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Sun Studio 12

 Rapid debugging
● Set breakpoints
● Single-step
● NetBeans IDE
● Thread analyzer

 Performance tuning
● Advanced optimizations
● Sun Performance Analyzer
● SPOT 
● Automatic Tuning System

 100% standards compliant
● ANSI C/C++
● C99, IEEE-754 ...
● OpenMP 2.5
● GCC compatibility with gccfss

 Extensive libraries
● Media and graphics
● Science and math
● Portable performance
● Parallelized for CMT
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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
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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 

• Development
> GCC4SS (Compiling)
> ATS (tuning)
> BIT (instrumenting)
> Discover (checking)
> Thread Analyzer (checking)

• Observing
> SPOT
> Corestat

• Deployment
> CoolTuner
> Cool Stack
> Consolidation 

Tool

http://cooltools.sunsource.net/ Over 15k downloads !

• Application 
Selection
> cooltst
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Sun Studio Express

• Preview of next Sun Studio release
• July 2008 release includes

> CMT Developer Tools
> Initial support for OpenMP 3.0
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CMT Developer Tools

• Automatic Tuning and Troubleshooting System (ats)

• Binary Improvement Tool (bit)

• Sun Memory Error Discovery Tool (discover)

• Simple Performance Optimisation Tool (spot)

• Free download from:
http://cooltools.sunsource.net/ 
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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 is kept in binary
cc -xO3 -Wd,-pec t.c

Intermediate
Representation
For Each Module

Usual Text and Data

.

.

.

t1.o

t2.o

tn.o

a.out
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Recompiling Binaries

• IR is extracted and reprocessed

.

.

.

t1.o

t2.o

tn.o

a.out
Intermediate
Representation
For Each Module

Usual Text and Data

.

.

.

t1.ir

t2.ir

tn.ir

a.out
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Automatic Tuning with Special Metric

14Darryl Gove –  September 2008

Find bug

• Locate problem flags and problem module

% ats -i 'script:findbug -xO3 -fsimple=2 -xlinkopt'
          
      a.out
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Find the offending option then the module(s)
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BIT

• Gathers runtime information
> Instruction execution count
> Branch taken probabilities

– Compare behaviour of different workloads

• Generates coverage information
• SPARC only
• http://cooltools.sunsource.net/bit/
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BIT coverage results
bit coverage -R -d  nmBasic.t.exe 
...
BIT Code Coverage
Total Functions: 179
Covered Functions: 19
Function Coverage: 10.6%
Total Basic Blocks: 775
Covered Basic Blocks: 508
Basic Block Coverage: 65.5%
Total Basic Block Executions: 1,296
Average Executions per Basic Block: 1.67
Total Instructions: 3,168
Covered Instructions: 1,719
Instruction Coverage: 54.3%
Total Instruction Executions: 6,373
Average Executions per Instruction: 2.01
Creating experiment database test.1.er 
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BIT Uncoverage
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Branch probability analysis

http://www.spec.org/workshops/2006/papers/10_Darryl_Gove.pdf 
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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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Discover - example
$ more memerr.c
#include<stdlib.h>
void main()
{
  int* a;
  int i;
  a=(int*)malloc(sizeof(int)*5);
  for (i=0; i<6; i++)
  {
   a[i]=0;
  }
}
$ cc -O -xbinopt=prepare 
memerr.c

% discover a.out

% a.out
ERROR (ABW): 
writing to memory beyond array 
bounds at:
        main() + 0x158 
        _start() + 0x108 
block  was allocated at:
        malloc() + 0x144 
        main() + 0x1c 
        _start() + 0x108 
DISCOVER SUMMARY:
 unique errors   : 1 (1 total)
 unique warnings : 0 (0 total)
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Optimisation flags

• No optimisation flags = no optimisation
• -O = good degree of optimisation

• -fast = aggressive optimisation
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Debug flags

• -g for C/Fortran

• -g0 for C++
> -g disables front-end inlining in C++

• Minor changes to code at low optimisation
> Tail call optimisation

• Allows attribution of time to lines of source
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32-bit or 64-bit

• Compiler flags: -m32 | -m64
• 64-bit:

> Larger address space
> Pointers and longs 64-bits
> Larger memory footprint
> Potentially lower performance
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Inlining

• Inlining
> Within file -xO4
> Across files -xipo

• Avoid cost of calling routine
• Expose further performance opportunities
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Profile feedback

• Two compile passes (complicates build)
• Good for “branchy” code
• Helps inlining decisions
• Profile feedback

> -xprofile=[collect:|use:]

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

• General
> -xtarget=generic

• If build and run machine is the same
> -xtarget=native

• Flags evaluated from left to right
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Aliasing

• Compiler has to assume pointers alias
> Unless it can prove otherwise
> Or it is told to assume otherwise

• Specify degree of aliasing
> -xalias_level=<level>

• Specify pointers passed into functions don't alias
> -xrestrict

• Restrict qualify pointers
> int * restrict p
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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
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Application profile
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Source level profile
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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/ 
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Instruction Frequency (from BIT)

Instruction frequency
summary information

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
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Profile - hardware events (-X flag)

Time lost to Data Cache
miss events
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Profile - time

Time spent in
each routine

Instructions executed
in each routine

Number of times
routine was called
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Assembly level profile

Loop entered once,
trip count = ~170M

Load instruction that
takes the time

Source code for
loop
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System-wide bandwidth data (-X flag)

System-wide bandwidth data
collected with -X flag and
root permissions.
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System-wide trap data (-X flag)

System-wide trap information
collected with -X flag and root
permissions
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Multithreading code

• Profile application
> Identify hot code

• Estimate performance gain
> Amdahl's law
> Performance gain depends on time spent in region to be 

parallelised

• Parallelise code
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Expected gains from parallelisation

Maximum performance gain from parallelisation 
is determined by the time spent in code that can 

be parallelised.
Amdahl's Law.
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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
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Mandlebrot set example
void calculate()
{
  int x,y;
  double xv,yv;
  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);
    }
  }
}
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Determining if a point is in the set
int inset(double ix, double iy)
{
   int iterations=0;
   double x=ix, y=iy, x2=x*x, y2=y*y;
   while ((x2+y2<4) && (iterations<1000))
   {
     y = 2 * x * y + iy;
     x = x2 - y2 + ix;
     x2 = x * x;
     y2 = y * y;
     iterations++;
   }
   return iterations;
}
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Running the application

$ cc -g -fast -o m1 m1.c
$ timex m1
real       11.78
user       11.70
sys         0.05

High 
optimisation

Include debug 
information

Runtime ~12s
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Profiling the application

$ cc -g -fast -o m1 m1.c
$ collect m1
$ analyzer test.1.er

Include debug 
information
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Application profile

-fast enables 
inlining of functions
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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

Main thread

Child thread

Child thread

Main thread

pthread_create pthread_join
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Setting up pthreads
void main()
{
   pthread_t threads[2];
   int id[2];
   data = setup();
   for (int i=0; i<2; i++) {
     id[i]=i;
     pthread_create(&threads[i],0,
          calculate,(void*)&id[i]);
   }
   for (int i=0; i<2; i++) {
     pthread_join(threads[i],0);
   }
   validate();
}

Create 
threads

Wait for 
threads to 

finish
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Parallelising using pthreads
void *calculate(void * arg)
{
   int x,y;
   double xv,yv;
   int id = *(int*)arg;
   int start = (int)(1.0*id/2*SIZE);
   int end =  (int)(1.0*(id+1)/2*SIZE);
   for (x=start; x<end; x++){
     for (y=0; y<SIZE; y++){
 ...
    } 
   } 
}

Divide work 
between 
threads
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Running the application

$ cc -g -fast -o m2 m2.c -mt -lpthread
$ collect m2
$ analyzer test.2.er

compiler flags 
to support 
pthreads
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Parallelising using pthreads

Wall time of 8.5 
seconds.

1.35x faster than 
original 12s
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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
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Parallel region

OpenMP model

Master thread Worker thread

Worker thread

Master thread
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OpenMP
void calculate()
{
   int x,y;
   double xv,yv;
#pragma omp parallel for private(y,xv,yv)
   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);
     }
   }
}

Single source line 
change for 

parallelisation
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Using OpenMP

$ cc -fast -xopenmp -xvpara -o m3 m3.c
$ setenv OMP_NUM_THREADS 2
$ timex m3
real        8.37
user       11.40
sys         0.06
Same performance as Pthreads

Emit 
parallelisation 

warnings
Recognise 
OpenMP 
directives

Select number 
of threads to 

use
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Sun auto-scoping extension
void calculate()
{
   int x,y;
   double xv,yv;
#pragma omp parallel for default(__auto)
   for (x=0; x<SIZE; x++){
     for (y=0; y<SIZE; y++){
...
$ cc -g -fast -xopenmp -xvpara -o m3 m3.c
$ er_src -src calculate m3
...
   Source OpenMP region below has tag R1
   Variables autoscoped as SHARED in R1: data
   Variables autoscoped as PRIVATE in R1: xv, yv, y
...

Compiler determines 
variable scoping

62Darryl Gove –  September 2008

Automatic parallelisation

• Advantages
> Trivial to use

• Disadvantages
> Limited ability to parallelise
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Using autopar

$ cc -fast -xautopar -xloopinfo -o m4 m1.c
...
"m1.c", line 40: PARALLELIZED, 
interchanged (inlined loop)

...
$ setenv OMP_NUM_THREADS 2
$ timex m4
real        6.00
user       11.69
sys         0.07

Emit auto-
parallelisation 

information

Wall time of 6 seconds 
1.95x faster than original

Enable auto-
parallelisation
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Why is OpenMP/pthread slower?

Workload imbalance 
between the two 

threads
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Load imbalance

• Horizontal symmetry, not vertical
• Exceptional case
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Dynamic scheduling OpenMP
void calculate()
{
   int x,y;
   double xv,yv;
#pragma omp parallel for \
        private (y,xv,yv)\
        schedule (dynamic)
   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);
     } } }

Use dynamic 
scheduling
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Using OpenMP

$ cc -fast -xopenmp -xvpara -o m3 m3.c
$ setenv OMP_NUM_THREADS 2
$ timex m3
real        5.84
user       11.38
sys         0.06 Computation evenly 

divided between 2 
threads
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Notes on OpenMP and Autopar
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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, int n)
{
  double t=0;
  for (int i=0; i<n; i++)
  { t+=a[i]; }
  return t;
}
% cc -xautopar -xloopinfo -c -O red.c
line 4: not parallelized, unsafe dependence(t)
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Reductions

• Order of calculation will be different to serial case
double sum(double *a, int n)
{
  double t=0;
  for (int i=0; i<n; i++)
  { 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, int n)
{
  double t=0;
#pragma omp parallel for reduction(+:t)
  for (int i=0; i<n; i++)
  { t+=a[i]; }
  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*/

  }

}
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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.)

• Data needs to be volatile
> To avoid being held in register

• Only one thread should update at a time
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Sharing between Pthreads
volatile int sum=0;
...
void *calculate(void * arg) {
   int x,y;
   double xv,yv;
   int id = *(int*)arg;
   int start = (int)(1.0*id/2*SIZE);
   int end =  (int)(1.0*(id+1)/2*SIZE);
   for (x=start; x<end; x++) {
     for (y=0; y<SIZE; y++) {
       ...
       sum+=inset(xv,yv);
     }
   }
} Variable sum is volatile but 

shared between multiple threads
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Data races

• When:
> several threads access same variable
> without synchronisation
> one or more accesses are writes

• Results in hard to debug non-deterministic behaviour

 Thread 1

 Thread 2

Read A

Read A

A+=1

A+=1

Store A

Store A
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Thread analyzer
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View source code
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Notes: Data races

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

$ collect -r on datarace
$ analyzer tha.1.er

Generate 
instrumented 
executable
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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

• Tools:
> System aggregate: vmstat
> Processes: prstat
> Processors: mpstat

• Indicate that processors are busy
• But not the utilisation of the cores
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Single core
Four threads

Core utilisation

• Multiple threads share core
• Instruction count indicates core utilisation
• Utilisation = Instructions issued 

                   / Max. Instruction Issue rate

Inst

Inst

Inst

Inst

Inst

Inst

Inst

Inst

Inst

Inst

Inst

Inst
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Single core
Four threads

Stall and instruction budgets

• 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

Inst

Inst

Inst

Inst

Inst

Inst

Inst

Inst

Inst

Inst

Inst

Inst
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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

Memory Memory

Cache Cache Cache

Core Core Core Core

CMT SMP

~200+ ns~100ns

~20ns
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Limits of parallelisation

• Limit to parallelisation is:
> Costs of synchronisation
> Is greater than gain from more threads

Work

Work

Work

Overhead

Overhead

Single thread

Two threads
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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
> At least -O
> 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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Agenda

• Compiler and tools options
• Compiling applications
• Profiling applications
• Writing parallel applications
• Calculating system utilisation
• 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

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

• Selection of blog posts 
and articles of interest to 
people developing for, 
developing on, using, or 
administering Solaris 
systems.
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Using OpenMP

"Using OpenMP offers 
a comprehensive 
introduction to parallel 
programming concepts 
and a detailed 
overview of OpenMP."

Developing Applications for 
CMT Processors

Darryl Gove
darryl.gove@sun.com
http://blogs.sun.com/d/ 


