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Workload Analysis for Typical GPU Programs Using CUPTI Interface
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Abstract GPU-based high performance computers have become an important trend in the area of high
performance computing. However, developing efficient parallel programs on current GPU devices is
very complex because of the complex memory hierarchy and thread hierarchy. To address this
problem, we summarize five kinds of key metrics that reflect the performance of programs according
to the hardware and software architecture. Then we design and implement a performance analysis tool
based on underlying CUPTI interfaces provided by NVIDIA, which can collect key metrics
automatically without modifying the source code. The tool can analyze the performance behaviors of
GPU programs effectively with very little impact on the execution of programs. Finally, we analyze 17
programs in Rodinia benchmark, which is a famous benchmark for GPU programs, and a real
application using our tool. By analyzing the value of key metrics, we find the performance bottlenecks
of each program and map the bottlenecks back to source code. These analysis results can be used to
guide the optimization of CUDA programs and GPU architecture. Result shows that most bottlenecks
come from inefficient memory access, and include unreasonable global memory and shared memory
access pattern, and low concurrency for these programs. We summarize the common reasons for
typical performance bottlenecks and give some high-level suggestions for developing efficient GPU

programs.
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The processes of the kernel before and after instrumentation.
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b+tree(B+T) Graph Traversal Search
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Dense Linear Algebra
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Structured Grid
Dense Linear Algebra
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Structured Grid
Dynamic Programming
Structured Grid
Structured Grid

Dense Linear Algebra

Linear Algebra
Physics Simulation
Data Mining
Molecular Dynamics
Linear Algebra
Bioinformatics
Biological Simulation
Data Mining
Bioinformatics
Medical Imaging
Grid Traversal
Image Processing
Image Processing

Data Mining
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Fig. 2 The R, values of the 17 programs in Rodinia.
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Fig. 3 The Uy values of the 17 programs in Rodinia.
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Fig. 4 The Uy values of the 17 programs in Rodinia.
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Fig. 5 The achieved occupancy values of the 17 programs in Rodinia.
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Table 2 Optimization Result of Fan2 Function in GS Program
x2 I GSEFHERE Fan2 KL ER

Grid Dimension Block Dimension Kernel Execution
Program Theory Occupancy Achieved Occupancy
(X,Y.2) (X.Y.2) Time/s
The Original Program (256,256,1) (4,4, 0. 25 0.22 0.307773
The Optimized Program (64,64,1) (16,16,1) 1. 00 0. 86 0.166333
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Fig. 6 The shared_ef ficiency values of the 17 programs in Rodinia (0 means no use of shared memory).
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PT F&F ) PR A find_index_kernel A fx i (B 7. 3438;
XFT gst_efficiency, MM #2 % B4 R 4L printKernel

A5 K{H 0.0938,CFD ) B4 cuda_time step JJ:
b AR 1 FB 73 RECA fes (B 1. 0.

_shared FOUR_VECTOR rA_shared[100]

rA_shared [tx]="+;

typedef struct {
floatv,x,y,z;
} FOUR_VECTOR ;

FOUR_VECTOR occupies 32 B.

Shared Memory

l Bank 0-Bank 7 l Bank 8-Bank 15

Bank 16-Bank 23 | Bank 24-Bank 31 |

=7 =

5|6|7|8|9|10|11|12|13ll4|15|

Shared Memory Variable rA4_shared

4-way bank conflict occurs when accessing r4_shared.

Fig. 7 The bank conflict for function kernel_gpu_cuda in program LV accessing rA_shared.
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Fig. 8 The gld_ef ficiency and gst_ef ficiency values of the 17 programs in Rodinia.
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ef ficiency 5 warp _nonpred _execution e f ficiency. execution_ef ficiency [HEARZZWE KT warp _nonpred
ALLFEF L AE 37 DR B KIS Y warp  execution_ef ficiency H . UL BTE R HE 53 B ok U ER
PAT R AE bR IR BN SR IT 0. 8, R A DBRE  AFTESr 3CHE 4 115 1) =5 4.

6 bR AE B o [F) I AT LA 2 R 3 70 4% eR B0 s war p_ MC F2 )% B 8L kernel 9 warp BT 208 8 &

for (int i=0si<last;i++) {
char c= queries[i+qry_match_len];

while (--) {
if () {
qry_match_len—;
} The access of
: glabal memory
qry_match_len+=...; variable is
} / random and
c=queries[i+qry_match_len]; cannot be
while (---) { coalesced.
qry_match_len++; /
c=queries[i+qry_match_len];

Fig. 9 The analysis of the performance bottleneck of function mummergpuKernel in program MM,

K9 MM 2 ) R % mummergpuKernel $4: fE 3 55 #7

Variable alignments is an array of
structure. Access of the same
member in different items cannot be

coalesced.
while(---) {
if () { /

alignments[matchnum). left_in_ref =---;
alignments[matchnum]. matchlen=---;
matchnum ++;

Fig. 10 The analysis of the performance bottleneck of function printKernel in program MM.
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Fig. 11 The warp execution efficiency of the 17 programs in Rodinia.
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K s warp_execution_ef ficiency=0. 0344 , warp_non-
pred _execution ef ficienc=0. 0328. tNE 12 fix~,
MC #2719 kernel iz 470 HAEJH T 2 A4~ warp., 1 4

A warp A — DRI AT B AT T HoAb 31
AR AR S TR DT 22 7 0 B LU ™ o e R A R
Ak K.

/* The main code of the kernel */
int bx = blocklIdx. x 5
int #x = threadIdx. x 5

}
if (bx==1&& tx==0) {

}

if (bx==0&& tx==0){ —————————>|
-3 /*some sequential code */

-3 /* some sequential code */

There are only two threads
which execute function in
64 threads. Each warp
contains only one thread
which is effective. Warp
execution efficiency is
too low.

/* The thread configuration */
kernel <<<2,32>>> (-++);

Fig. 12 The analysis of the performance bottleneck of function kernel in program MC.
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Table 3 The Analysis Result of The Cubed-sphere Shallow-water Model Program
xR3 EREFEASEKEEFEEIMER

Class Metric Value
Ratio of Float Point Calculation and Global Memory Access 7. 40
Calculation and Memory Access Achieved Float Point Performance 0. 05
Bandwidth Utilization 0.70
Theory 0. 50
Occupancy

Achieved 0.48
Shared Memory Access Efficiency Shared Memory Access Efficiency 0.54
Read 0.93

Global Memory Access Efficiency
Write 1.00
Non-Prediction 0.91

Warp Execution Efficiency

Prediction 0. 90
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