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Open Computing Language

ÅInitially developed by Apple Inc.  and proposed to Khronos 

Group in 2008.

ÅOpen and Royalty-Free.

ÅThe open standard for parallel programming of 

heterogeneous multi-core systems.

ÅAn explicitly parallel programming language

ÅAnatomy of OpenCL

ïOpenCL  Language

ÅSubset of C 99 language extension

Åbuilt-in functions

ïOpenCL Runtime

Åplatform APIs

Åruntime APIs 3



OpenCL ModelÅMultiple distinct address 

spaces
- Address spaces can be 

collapsed

- Address qualifiers

- __private 

- __local

- __global 
- __constant

ÅKernels
- The host program invokes a 

kernel over an index space 

called an NDRange

- A single kernel instance at a 

point in the index space is 

called a work-item

- Work-items are grouped into 

work-groups 4Revised based on  ñAaftab Munshi, 

OpenCL , SIGGRAPH2008ò



OpenCL Sample Code

int runCL (int *a, int *b, int *c, int size)
{

// Device initialization
clGetDeviceIDs(platform, CL_DEVICE_TYPE_GPU, 1, &device, NULL);
...

// Program and Kernel Creation
char *source = load_program_source(ñkernel.cl ò);
cl_program program = clCreateProgramWithSource(context, 1, \

(const char**) &source, NULL, &err);
cl_BuildProgram(program, 1, &device, NULL, NULL, NULL);
cl_kernel kernel = clCreateKernel(program, ñaddò, &err);
cl_mem buffer = clCreateBuffer(context, CL_MEM_WRITE_ONLY, \

NWITEMS*sizeof(cl_uint4), NULL, NULL );
...

// Device teardown
clFinish(queue);
...

}

int main()
{

int a[100],b[100],c[100];
int i, size = 100;
runCL(a, b, c, size);
return 0;

}

__kernel void add( __global float *a,
__global float *b,
__global float *c)

{
int gid = get_global_id(0);
c[gid] = a[gid] + b[gid];

}

int main()
{

int a[100],b[100],c[100];
int size = 100;
int i;

for(i=0;i<size;i++)
c[i] = a[i] + b[i];

return 0;
}

OpenCL Compiler is 

embedded in API

Configure platform devices

Prepare memory object

Convert kernel source 

into character array

Dispatch kernels on 

devices

OpenCL Runtime
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Thesis: OpenCL for Multi-core DSP Systems

1.  Challenges in OpenCL support for embedded multi-

core systems?

2.   Can SIMD features of OpenCL help with VLIW 

DSP with distributed register files?



Target Platform

Å3 Cores SoC
ïARM926EJS x 1

ïPAC DSP x 2

ÅShared memory 
architecture

ÅPAC DSP
ï5-way issue VLIW

ï3 clustered processing 
units

ïDistributed register file

ïSIMD instruction set
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Clustered Data Path and 

Distributed Register File
- Evaluation Result

Â Compare with Centralized 

Register File

Ç Area : 76.8% area are 

saved 

Ç Access Time : 46.9% 

access time are saved

From ITRI STC



DSP Compilers

ÅHeterogeneous Registers

ÅAddressing Modes

ÅLimited Connectivities

ÅLocal Memories

ÅHarvard Architecture

ÅSub-word/SIMD Performances
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SIMD Features of PACDSP

ÅSubword instructions
ïshort vector instructions  

that operate data in 
separated parts 

add       Ÿ one 32-bit add 
add.d   Ÿ two 16-bit add
add.q   Ÿ four   8-bit add

ÅPermutation instructions
ïdiverse instructions for 

reordering data in registers

ÅParallel instruction issuing
ïissue up to two-multiply or 

five-other operations per cycle
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rd

full-word

(32-bit)

half-word

(16-bit)

quarter-

word (8-bit)
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{  nop   ,  nop , mpy , nop , mpy}

{ Scalar , LSU ,  ALU , LSU ,  ALU }



PACDSP CompilerÅ Based on Open64 compiler

Å VLIW DSP compilers for distributed  

register files

Å PALF scheduling policies for ILP 

(CPC 2006)

Å GRA scheme for distributed register 

files (CPC 2007)

Å SIMD compiler optimizations + 

intrinsics/extrinsics

Å Copy propagations for distributed 

register architectures (LCPC 2006)

Å Register spills among distributed 

register banks (CPC 2009)
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Key Compiler Technologies

ÅTraditional VLIW compiler assuming flat shared register files

ÅAnalogy: 

ÅDistributed Memory Compiler vs. Shared-Memory Compiler

Technologies

ÅVLIW DSP compilers for distributed  Register Files

ÅPALF scheduling policies for ILP (CPC 2006)

ÅSA-based scheme for ILP (LCPC 2005)

ÅGRA scheme for distributed register files (CPC 2007)

ÅCopy propagations for distributed register architectures (LCPC 
2006)

ÅRegister Spills (CPC 2009)

ÅSIMD compiler optimizations (CPC 2010)

ÅEnable compiler + intrinsics/extrinsics



Mapping PAC DSP to OpenCL 

Framework

ÅOpenCL organizes tasks into 

work-groups.

ÅEach work-group contains work-

items.

ïEach workitem is independent 

to each others.

ÅA work-item uses vector data 

types to further express 

parallelism.

ÅMap a work-group 

to a DSP.

ÅMap a work-item to 

a cluster in the DSP.

ïCluster-aware 

Work -item 

Dispatching

ÅMap vector data 

types to SIMD 

instructions of PAC 

DSP.



OpenCL Compilation 

Flow for PAC Duo

gid = get_global_id(0);
C[gid] = A[gid] + B[gid];
gid = get_global_id(0);
C[gid] = A[gid] + B[gid];
gid = get_global_id(0);
C[gid] = A[gid] + B[gid];
gid = get_global_id(0);
C[gid] = A[gid] + B[gid];

for (i=0; i<4; i++) {
gid = get_global_id(0);
C[gid] = A[gid] + B[gid];

}

for (i=0; i<4; i+=2) {
gid  = get_global_id(0);
gid2 = get_global_id(0) + 1;
C[gid]  = __builtin_c1_add(A[gid],  B[gid]);
C[gid2] = __builtin_c2_add(A[gid2], B[gid2]);

}

*Work -item Coalescing

Serialize work-items to 

avoid context switching.

* J. Lee, et al, ñAn OpenCL Framework for Heterogeneous Multicores with Local Memory,ò PACTô10

*S. Lee, et al, ñCetus - An Extensible Compiler Infrastructure for Source-to-Source Transformation,ò LCPCô03

Cluster-aware Work-item 

Dispatching

Transform each statement 

with cluster intrinsic to 

explicitly dispatch work-

items to clusters.

Source-to-source Transformation:

*Work-item Coalescing: Clang

Cluster-aware Work-item Dispatching: *Cetus



PALF Register Allocation Scheme

ÅPing-pong Aware Local Favorable(PALF)

ïČ To allocate local RF first

ïČ To assign ping-pong banks for minimizing interference

ÅPALF determines RF allocation, then applies usual register 

allocation to each RF (CPC 2006)
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Cluster Intrinsics Compiler Flow

-- Modeling SIMD Computation

ÅWe take advantage of SIMD knowledge to provide solutions 
to data accessing problemsin SIMD programs
ïñ SIMD workload are independent and similar operations, 
likely to be scheduled with each other ò

ÅWe decompose SIMD computation into three components
ïData stream operations: 

a set of similar and independent operations on different data sets

ïData sharing: data shared by multiple data stream operations

ïData aggregation: results to be merged from data stream operations

ÅAutomatic detection in compilers

(a) data stream operations (b) data sharing

(c) data aggregation
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Cluster Intrinsics Compiler Flow: 

Data Replication for SIMD Programs
ÅData accessing conflicts due to data sharingand restricted data 

access
ïSome data are requested to be at different banks

ïData communication or replication is necessary for parallel accessing
ÅCommunicationŸ insert communication just before use

ÅReplicationŸ communicate data in advance or generate a copy rather than 
communicate it

ïTo solve data accessing conflicts,
ÅBoth local and global data should be considered 

ÅA cost model to estimate ñcommunication costsò and ñregister pressureò 
is demanded 



Example:

BitonicSort

After Work -item Coalescing:
:

for (__i=0; __i<__local_size; __i++) {

uint threadId = get_global_id(0);

uint sortIncreasing = direction ^ ((threadId>>stage)&1);

uint leftId  = (threadId&mask_pd) + ((threadId<<1)&mask);

uint rightId = leftId + pairDistance;

uint leftElement  = theArray[leftId];

uint rightElement = theArray[rightId];

uint cse = ((0 - sortIncreasing) >> 31) &

(leftElement ^ rightElement);

theArray[leftId] =(cse ^ max(leftElement, rightElement));

theArray[rightId]=(cse ^ min(leftElement, rightElement));

}

:

After Cluster-aware Work-item Dispatching:
:

for (__i=0; __i<__local_size[0]; __i+=2) {

uint threadId    = get_global_id(0);

uint threadId_c2 = (get_global_id(0)+1);

uint sortIncreasing    = __builtin_c1_xor(direction, (threadId>>stage)&1);

uint sortIncreasing_c2 = __builtin_c2_xor(direction, (threadId_c2>>stage)&1);

uint leftId    = __builtin_c1_addu(threadId&mask_pd,

(threadId<<1)&mask);

uint leftId_c2 = __builtin_c2_addu(threadId_c2&mask_pd,

(threadId_c2<<1)&mask);

uint rightId    = __builtin_c1_addu(leftId,    pairDistance);

uint rightId_c2 = __builtin_c2_addu(leftId_c2, pairDistance);

uint leftElement    = theArray[leftId];

uint leftElement_c2 = theArray[leftId_c2];

uint rightElement    = theArray[rightId];

uint rightElement_c2 = theArray[rightId_c2];

uint cse   =(__builtin_c1_neg(sortIncreasing)>>31)&

__builtin_c1_xor(leftElement, rightElement);

uint cse_c2=(__builtin_c2_neg(sortIncreasing_c2)>>31)&

__builtin_c2_xor(leftElement_c2, rightElement_c2);

theArray[leftId]   =__builtin_c1_xor(cse,

__builtin_c1_maxu(leftElement,

rightElement));

theArray[leftId_c2]=__builtin_c2_xor(cse,

__builtin_c2_maxu(leftElement_c2,

rightElement_c2));

theArray[rightId]   =__builtin_c1_xor(cse,

__builtin_c1_minu(leftElement,

rightElement));

theArray[rightId_c2]=__builtin_c2_xor(cse_c2,

__builtin_c2_minu(leftElement_c2,

rightElement_c2));

}

:
19

Original CL C:
kernel void void bitonicSort(__global uint * theArray,

const uint stage,
const uint passOfStage,
const uint width,
const uint direction) {

uint threadId = get_global_id(0);
uint sortIncreasing = direction ^ ((threadId>>stage)&1);
uint leftId  = (threadId&mask_pd) + ((threadId<<1)&mask);
uint rightId = leftId + pairDistance;
uint leftElement  = theArray[leftId];
uint rightElement = theArray[rightId];

uint cse = ((0 - sortIncreasing) >> 31) &
(leftElement ^ rightElement);

theArray[leftId] =(cse ^ max(leftElement, rightElement));
theArray[rightId]=(cse ^ min(leftElement, rightElement));

}



Preliminary Experimental Result

ÅSix kernels from of ATI testsuitewere evaluated on 
PAC DSP.

ÅCompare to kernels compiled with O2.
ïAverage speedup from 1.29.
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BitonicSort Sorts 1024 values.

DCT

Performs Discrete Cosine 

Transform for block of size 8x8 

in a 64x64 matrix.

EigenValue
Calculates Eigen Value intervals 

of two values.

FastWalshTransform
Applies Fast Walsh Transform on 

1024 elements.

Histogram Both are parts of RadixSort with 

1024 elements.Permute
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OpenCL Front-End

ÅSyntax parsing by compiler
ïAddress qualifier

ïVector

ïBuilt-in function

__kernel void add( __global float4 *a ,
__global float4 *b ,
__global float4 *c)

{
int gid = get_global_id(0);
float4 a, b;
a = (float4) (1.0, 2.0, 3.0, 4.0) ;
b.xyzw = a.xxyy;
c[gid] = a[gid] + b[gid] * b ;

}

23



Address Qualifier Parsing

ÅSupport OpenCL qualifiers

ï__global, __local, __constant, __private ,and __kernel

24



Vector Parsing

WHIRL

Symtab

25

WHIRL

Symtab

ÅVector Initialization ÅVector Binary Operation



Previous Experiment

Å4-core x86 CPU , Linux OS, ATI SDK

ÅWe took some OpenCL sample programs from 

ATI SDK to verify the correctness.

Program Result

BinomialOption PASS

BitonicSort PASS

DCT PASS

EigenValue PASS

MatrixMultiplication PASS

Mandelbrot PASS

NBody PASS



Open64 Support OpenCL for GPUs

ÅModify the GCC front-end of Open64

ÅAdd target instructions

ÅChange the behaviors of WHIRL lowering and 

optimizations

ÅCGIR expansion and optimization

ÅBuilt-in functions or libraries

27



Add Required Instructions

ÅArithmetic Instructions

ïiadd, imul, imad, ishl, ishr, inegate, iand, ior, ixor, inot, ieq, 

ige, ilt, uge, ult, umad, ushré

ÅFloat Instructions

ïadd, sub, eq, ne, ge, lt, mul, div, mad, udiv, umodé

ÅFlow Control Instructions

ïcall, ret, ret_dyn, if_logicalz, if_logicalnz, else, endif, 

whileloop, endloop, break_logicalzé

ÅEvergreen GPU Series Memory Controls

ïuav_raw_load_id, uav_raw_store_id, lds_load_vec_id, 

lds_store_vec_idé

28



CGIR Expansion

ÅAdd the ability in OP to select register components.

ïTraditional scalar operation in C language

ïOpenCL vector operation

29

float a,b;

b = a * b;

TN21  mul  TN20  TN21 mul  r1,  r2,  r1

C program CGIR Assembly

float4 a,b;

b.x = a.y * b.z;

TN21.x___  mul  TN20.y  TN21.z

mul  r1.x___,  r2.y,  r1.z

OpenCL program CGIR

Assembly



WHIRL Lowering

ÅFor Flow Control Statements

ïATI IL doesnôt have jump or goto related instructions.

ïIt use IF-ELSE-ENDIF or WHILELOOP-ENDLOOP

instruction blocks for flow control.

ïWe have to preserve IF-THEN-ELSE-ENDIF and 

WHILE_DO-BODY WHIRL nodes for CGIR expansion.

30

compare a, 0

Basic BlockA

Basic BlockB

compare b, 0

Basic BlockC

truth 

br

false 

br

truth 

br

false 

br

if  (a == 0)  {

statement A

}

else if (b==0) {

statement B

}

else {

statement C

}

Fig 1. C program Fig 2. Traditional Compiler

if_logicalz  a

Basic Block A

else

if_logicalz  b

Basic Block B

else

Basic Block C

endif

endif

Fig 3. ATI IL



WHIRL Lowering

ÅFor vector operations

ïOpenCL vectors have similar properties like union and struct.

ïWhile lowering WHILE, we donôt lower OpenCL vectors in 

LOWER_MLDID_MSTID for better performance.

31

void foo( ) {

float4 a = (float4)(1.0, 2.0, 3.0, 4.0);

}



Add Intrinsic Functions

ÅIt seems that ATI SDK can do IPA, inline, or link time 

optimizatons on some built-in functions. (not very sure)

ÅWe support intrinsic for some built-in functions

ïget_global_id( ), get_local_id( ), get_group_id( ), 

get_global_size( ), get_local_size( ), and get_work_dim( )é

32



Math Function Overloading

ÅSome of the built-in math functions can take scalar or vector 

arguments.

ïEx.

ïThe function names are the same but the internal implementations 

are different for scalar and vector versions.

ïWe implement a crude form of function overloading before regular 

type checking.

ïEither modify resolve_overloaded_builtin( ) or use the target macro 

TARGET_RESOLVE_OVERLOADED_BUILTIN.

33

Function Description

gentype exp (gentype x) Compute the base-e exponential  of x.

gentype log (gentype x) Compute natural logarithm.

gentype sqrt (gentype x) Compute square root.



Meaningful Comment
ÅGenerate some information in the comments to 

communicate with the host runtime library.

34

OpenCL Target Device

OpenCL program

Host

Runtime Library

Function DescriptionStart Main Program



Compiler Optimization

ÅReduce Redundant Literal Declaration

35

float4  inRand = Array[0]

float4  s = (1.0f ïinRand) * 30.0f + inRand * 5.0f;

float4  x = (5.0f ïinRand) * 1.0f + inRand * 30.0f;



On-Going Work at -O1

ÅCurrent EBO is not aware of register components.

ÅMany of the optimizations in EBO will be failed.

ïCopy Propagation

ïCommon Expression Elimination

ïDead Code Elimination

ïé

36

OP1:  mov  TN20.x___,  TN21.x

OP2:  mov  TN20._y__,  TN22.y

OP3:  mul   TN23,  TN24,  TN20.x

OP2 only redefine y component 

of TN20.

TN20.x comes from OP1 not OP2.



On-Going Work at -O1

ÅRegister Sub-component Aggregation

37

Fig 1. OpenCL program

Fig 2. IL code without aggregation

Fig 3. IL code after aggregation



On-Going Work at -O2

ÅLoop Unrolling

ïAccording to the Image Convolution tutorial at the ATI 

Stream SDK v2 product page, Loop Unrolling can reduce the 

computation time for OpenCL programs.

ÅBranch Divergence

ïProbability Analysis

38



Runtime Compilation Flow (1)

ÅATI Stream SDK 2.1

39

kernel.cl

clc llc kernel.il

kernel_optimized.il

kernel.bc

Post-optimizerOpen64

execution

kernel.il

ÅPost-optimizer doesnôt 

optimize our il file.

ÅWe cannot take the 

benefit form ATIôs post-

optimizer.



Runtime Compilation Flow (2)

ÅATI Stream SDK 2.3

ïDoesnôt invoke external clc and llc commands.

ïCurrently, we have no way to experiment on ATI 

Stream SDK 2.3.

40

kernel.cl execution
ATI SDK 

Runtime Library



Experiment

ÅATI Radeon HD5670

ÅOpenCL samples from ATI SDK

41

Benchmarks Description

Binary Search Find the position of a given element in a sorted array

BinomialOption The Binomial Option pricing for European Options

DCT A common transform for compressions of 1D and 2D signals

DwtHaar1D Calculate decomposed signal by using 1D Haar wavelet decomposition

EigenValue Calculate the eigenvalues of a tridiagonal symmetric matrix

FastWalshTransform An efficientalgorithm to compute theWalshïHadamard transform

FloydWarshall Calculates the shortest path between each pair of nodes 

MatrixMultiplication Multiply a pair of matrices and produce another matrix

PrefixSum Uses a balanced tree algorithm tosumtheprefixes of the input sequence.

Reduction
Reduce the input array block to a single value. Then, write  this value to 

output and reduces the block sums to a final result.

NBody Simulation of particles under the influence of physical forces 



IL Code Snapshot 
ATI SDKOpen64



Experiment Result

ÅPerformance comparison for GPU backend between ATI SDK 

2.3 and Open64 at ïO0 optimization level with ATI SDK 2.1 

runtime.
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Summary

ÅSupport OpenCL based on Open64

ïPrevious work on front-end and X86 back-end.

ïWHIRL and CGIR modification for ATI GPU.

ïIntrinsics and overloading for built-in functions.

ïOptimization Issues.

ÅExperiment Result

ïThe compiler can pass many ATI SDK samples.

ïWe have to do more optimizations.
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Outline

ÅWhat is divergence in GPU kernel.

ÅVariance analysis for GPU.

ïDetect the divergences in GPU kernel.

ïPossible optimizations for boosting the 

performance of kernel.

ÅAn aided analysis tool for variance analysis.

ïProbabilistic pointer analysis (PPA) based on 

SSA which is implemented in Open64.

ïVariance analyzer can deal with pointer case 

and obtain variance probability.
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Phenomenon of Divergences in GPU

ÅGPU executes threads in groups parallelly called 
warps (Nvidia) or wavefronts (ATI).

ÅA warp or wavefront executes one common 
instruction at a time.

ÅIf threads of a warp diverge via a conditional branch, 
the warp serially executes taken branch and disable 
threads that are on non-taken path.

ïSlow down the execution.

ÅBranch divergence occurs only within a warp; 
different warps execute independently.

47



Handmade Examples For Observing 

Divergences

uint tid = get_global_id(0);

for(int i =0 ; i<100000;i++)                       //workload

output[tid] = input[tid] * (multiplier+1);  //workload

ÅModify ñTemplateò example from ATI stream SDK v2 samples.

uint tid = get_global_id(0);

switch (tid%2)

{

case 0:

for(int i =0 ; i<100000;i++)

output[tid] = input[tid] * (multiplier+1);

break;

case 1:

for(int i =0 ; i<100000;i++)

output[tid] = input[tid] * (multiplier+2);

}

uint tid = get_global_id(0);

switch (tid%3)

{

case 0:

for(int i =0 ; i<100000;i++)

output[tid] = input[tid] * (multiplier+1);

break;

case 1:

for(int i =0 ; i<100000;i++)

output[tid] = input[tid] * (multiplier+2);

break;

case 2:

for(int i =0 ; i<100000;i++)

output[tid] = input[tid] * (multiplier+3);

}

divergence 2

divergence 3

No divergence
__kernel void templateKernel(__global  unsigned int * output,  

__global  unsigned int * input, const     unsigned int multiplier)

{

uint tid = get_global_id(0);

output[tid] = input[tid] * multiplier;

}

Original

48



A Wavefront Executes One Common 

Instruction at a Time

Measured by ATI Stream Profiler 2.1

Number of Branches VS. Execution Time
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ÅObservation:

ïDivergence in GPU 
affects the performance a 
lot.

ïMore number of branches 
decrease the performance 
more, and it is double 
even triple execution 
time than no divergence.

ïWant to detect the 
occurring of divergence 
and perform 
optimizations if 
necessary.



Divergence Only Occurs Within a Wavefrom

uint tid = get_global_id(0);

switch ((tid/32)%2)//no divergences in a wavefront

{

case 0:

é

break;

case 1:

é

}

uint tid = get_global_id(0);

switch ((tid/8)%2) //divergences in a wavefront

{

case 0:

é

break;

case 1:

é

}

ÅAssume 32 threads in a wavefront.

0 .. 7 8é1516 .. 2324 .. 31

0 .. 7 8é1516 .. 2324 .. 31

é

é

a thread 

runs case0

a thread 

runs case1

a wavefront

124.9 ms

63.9 ms

ÅBottom example get ~2x speedup than upper one, and it 

is the same execution time with handmade no divergence.



Variant Factor (VF)__kernel void templateKernel(

__global  unsigned int * output, 

__global  unsigned int * input, 

const  unsigned int multiplier)

{

uint u,v, *p, *q;

u= get_global_id(0);v=0;

p=&u;

q=&v;

While(é){

if(..)

p=q;

else

q=p;

}

switch (*p/32%2)

{

case 0:

é

break;

case 1:

...

}

}
51

ÅFrom previous observations, 
divergence is controlled by the 
conditional part, and we call it as 
variant factor. 

Å*p/32%2is a VF in this example.

ÅIn OpenCL programming model, VF 

is composed of different hierarchical 

data or build-in functions and they 

can form as scalar or pointer (PPA is 

needed).

ÅSome of the components are variant, 

and some are invariant. Ex: constant 

data is invariant, but 

get_global_id(0) is variant.

ÅAnalyze VF is variance analysis.



Possible Optimization Can be Applied 

According to Variance Information 
ÅVF transformation.
ïAvoid from divergences within a wavefront.

ïAs previous slide shown that controls the continuing 
threads in a wavefront to execute the same codes.

ÅIf merging.
ïDepend on the variance or invarince of a kernel, 

move the sequential codes out of if-structure or into 
it.
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If(condition)

At

else

Af

Sequential codes

If(condition){

At

Sequential codes

Bt}

else{

Af

Sequential codes

Bf}
Variant preference style

Invariant preference style 

If(condition)

Bt

else

Bf



Probabilistic Pointer Analysis (PPA) 

Based on SSA

ÅPPA is introduced. 

ïBecause of VF containing pointers.

ïNot only variant/invariant can be analyzed, but also 

probabilistic variance information can be reported.

ïPossible optimizations for kernels in GPU need 

probability information to do better decisions.

ÅDecide by a cost model. 
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What Does PPA Do?

ÅTraditional points-to analysis.

ïDefinitely-points-to relationships.

ÅHold for all executions.

ïPossibly-points-to relationships.

ÅMight hold for some executions.

ÅPossibly-points-to contains too much ambiguous 
information, so PPA wants to quantify this 
relationship.

ÅThe quantified information can help compiler do 
aggressive optimization.

ïEx: speculative execution, VF analysis.
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Probabilistic Pointer Analysis

ÅDefinition.

ïAt every program point s, for every points-to 

relationship, say àp, vð, a probability function is 

computed:

E(s): the number of times s is visited.

E(s, àp, vð): the number of times àp, vðis held at s.
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Two Versions of PPA Frameworks

ÂPPA was first implemented in SUIF by data flow 

method, and then implemented in Open64 by SSA.

SUIF

Open64

SSA-Based PPA, submitted to IEEE TPDS, Ming-Yu & Lee.

Interprocedural PPA, IEEE TPDS 2004, P.S.Chen & Lee.
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Visual Procedures of PPA 1/2
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Åɢ, ɛ, and ɣ,  in SSA can 

maintain the explicit define-use 

information.  

ÅAnalysis target is p5 at line20.

ÅBacktrace algorithm traces on 

CFG as dotted line moving.



Visual Procedures of PPA 2/2

ÅPRG is generated by Backtrace 

algorithm visiting related pointers 

and locations.

ÅReduceGraph algorithm compacts 

PRG as reduced PRG.



ÅPoints-to location(s).

ÅPointers aliased.

ÅIndirect store/load statements.

ÅPointer is updated by function and pointer as 

parameter are discussed for interprocedural case.

Considered Statements
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Details:Construct a PRG by Backtrace 

Algorithm

1

2

3

4

6 5

7

8

9 23

20 40

2 35

41

32

21

4

36

34
31

Relations Graph (node is represented by SSA ID).

̕ Rednode means a phi function in SSA.

̕ # means Unique ID. in SSA.

Target: 

pointer p 

at BB9.                                      
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int *p, *q, u, v;

p=&u;

q=&v;

while(é){

if(é)

p=q;

else

q=p;

end if

}

*p = é;

Backtrace algorithm

Source

int *p, *q, u, v;

p=&u;

q=&v;

while(é){

if(é)

p=q;

else

q=p;

end if

}

*p = é;

//analysis target


