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Outline |

1. uC+H : concurrency in C+ (review)

2. uProfiler : profiling C+ applications
— Execution-State Transition (EST) metric

— Call Graph (CG) metric

3. Compare:Profiler with other concurrent profilers
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pCH : Concurrency in CH|

e Programmers want to use C+ for HPGt C+ has no concurrency!
¢ ,C+ provides high-level, integrated, object-orientedaonency

— coroutine, monitor, task : inheritance, overloading,gates
— concurrent exception handling and cancellation (amoreats)
— control versus data concurrency (Intel TBB, OpenMP, etc.)

e Simplifies building efficient, correct concurrent-progiam

e Reduces cost of deveIoE_ment, both in time to completion and
necessary intellectual skills

Can’'t sell parallel computersif developers can’'t program them.

e http: //plg.uwaterloo.ca/~usystem/uC++.html
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Coroutine

Task

//0,1,1, 2,3,5,8, 13, 21, ...
coroutine fibonacci {
Int fn; // communication
void main() { // separate stack
int fnl, fn2;
fn = 0; fnl = fn;
suspend (); // last resume
fn=1; fn2 = fnl1; fnl = fn;
suspend (); // last resume
for (5;){
fn = fnl + fn2;
fn2 = fnl; fnl = fn;
suspend (); // last resume
}
b
public :
Int next() {
resume (); // last suspend
return fn;

}
1

task Server {

condition delay;
void main() { // stack & thread
for (5;) {
accept ( ~Server ) {
break;
} or accept ( workReql ) {
I/l process work
delay.signalblock ();
} or accept ( workReqg2 ) {

}
}

/I shutdown

}

public :

1

void workReql( Reql req ) {
... delay.wait(); ...

void workReqg2( Reg2req ) { ... }
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pProfiler : Profiling in ;1C+|

e To further simplify developing concurrent programs, need@rful

static anc

lynamictools

e Programmer intuition about dynamic behaviour is often wgron
= need profiler to understanding concurrent execution

e Integrate profiler with programming model, fo€C+ =
— break down per-task, per-coroutine, (per-object), patine

e /Profiler capabilities:

— multiple metrics can be applied simultaneously
— supports hardware event-counters (PMU)
— effective, efficient, scalable and extensible

e Monitoring, analysis and visualization performed in thelagation

e ports:Linux IA-64, Linux I1A-32/AMD, Solaris 8/9 SPARC
e http: //plg.uwaterloo.ca/~usystem/MVD.html
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e compile with-profile flag (1| uProfiler Version 1.3.0 — O X

e start application wlose Liie

e choose metrics: l.LP ¥ Oﬁ’ ey
— statistical (sampling): —statistical Profiling

] " Routine Call Graph
* call-graph time /

hardware events
— exact (all occurrences): —Exact Profiling
i . " Execution State Transition
* @xecution state transition i Partial-Order Event Tracing
* Ca”'graph time / ™ Routine Call Graph
hardware events
* partial-order tracing —
* Memor Ieaks —Other Profiling
y I Memory Uzage
* kernel'threads UMY Resources Uszage

Select Sampling Euent{s}+++|

Select Euent(3}+++|

e pressSt art Start
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Execution-State Transition Metric]|

e Per task display of all state transitions using a Gantt Chart
e Colour coded execution states: start, ready, running kieldhcend

¢ In general, cannot display entire chart due to duration aadigion
= only draw visible portion of the chart at a given magnificatio

— support long program duration and high magnification
(up to 0.1ns per pixel)

— Implementation avoids processing all the data during
magnification and movement

e Navigation is crucial : millions/billions of state transits
occurring quickly &usec)
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magnlflcatlon task names task statel/namically scaled axis

Task Sele¢fion / E:-:e::u on State Transitigns — O X
Clhse _PtlDﬂ FReadys HElnckH fElide)
mz 0, ﬂ+ﬂ 1ﬂﬂ 200 300 400 GO0 B0
uBootTask Axl 1eaEﬂ} Al
uSystemTazk (0x13=3d3)
uMain (OxffbefEES) 11
Philozopher (Oxeff543) T RANIRILR IR
Philozopher (GOxfOcddd)
Philozopher (Oxfl2ded)
Philozopher (GOwxf19363)
Philozopher (Gwxf19=43) T
~ P = N\ =
lower magnification \elided states

e elided states : compressed information
e magnification : step and scale factor
e dynamically scaled axis
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L] Task Selection f Execution State Transitions — 0O X

Cloze Options ¢ fReadysn/Blocks  AElide)
q me BR,3+0 B 10 15 20 25 A0 35 40 45 GO
uBootTask (Oxllea3o)
uSystemTask [0x13e3d3)
uain (0xffbefEE3)
Philosopher (OxeffG42) | DL |H
Philozopher (0:xf0cd4d) | M SN 1 |
Philozopher [Oxfl2ded) I | |

Philosopher (0xF19353) | NE | I (| A |
Philosopher (Oxfloeds) | NN |-|# NI

= = I — -
higher magnification
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10

27

uBootTas
uSyzteml
uMain (€
FPhilozofp

L] Task Selection f Execution State Transitions — 0O X

Clozse Options I{

Scaleid?

Ready/ -0 /Blocks  AElide)
IEﬂ o 100 125 160 1Fh 200

Magnification

Horizontal Increment:l

Stepihll

Task LCreation

Philosopher (0xF7cE90)
Philosopher (Oxf82e10)
Philosopher (0xFE38F0)
Philosopher (0OxfEledi)

=]

|~

J= 1

‘ Ok, | Eann:ell Help |
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| Execution State Data : Task Philosopher (0xf7c850) - O X
Cloze Options
Execution Summary
(mgec) ¥ i
Life Time:  3242,705 100,00 Clock Timey  (HiM:5,MS,US)
ready a¢7.418 27,06 Creation 0O8:5B:14,421,781
running 403, 202 12,43 Deletion 08:b6:17,.674,526
blocked 1961.546 B, 43
State Duration:
Mimnimum 0,001
M2z 1 i 1,202 ?
| |~
-I_
State Tranzitions
Mo, 5State Start Time DIuration Cum, Duration Transition
(mzec) (mzec) (mzec) in Routine
B ready b, 306 0,758 1.328 Philozopher:imain ﬁ
¥ running 6,564 0, 008 1,334 Philozopher:imain
g3 blocked B.570 0,041 1,375 uSemaphore: P
9 ready 6,611 0,823 2.204  uSemaphore: P
10 running 7,440 0,004 2,208 uSemaphore: P
11 ready ¥ddd 0,030 2,228 Philozopher:imain
12 running 7oavd 0, 003 2,246 Philozopher:imain
132 ready 7,482 0,276 2,022 Philozopher:imain
14 running ¥.7he 0,004 2,026 Philozopher:imain
15 blocked = 1, 040 2,866  uSemaphore: P
16 ready 702 0,014 2,080 uSemaphore: P
17 running 7,816 0,003 2,083 uSemaphore: P
18 ready ¥.819 0,015 2,093 Philozopher:imain
19 running 7034 0,007 2,605  Philozopher:imain
20 ready 7.ad1 0,013 2.618 Philozopher:imain
21 running 7. 8hd 0,004 2,622 Philozopher:imain
22 blocked 7. 8he 0,038 2,660 uSemaphore: P i
| |~
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O TaskCreation |- 0OX

12
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Call Graph Metrics |

e Highly accurate exact or statistical call graph

e exact profiling data collected at each routine call/exit/block/
unblock

— greater accuracy but greater overhead

— dyamically create calling-context tree to maintain pnofjldata
(per task, per coroutine)

o statistical: profiling data collected at specific time intervals
(sampling perlods%

— lower overhead but lower accuracy

— take complete call-stack per sample and dynamically era@at
approximate calling-context tree (per task)

e No gprof fallacy, and call-graph is connected
e Measure hardware events or time
e Navigating a large call graph is important
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[Exact Call Graph |

bbb EventSelection X

=
=
I_
I_
a
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I_
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B Routine Call Graph, Task/Coroutine Selection - O X
Close
Task/Coroutine Time [seconds) Instr, Count

Mame (I Total Exec, Total Block Total Exec, Total Block
uBootTask (0x11207070 166 i 21,89k i A
LSystemTask (Ox131a20) 0 i ) )
uMain (0xFFbefE40) 1.9%4m 16, 02m 224, 2k 4 ,604H
T1 (0xcb7488) 0,77 em i 1.674H i
T2 (Oxchb72c0) 6.299m il 1.813H i
ulnorderTreeGen (Oxch?F 1.,387m i 457, 5k i
uPreorderTreeben [Dxchyl 1.372m i 457, 1k i
uPostorderTreeGen [Oxch’ 4,726m i 2, 7d3H i
uPostorderTreeben (Oxch’ Fe8u ) 2721k i '}
- = I =
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P Routine Call Graph: Task T1 {0xcb7488) — 0O X
Cloze Options
Time - Seconds: £.38m 9
- - selected routine
Callz + Continues Total Self Total De=c, Block. I Routine
Froo 20+0 EEu i ] Treeable::Treeable Al
8 2040 122y {={=00] ] mynode$ tmynode
9;  3+0 13u 0 0 Tree<mynode>: ttop
108 3+0 20u 13u 0 uTreelter<mynode>:1i
11:  3+0 230 330 ] uTreelter<mynode>:io
12y 1+0 2100 7. 206m ] fred; tmain
13:  41+210 | 458y 134u ] ulnorderTreeGen<myno
14y 1+Z0 | 150 Ll ] i} uTreelter<mynode>:im
15; 2040 E3u ] ] TFriends;left
16: 2040 EEwL 0 ] TFriendiiright i
3131 1 .
= = =
-|_
Callers of uTreelter<munoder:iinit (Time - Seconds)
Calls + Continues Self llesc, Block Routine
11: 3+ 200 13u 0 uTrealterdmynodeas: sover j
- ~ - 5 . 4
- =
-|_
Callees of uTreelter<mynoder:zinit (Time — Seconds)
Callz + Continues Self De=c, Block Routine
9 340 130 0 ] Tree<mynode>§ stop j
11 Vod 1 v 1 — |
= callccS Ol Sclcclecd 1TouLinc =
-|_
Callees Visited
uTreelter<mynaoderzzinit j
- 5 5 R 5 4
o
-|_
Call Cycles
Cycle 1 Treedmynode>::insertNode -> Tree<mynoder::inzertNode A
Cycle 23 ulnorderTreeGen<mynoder::findiextMode —> ulnorderTreeGen<mynode::findNextHode _J
o 5 - 4
=) call-oranh cvcles =
AL L A CARLT ~ S ANV
O 11—
A
UPreorderTreeben (Oxch7Be0) .J
UPostorderTreeGen (Oxch?B50) 7
— 1
N COroUbnecS eXeculed ——— I~

16
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[ Routine Call Graph: Task T1 (0xcb7488) —OX
Cloze Options
Time - S F Histogram
File Info & of
= 1 Self Total Dlesc, Block Routine
r : _
7; ovents T 4 Tine 0 0 Treeables:Tresable |-
H Complete Call Graph Completed Instructions BBu 0 migriode ; dmynode
9: 50 [ [ T&u [ ] ] Tree<mynode>§ ttop
107 340 20u 13u 0 uTreelter<mynoder; ;i
11:  3+0 230 330 0 uTreelter<mynode>: o
12:  1+0 315u 7 . 28Em 0 fred: tmain
13;  41+210 4530 134u 0 ulnorderTreeGen<myno
14  1+20 150 593y 0 uTreelter<mynode>3: in
15; 2040 Bau ] ] TFriend;;left
16: 2040 EEu 0 0 TFriend::right ri
| I =]
J—
Callers of uTreelter<mynoder:iinit (Time - Seconds)
Calls + Continues Self Desc., Block Routine
113 40 20u 13u 1] uTreelter<mynoder; jover j‘
A
=] 1=
J—
Callees of uTreelter<mynoder:iinit (Time - Seconds)
Calls + Continues Self Desc., Block Routine
9; 40 13u 0 1] Tree<mynode>::top

-l

Callees Vizited

uTreelter<mynoder:tinit

Coroutine Selection All | Haone |

LPreorderTreeben (Oxch7Be0)
uPostorderTreeben (Oxch?BR0)

=] 1=
J—
Call Cycles
Cycle 1; Treedmynoder::insertHode - Tree<mynode>::insertHode -
Cycle 2  wlnorderTreeGen<mynode: ifindNextNode -> ulnorderTreeben<mynodel::findiextNode -J
£
=] =]
J_
i

-
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L] Call Graph -0OX
Close Options | |
File Info J Time Completed Instructions
Event —_— ——-Eventz——
Weight EMENLS F Time Block Self Desc, Block Routine
| 20+0 © Completed Instructions | g | 67,61k 1,233 0 I Treemynodes & $ insert -
[ 190+0 2. 42 T, E39m 0 | 603, 1k 503, 4k, 0 I Tree<nynodes § : insertMode
23 | 21040 | 2,E595m 1,83E6m 0 | B¥E, 7k B23.Ek 0 | Tree<mynode>$:insertMode
[ 190+0 | B15u 1] ] | 139,1k Q 0 I operator
[ 190+0 | B14u 1] ] | 213.2k Q 0 I operator?
[ 190+0 = Q 0 | 211, 4k Q 0 I TFriends iright
[ 190+0 | 2,427m 1,E39m 0 | 603, 1k 503, 4k, 0 I Tree<nynodes § : insertMode
[ 150+0 | BOFu ] 0 | 211, 4k ] 0 I Tree<mynode: + insertNode
20,81 | 190+0 | BO7u i ] [ 211, 4k i 0 | TFriend::iright
[ 150+0 | B15u ] 0 [ 1959,1k ] 0 I Tree<mynode: + insertNode
20,81 | 190+0 | B15u i 0 | 1991k i 0 | operator<
[ 190+0 | B1l4u ] ] | 213,2k ] ] [ Tree<mynode; : insertNode
20,81 | 190+0 | Bl4u i 0 | 213.2k i 0 | operator: i
| B3+0 | 5E4u 1,829m 0 | 198, 4k BE0, 2k 0 I fred:main
6.9 | ER3+0 | BE4u 1.829m ] | 1598, 4k 030, 2k ] | uTreelter<mynode::ioperators>
| 20+0 | 118u 4,531m 0 | 33,72k 1,3H 0 I fred:main
2,191 | 2040 | 118u 4. 531m ] | 33,72k 1.3H ] | Treed<mynode:::inzert
| 20+0 | 268u 4, 263m ] | 67,61k 1,2335M ] [ Tree<mynode; : insertNode
[ 2040 | BEL ] ] [ 21,45k ] ] [ myhade? tmynode
2,191 | 20+0 | BRu i 0 | 21,45k i 0 | Treeable::Treeable
| 20+0 | 1220 BGu 0 | 33,75k 21,45k 0 I fred:main
2,191 | 20+0 [ 122u GG ] | 33,75k 21,45k ] | mynode: imynode
| 20+0 | BRu i 0 | 21,45k i 0 I Treeable::Tresable
i
= l.=
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Statistical Call Graph|

b EventSelection X

=
=
=
I'
I'
=
=
=
=
=
=
=
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Samples taken 224 and lost 2

] Routine Performance, Task Selection — 0O X
Cloze

Tazk Mame (ID) Samples

Philosopher (0xf8led)) 61 A
Philozopher §0xf82eli) G

Philozsopher §0xf7E7FO) 25

Philozsopher | 0xfE38F0) 25

Philozopher §0xf7c890) a7

uBootTask (0x110c30] i)

uSystemTask (0x1785e0) ()

uMain {OxffbefBh0;) () v
~ 1= I =
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L Routine Performance : Task Philosopher (0xfgledo) - 0OX

Table::TestBezide

22
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F

bl Routine Performance : Task Philosopher (0xfgledo) [ OX

Tablet:TestBezide

23
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] Call Graph - O
Close _Options |
File Info }:nmpleted Inztructions
PN PR, R,
Weight System Timer r Mot Di=played
106 Completed Instructions » Unirermreted) Soieles

| ] ah | : rinvokeTask
I 0 2 Interpreted Samples (by sample period) -+ invokeCorout ine
[ ] 25 | ] 23 | ulnwakeStub

95,05 | ] 25 | ] 23 | uMachContext::invakeTask
| ] ah | ] 23 | Philozopher: tmain
[ ] 25 | ] 22 | uachCantext: tinvakeTask

95,065 | ] ah | ] 232 | Philozopher:imain
[ ] 128 | ] 1E | Table::pickup
[ 2 11 ] 1| uBazeTaszk:iyield
[ 1 12 | ] E | Table::putdown
[ 1 11 | ] 12 | Table::pickup
[ 1 E | ] 4 | Table::putdown

59,73 | 2 17 | ] 16 | uSemaphore::P
[ 1 11 i L uSerialMember: :“uSerialember
[ 2 b ] L uCondition: twait
[ 1 i ] 4 | uSerialMember: tuSerial Member
I ] 18 | 0 1E | Philozopher: tmain

03,47 | ] 18 | ] 16 | Table::pickup
I 1 11 | 0 12 | usemaphore? tF
[ ] 11 ] 11 Table::TestBeside
I 1 4 | 0 2 | uSemaphore: i
[ ] 0l 1 0| uProcessorkernel : :schedule
I 1 E 0 4 | uSemaphore? tF
I 2 b | 0 2 | uSemaphore? i

32,78 | 3 12 | ] B | uSerialMember::iuSerialMember
[ 3 9 | 1 L uSerial : tenter

| .=

24
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Profiler Performance)|

e /Profiler Execution state transition

25

— 70% probe effect on each state transition (worst case sogna

e Call Graph

— fixed call depth (8) with increasing number of calls at eagptd
(wide tree)

— each leaf node is called 30,000 times

— sample every’msusingCPU cyc

Statistical

S/E

e-counter

Exact

pProfiler
statistica

Sun
Studio

HP
Caliper

gprof

pProfiler
exact

Intel
VTune

2.92%

4.47%]| 0.60%

791%

21,5419 19,273%
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Conclusions

e scalability for exec-state transition and call-graph mastr

e profiling new forms of control flow, i.e., coroutines, at hitgvel

e competitive with industry profilers in both features andfpenance

e like to shareuProfiler technology with HP, Intel, SGI



Advancing Linux Itanium

Future Work |

e saving & loading metric data

e real time (on-the-fly) visualization

e Object-based profiling (including monitors)

e sorting / searching

e automatic calibration and randomization of sampling pasio
e issues with statistical cycles (eliminate partial cycles)

e estimate routine-call counts

e releasa:Profiler

27



