIT RESERVE 
1 97 8  "/ O 97% 0 

7 0  - 7 0  

9 9 1  2 2  9 8 %  
1 0 3 9  2 2  9 9 %  0 

exec ( 2 ) : insu f f i cient swap or memory available. 

PRI 
1 

What prevented an additional mem2 5 6 process from being sta1ted? 

Answer "Insufficient swap or memory availnble" 

Kill all mem2 5 6 processes to Testore performance. 

NAMJ:: 

/dev/vg O O / lvol2 

G. Recompile the kernel, disabling pc.;t>udo 'iV\ ap, Use the following procerlnre: 

l li v 1 and earlier: 

# cd /stand/build 
� /usr/lbin/sysadm/system_prep -s system 
# echo " l'"W 1ym· m 1. 0 "  > >  system 
# mk_kernel -s system 
# cd I 
# shutdown -ry 0 

1 li v2 and later: 

,_. �w p II l 
11 cd I 
ll 
NOTE : The conf iguration be i.ng loaded cont.ains the following change ( s )  

L.hat cannot. be appl i ed immediate I y and which wi. I L be held fo1 
L.he next boo t :  
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The Lunable swapmem_on cannot be changed in a dynamic fashion. 
WARNI N G :  The automo tic 'backup' configuration currently contai ns the 

configuration that was in use before Lhe last reboot ol this 
system. 

==> Do you wish to update it to conta i n  the current con f i guration 
before making the requested change? no 

NOTE : The backup w i l l  not be updated .  
* The requested changes have been saved, and w i l l  take e f f ect at 

next boot . 
Tunable 
swapmem_on (now) 

( next boot )  
# shutdown -ry 0 

value 
1 
0 

6. Rebool from the new kernel. 

rp2430: 

Expression 
Default 
0 

Press any key to interrupt the boot process 
Main menu> boot pri isl 
Interqct with IPL> y 

ISL> hpux ( ; O ) /stand/build/vmunix_test 

rx2600: 

(Nothing special needs to be done) 

7. Once ll1e system reboots, login mld execnte swap info. 

Is there a memory entry·? Why or why not? 

Answer No. Pseudo-swap has been disabled. 

Will the same nmuber of mem2 5 6 processes be able to execute as earlier? 

Answer No. 

How many mem25 6  processes can be started now? 

Answer Varies wiUt configuration 

On the rp2430, only G processes could be started successfully. On the rx2600, only 27 
processes could be stm1ed successfully. 

Kill all mem2 5 6 processes to restore performance. 

8. If you ba.ve a two disk system. 

Tf yon have a two (!i<;k system, add the second disk to vgOO (if tltis was not already done in 
a previous exercise) and build a second swap logical volume on it.. 1ltis lvol should be the 
same size as the primary swap vohuue. If you do 11ot llave a second disk, continue 
this lab at question 13. 
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If yon did not add Ute second disk e:u·lier, 

# vgdisplay -v I grep Name ( Note the physical disks used by vgOO) 
# ioscan -fnC disk ( Note which disk is unused by LVM) 
# pvcreate -f <raw_dev_file_of_second_disk> 
# vgextend /dev/vgOO <block_dev_fi le_of second_disk> 

To create the new swap device on the second disk, 

# lvcreate -n swap1 /dev/vgOO 
# lvextend -L 512  /dev/vg0 0 /swap1 <dev f i l e  o f  second di sk> 

Note: In our case the primary swap was 512MB. See swapinfo on your system and match 

the size of Ute new swap device to the primary swap. 

9. Now add the new logical volume to swap space. Ensme that the priority is the same as 
the primary swap: Check yom work. 

# swapon 

Answer: 
It swapinfo 

-p l /dev/vgO O/ swapl 

y -.:L � g°'\"vt c i � 
tm 

Mb Mb Mb PCT START/ Mb 
TYPE 
dev 

reserve 

r.otal 

AVAIIi USED FRF.F. USED LIMIT RESERVE !:'RI NAMB 
5 1 2  0 512 0% o 1 /dev/vg0 0 / l vol2 

1 3 0  - 1 3 0  

5 1 2  130 382 2 5 %  0 

# swapon -p 1 /dev/vgOO/swapl 
swapon : Device /dev/vgOO/ swapl contains a L i l e·  system. 

Use -e to page after the end of the f i l e  syslem, or f to 

overwr i te 
the file sysLem with paging. 

Oops! Problem 1, swapon is being overly cautious. If you get this message, the 
memory manager has detected what appears to be a file system already on the device. 
(Probably, left over from some previous use) You need to override. 

ti i:;wapon p 1 - £  /dev/vgO O / swap l 
swapon : The kernel tunabl e parameter "rnaxswapchunks" needs to be 
i ncreased to add paging on device /dev/vgOO/ swa.pl .  

Oops! Problem 2, the kernel cannot deal witb this amount of swap. If yon get this 
rnessage, the tunable parameter, maxswapchunks, is set too small to acconunodatc all of 
Ute new swap space. We need to modify "maxswapchunks" and reboot. If yon have this 

problem, use sam to double maxswapchunks. In lli v2, maxswapchunks has been 
obsoleted ::rnd will not have to be modified. 

Recompile the kernel (it' necessary), to increase maxswapchunks. Use the following 
procedure: 
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# cd /stand/build 
# echo "maxswapchunks 
# mk._kernel - s  system 
# cd I 

# shutdown -ry 0 

Solutions 

5 1 2 "  >> system 

IO. If you had to rebuild the kernel to increase maxswapchunks1 reboot the system. 

11. 

Otherwise, skip to step 11. 

lli vl and earlier (ONLY!) 

Press any key to interrupt the boot process 
Main menu> boot pri isl 
Interact with IPL> y 
ISL> hpux ( ; O ) /stand/build/vmunix_test 

And now add the new swap device: 

n swapon p 1 - f  /dev/vgOO/swapl 

Verify that the new swap space has be recognized by tile kernel: 

# swapinto -mt (rp2430) 
Mb Mb Mb PCT START/ Mb 

TYPE AVAIL USED PREE USED T.IMIT RESERVE PRl 
dev 512 0 512 0% 0 1 
dcv 512 0 512 oi 0 1 
reserve 141 1 4 1  

Lot a l  1024 14 l BB3 14.% 0 

It swapinf o - r.rn (rx2600) 
Mb Mb Mb PCT START/ Mb 

TYPE AVAIL USF!D FREE USED LIMIT RESERVE PRI 
dev 2048 86 1 962 4 %  0 1 

dev 2048 0 2048 0% 0 
reserve 158 - 1 58 
tor.ul 4096 244 �852 6% 0 

Done! 

Start enough mem2 5 6 processes to make the system st.·ut paging. 

NAME 
/dev/vgOO/lvol2 
/dev/vgOO/swapl 

NAME 
/dev/ vgOO/l vol 2 
/dev/v900/swapl 

Answer: Tilis depends on how much memory you have but on an rp2430 witl1 G40l'vlB. I 
found that 8 processes got things paging nicely! On ;m rx2600. 10 shonld do nicely. 

# VlllSLill 2 2 
pro cs 

faults cpu 
r b w 

memory 

avm free ro 

page 

pi po f r  de sr in 
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sy cs us sy i d  
9 0 0 180106 5064 34 0 192 340 9 9  0 3136 339 

213 471 J OO 0 0 

9 0 0 L 8 0 1 0 6  50% 2 3 0 122 2 1 7  6 3 0 2006 2 1 6  
1 9 1  3 5 5  1 0 0  0 0 

Note the system is paging cons tantly in the vmstat output and free memory is very low. 

12. Measme U1e disk l/O to see what is happening with swap space. Go to question 15 when 
you have finished. 

Answer: TI1e l/O should be balanced across both disks! 

# sar -d 5 2 (rp2430) 

HP-UX r206c41 B . 1 1 . 1 1 u 9000/800 03/18/04 

14 : 22 : 12 device %busy avque r 1w/ s blks/s avwait avserv 
14 : 22 : 17 c l t 1 5d0 8 7 . 0 3  2 4 . 7 3  4 0 9 12222 3 3 . 4 5  1 3 . 86 

c3 t 1 5d0 60 . 6 8 2 3 . 2 1 4 0 6  12093 3 1 . 03 9 . 24 
1 4 : 22 : 22 cltlSdO 8 2 . 6 0  2 2 . 0 1  39S 1 2 2 0 9  2 8 . 53 1 2 . 2 6 

c3tl 5dO 7 2 .  2 0  1 9 . 5 7  3 8 5  11976 2 !:> . 00 1 0 . 57 

Average cl r..15d0 84 . 8 2  2 3 . 39 402 12216 3 1 . 0 3  1 3  . 08 

Average c 3 t: l 5 d0 66 . 43 2 1 . '1 3  396 12034 2 8 . 1 0  9 . 8 9  

# SlH' - d  !:> 2 (rx2600) 

HP-UX r2f,Scl4S B. 1 1 .  23 u ia64 04/07/04 

1 1 : 2 8 : 1 0  device %busy avquc r1w/s blks/s avwait avserv 
1 1 : 2 8 : 1 5  c2tld0 9 . 3 8  0 . 50 25 542 0 . 0 0  6 . 05 

c2c.Od0 3 . 79 0 . 50 14 2 7 1  0 . 01 4 . 7 1  
11 : 28 : 2 0  c2tld0 2 1 . 4 0  6 . 75 79 217:1 2 . 8 5 5 . 3 5  

c2LOdO 6 . 6 0 10 . 42 '17 1 2 2 9  3 . 8 6  3 . 94 

Average c2tld0 l � . 3 8  5 . ?. 5 52 1 4  56 2 . 1 6 5 . 5 1 

Average c2t0d0 5 . 19 8 .  1 3  3 1  750 2 . 97 4 . 12 

11lis lws doubled U1c effective perforn'\,1.nce of swap space. Tite results would be even 
better if 
the swap disks were on different cont.rollers. 

13. If you have a single disk system. 

Create three adclitionnl swap devices with sizes of 20 Mil. 
# lvcreate - L  2 0  - n  swapl vgOO 
# lvcreate -L 20 -n swap2 vgOO 
# lvcreate -L 20 -n swapJ vgOO 

P1ior to activating these swap devices, make note of the amount of swap space currently 
in use. When the new swap devices are activated with equul priority, all 11cw pnging 
activity '""ill be sprcacl f'Veuly over these swap devices. 
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List the clll'rent amount of swap space in use. 

Answer Varies with configuration. Use swapinfo -tm. 

IT 10 MB is currently in use on a single swap device, and we :.icfrrnte an equal priority swnp device, what is 

the disu:ibutiou if an additional lO MB is puged out'? 

Al The distribution would be jQMB and lOMB. 
or 

::a) The distribution would be J5MB and 5MB . 

Answe1· B. vhand does not consider what the previous utiliza tion was. 

14. Activate the newly created swap devices. Activate two with a priority of 1, and the third 
with a priority of 2. 

# swapon -p 1 /dev/vgOO/ swapl 
If swapon -p 2 /dev/vgOO/swap2 
# swapon -p 1 /dev/vg00/swap3 

Start enough mem2 56 processes lo make the system stmt paging. 

Answer: TI1is depends on how much memory you have but on a 640MB syste1n I found 
that 8 processes got tl1ings paging nicely! 

# vmst.at 2 2 

procs memory page 

faulto cpu 

r b w avm free re at pi po f c· cle St" in 

sy Co us sy id 

1 0  0 0 l"/5597 6·� 8 9  1 2  8 2 J l  1 1  0 467 0 

271 5 8  2 6  4 70 

1 0  0 () l'/�� 9'7 6414 20 0 2 7  B 7  2 2  0 1 3 1 6  1 0 .3  

] 0 0  2 !:> 4  1 0 0  0 0 

Note the system is paging constantly in the vmstat output and free memory is very 

low. 

Is the new paging activity being distributed evenly across the paging devices? 

Answer No. It is confined to lvol2 (prirnary swap), swap!, and swa.p::l. 

15. When finished with tl1e lab, reboot the system as normal (do not boot vmunix_ test) to 
re-enable pseudo-swap and remove the additional swap devices. 

For lli vl and ea.rlier, follo\v this procedure: 
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# cd I 

# shutdown -ry 0 

For lli v2 and later, follow this procedure: 

# cd I 
# kctune swapmem_on=l 
# shutdown -ry 0 
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8-18. LAB: Disk Performance Issues 

Directions 

TI1e following lab illustrates a number of performance issues related to disks. 

l. A flle system is required for this lab. One was created in an earlier exercise. Mmmt it 
now. 

If mount /dev/vgOO/vxfs /vxfs 

We also need to a..c;s\u·e tlrnt the controller does not have " SCSI inunediate reporting" 

enabled. Enter the following conunand and check yolll' currenL state: (fill in the device file 
name as appropriate) 

# scsictl -m i r  /dev/rdsk/cXtXdX (to report cmTenL "ir" status) 

If the cun-enL immediate_ report = 1 U1en enter U1e follovving: 

# s c s i c t l  -m ir=O /dev/rdsk/cXtXdX (ir= l to set, ir=Oto dear) 

2. Copy the lab tUes to the file system. 

It cp /home/h4 262/disk/labl/disk_long /vxfs 

# cp /home/h4262/di sk/labl/make_f iles /vxfs 

Next, execute U1e make_files program to create five 11-MB ASCII files. 

ff cd /vxf s 

ff . /make_fi les 

)\J. Pnrge the buffer cache of th.is data., by unmounting and remounting the file system. 

# cd I 

If umount /vxfs 

# mount /dev/vgOO/vxfs /vxfs 

# cd /vxf s 
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4. Open a second terminal window rutd st.art glance. While in glance, 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 with the cat conunand. 
Record tl1e result'> below: 

# timex cat f ile* > /dev/null glance Disk Report 

real: 
user: 
sys: 

Logl Rds: 
Phys Rds: 

Answer: 

# timex cat f il e* > /dev/null (rp2430) 

real : 
user:  
sys : 

0 . 73 
0 . 0 1  
0 . 1 1  

# timex cat file* > /dev/null (rx2600) 

real 0 . 34 

user 0 . 0 0 

sys 0 . 0 6 

Logl Rds : 2 5 6 0  
Phys Rds : 5 0 0  

Logl Rds : 2 5 6 0  

Phys Rds : 2 5 6 0  

5. At this point, all 20 MB of data is resident in the buffer cache. Re-execute t.he s�une 
conunand and record the result.<> below: 

# t lmex cat file* > /dev/null glance Disk Report 

real: 
user: 
sys: 

Answer: 

It t i mex 

real : 
use r :  
sys : 

# timex 

real : 
user :  
sys : 

cat 

0 . 0 6 

0 . 0 1 

0 . 0 5  

cat 

0 . 0 2  

0 . 0 0  

0 . 0 2  

Logl Rds: 
Phys Rds: 

file* > /dev/null (rp2430) 

file* > /dev/null (1x2600) 
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NOTE: TilC conclusion is that I/O is much fast.er coming from the buffer cache, 
than having to go to disk to get the data . . 

6. 111e sar -d repmt. 

Exit glance, and in the second window start: # sar -d 5 200 

From the first window, execute the disk_long program, which wiites 400 lVIB to the 

VxFS file system (an(! then removes the files). 

# timex . /disk_long 

• How busy did the di5k g�t? 
• What was the average number of request in the I/O quene? 
• What was the average wait time in the I/O queue? 
• How much real time did the task take? 

Answer: 

The disk got over 80% busy. 
The average number of request'> in the I/O queue reached ar0tmd 53 on the rp24;30 and 442 
on the rx2600. 
TI1e average wait time of a request was around 65 ms on the q>24:30 and 182 ms on tl1e 
rx2600. 

The task took around 12.5 seconds on the 11)24:30 and 7.5 seconds on tl1e rx2600. 

7. TI1e glance I/O by Disk report 

Exit from the sar -d report, and start glance again . While in glance, display t11e 110 

by Disk report (u key). From tl1e fil'st window, re-execute disk
_ 

long. Record the results 

below: 

# . /disk_long glance I/Oby Disk Report 

Util: Qlen: 
Answer: 

Utilization reached 86% and queue length reached 55 on the rp2430. 
Utilization reached 85% and queue length reached 414 on the rx2600. 

8; 'file glance J/O by File System report 

Rese.I. the data wilh lhe z key, and display tl1e I/O by File System repo1t (i key). 
From the first window, re-execute disk_ long. Recorct result<> below: 

# . /disk
_

long glance T/O by Disk Report 

Logl I/0: Phys VO: 
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Answer: 

Logical I/Os reached 4059 and Physical I/Os reached 806 on the ip2430. 
Logical I/Os reached 4702 and Physical I/Os reached 1528 on the rx2600. 

9. Pe1fonnance tlming - inuuediate reporting. Ensure tl1e inunediat.e reporting options iue 
set for the disk that the file system is located on. If inunediate reporting is not set, set it. 

# scsictl -m ir /dev/rdsk/cXtXdX (to report current "u·" status) 

# scsictl -m ir=l /dev/rdsk/cXtXdX (ir= l to set, ir=O to clear) 

Purge tJ1e contents of buffer cache. 

It cd I 
# umount /vxf s 
# mount /dev/vgOO/vxfs /vxfs 
# cd /vxf s 

10. 'me sar -d report. 

Ex.itglance, and in the second window start: # sar - d 5 2 0 0  

From the fu-st window, execute the disk_long program (which Wiites 400 MB to the file 

system and then removes the files). 

# timex . /disk_long 

• How busy did the disk get? 
• What was the average number of requests in the I/O queue? 
• What was the average wait time in the I/O queue? 
• How much real time did the task take'? 

How do the results of step 11 compare to the results in step 6'? 
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9-14. LAB: HFS Performance Issues 

Directions 

TI1e following lab illustrates a number of performance issues related to l lFS file systems. 

l .  A 512 MB HFS file system is required for this lab. Use the mount and bdf conuuands to 
determine if such a file system is available. 

# mount -v 
# bdf 

IT there is no such HFS file system available, create one using the conuwmds below: 

# lvcreate -n hfs vgOO 

# lvextend -L 512 /dev/vgOO/hfs /dev/dsk/cXtYdZ ( second disk) 

# newfs -F hfs /dev/vgO O/rhfs 

# mkdir /hfs 

# mount /dev/vgOO/hfs /hfs 

2. Copy tl1e lab files Lo U1e newly created HFS file system. 

# cp /home/h4262/disk/labl/disk_long /hfs 

# cp /home/h426 2/disk/labl/make_f iles /hfs 

Next, execute the make_files program to create five 4-MB ASCII files. 

# cd /hfs 

# . /make files 

3. Pmge the buffer cache of this data. by unmotmti.ng and remounting thf> file system. 

# cd I 

# umount /hf s 

# mount /dev/vgOO/hfs /hfs 

# cd /hfs 
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4. Time how long it takes to read the files with the cat conunand. Record the results below: 

# t imex cat f i l e *  > /dev/null 

real: 
nser: 
sys: 

Answer: 

ij t imex cat f i le* > /dev/null (rp2430) 

real 

user 

sys 

1 .  04  
0 . 0 1  

0 . 1 6 

# t i mex cat f i le* > /dev/null (rx2600) 

real 

user 

sys 

0 .  45  
0 . 0 0 
0 . 05 

Tile cat conunand took 1.04 seconds to complete on the rp2430 and 0.45 seconds on the 
rx2600. 

5. In a second window st..1.rt: # sar - d  5 2 o o 

From the first window, execute the disk_ long program, which writes 400 MB to the IIFS 

file system (and then removes the files). 

# t imex . /disk_long 

• How busy did the disk get? 
• What was tl1e average nmnber of request in the l/O queue? 
• What was the average wait tirne in the l/O queue? 
• Bow much real time did the task take? 

AI1swer: 

# S<ll" - d  5 2 0 0  (rp243Q) 

HP UX r206c41 8 . 1 1 . 1 1  U 9000/800 03/7.3/04 

1 1 : 5 3 : 1 5 dev i ce 

11 : 5 1 : 2 0  c l t l 5 do 

c3t l �)dO 
1 1 : 5 3 : 2 5 c l t l 5d0 

c3t.l�) d0 
1 1 : S 1 : J O c L L 15dO 

c 1 L l 5d0 
1 1 : 5J : l 5 c l t 15d0 

C ) l . l 5d0 

%busy 
!i . 2 0  

avque 
0 . 5 0 

3 3 . 6 0  692/. . 0 8  
7 .  5"/ 0 . 50 

'> 5 . 9 8  5 ?. 1 5 . 11 

2 . 0 1 0 . 5 0 
100 . 0 0  8156 . 62 

8 . 00 5 . 80 
84 . 20 1 2 3 7 . 1 9 

r 1 w/s 
13 

950 
10 

17 5 8 
6 

2 9 8 3  
18 

5 5 8  
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b l k s / s  
6 6  

1 5049 
36 

2 7 9 8 0  
IJ. 1  

4 '/696 
108 

8670 

c1VWi::\ i l. uvscrv 
'3 . 0 9 4 . ')4 

629 . b 3  14 . 85 
;, - 4 0 6 . 82 

2 1 1 3 . J S L 3 . 70 
3 . 92 5 . 0 1 

2 '> 9 1 . 1 3  1 6 .  4 '.:>  

2 5 . 3 1 18 . 95 
1 55 S . 06 1 7 . 6 8 
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1 1 : 5 3 : 4 0  cltlSdO 6 . 0 0 0 . 5 0 15 76 4 . 69 

c3tl5d0 7 1 . 2 0 7 3 7 ') . 94 2168 34 537 1 3 2 2 . 90 

1 1 : '::> 3 : 4 5  c l t l !'>d.O 0 . 2 0 0 .  50 1 5 0 . 00 

c3tl'::>d0 2 5 . 8 0 2 3 7 5 . '::> 0 9 5 0  15206 34 7 8 . 83 
11 : 5 3 : 5 0  c3 LlSdO 9 . 2 0  0 . 5 0  16  258 '::> . 06 

TI1e disk got up to I 00% busy. 
TI1e average number of req11est.s in U1e request queue was about 5200. 

The average wait time in the request queue was about 1950 ms. 

It timex . /di sk_long 

r·eal 22 .  ·16 
user � . 57 
sys 3 .  45 

TI1e operation completed in 22.76 seconds. 

# sar - d  5 200 (rx2600) 

HP-CJX r265cl45 B . 1 1 . 2 3  u i a64 04/07/01 

1 3 : 2 0 : 2 '::> device %busy avque r • w/s 
1 3 : 2 0 : 3 0  c 2 t. l d 0  4 . 3 9 0 . 5 0 ?.7 

c2t0d0 2 7 . 1 5 0 . 5 0 9 0  
1 3 : 2 0 : 3 5  c2tld0 4 1 . 0 0 1 0 4 . 2 9  245 

c2t0d0 9 9 . 2 0  2 4 0 0 4 . 6 3 3 3 2 2  
13 : 2 0 : 4 0  c2tld0 I .  4 0  0 . 5 0  3 

c2t.Od0 100 . 0 0  20020 . 6 9  3 8 9 5  
1 3 : 2 0 : 4 5  c2tld0 4 . 00 0 .  '::>0 13 

c2t0d0 5 7 . 2 0  5030 . "/'/ 2097 
1 3 : 2 0 : 5 0 c?.tldO 2 . 4 0 0 . 50 7 

1 3 : 2 0 : 5 5 c21.ld0 1 . 4 0  0 . 5 0 2 

The disk got up to 100% busy. 

blks/s avwait 
7 0 6  0 . 00 
7 5 6  0 . 00 

4 0 2 6  1 '1 3 . 18 
'::> 3 1 2 9  2127 . 1 5  

51 0 . 00 
62320 6436 . 22 

287 0 . 00 
33482 9701 . 92 

1 6 4  0 . 0 0 
3 4  0 . 00 

The average mmiber of requests in the request queue was about 50,000. 
The average wait time i.n U1e request queue wns about 6100 nIB. 

It t.imex . /disk_long 

real 1 6 . 0'l 
user 0 . 83 
sys 1 . 96 

'11w operation cornpleted in 16.87 seconds. 
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4 . 7 2 

1 4 . 7 7 

8 . 35 
1 4 . 4 2 

5 . 2 1  

avscrv 

1 . 67 

3 . 04 

J 2 . 7 6  
2 . 3 5  

4 . 6 2 

2 . 0 4  

'::> . 6 8  

2 . 0 6 

6 .  91 

9 . 91 
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6. Performance tuning - recreate the file system with larger fragment and file system block 
sizes. 

Tmling the size of the fragments and file system blocks can improve performance for 
sequentially accessed files. The procedure for creating a new file system with customized 
fragments of 8 KB and file system blocks of 64 KB is shown below: 

# lvcreate -n custom-lv vgOO 

# l vextend -L 5 1 2  /dev/vgO O/custom-lv /dev/dsk/cXtYdZ 

# newfs - F  hfs - f  8 1 92 -b 6 5 5 3 6  /dev/vgOO /rcustom-lv 

# mkdir /cust-hfs 

# mount /dev/vgOO/custom_lv /cust-hfs 

7. Copy the lab files to the customized HFS file system, execute the make_f i l e s program, 

and pmge the buff er cache. 

# cp /hfs/disk_long /cust-hfs 

# cp /hfs/make_f iles /cust-hfs 

# cd /cust-hfs 

# . /make files 

# c d  I 

# umount /cust -hfs 

# mount /dev/vgOO/custom-lv /cust-hfs 

# cd /cust-hfs 

8. Time how long it takes to read the files with the cat conunand. Record the results below: 

# t imex cat file* > /dev/null 

real: 
user: 
sys: 

Answer: 

# t imex cat file*  > /dev /null (rp2-130) 

real 
user 
sys 

0 . 8 4 
0 . 0 1  
0 . 1 0  
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# timex cat file* > /dev/null (rx2600) 

real 
user 
sys 

0 . 4 3  
0 . 0 0 
0 . 03  

Solutions 

TI1e cat command took 0.84 seconds to complete on the rp2430 and 0.43 seconds on the 
rx2600. 

How do the results of step 8 compare to U1e default HFS block and fragment result.'> from 
step 4? 

Answer: 

TI1e larger block aud fragment size resulted in 1/0 operations which were almost 20% 
faster on the rp2430 and marginally foster on the rx2600. 

9. Performance tuning - change file system monnt options. 

TI1e mmrner in which the file system is mounted can impact performance. TI1e fsasync 
mom1L option can improve performance, but data (metadata) integrity is not as reliable in 

the event of a crash, ;u1d fsck could run into difficulties. 

# cd I 

# umount /hfs 

# mount -o fsasync /dev/vgOO/hfs /hfs 

# cd /hfs 

10. In a seconcl wi11dow sta1t: # sar -d 5 2 0 0  

From the first window, execute the disk_long program, which writes -WO MB to the HFS 
file system (a11d Uten removes the files). 

# t imex . /disk_long 

• How busy did the disk get? 
• What was the average number of requests in the I/O queue? 
• What was the average wail time in the 110 queue? 
• How much rf'al time did the task take? 

Answer: 

# sar -d 5 200 

HP-UX r206c41 B . 1 1 . 1 1 u 9 0 00/800 03/23 /04 

http://education.hp.com Solutions-73 H4262S C.00 
© 2004 Hewlett-Packard Development Company, LP. 



Solutions 

12 : 0 8 : 22 device %busy avque r+w/s blks/s avwait 
12 : 08 : 2 7 cltl5d0 6 . 20 0 . 50 9 3 8  4 . 1 8  

c3tl5d0 6 1 .  2 0  5592 . 3 0  2 1 2 0  3 3 8 1 8  1376 . 8 0  
12 : 08 : 3 2 cltlSdO 7 . 00 0 . 5 0 1 6  8 1  4 . 3 1  

c3t15d0 58 . 60 718 6 .  64  1675  26765  1295 . 5 3  
12 : 0 8 : 3 7 clt15d0 8 . 4 0  3 . 94 24 146 2 0 . 1 2  

c3t15d0 92 . 80 498 6 . 82 1860  29579  2678 . 6 2  
1 2 : 08 : 42 cltl5d0 6 . 6 0  0 . 50  17  120  4 . 84 

c3tl5d0 100 . 0 0  1558 8 . 4 4 2344  37493  2943 . 3 5 
1 2 : 08 : 4 7  c3t15d0 71 . 2 0  5725 . 86 2292 36664  6 1 5 9 . 6 9  

'TI1e disk got up to 100% busy. 
'TI1e average number of requests in the request queue was about 7800. 
'Tite average wait time in the request queue was about 2900 ms. 

# tirnex . /disk_long 

real 
user 
sys 

17 . 1 7 
4 . 6 1 
3 . 72 

'TI1e operation completed in 17.17 seconds. 

# sar -d 5 200  (rx2600) 

HP-UX r265cl45 B . 1 1 . 23 0 ia64 04/07/04 

13 : 3 9 : 3 9 device %busy avque r+w/s 
1 3 : 3 9 : 44 c2tld0 1 .  0 0  0 . 50 4 

c2t0d0 46 . 11 22190 . 4 8  1274 
13 : 3 9 : 4 9  c2tld0 2 . 00 0 . 50 5 

c2t0d0 100 . 00 30303 . 6 0  3684  
13 : 3 9 : 54 c2tld0 3 . 20 5 . 2 0  9 

c2t0d0 9 9 . 80 11176 . 4 1  3 8 8 8  
13 : 39 : 5 9  c2tld0 0 . 8 0  0 . 5 0  2 

c2t0d0 5 . 6 0 716 . 00 2 87 
1 3 : 4 0 : 04 c2tld0 4 . 0 0  0 . 50 9 

'TI1e disk got up to 100% busy. 

blks/s avwait 
67  0 . 0 0  

20184 102 6 . 94 
77 0 . 0 0  

58941 4 02 1 . 91 
141 1 1 .  85  

62008  874 0 . 46 
3 0  0 . 0 0  

4562  1 1 0 6 7 . 58 
43 0 . 00 

'TI1e average number of requests in the request queue was about 17500. 
'flle average wait time in U1e request queue w� about (HOO ms. 

# timex . /disk_long 

real 
user 
sys 

14 . IJ.6 
0 . 8 6  
3 . 04  

The operation completed in 1-1.46 seconds. 

avserv 
6 . 1 9  

13 . 94 
5 . 28 

1 7 . 0 0  
13 . 03  
16 . 1 1  

3 . 79 
1 6 . 9 5  

1 5 . 6 9  

avserv 
2 . 51 

2 . 54 
5 . 94 

2 . 1 5  
12 . 77 

2 . 05 
4 . 42 

1 .  5 1  
4 . 45 
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How do the results of step 10 compare to U1e default mount options in step 5'? 

Answer: 

With fsasync tm11ed on. the operation wus about 25% faster on the rp2430 m1d 14% faster 

on the rx2600. 
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10-23. LAB: JFS File System Tuning 

Directions 

1l1e following lab exercise compares performance of JFS with different mount options. '11lc 
mount options used with JFS can have a big i.lnpact on .JFS perfom1m1ce. 

1. Mount a JFS file system to be used for this lab under /vxfs . 

# mount /dev/vgOO /vxfs /vxfs 

2. Because the above mount corrunand specified no special mo1mt options, the default 

motult options are used. Use the mount -v conunand to view the default options, 

including the option for transaction logging type. 

What type of transaction logging does JFS use by default"? 

Answer Full logging 

;3. Change directory to /vxfs. Time t11e execution of the disk_ long program, which writes 
400 l\IB of data to the file system in 20 MB increment5. After each 20 l\IB is wiitten. the 
files are deleted. Run Ute conunand three times and record the middle results. 

# cd /vxf s 

# t imex . /disk_long 
n t imex . /disk_long 
# timex . /disk_long 

Record middle results: 

Re<il: ______ User: _____ Sys: ____ _ 

Answer Varies with configuration, live data from test 

# t imex . /disk _long (11)2430) 

real 12 . 34 
user 4 . 8 2 
sys 3 . 4 5  

# t imex . /disk_long(rrx2600) 

real 9 . 4 9  
user 0 . 9 0 

sys 1 . 62 

U you look back to Ute HFS results, you will see that this is faster. See question :) from the 
previous Jab; test time was 23 seconds or 17 seconds! 

H4262S C.00 Solutions-76 
© 2004 Hewlett.Packard Oevelopment Company, LP. 

http://education.hp.com 



Solutions 

4. Rem0tmt the JFS file system using delay log option. TI1is helps perfonnance of non­
critical transactions. Run the conurumd U1ree times and record the middle results. 
# cct I 
# umount /vxf s 
# mount - o  delaylog /dev/vgOO/vxfs /vxfs 
# cd /vxfs 

# timex . /disk_long 
# timex . /disk_long 
# t imex . /disk_long 

Record middle results: 

Real: ______ User: _____ Sys: ____ _ 

Answer Varies with configuration, should be faster than before: 

# timex . /disk_long (rp2430) 

real 1 0 . 9 3 
user 4 . 8 5 
sys 3 . 5 2 

# timex . /disk_long (rx2600) 

real 9 . 2 3  
user 0 . 9 0 
sys 1 .  64 

Based on the results, does the disk_ long program perfonn any non-critical transactions"? 

Answer 

The miswer is yes; the disk_ long program is performing some non-c1;1ic:tl 
transactions. Titis is 5een by some improYement in time to execute. Sine<> the programs 
v.Lite data in l MB incr<>ments (that's it), just al>out eYery JFS transnction is critical. so 
mounting with delay log Yersns full log does not greaUy affect perronnance in 
Uti.s cas<'. It will in other cases. 

5. Rerno1mt the JFS file system� using tmpl og option. 111is causes Ute system call to be 

retm11ed after the JFS transaction is updated in memory (step l from lecture), and before 
the transaction is written lo lhe intent log. Run the conunand three times �md record the 

middle results. 

# cd I 
# umount /vxf s 
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# mount -o tmplog /dev/vgOO/vxfs /vxfs 
# cd /vxfs 
# timex . /disk_long 
# t imex . /disk_long 
# t imex . /disk_long 

Record middle results: 

Real: ______ User: ______ Sys: ____ _ 

Answer Varies with configuration, Jive test data: 

# timex . /disk_long 

real 
user 
sys 

10 . 08 
4 . 82 
3 . 4 0  

# timex . /disk_long 

real 
user 
sys 

1 0 . 3 5  
0 . 90 
1 .  6 0  

(rp2430) 

(rx2600) 

Based on the results, why does the disk_ long program show little or no improvement 

when mounted \\'ith tmplog'? 

Answer 

The disk long program shows lilUe perfomwnce improvement because Ule program 

is perfom1iug extending write calls. When an •extending write" calLis issnNI. by 
default JFS v.utes the user datafirst before writing the JFS transaction to tl1e intent log. 

As a result. e,·en JFS file systems moimted with tmplog or no log will still have to wait 
for tht> user data to be wtilten to disk. Titis waiting for the user data to be wdtten hurts 
1J1e pe1fommnce of JFS. 

6. Remotmt the JFS file system using tmpcache option. TILis allows the JFS tn.utsaction to 

be created wiUwut having to wait for the user data to be written in extending write cal ls. 

Rm\ the conunand three times and record the nridcUe results. 

# cd I 
# umount /vxf s 
# mount - o  mincache=tmpcache /dev/vgOO/vxfs /vxfs 
# cd /vxfs 
# timex . /disk_long 
n t imex . /disk_long 
# timex . /disk_long 
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Record middle results: 

Real: ______ User: _____ Sys: _____ _ 

Answer Vaiies with configuration, live test data. Fastest yet! 

# tirnex . /disk._long (rp2430) 

real 9 . 13 
user 4 . 5 1 

sys 2 . 6 9  

# t imex . /disk_long (rx2600) 

real 9 . 5 1  
user 0 . 90 
sys 1 .  6 5  

Answer 

Solutions 

When the mine ache= tmpcache option is specified, under 2 �ffi out of 400 MB is 
physically wrilten to disk. When this option is not specified, all 400 l\ID ( 400 out of 100) is 
physically written to disk. l\Iajor perfom1ance improvements should be seen with using: 
tllis option. especially for applications doing lots of "extending write" calls (like tlte one 
in the lab). 

7. Remount the JFS file system using direct option. This option requires all user data and all 
.JFS transactions to bypass the buffer cache and go directly to disk. Rtm the conunand jusl 
once and record the 1·esult5. 

# cd I 
# umount /vxfs 
# mount -o mincache=direct /dev/vgOO /vxfs /vxfs 
# cd /vxfs 
# timex . /disk_long 

Record results: 

Real: ______ User: _____ Sys: _____ _ 

A11swer Varies with configmation, live test data, not very impressive! 

ti timex . /disk _long (rp2430) 

real 7 : 3 6 . 7 5 

user 5 . 15 
sys 5 . 4 1 

# timex . /disk _long (rx2600) 
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real 
user 
sys 

3 : 0 6 . 72 

0 . 9 0 
2 . 4 5 

B<tSed on the results, why does the disk_ long program show such poor performance 

results when mow1ted with mincache=direct'? When would this option be appropriate 

to use'? 

Auswer 
111e perfom1ancc is poor because system calls haw to wait while user data a 11d JFS 
transac.tions are wiitten out to rlisk. Norn.tally, the JFS tran�actions are written to buffer 
cache. <.u1d U1e system calls do not have to wait for the transaC' tiou to be writ ten to disk. 

Th.is option is appropriatt> when the application perfomts its own caching, like Ytitl1 an 
ROB.MS (for example. Oracle). 

8. Dismow1t the VxFS file system. 

# umount /vxfs 
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1 1-20. LAB: Network Performance 

Directions 

The following two labs investigate network read and Wiite pe1formance. The labs use NFS and 
are petformed against the JFS file system created in the JFS module. 

Lab 1 - Network Read Pe1·formance 

To perform this lab, two systems are needed: an NFS server and an NFS client. Pair up with 
�mother student in tlte class for this lab. 

l .  Make sure the .WS file system on the server contains the make_files program. Execute 
the make_ f i 1 es program to create files for the client to access. 

# mount /dev/vgOO/vxfs /vxfs 
# cp /horne /h4262/disk/ labl/make_files /vxfs 
# cd /vxfs 
# . / make fi l e s 

2. Export the JFS file system so the client cm1 motmt it. 

# exportfs - i  -o root=<client hostname> /vxfs 
# exportfs 

3. From the client system, mount tl1e NFS file system. 

# urnount /vxf s 
� mount serve r_hostname : /vxfs /vxfs 

11. Time how long it takes to read the 20 MB of files from the mounted file systern. Record the 
results: 

# timex cat /vxfs / f i l e *  > /dev/null 

Record results: 

Real: _____ _ User: _____ Sys: ____ _ 

Answer Varies witl1 confignration, live test. <lat.a below, 

# t imex cat /vxfs/file* > /dev/null (rp2430) 

real 1 .  8 0  

user 0 . 01 

sys 0 . 07 

# t imex cat /vxf s / f i l e *  > /dev/null (rx2600) 

real 1 . 17 

user 0 . 00 
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sys 0 . 02 
5. Now that the datn is in the client's buffer cache, time how long it takes to read the exact 

smnc files again. Record the results: 

# t imex cat /vxfs/file* > /dev/null 
Record result5: 

Real: ------ User: _____ Sys: ____ _ 

Answer Varies with configm-ation, live data below. Much faster once buffered. 

# t imex cat /vxfs/f ile* > /dev/null (rp2430) 

real 0 . 0 5 
user 0 . 0 1 
sys 0 . 04 

# t imex cat /vxfs/file* > /dev/null (rx2600) 

real 0 . 02 
user 0 . 00 
sys 0 . 01 

Moral: Try to have a big enough buffer on the client system for a lot of data to be cached. 
Also. biod daemons V\7ill help by prefetching data. 

6. Test Lo see if fewer biod daemons will change the initial perfomumce. 

# cd I 
# umount /vxfs 
# kill $ (ps -e I grep biod I cut -cl - 7 ) 
# /usr/sbin/biod 4 

# mount server hostname : /vxfs /vxfs 
# timex cat /vxfs / file* > /dev/null 

Recorrl results: 

Real: ______ User: _____ Sys: ____ _ 

Answer Varies with configuration, but significant change. Large sequential access 
appears to be independent of tl1e number of biods. Not what theory suggests? Well this 
depends! 

# t imex cat /vxfs/file* > /dev/null (rp2430) 

real 1 .  80 
user 0 . 0 1 
sys 0 . 0 7  

# timex cat /vxfs/file* > /dev/null (1x2600) 
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real 1 . 15 

user o . o o  
sys 0 . 02 

7. Once finished, remove the files and umount the file system. 

# rm /vxfs / file* 
# urnount /vxf s 

Lab 2 - Network W1·ite Performance 

Solutions 

The following lab has the client perform many writes to m1 NFS file system. The following 
parameters will be investigated: 

• Number of biod daemons 

• NFS version 2 versus NFS version 3 

• TCP versus UDP 

Dm'ing this lab, the monitoring tools shown below should be used on the <.'lient ru1d server 

CLIENT 

# nfsstat -c 
# glance NFS report (n key) 

# glance Global Process (g key) 
- monitor biod daemons 

# glance Disk report (d key) 

monitor Remote Rds/Wrts 

SERVER 

# nfsstat - s 
# glance NFS report (n key) 

# glance Global Process (g key) 
-moniLor n f sd daemons 

I. From the NFS client, mm.mt the NFS file system as a version 2 file system. 

# mount -o vers=2 server_hostname : /vxfs /vxfs 

2. Tenninate all the biod daemons on the client. 

# kill $ (ps -e l grep biodj cut - c l - 7 )  

a. Time how long it takes to copy the vmunix file to the mounted NFS file system. Record 
Ute results: The first conunand buffers the file. 

# cat /stand/vmunix >/dev/null 
# timex cp /stand/vmunix /jfs 

Record results: 

Real: _____ _ 

http:/leducation.hp.com 

User: _____ Sys: ____ _ 
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Answer Vades with configuration 

# timex cp /stand/vmunix /vxf s (rp2430) 
real 3 3 . 9 5  
user 0 . 0 0 
sys 0 . 4 4  

# timex cp /stand/vmunix /vxf s (rx2600) 

real 2 0 . 6 4 
user 0 . 0 0 
sys 0 . 3 8 

4. Now, start up the biod daemons, and retry timing the copy. Record the results: 

# /usr/sbin/biod 4 
# timex cp /stand/vmunix / j fs 

Record results: 

Real: ______ User: _____ Sys: ____ _ 

Answer Varies with configuration. the test data shows marked improvement. The biods 
are providing tJ1c .. write behind" service which is reducing the wait time 
experienced by tlte cp command. 

# timex cp /s tand/vmunix /vxfs (rp2430) 

real 29 . 27 
user 0 . 00 
sys 0 . 16 

If t imex cp /stand/vmunix /vxfs (rx2600) 

real 16 . 5 3  
user 0 . 00 
sys 0 . 14 

5. Ch;mge the mount options to version :3 ::md retune tl1e transfer: 

# cd I 
# umount /vxf s 
It mount -o vers=3 server -hostname : /vxfs 
If cd I 
# timex cp /stand/vrnunix /vxfs 

Record results: 
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Real: ______ User: _____ _ 

Answer: Interesting, it would appear that Version 3 motmting is far better Umn version 2. 

The resnlt5 were obtained using the sarne 4 biods started in question :3. 

# t imex cp /stand/vmunix /vxfs (rp2430) 

real 2 . 6 3 
user 0 . 00 

sys 0 . 18 

# timex cp /stand/vmunix /vxfs (1x2600) 

real 4 . 13 
user 0 . 00 

sys 0 . 13 

6. Compme the speed of FTP to NFS. Transfer the file to the setver using the ftp utility. 

ff ftp server hostname 
# put /stand/vmunix /vxfs/vrnunix . ftp 

How long did Ute ITP transfer take? ____ _ 

Explain the difference in performance. 

Answer TI1e data below shows that ftp is well opti.rnized to perform data transfer. TI1e 
good news is that Version 3 of NFS keeps up with it and remember that at lli, 
NFS is using TCP/IP and not UDP/IP. 

# ftp r265c&9 (ql2-l30) 
Connected t o  r265c69 . cup. edunct . h p . com. 
2 2 0  r?.65c:6 9 . c:up. edunet . h p . com FTP server (Version l . 1 .214 . 4 (PHNE_2.1950) Tue May 
22 O S : 4 9 : 0 1  GMT 2 0 0 1 )  ready. 
Name ( r'26 5 c6 9 :  root:) : 
1 3 1  Password required f o r  root .  
Password: 
2 3 0  User root logged i n .  
Remote �:;ystem type i s  UNIX. 
Using binary modH 1.0 r. ransfer f i l e s . 
ftp> put /stand/vmunix /vxfs/vmun l x . ftp 
2 0 0  l:'OR'l' command successful . 
150 Ope n i n y  BTNARY mode data connection for /vxfs/vmunix . ft p .  
2 2 6  Transter comp l e t e .  
/. 7 5 7 3 4 1 0  byt <�S sent in 2 . S S  seconds ( 1 0 G 5 4 . 3 1  Kbytes/sl 
ftp> 

11- fLp c 2 6 5 c H  5 (rx'.2600) 
Conncct�d to r26Scl4 5 .  
2 2 0  r26 5 cl4 5 . cup . edunet . hp . cQm l"TP serv'"r (Revision 1 . 1  Version wuftpd- 2 . 6 . l  Tue 

,Jul 15 0 7 : 4 2 : 07 GMT 2 0 0 3 )  ready. 
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Name (r265cl45 : root. ) :  
3 3 1  Password required for root . 
Password: 
2 3 0  User root logged in. 
Remote system type is UNIX. 
Using binary mode Lo trans f e r  t i l e s .  
ftp> put. / stand/vmunix /vxfs/vmuni x . ftp 
2 0 0  PORT command successful. 
150 Opening BINARY mode data connection for /vxfs/vmunix . ftp. 
226 Transfer complete. 
47716848 bytes sent in 4 . 03 seconds ( 1 1 5 5 7 . 2 4  Kbytcs/s) 
ftp> 

7. Test the potential performance benefit of tm1ling off the new TCP feature of HPUX lli. 

First, motmt tile file system with UDP protocol rather than the default TCP. 

# umount /vxf s 
# mount -o vers=3 -o proto=udp server_hos tname : /vxfs /vxfs 

Perform the copy test again m1d compare the results with the TCP version :3 mount data in 
part 3. ls UDP quicker than TCP? 

# t imex cp /stand/vmunix /vxfs 

Answer 

II t i mex cp /stand/vrnunix /vxfs (rp2430) 

real 2 . 41 
user 0 . 0 0 
sys 0 . 15 

u timex cp /stand/vmunix /vxf s (rx2600) 

real 4 . 0 8 

UGe.t:' 0 . 0 0 

E;ys 0 . 1 3  

It would appear that. UDP is marginally quicker than TCP but the difference is very small 
:rnd probably not worth the risk. HPUX lli version 3 NFS wiUt TCP provides good 
performance and reliability. 
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