Developing Applications for CMT
Processors

Karsten Guthridge
Compiler Performance Engineering



Agenda

» Compiler and tools options
= Compiling applications

* Profiling applications

* Writing parallel applications
- System utilisation

» Other resources



Agenda

» Compiler and tools options
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Sun Studio 12

* ANSI C/C++

* C99, IEEE-754 ...

e OpenMP 2.5

* GCC compatibility with gccfss

 Advanced optimizations
* Sun Performance Analyzer

* SPOT
* Automatic Tuning System
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* Set breakpoints
* Single-step

* NetBeans IDE

* Thread analyzer

* Media and graphics

e Science and math

* Portable performance
* Parallelized for CMT




Sun Studio 12

* IDE (based on NetBeans.org)

» Compilers
> C/C++/Fortran

* Debugger
> dbx

* Performance Analyzer
* Thread Analyzer

» Solaris and Linux

» SPARC and x86/64



GCC for Sun Systems

* Enables GCC to use Sun Studio code generator
> GCC compatibility
> Sun Studio optimisations
> Compatibility with Sun Studio tools
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Mapping Tools to the Development or
Migration Lifecycle

* Observing
* Application > SPOT
Selection - Corestat
> cooltst
hitp://cooltools.sunsource.net/ Over 15k downloads !
* Development * Deployment
> GCC4SS (Compiling) > CoolTuner
> ATS (tuning) > Cool Stack
> BIT (instrumenting) > Consolidation
> Discover (checking) Tool

> Thread Analyzer (checking)
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Sun Studio Express

* Preview of next Sun Studio release

» July 2008 release includes
> CMT Developer Tools
> |nitial support for OpenMP 3.0
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CMT Developer Tools

« Automatic Tuning and Troubleshooting System (at s)
» Binary Improvement Tool (bit)

 Sun Memory Error Discovery Tool (discover)

- Simple Performance Optimisation Tool (spot)

* Free download from:
http://cooltools.sunsource.net/


http://cooltools.sunsource.net/

mild rc;y;tem;

ATS

» Recompile application without access to source

* Automated performance tuning
> Find the best compiler flags

» Automated application debug
> Find problem compiler flag
> Find problem module

» SPARC & x86
* http://cooltools.sunsource.net/ats/
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ATS uses PEC

* Portable Executable Code
>Sun IR 1s kept In binary

cc -x03 —Wd'y

t1.0

t2.0

tn.o
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Recompiling Binaries

* IR Is extracted and reprocessed

a.out

P77 Y W W7

Atir C———=t1lo —
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a.out
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Ite - L Fir
File Edit Miew Go Bookmarks Tools Help

Automatic Tuning with Special Metric

Number | SPECSp
58 -fast - dlinkopt=2 cof - xalias_level=strong] CC[ - xalias_level] -We,-Qdepgraph- early cross_call=1 655
= -Wie,-Quns pipe-prefst
132 -tast - po=1 - linkopt=2 - W, -Qdepgraph- early cross_call=1 -We, -Geps:ido_spec_load=1 Passed 655

-We,—Quns pipe-prefst
196 -tast - :ci.p|:|=*1 - :-:]jnknpt=2 —Wn:,—Qdepg:faph— garly cross call=1 -We,—Qepaido_spec load=1 Passed S5
- Wi, - Qiselect—funcalign=32 - Woe,-Qms_pipe-prefst
-fast —dpo=1 - slinkopt=2 - Wrc,-Qdepgraph- early cross call=1 —We,—Geps:do_spec load=1
133 - Wi, - Qs _pipe-prefst - We, - Jpeep-3hi Passed 663
197 -fast - xdpo=1 - winkept=2 - W, -Qdepgraph- early_cross_call=1 -We,-Geps:do_spec_load=1 Pagsed 655
= - Wi, - Qizelect-funcalign=32 - W, - Qins_pipe-prefst - We, - Qpeep-35hi
53 -tast - slinkopt=2 co[ - xalias level=strong| CO[ - xalias_lewel] -We, - Qdeperaph- early cross_call=1 Passed 654
= -We,—Quns pipe-prefst - We, - Qpeep-3h0
al -tast - wlinkopt=2 cc[ - xalias level=strong|CC[ - xalias level] -We, - Qdeperaph- early cross call=1 Passed 638
64 -tast - :::]jnknp.t=2 oo - xallas_level=strong] CO[ - xalias_lewel] =W, - Qdepgraph- early _cross_call=1 Passed 658
-We,—Quns_ pipe+unoov
1a -tast —dpo=1 - inkopt=2 - We,-Qdepgraph- early crozs call=1 —We,—Qeps:do_spec load=1 Pazzed T
-tast —xpo=1 - ilinkopt=2 - We,-Qdepgraph- early cross call=1 -We,-Qeps:do_spec load=1
128 | _wre,- Qiselect- funcalign=32 Passed 658

\Y




Find bug

* Locate problem flags and problem module

% ats -i 'script:findbug -x03 -fsimple=2 -xlinkopt'

a.out
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ATS Results Hostisctgo pec.out - Mozilla Firefox

Eile Edit ¥iew Go Bookmarks Tools Help

aun Proprietany/Confidental Copyright Mon Sep 19 09:09:41 PLT 2005

+ Fanlty modules {1 found)

e LogFile
e Spreadsheet (cov file)
Find the offending option then the module(s)
Number | Statns | Runtime
1 —x03 —fsimple=2 —xlinkopt Vertication |1 65
: B Werification
2 —x03 —fsimple=2 Failed 166
3 —x03 —fzsimple=1 Passed 1.66
-x03 —fzimple=1
4 —Wo,—pec_keep/import/go—saraswatirprak/demo/ats meff A TS/ rund 1/pass Passed 1.87
-3, —no dependency wvariables
—x03 —fzimple=2 o
5 -W3,—pec keep/import/go—saraswatirprak/demo/ats meff A TE/rund 1/fail ‘-fegf;jcl::émn 1.58
-WQ,—no_dependency variables -
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BIT

» (Gathers runtime information
> |nstruction execution count

> Branch taken probabilities
— Compare behaviour of different workloads

» Generates coverage information
» SPARC only
* http://cooltools.sunsource.net/bit/
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http://cooltools.sunsource.net/bit/

BIT coverage results

bit coverage -R -d nnBasic.t.exe

BI T Code Cover age

Total Functions: 179

Covered Functions: 19

Functi on Coverage: 10.6%

Total Basic Bl ocks: 775

Covered Basi c Bl ocks: 508

Basi ¢ Bl ock Coverage: 65.5%

Total Basic Bl ock ecutions: 1,296

Aver age Executions per Basic Bl ock: 1.67
Total Instructions: 3,168

Covered Instructions: 1,719

| nstruction Coverage: 54.3%

Total Instruction ecutions: 6,373

Aver age Executions per Instruction: 2.01
Creati ng experi nent database test.1.er
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BIT Uncoverage

Eile ‘-._ﬂew Iimeline ﬂelp
EEEEEEREEREER R R BB

m Bit Inst @ BitFunc | @ BitBlock | Mame
Uncoverage Count Covered %
o

ga0

150004 265 «Totdlx

440 0 0 auxiliary 1
440 1] o auKiliary o
0 0 a Al
o 50002 100 bar
o 100001 100 foo
0 1 main

Darryl Gove — September 2008
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Branch probability analysis

Probability taken for all branch instructions

1.2 T T T T T T T
1F : : T }
| =EI
o 0.8 | - [ JQ i
o ==
5
5 ]l
= 06 F -
2 !
= & s e
£ 04 F i -
§ =] .o L [
= H—] ]
z oz2f I j ] |
=
[iv] .
o]
o [ ]
o 0F =] nd -
02k -
_04 | | | | 1 | |
0.2 0 0.2 0.4 0.6 0.8 1 12 1.4

Probability taken (reference workload)

http://www.spec.org/workshops/2006/papers/10_Darryl_Gove.pdf
Darryl Gove — September 2008 19


http://www.spec.org/workshops/2006/papers/10_Darryl_Gove.pdf

Discover

* Memory access error detection
> Write past end of array
> Read of uninitialised data
> Use of freed memory

» SPARC only
* http://cooltools.sunsource.net/discover/
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http://cooltools.sunsource.net/discover/

Discover - example

S more memerr.c
#include<stdlib.h>
void main ()
{
int* a;
int 1i;
a=(int*)malloc(sizeof (int) *5);
for (i=0,; i<6; 1i++)
{
al1]1=0;
}
}

$ cc -0 -xbinopt=prepare
memerr.c

% discover a.out

$ a.out

ERROR (ABW) :
writing to memory beyond array
bounds at:

+ 0x158
+ 0x108

main ()
_start ()
block was allocated at:
malloc () + 0x144

main () + Oxlc
_start () + 0x108

DISCOVER SUMMARY :
unique errors

1 (1 total)
unique warnings : 0

(0O total)

Darryl Gove — September 2008

21



Agenda

= Compiling applications
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Optimisation flags

* No optimisation flags = no optimisation
« =0 = good degree of optimisation
- —fast = aggressive optimisation
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Debug flags

- —g for C/Fortran

« —gO0 for C++
> —g disables front-end inlining in C++

* Minor changes to code at low optimisation
> Tall call optimisation

 Allows attribution of time to lines of source

24



32-bit or 64-bit

» Compiler flags: -m32 | -mé64

* 64-bit:
> Larger address space
> Pointers and longs 64-bits
> Larger memory footprint
> Potentially lower performance

25



Inlining

* Inlining
> Within file -x04
> Across files -xipo

» Avoid cost of calling routine
» Expose further performance opportunities

26



Profile feedback

» Two compile passes (complicates build)
» (Good for “branchy” code

* Helps inlining decisions

* Profile feedback

> —xprofile=[collect: |use:]

Probability taken for all branch instructions Probability taken for all branch instructions

@‘ |

Probability taken (training workload)

o o o o
Probability taken (training workload)
] ) = =

of @

http://developers.sun.com/solaris/articles/coverage.htmi .


http://developers.sun.com/solaris/articles/coverage.html

Target architecture

* General
> —xtarget=generic

* |f build and run machine is the same
> —xtarget=native

* Flags evaluated from left to right

28



= Compiler has to assume pointers alias
> Unless it can prove otherwise
> Oritis told to assume otherwise

» Specify degree of aliasing
> -xXalias level=<level>

- Specify pointers passed into functions don't alias
> —-xXrestrict

» Restrict qualify pointers
>1int * restrict p

29



Agenda

* Profiling applications
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mild rc;y;tems

Profiling

» Performance Analyzer

> Gather
— collect <app> <params>

— collect -P <pid>

> Analyse
— analyzer <test.N.er>
—~er print <test.N.er>
* spot
> Generate html report
— spot <app> <params>
— spot -P <pid>
« Compiler flags: =g -g0 -xbinopt=prepare

31



Appllcatlon profile

Sun Studio Analyzer [test.2

er]

File Yiew Timeline Help

caEEI0E A BB @

l/ Functions | Callers-Callees Source | Disassembly | Timeline | ExXperiments
B User | /& User | Mame
CPU CPL
T (5eC.) (SeC.)
11.838 11.838 «Total= -
11.818 | 11.838 main
0.020 0.0Z0 brk unlocked
0. 0.020 malloc
0. 0.02Z0 malloc unlocked
a. 0.020 _morecore
0. 0.020 sbrk
a. 0.020  sbrk unlocked
0. 11.338 atart
-
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Source level profile

File Yiew Timeline Help

aEEUEEBEE @ %=

|/ Functions | Callers-Callees Source | Disassembly | Timeline | ExXperiments

B User | 5 User | Source File: ./ml.c

R R Obhject File: ./ml
(sec) (sec) Load Object: <ml-

20. int inset(double ix, double iv) -
0. 0. al. !

<Function: insetx

22, int iterations=0;

23. double x=ix, v=1ivy, =x2=x%x, ¥I=y¥y: ||

24, while [ (x2+vy2<4d) &£& [(iterations<10007)

25, ! =
2.141 2.141 26, Vo= 2% % oy o4 iy | 8
0.430 0,430 a7, ¥ o= X2 - ¥2 4+ ix:
0. 430 0. 430 28, ¥a o= oH FoM:
1.411 1.411 29, ¥ = ¥ F oy
0. 0. 30. iterationsi+;

31, 1
0. 0. 32, return iterations:

33. 0 -

a] I

W e

Darryl Gove — September 2003

milcrosystems
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spot

» Generates detailed html report on
application performance

> Performance counter events
> Time-based profile

> Event-based profile

> Bandwidth utilisation

>

» Helps in remote collaboration
» SPARC & x86
* http://cooltools.sunsource.net/spot/

Sun

milcrosystems
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Instruction frequencies for whole program

Instruction
TOTAL

float ops
float 14 st
load store
load

store

Instruction
TOTAL
1ddf
add
stdf
faddd
prefetch
br
subco
1dumr
st

~\Whale program

Executed
TO63939485
4194304000
3145728000
J50224304 2
2432696322
1069547520

Executed
TO6R3939485
2037152000
1415573342
1048576000
1043576000

TO16T457TE
02931825
EOE9316420
J35E44 327
20971520

... — Functions...

o YW R Y o P P R

(%)

Instruction frequency
summary information

gromlled

In Delay Slot

100 0
L24288E
L62143300
0

I

I

2
235544320
O

oo oo o

Instruction frequency
detail
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Performance Counters

Time lost due to various

processor stall conditions

Memory consumption
& system time

Graph of events
over time

E Application stall information (using ripc)

NOTE: Time reported vnder DF miss also includes
the time spent in L2 cache misses

milcrosystems

Dispatchl_IC _miss
Dispatchl_br_target
Dispatch0_2Znd br
Dispatchl _mispred
Dispatch rs mispred
DTLE_miss
Re_DC_miss
Re_EC_miss
Re_PC_miss

Re_RAW miss

Re_FPU bypass
Rstall_storeq
Rstall FP_use
Rstall IU use

Total Stalltime

3159466704896 2611.000 100.

Total CPU Time
Total Elapsed Time
Instr

IFC

Grouping

ticks LT
177463815960 146. 657 5
401688068945 33.196 1
08026335510 81.009 3
58264145055 48,150 1
36348210390 30.038 1
176781300 0.146 1]
188024473785 156.128 6.
159773057020 132,041 o
i] 0.000 a
7616476575 6. 204 a
i] 0.000 a
80353119325 T3, 842 2
135930 0.000 a
2EAEETEE1420 220. 036 a
OE2500583744 TOE. 497 30

2686 Sec
2883321593856
0.913 (instr/time)
1.312 {instr/(time-total})

ITLE miss
Ic_ref
IC_miss
EC_ic_miss
0G_rd
DC_rd miss
EC_rd miss
DC_wr
DC_wr_miss
EC_ref
EC_miss

FP Inst

0

events evnt/instr
75315 0.oo0 0
1200923663505 0.417 100
15128727735 0.005 1
409808625 0.0o0 0
E£37418243500 0.186 100
1964914950 0.001 0.
882710205 0.oo0 44
121960436190 0.042 100
8481158880 0.003 7
639935242605 0.222 100
1060113240 0.oo0 0.
90731670 M= 480 0.

Heap 177316 EB
RSS 185008 EB
Size 185384 KB
System Time 5 Sec
User Time 2606 Sec

Pairs Of Top Four Stall Counters:
[These counter pairs can be used with -h flag of collect
command to study application stall hehawvior more closely. |

#Rstall IU_usze. Be DC_miss
#D1ispatch0 _IC miss, Re EC_miss

~Graph ..~ More ..



Ispnt run4fteat Dlapatchﬂ br target Re DD mlas BL:
Current metrics: e.Dispatch0 br target:e. Re DC miss:e. bit foount:e bit instx:e bit annol:neme

Current Sort Metric:

Functions sorted by metric:

Excl.
Dispatchl br target
Events sec.

0. 826

0,522

0.177

0.127

0.

0.

Experlment has warnings, see header for details

Exclusive Dispatch0 br target Events ( e DispatchD br target )

Excl.
Fe OC miss

Ewvents sec.

80. 459
a0, 965
31. 270
18, 224
a.
a.

Count
103

1

1
100

1

1]

Excl. Bit Excl. Eit
Func

Inst Exec

TOE309350485
TOE1E7Td24
TO5167424

6EE3E03800

23T
I

Exclusive Dispatchl br target Events

Excl. Eit HName

Inst
Bl
204 <Total:
2 tlh miss
2 cache miss
200 fp routine
0 maln
0 _start

ime lost to Data Cache

miss events

37



Profile - time

milcrosystems

current filename for subsequent output: | fspot_rund html/functions. fune
Functions sorted by metric: Exclusiwve User CPU Time

Excl. Incl.
User CPU User CPU
SEeC. Sec.
119 834 119, 834
Le. 059 Ee. 059
35. 815 35. 815
27,709 27.709
0. 250 0. 250
0. 119, 234
0. 119, 234

Excl. Excl. Excl. Bit Excl. Bit
Sys. CPU Wall Func Inst Exec
SeC. sec. Count
0. 570 120,684 103 TA63939435
1. Eg. 219 1 TO5167T424
1. 35. 915 1 TO5167T424
1. 27,729 100 E553603800
0.&570 n.821 1] 1]
1. 1. 1 237
1. 1. 1] 1]

Excl. Bit  Hame
Inst
Aol
204 <Total:
2 [trimmed] tlb miss src Caller-callee
2 [trimmed] cache miss srcc Caller-callee
200 [trimmed] £p routine src Caller-callee
0 _memset
1] [trimmed] main src Caller-callee

0 _start

N\ W Instructions executed

In each routine

V

Number of times
routine was called

y

Time spent in
each routine

38



v Source code for

Assembly level profile/ l0op

## 5

801

oOOoooooooooonNooooooood

e e i i e e e

209 167772160
167772160
167772160

167772160

[ B s B s N s e s s s Y s s e e s s s s e

ooooo -

oOOoOoooooooooooooooo oo O

Loop entered once,
trip count = ~170M

d [#02], =0l
ChMp Zol, %03

bg. pn Tice, Oxl246c
nop

14 [20Z2], %ol
16 %ol

CINp Zol, %o3
ble, =, pt Zice, Ox1245c
1d [20Z2], %oZ

26. for (int 1=0; 1<size*l6; 1++) {cp= (1nkt**)*cp;}
26] 12418: =11 zol, 4, %ol
26] 1241c:  cmp #0l, 0
26] 12420: hle, pn Fico, Ixl3d6c
26] 12424 : add zol, -1, %03
26] 12428: add Zod, 1, %g3
26] 124%c: clr Eol
26] 12430: cmp zgd, 1
26] 12434: bl pn Zicc, 012458
26] 12438: mow %03, =ob
26] 1243c: 1inc 0l
26] 12440:  cmp #0l, %ok
26] 12444: hle, pt Fice, 0x1243c

] .
]
]
]
]
]
]

at.

Load instruction that
takes the time

39



System-wide bandwidth data (-X flag)
e

Graph . fspot rund bandwidth. ps produced
Output graph . fspot rund bandwidth. ps generated.

Fead memory bandwidth: 399 6132895066858 ME/sec (total bytes = 4902Z5913856)
Write memory handwidth: T2, 3325692908654 MB/sec (total bytes = B8T3930416)
Total memory bandwidth: 471, 945658887553 MB/sec (total bytes = LTB99304271)
Elapsed time . 117 secs

““Graph ..~ hore L

| Read memory bandwidth ——
System-wide bandwidth data " [ .
collected with —X flag and
root permissions. -
é 500
o N -
ol bAoAy

1 1 1 L 1
[} 20 40 &0 B0 100 120
Tirme (seconds)
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milcrosystems

System-wide trap data ( -X flag)

e e

Output graph und ftraps. ps gene
Graph . /spot_ un4ft aps.ps produced

cleanwin 5. T (trapsfsec)
dtlb-miss 182986. 8 (traps/sec)
dtlb-prot E4.3 (traps/fsec)
fill-kern-6d 2978 (trapsisec)
fill-user- 3z 0.2 (trapsssec) 356406 ,
fill-user-32-cln 19.3 (traps/sec) dib-miss ——
flush-wins 0.0 (traps/sec)
fp-disabled 0.0 (trapsfsec) Fe405
get-psr 0.0 (trapsfsec)
gethrtime 0.1 (trapsisec)
int-vec 13. 6 (traps/sec)
itlh-miss 2.2 {tragsfsec} e
level-1 2.3 (trapsssec)
lewel-10 100. 0 itraps/fsec)
lewvel-13 1.6 (traps/sec) w 26406
lewvel-14 16.0 i{traps/sec) @
lewel-4 27.0 (trapsfsec) ]
level-f 0.3 (trapsssec) 1. S0
level-9 0.0 (trapsifsec)
ll-asuser-32 6.6 (traps/sec)
pill-asuser-32-cln El. & itraps/sec) 1e+08
pill-kern-6d 3.6 (trapsfsec)
pill-user-32 2.3 (traps/sec)
pill-user-32-cln 1.2 (traps/fsec) SO0000
wscall-32 T.9 (traps/fsec)
W crann . Puore 0 A T— [—
0 20 40 60 a0 100 120

Time (seconds)

System-wide trap information
collected with —X flag and root

permissions
Darryl Gove — September 2008 41



* Writing parallel applications

Darryl Gove — September 2008 42



Multithreading code

* Profile application
> |dentify hot code

- Estimate performance gain
> Amdahl's law

> Performance gain depends on time spent in region to be
parallelised

» Parallelise code

43



Expected gains from parallelisation

Maximum performance gain from parallelisation
IS determined by the time spent in code that can
be parallelised.

Amdahl's Law.

44



Approaches to multithreaded coding

» Automatic parallelisation
> Easy to use
> Relies on compiler extracting parallelism

* OpenMP
> Easy to use
> Relies on developer to add directives to source code

* POSIX Threads

> Very flexible
> Potentially hard to use

45



Mandlebrot set example

vold calculate ()
{
int x,vy;
double xv,vyv;
for (x=0; x<SIZE, x++)

{
for (y=0; y<SIZE; y++)
{
xv = ((double) (x-SIZE/2))
/ (double) (SIZE/4) ;
yv = ((double) (y-SIZE/2))
/ (double) (SIZE/4) ;
data[x] [y]=inset (xv,yV) ;
}

}

} 46



Determining if a point is in the set

int 1nset (double 1x, double 1v)

{
int l1terations=0;
double x=1x, y=1y, X2=X*X, V2=V*Vy;
while ((x2+y2<4) && (iterations<1000))

{
y =2 * x *y + iy;
X = x2 - y2 + 1ix;
X2 = x * x;
y2 =y * y;
lterations++;

}

return il1terations;
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Running the application

clude debug High
nformatlon opt|m|sat|o

S cc -g -fast -oml ml.c

S timex ml

real 11.78 |
Lser 11.70 Runtime ~12s

SYS 0.05
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Profiling the application

Include debug
information

S cc -g -fast -oml ml.c
S collect ml
S analyzer test.l.er
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Appllcatlon profile

Sun Studio Analyzer [test.2 er]

File Yiew Timeline Help

aEBE RS EE

I’ Functions

Callers-Callees Source | Disassembly | Timeline | ExXperiments

B User | /& User | Mame

CPU CPL
T (5eC.) (SeC.)
11.838 11.838 «<Total=> -
11.818 | 11.838 main

0.0z0 0.0Z0 brk unlocked

a. 0.020 malloc . .'faSt enableg

0. 0.020 malloc unlocked |nI|n|ng of functions

a. 0.020 _morecore

0. 0.02Z0 sbrk

a. 0.020  sbrk unlocked

0. 11.338 atart

-
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POSIX threads (pthreads)

* Advantages:
> High degree of control of parallelisation.
> Flexibility in how threads cooperate.

- Disadvantages
> Typically significant code changes
> Increases program complexity
> Can be hard to debug
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Pthread model

—'  Child thread

pthread_create pthread_join
—=  Child thread

Main thread = Main thread
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Setting up pthreads

vold main ()

{

pthread t threads[2]; tﬁ{ﬁ;&%]

int 1d[2];

data = setup();

for (int 1=0,; 1<2;
1d f'| ] =1
pthread create(&threads[ 1,0,

calculate,(v01d*)&1d[11)

}
for (in

+ 1 —=—Ne 1 <D e 7 41) {
- L 1L T — \J, _I_\L., _I_ll/ L

}
validate () ;

Wait for
ﬂwequto
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mild rc;y;tem;

Parallelising using pthreads

vold *calculate(void * arqg) Divide work
{ between

int

int 1d = *(int*)arg;
int start = (int) (1.0*1d/2*SIZE) ;
int end = (int) (1.0* (id+1)/2*SIZE) ;
for (x=start; x<end; x++) {

for (y=0; y<SIZE; vy++) {
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Running the application

{o support

S cc -g —-fast -o m2 m2.c
S collect m2
S analyzer test.2.er

compiler flags

-mt -lpthread
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Parallelising using pthreads

o | Sun Studio Analyzer [test 3 er] —OX
File VYiew Timeline Help

SEBBURES BHR BY®

Functions | Callers-Callees Source | Disassembly | Timeline I* |p :
.E.Cgﬁer rhcgaer WEIII Mame // : =N
B i%MA/*;$L MiEl Wall time of 8.5
11.548 11.548 watal;- - seconds.
11.448 11,448 - calculate :

0.080  0.100  0.080 main § 1 35X faSter than
0.010  0.010  0.020 _brk unlecked orlglnal 12s %
0.oL0 a.oLo 0.010 take_deferred signal =

0. 0.010 n. do_exit critical

0. 0.0l0o 0. glf bndr

0. 0.010 0. glf rthndr

0. 0.010 0. finish init ]

0. 0.010 0. leave

0. 11. 445 0. _lwp startc

0. a. 0. lup_wait

0. 0. §.356 _lwp wait

0. 0.010 0. mallac

0. 0.010 0. malloc unlocked -
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OpenMP

* Advantages:
> Easy to use
> Minimal source changes
> Incremental parallelisation

» Disadvantages
> OpenMP 2.5 only supports parallelism through

— Parallel loops
— Parallel sections

o7



OpenMP model

Parallel region

Worker thread

Master thread

Worker thread

Master thread
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mild rc;y;tem;

Open MP Single source Iinﬂ
. change for
YOld calculate () parallelisation
int x,vy;
double xv,vv; »
r m rallel for priv XV , YV
for (x=0; x<SIZE; x++) {

for (y=0; y<SIZE; vy++) {

xv = ((double) (x-SIZE/2))
/ (double) (SIZE/4) ;

vv = ((double) (y-SIZE/2))
/ (double) (SIZE/4) ;

data[x] [y]=1nset (xv,yVv);

J
J
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mild rc;y;tems

Using OpenMP . Emit
Recognise arallelisation
OpenMP ; i
directives L

S cc -fast -xopenmp -xvpara -o m3 m3.cC
S setenv OMP_ NUM THREADS 2

S timex m3

Select number

real 8.37 of threads to
user 11.40
SYS 0.06

Same performance as Pthreads
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mild rc;y;t ems

Sun auto-scoping extension

vold calculate ()

{ Compiler determines
int x,vy; variable scoping

double xv,vv;
#pragma omp parallel for default( auto)
for (x=0; x<SIZE; x++) { T
for (y=0; y<SIZE; vy++) {

S cc -g -fast -xopenmp -xvpara -o m3 m3.cC
S er src -src calculate m3

Source OpenMP region below has tag RI1
Variables autoscoped as SHARED in Rl: data
Variables autoscoped as PRIVATE in Rl: xv, yv, y
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Automatic parallelisation

» Advantages
> Trivial to use

» Disadvantages
> Limited ability to parallelise
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mild rc;y;t ems

: Enable auto-
USIHQ autopar parallelisation
S cc —-fast -xautopar -xloopinfo -o m4d ml.c
"ml.c", line 40: PARALLELIZED, Tt s
interchanged (inlined loop) parallelisation
information

S setenv OMP_NUM_THREADS 2
S timex m4

real 6.00

user 11.69
SYS 0.07 Wall time of 6 seconds
1.95x faster than original
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Why is OpenMP/pthread slower?

Sun Studio Analyzer [test.3 er] -0OX
Elle View Timeline Help
Eﬁﬂﬁﬁlﬂ@&%ﬁ fE = Find Text:
( Functions | Callers-Callees Source | Disassembly | Timeline | Experiments :
e, 1 2 3 | 5 f 7 2 =]
— e b v e b e v b e b e b v b b v e e b e b e b e e e b e |
G =
11 "
O 4 |
12 = ! -
D
12 !
e < - —
4] . D
Workload imbalance
between the two
. threads
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Load imbalance

* Horizontal symmetry, not vertical
* Exceptional case
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mild rc;y;tems

Dynamic scheduling OpenMP

volid calculate() Use dynamic
{ scheduling
int x,vy;
ANniithle <~x7 x737r-e
ST = Zx Vv gy y v7g

fpragma omp parallel for \
private (y,xv,yVv)
schedule (dynamic]

for (x=0; x<SIZE; x++) {

for (y=0; y<SIZE; y++) {

xv = ((double) (x-SIZE/2))
/ (double) (SIZE/4) ;

yvv = ((double) (y-SIZE/2))
/ (double) (SIZE/4) ;

data[x] [y]=1nset (xv,yVv)

Fobod
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Using OpenMP

S cc -fast -xopenmp -xvpara -o m3 m3.cC
S setenv OMP_ NUM THREADS 2
S timex m3

real 5.84
user 11.38 Computation evenly
SYS 0.06 divided between 2

threads
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Notes on OpenMP and Autopar
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A

What stops autopar?

» Function calls (could modify or read data)
> Inlining with -=xipo or -xinline=<func>

* Pointer aliasing
> Use restrict keyword or -xrestrict
> Use -xalias level=<level>
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Reductions

» Multiple threads cooperating to produce a single value.

double sum(double *a, 1int n)

{
double t=0;

for (int 1=0; i<n; 1i++)
{ t+=a[i]; }
return t;

}
% cc —-xautopar -xloopinfo -c -0 red.c
line 4: not parallelized, unsafe dependence (t)
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Reductions

 QOrder of calculation will be different to serial case

double sum(double *a, 1int n)

{
double t=0;

for (int 1=0; i<n; 1i++)
{ t+=a[i]; }
return t;

}

% cc —-xautopar =xreduction!/ -xloopinfo -c¢ -O red.c

line 4: PARALLELIZED, reduction, and serial
version generated
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Reductions

* OpenMP

double sum(double *a, 1int n)
{
double t=0;
ragm m rallel for =x ion (+:
for (int 1=0; 1<n; 1i++)
{ t+=al1]; }
return t;

}
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OpenMP 2.5 — parallel sections

#pragma omp parallel sections

{

#pragma omp section
{

/*Region 1*/
}

#pragma omp section

{
/*Region 2*/



OpenMP 3.0 - tasks

- Spread tasks over multiple threads

node * p = head;
while (p)

{
#pragma omp task

{

process (p) ;

}
p = p->next;
}
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Sharing data between threads
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Sharing data between threads

* Multiple threads updating same data (variable, array
etc.)

- Dataneedstobe volatile
> To avoid being held in register

* Only one thread should update at a time

76



Sharing between Pthreads

volatile int sum=0;

vold *calculate(void * arg) {
int x,vy;
double xv,yv;

int 1d = *(int*)arg;
int start = (int) (1.0*1d/2*SIZE) ;
int end = (int) (1.0*(id+1)/2*STZF) ;

for (x=start; x<end; x++) {
for (y=0; y<SIZE; y++) {

sum+§%§§§t(xv,yv);

)
J

\ } Variable sumis volatile but
shared between multiple threads

77




Data races

* When:

> several threads access same variable
> without synchronisation
> 0ne or more accesses are writes

» Results in hard to debug non-deterministic behaviour

Thread 1 Read A A+=1 Store A

Thread 2 Read A A+=1 Store A
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Thread analyzer

File View Timeline Help

aEEl B e BEE @y ® O

itudio Analyzer [tha,l.er]

milcrosystems

X &7 B & § Find | Text:

[~]

(Races | Functions | Callers-Callees | DualSource | Source | Disassembly | Timeline | Experiments |

B Race
Accesses

Source File: ./nomutex.c
Object File: . /nomutex n
Load Object: <nomutex m=

L=

't

Lo

13.
14,
15,
15.
17.
13,
19,
Z0.

Ea |

IO L0 LO= " [ LI Ol ans .

long long iz

for (i=({1d*3IZE) /nthreads; i< (1d%3IZE+3IZE) /nthreads;i++)

{

sum+t=array[i]:

int main{int argc, char *Fargv)

i

T T T T e e T e Ty T T T T T T T T T T T T T T a T Ty T T T T T T T T T T T T T T T e e T e T T T T T T T T T T Ty T T T T T T T T T T T T T T T T T T S T T T T T T T T T e T T T T T P4 T T e T

B, Race
Accesses

Jource File: | /nomutex.c
Object File: . /nomutex o
Load Object: <nomutex m=

L=

Lo

13.
14.
15,
la.
17.
13.
13.

T LUl L= [ LIIC AL als -

long long iz

for [(i=(1id*3IZE) /nthreads;i<(id*3IZE4+31ZE) /nthreads;i+)

i

sum+t=array[i];

int main(int argc, char *%argw)

( Summany ’/Euem rnace Details

Data for Selected Race

Id: Face #1
Yaddr: 0xzl3as

Access 1

Tyne: Mrite

dowork + Ox000001EQ, line 16 in "nnmul

Access 2

Type: Urite

dowork + 0x000001ED, line 16 in "nomu

i
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milcrosystems

View source code

Sun Studio Analyzer [tha 1l er]

File View Timeline Help

CaEBEl B R BE O@E® Find | Text:

|/ Races Functions | Callers-Callees ]F[Jual Lo0urce | Source Disassembly [ Timeline Experiments

. 2 "

B Race | fource File: . /datarace.c
Accesses | Object File: . /datarace
Load Object: <dataracel>
1] db, for (w=0; ¥I3IZE; v++) -
47, {
1] 48, ¥w = [[double) (x-3TZE/2) )/ (double) (SIZE/4) ;
49, ¥v = [ [(double) (y-3IZE/Z) )/ (double) (SIZES4) ; -
S0, Sunt=inset (Xv, v ; —
El. 1
52, 1 -

B Hace | Source File: . JSdatarace.c
Acpesses | Object File: . Adatarace
Load Object: <dataracel

0 46, for (v¥=0; ¥<3IZE: w+H+) =
47, f

0 45, *v = [{double) (x-3IZE/2))/(double) (3IZE/ 4] ;
449, v = [{double) (y-3IZE/2))/{double) (SIZE/4) ; =
&0, Fumt=inzet (Xv, ¥ ; :
5l1. 1
5z2. ! -]
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Notes: Data races

Generate
iInstrumented
executable

S cc -g -xinstrument=datarace -mt \
-lpthread -o race race.c

S collect -r on datarace

S analyzer tha.l.er
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Fixing data accesses

> Single thread access:
> Mutex locks
> Critical regions (OpenMP)

* Lock-less:
> Atomic operations (man atomic_ ops)

» Data sharing:
> Thread local storage
> OpenMP reduction directive
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» System utilisation
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System utilisation

* Tools:
> System aggregate: vmstat
> Processes. prstat
> Processors: mpstat

* Indicate that processors are busy
* But not the utilisation of the cores
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mild rc;y;tems

Core utilisation

Single core
Four threads

| inst
» Multiple threads share core

* |nstruction count indicates core utilisation

« Ultilisation = Instructions issued
[ Max. Instruction Issue rate
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@Sun

Stall and instruction budgets

W
o
o [
e e

» One Instruction issued from one of four threads
* Three threads do not issue — can be stalled or ready
- Stall budget of 3x instruction issue

» Instruction issue rate not impacted until stall budget
exceeded 86

Single core
Four threads




Processor utilisation

- Utilisation = percentage of peak instruction issue rate
- Raw data: cpustat

» Formatted: corestat

* Per process:
> cputrack

> ripc (from spot)
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CMT vs SMP

Cache

A

~100ns ~200+ ns

Memory Memory
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Limits of parallelisation

* Limit to parallelisation is:
> Costs of synchronisation
> |s greater than gain from more threads

Single thread

Two threads

Work Overhead

Work Overhead
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Microparallelism

 Many cores

» Low communication latency between cores
» => Synchronisation cost is low

» => Profitable to parallelise smaller regions
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Microparallelism outline

» Get next quanta of work

» Check that it is safe to start work
> No other thread touching writing to read data
> Avoids data races
> Ensures correct ordering

* Perform work
» Update status to indicate work completed
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Optimising for CMT

» Traditional approach
> First reduce latency
> Then parallelise

» CMT approach
> First parallelise

> Check instruction issue rate
— If at max, need to reduce instruction count

— If not, improve instruction latency
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Compiling for CMT

» Generic compiler flags ok:
> —-xtarget=generic

» Usual optimisations are good:
> Profile feedback: -xprofile=[collect: |use:]
> Crossfile optimisation: -xipo
> Atleast -0
> Perhaps -fast
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Summary

> Always profile your application
* Always use optimisation

» Use multiple threads
— Autopar

— OpenMP
— PThreads

* On CMT synchronisation costs are lower

* Check instruction count

> corestat
> BIT
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* Other resources
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Web-based resources

* Developer portal:
http://developers.sun.com/

 Documentation:
http://developers.sun.com/sunstudio/documentation/index.jsp

* Forums:
http://developers.sun.com/sunstudio/community/forums/index.jsp

* Blogs:
http://developers.sun.com/sunstudio/community/blogs/index.jsp
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Solaris Application Programming
(o= S o I R il

Solaris Application

Solaris Application Programming

Programming ... gives you
the background information,
tips, and techniques for e
developing, optimizing, and
debugging applications on
Solaris."
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The Developer's Edge

- Selection of blog posts
and articles of interest to The

Developer’s
Edge

people developing for,
developing on, using, or
administering Solaris
systems.

C
=
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HN,
GABRIELE JOST,
AND RUUD VAN DER PAS

"Using OpenMP ofters
a comprehensive
introduction to parallel
programming concepts
and a detailed
overview of OpenMP."
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Developing Applications for
CMT Processors

Karsten Guthridge
Compiler Performance Engineering
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