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. The Problem

* Extract the signal from the noise

* Complex runs
— Many processes, threads, CPUs

— Processes interact in many ways
* And affect each other's performance

— Most activity is uninteresting
* Filter the data to decrease noise
* Navigate through the data to explore the real signal

Minimize the number of mouse clicks to do it
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. Filtering and Navigation

* Filtering: slice and dice the data in many ways
— By function, source line, or instruction in stack or not in stack
— By callstack fragment
— By time
— By cache line, page, address, LWP, thread, CPU, ...
* And any combinations of these properties

* Navigation from anywhere to anywhere
— From function to source, disassembly, callers, callees, ...
— From Timeline event to callstack to source, disassembly, ...

* Filtering and navigation accessible from option menu in View
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. From the Function List

B Excl. Total | & Incl. Total | Mame
CPU CPU
W (sec.) (sec.)
23. 166 23. 166 <Total:>
6. 064 6. 064 real recurse
3.102 3.102 gpf_work
3.012 3,012 maldiwv ool
3.002 3.002  cputime Show Disassembly
2,932 2,932 icputime Add Filter: Include only stacks containing the selected functions
2. 332 2. 332 my_irand Add Filter: Include only stacks not containing the selected functions
0.7700 3.03z  fitos Add Filter: Include only stacks with the selected functions as leaf
0.560 0. 560 dousleep Add Filter: Include only stacks containing similarly-named functions
0.5 0.510  inc middle Add Filter: Advanced Custom Filter...
0.z90 0.z90 inc_entry Undo Last Filter
0.0o90 0.o90 inline code ) o
- Redo Filter
0. o920 0. 090 macro code .
- Remove All Filters
0.0as0 0. 050 5 inline co
0.070 0.070 eXt_Macro Sort by
0. 060 0. 060 inc_body [ Properties
0. 060 0. 060 inc_brace
0. os0 0. 0sa0 inc exit

Navigate to source, disassembly; apply several varieties of filters
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. From the Source View, |

ot L I —
int imax; :_v
volatile float x= 0.0; Recent 5t

imax = 4* amt * amt;

Back
for{(i = 0; i < imax; Forward
S5how Callee Source
int j; Show Callee Disassembly
Xx = 0.0;
L ) Show Caller Source »
for(|j=0; j<2
x = Show Caller Disassembly »
} Show Disassembly
*

Add Filter: Include only stacks containing the selected lines
Il Add Filter: Include only stacks not containing the selected lines
Add Filter: Advanced Custom Filter...

bl = L T

Calls )
Undo Last Filter

i work Redo Filter

called by Remove All Filters

b Previous Hot Line ~-P

- MNext Hot Line

£ a
Previous Non-zero Metric Line it =P
Mext Non-zero Metric Line =N

@ Properties

For a line with no calls in it
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1. pvstart = gethrvtime();
375.

From the Source View, Il

-

Aliases:

— =3

20. 094 {k=>function) (k->param); .
- X Back Inclusive
pend = gethrtime(); 556 (87.98%
pvend = gethrvtime(); Forward 094 (86.74%
fprintf({fid, Show Callee Source 094 (86.74%
= s Show Callee Disassembly cputime
{k=rnoverify == 07 'X' : '¥'), &
{double) (pend - pstart)/({double)l( Show Caller Source Al ]
(double) (pvend - pvstart)/(double] Show Caller Disassembly e_ndcases s
k-racctname) ; Show Disassembly fII{:S d
#if os(Solaris) ttlush(tid); Add Filter: Include only stacks containing the selected lines gcl:autime :
reri the si Add Filter: Include only stacks not containing the selected lines ~r{FT 3
. check_sigmask(); Add Filter: Advanced Custom Filter... recurse
. #endif Undo Last Filter
Redo Filter
break; Remove All Filters
! Previous Hot Line “-F
} Next Hot Line *=N
if(k=>name == NULL) { Previous Non-zero Metric Line =P
sprintf(buf, "++ ignoring ~%s'\n",| Next Non-zero Metric Line =N
fprintf|stderr, buf); .
) @ Properties

-

From a line with a call to multiple functions, choice of callees
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. From the Dlsassembly View, |

] [ 375] 406266 mMovdg =0x30(Erbp).,% | | _:..uur(e r!“:: n.u.l_‘.:.n.uw;
0 [ 3751 406e6a: movl Oxlﬁ[‘trﬂ],‘tedl Nhiect File: :e/mitzk
] [ 375] 406e6e: movg B(%r9),%rs Back L
0. [ 375] 406e72: movl 50, seax Forward
2, e [ 335] 406aiy: call  *irdd Show Callee Source

[LEDE - ETELL Show Callee Disassembly |
0. [ 376] 406eTa: movl 50, %eax
0. [ 376] 406e7f: call  gethrtime [ oxdosy  >how Caller Source -
. [ 376] A406e84: movyg trax, 3r8 Show Caller Disassembly ]
0. [ 376] 406e87: movg U8, -0x448(%rbp) Add Filter: Include only stacks containing the selected PCs

pvend = getl Add Filter: Include only stacks not containing the selected PCs
o [ 371) 406eSe: movl 0, %eax Add Filter: Advanced Custom Filter...
0. [ 3771 406e93: call gethrvtime [ 0x40] .

) Undo Last Filter

0. [ 3771 406e98: movg $rax, $r8 )
0. [ 37771 406e%b: movg 3rE,=0x450(3rbp) Redo Filter

fprintf(fid Remove All Filters o

"o %6.3f Previous Hot Line ~_p C
(k==noverify == 07 Next Hot Line ~_N
1 {double)(pend = pst{ n .
5. Tl = Previous Non-zero Metric Line ~+{r=-P
. k->acctname): Next Non-zero Metric Line ~+ =N

0. [ 383] d406eaZ: movg =0x30(%rbp), %8 @ Properties
n [ ] ANRaak+ mrver ] NwilAl 2rEy Eoawv T T

From a non-call instruction
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. From the Disassembly View, Il

| A= LUNCTLON ) | A= D8l ain ) 7 FL AOOMNESS; £:vavuuun

. [ 3751 406262 mowvg -0x30(%rbp),3r? Size: 3
0. [ 375] 406e66: movg =0x30(%rbp),srs Source File: 'mitzkowi/
o. [ 375] 406e6a: movl O0x18(%r8), sedi Object File: e/mitzkon
. [ 375] 40660t WOV B{:Er9),:rs Load Object: /workspac
. [ 3751 406272: movl $0, %eax Mangled I?Iame:
20. 094 [ 375] 406e77: call *Erad Aliases:
- Back B E
a [ 376] 406eTa: movl 50, %eax Forward sad: a.
a [ 376] 406e7f: call gethrtim show Callee Source » cputime
o [ 376] 406e84: movy Brax,sry Show Callee Disassembly » dousleep
u] [ 3781 406871 movg ErE,-0x
o Show Caller Source k E_“dCESES
o [ 377] 406ese: movl $0,2eax show Caller Disassembly p| fitos
o. [ 377] 406e33: call gethrwti  Add Filter: Include only stacks containing the selected PCs f‘""f .
o [ 377] 406ed8: movyg srax, sry Add Filter: Include only stacks not containing the selected PCs |cput|_me
o. [ 377] 406e%b: movg tré, -0xg Add Filter: Advanced Custom Filter... e |
= TH Undo Last Filter recurse

{k::_mw;:; Redo Filter

{double) (g Removwve All Filters

(double) (g Previous Hot Line ~-P

: k->acctnan Next Hot Line ~-N

a. [ 383] 4062a: mowvg =0x30(% N .
o [ 383] 406eat: movl Oxlo(srs Previous Non-zero Metric Line At i
o [ 3831 406eaa: cmpl $0,%eax Mext Non-zero Metric Line ~44-M

From a call instruction; choice of callees
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. From the PCs Views

Eaed . LI St LU A RS ELL I:' M. ML
2. 252 2. 252 muldiv + O0x0000008B, line B36 .

1.651 1.651 icputime + 0x0000007D, line 72 il el B r
1 4851 1 4851 real recurse + 0x000000AR, 1irn) Add Filter: Include only stacks containing the selected PCs e
1. 421 1. 421 real:recurse + oxoooooons, lin| Add Filter: Include only stacks not containing the selected PCs |
1.291 1.291 real recurse + 0x00000090, 1lin| Add Filter: Advanced Custom Filter... :
0.921 0.921 gpf_work + 0x00000066, line 10| Undo Last Filter

0.531 0.531 cputime + 0x0000007D, line 699 Redo Filter

0. 791 0. 791 gpf_work + 0x0000006R, line 10| Remowve All Filters L&
0. 690 o690 cputime + O0x00000081, line 699 Sort by b 1;
0. &30 o. &30 my_irand + 0x00000067, line 31—Tm —rrrous.c Sys
0. 590 0. 590 real recurse + 0x0000009%, line 970 in "synprog.c” | s
0. 5a0 0. 560 cputime + 0xX00000074, line 699 in "synprog.c” U
0. 470 0,470 icputime + 0x0000007R, line 727 in "synprog.c” Data P:
0.470 0.470 real recurse + 0x00000094, line 970 in "synprog.c” Text Pi
0. 470 0,470 real recurse + 0x000000BEB, line 96% in "synprog.c” Kernel P:
0. 460 0. 460 icputime + 0x00000065, line 728 in "synprog.c” II':
0. 410 0. 410 gpf_work + 0x0000005D, line 1078 in "synprog.c” i,

0. 400 0. 400 gpf_work + 0x00000059, line 1078 in "synprog.c” Recent 5
0. 400 o. 400 my_irand + 0x00000061, line 30 in "fitos.c"

0. 380 0. 380 ieputime + 0x00000074, line 727 in "synprog.c”

PCs should also go to source, callers; callees if a call instruction
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. From the Lines View

24, 1kE 24, 1k <Total» I:l PL Address: £:t
B 224 B 224 real recurse, line %70 in "synprog.c" = =
2.80z2 2.802 mildiv, line 836 in "synprog.c” S
Z.762 Z.TEE gpf work, line 1078 in "synprog.c” Show Disassembly
2. 612 2,612 cputime, line 6%% in "synprog.c” Add Filter: Include only stacks containing the selected lines
c.B32 c. 53z icputime, line 727 in "synprog.c” Add Filter: Include only stacks not containing the selected lines
0. 541 0. 541 real recurse, line %69 in "synprog.c” Add Filter: Advanced Custom Filter...

0. 771 0. 771 my_irand, line 31 in "fitos.c” Undo Last Filter

0. &00 0. 600 my_irand, line Z9% in "fitos.c” Redo Filter

0. 530 0. 530 my_irand, line 30 in "fitos.c” Remove All Filters

0. 460 0. 460 icputime, line 728 in "synprog.c”

0. 430 0. 430 dousleep, line 602 in "synprog.c” Sort by _ = ‘.:
0. 390 0. 390 cputime, line €98 in "synprog.c” User Lock:
0. 350 2,682 fitos, line 54 in "fitos.c" Data Page Fault:
0. 340 0. 340 gpf_work, line 1077 in "synprog.c" Text Page Fault:
0.270 0.270 my irand, line 21 in "fitos.c" Kernel Page Fault:
0. 220 0. 220 inc middle, line 207 in "endcases.c” WHML
0. 210 0. 210 maldiv, line &35 in "synprog.c’ v

A men A A S b T dmn ATE dm alh ek e i amie o e e ot Recent Stack

Lines should also go to callees if a call is on that line
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. The Callers-Callees View

it2 Total Name
CPU

W (sec.)
3.102 commandline

Callers I8

Selected function

Callees

Shows callers and callees of function; can build a callstack fragment
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From the Callers-Callees View
= gpt

[ 2. 852 ] gpf_b

0,250 gpf a Add Callee
S5et Center

Back

F o rward

Add Filter: Include only stacks containing this callstack fragment
Add Filter: Include only stacks containing the selected function
Add Filter: Include only stacks with the selected function as leaf
Add Filter: Advanced Custom Filter...

Undo Last Filter

Redo Filter

Remove All Filters

Sort by 3

Adding to stack fragment from one of the callees; same for any caller

MSI 7/12/13 Copyright, 2013, Oracle and/or its Affiliates. All rights reserved. 14



From the Callers-Callees View

<§ Add Remove Set Head 5et Center S5ert T
=] gpt
1] gpf b
............................................... R’Emﬂv’e I
Z.8BZ gpf work Set Head
S5et Center
S5et Ta
Back
Forward

Add Filter: Include only stacks containing this callstack fragment
Add Filter: Include only stacks containing the selected function
Add Filter: Include only stacks with the selected function as leaf
Add Filter: Advanced Custom Filter...

Undo Last Filter

Redo Filter

Remowve All Filters

Sort by

After constructing a callstack fragment: filter by fragment

ORACLE
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. The Timeline

QaapdPevaa® Find: [~ [ Match Case

Time(sec]? 10 20 : Selection Details

Experiment Name: "og/test.l.er [synprog, PID 1954]
Event Type: Clock Profiling
Leaf Function: gpf_work
Timestamp (sec.): 20.280855
LWP: 1

Va ryi n g 12 Thread: !

CPU: 3

-

Duration (msec): 10.007

patte rn Of Micro State: [ User ceu
behavior -

Recent Stack
Timeline

gpf_work + 0x00000066, line 1078 in "synprog.c”

gpf_b + 0x0000005F, line 1055 in "synprog.c"

gpf + 0x0000009D, line 1005 in "synprog.c”

commandline + 0x00000147, line 375 in "synprog.c”
I main + 0x00000296, line 255 in "synprog.c”

_start + 0x0000006F

Shows sequence of profile events; select event to see its callstack
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. Filtering from the Timeline

L.1

|

u
el G Change Colors

fi

Select Event 3
Zoom ]
Scroll 3
Add Filter: Include only events from visible time range -F
Add Filter: Include only events from beginning to selected time "_-E
Add Filter: Include only events from selected time to end =R
Add Filter: Include only selected rows W+ ir-F
Add Filter: Include only unselected rows +1-B
Add Filter: Advanced Custom Filter... =M
Undo Last Filter -U
Redo Filter -R
Remove All Filters -0

@ Timeline Settings 5

Filter by time; filter by rows
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. Navigating from the Timeline

s W

Call Stack
Timeline

gpf work + 0x0000005D, line 1078 in "synprog.c"

gpf b + 0x0000005F, line 1055 in "synprog.c”

gpf + 0x0000009D, line 1005 in "synprog.c”

commandline + 0x00000147, line 375 in "synprog.c”
I main + 0x00000296, line 255 in "synprog.c”

_start + 0x0000006F

Stack of selected event; navigate to any frame
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. Index and Memory Objects

* Defined by formula mapping event to an integer index
— Some are pre-defined (threads, CPUs, seconds)
— Others are user-defined

* Index Objects -- apply to all data
— indxobj define KLWP "LWPID"
* Aggregate by kernel thread (known as LightWeight Process)

* Memory Objects -- apply to dataspace profile data only
— mob]j define Vline 32B " ((VADDR>255) ? (VADDR>> 5) :-1)"
* Index of 32-byte cache line

ORACLE
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. Filtering from IndexObject

= Excl. Total

CPU
W o(sec.)

23,
Loo1
.o01
Loo1
Loo1
Loo1
Loo1
Loo1
Loo1
Loo1
Loo1
Loo1
Loo1

T T = = i T S R SR S

164

Mame

<Total=

Second of
Second of
Second of
Second of
Second of
Second of
Second of
Second of
Second of
Second of
Second of
Second of

execution
execution
execution
execution
execution
execution
execution
execution
execution
execution
execution
execution

Add Filter: Include only events with selected items
Add Filter: Include only events without selected items
Add Filter: Advanced Custom Filter...

Undo Last Filter

Redo Filter

Remove All Filters

sort by

In this case, seconds of execution

ORACLE
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. Advanced Filtering

Advanced Custom Filter

The Filter Specification text box initially displays filter expressions that are generated when you select predefined
filters in data tabs such as the Functions tab. You can customize the Filter Specification by editing the filter text

directhy.

Filter Specification: 5 @
(Seconds IMN (5]) ff 1: Seconds: With Selected Items

Keywords:

------ Global Definitions ————==-
Misc. Definitions

JTHREAD Java thread number
FID Process id
EXPID Experiment id
EXPGRID Experiment founder id
Index Object Definitions
Threads Threads
{THRID} -

To filter using your customizations, click OK.

| OK || Cancel || Help |

See existing filter clauses; edit, delete, or add clauses
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. Demo

* Experiment on a 24-CPU Solaris 11 Nehalem system

* er kernel command

— Kernel experiment, with user subexperiments
* One on dd; one on ksynprog; one on er_kernel itself

* Clock-profiling
— Kernel CPU time in kernel experiment
— User and System CPU time in user subexperiments

* Explore various filters, Views, and navigating among them

ORACLE
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