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Specifying Number of Threads 
in OpenMP and CUDA
 OpenMP:

cf) export OMP_NUM_THREADS=8
 CUDA:

 (gx*gy*gz) * (bx*by*bz) threads are created
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func<<<dim3(gx, gy, gz), dim3(bx, by, bz)>>> (...);

gridDim blockDim

※ func<<<g, b>>>() is equivalent to 
func<<<dim3(g,1,1),dim3(b,1,1)>>>()



Why Do We Have to Specify both 
gridDim and blockDim?

3

 and why did NVIDIA decide so?
 Hierarchical structure of GPU processor is considered

K20X:
1 GPU = 14 SMX
1 SMX = 192 CUDA core

Structure
of GPU

Processor



Mapping between Threads and 
Cores
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 M (≧1) thread block run on 1 SM
 At least 14 blocks are needed to use all SMXs on K20X
 gridDim (gx*gy*gz) should be ≧14

 N (≧1) thread run on a CUDA core
 At least 14*192=2688 threads in total are needed to use all 

CUDA cores on K20X 
 Total threads (gx*gy*gz * bx*by*bz) should be ≧2688

 32 consective threads (in a block) are batched (called a 
warp) and scheduled
 At least 32 threads per block are needed for performance
 blockDim (bx*by*bz) should be ≧32



Performance with Variable 
Number of Threads
 inc_rr sample (modified version of inc_par)

 Available at ~endo-t-ac/ppcomp/17/inc-rr/
 Number of Threads ≦ array length. Cyclic distribution
 A K20X on TSUBAME2.5 is used

5Various BlockDim

• Faster with larger GridDim, 
BlockDim

• In this program, speed 
reaches peak with

GridDim×BlockDim≧16384  
and BlockDim ≧64

Fa
st

er

These numbers depend 
on both hardware and 
software
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MPI inner

		

		openmpi 1.6.3, TSUBAME2 2nodes

		msg size		1		2		4		8		16		32		64		128		256		512		1024		2048		4096		8192		16384		32768		65536

		time		3		3		3		3		3		3		3		4		5		5		6		9		10		14		24		32		51

		msg size		64		128		256		512		1024		2048		4096		8192		16384		32768		65536		131072		262144		524288

		time		51		88		88		131		247		483		949		1884		3755		7493		14970		30069		59966		119956
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inc_rr

		

		openmpi 1.6.3, TSUBAME2 2nodes

		msg size		1		2		4		8		16		32		64		128		256		512		1024		2048		4096		8192		16384		32768		65536

		time		1		1		1		1		1		1		1		1		1		1		1		1		3		4		6		12		20

		msg size		64		128		256		512		1024		2048		4096		8192		16384		32768		65536		131072		262144		524288

		time		20		33		65		124		244		490		960		2030		5900		12500		24900		47800		87200		16600
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				1proc/node

		64MB

				2		4		8		16		32		#procs

		Send&Recv		15000		45000		104000		222000		461000

		MPI_Bcast		40450		46000		47800		49700		51600

		32procs

				1		2		4		8		16		32		64		MB

		Send&Recv		7600		15300		29300		59200		116000		232000		461000

		MPI_Bcast		1250		2500		4300		13100		15100		29300		51600

				2		4		8		16		32		#procs

		Send&Recv		15		45		104		222		461

		MPI_Bcast		40.45		46		47.8		49.7		51.6

				1		2		4		8		16		32		64

		Send&Recv		7.6		15.3		29.3		59.2		116		232		461

		MPI_Bcast		1.25		2.5		4.3		13.1		15.1		29.3		51.6
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		inc_rr on cuda

		K20X

				1		2		4		8		16		32		64		128		256		512		1024		2048		4096		8192		16384		32768		65536		gridDim

		1		2.55		4.875		8.825		15.127		30.623		62.083		126.076		252.426		252.791		338.032		403.143		407.887		428.427		439.931		438.643		436.044		434.058

		2		4.882		8.874		15.052		30.424		61.648		123.478		247.715		497.722		509.636		675.847		805.977		808.618		849.91		861.253		856.505		851.117		840.037

		4		8.863		15.02		30.581		61.692		123.825		246.448		493.419		985.504		1008.428		1338.323		1582.756		1594.944		1663.581		1677.386		1681.926		1672.537		1658.647

		8		14.962		30.634		61.376		123.254		246.188		487.951		974.06		1929.303		1972.166		2599.909		3027.832		3041.003		3149.468		3206.654		3185.346		3171.496		3161.337

		16		29.818		60.997		122.646		244.905		489.631		968.047		1933.973		3816.473		3875.541		5088.631		5957.818		5976.921		6260.155		6316.723		6323.866		6302.485		6285.956

		32		59.79		121.13		240.772		484.247		963.599		1909.322		3788.893		7326.295		7374.6		9543.354		11037.642		11118.102		11530.733		11675.168		11658.941		11610.53		11343.621

		64		121.011		242.572		485.705		968.717		1923.11		3802.633		7326.295		13158.601		12501.651		15217.429		17067.361		17050.016		17558.572		17558.572		17791.321		17867.11		17857.601

		128		242.482		485.554		968.144		1924.6		3802.202		7386.776		13156.021		18569.138		16836.142		18994.867		20056.445		19766.97		19842.952		20026.519		20038.478		20348.352		20547.723

		256		485.455		968.536		1928.748		3815.388		7372.17		13213.007		18558.867		16865.761		19000.245		20008.606		19813.659		19907.702		20050.452		20068.44		20292.974		20541.434		20912.703

		512		958.725		1906.556		3780.355		7355.202		13181.863		18548.608		16827.699		19092.138		20002.642		19825.366		19919.52		20074.443		20122.598		20250.11		20441.323		20757.459		20699.835

		1024		1946.934		3844.238		7447.438		13179.274		18365.863		16916.779		18946.602		20098.492		19872.332		19884.108		20074.443		20170.984		20299.112		20354.524		20560.314		20195.265		19278.616

		BlockDim

				1		2		4		8		16		32		64		128		256		512		1024		2048		4096		8192		16384		32768		65536		#threads

		1		2.55		4.875		8.825		15.127		30.623		62.083		126.076		252.426		252.791		338.032		403.143		407.887		428.427		439.931		438.643		436.044		434.058

		2				4.882		8.874		15.052		30.424		61.648		123.478		247.715		497.722		509.636		675.847		805.977		808.618		849.91		861.253		856.505		851.117

		4						8.863		15.02		30.581		61.692		123.825		246.448		493.419		985.504		1008.428		1338.323		1582.756		1594.944		1663.581		1677.386		1681.926

		8								14.962		30.634		61.376		123.254		246.188		487.951		974.06		1929.303		1972.166		2599.909		3027.832		3041.003		3149.468		3206.654

		16										29.818		60.997		122.646		244.905		489.631		968.047		1933.973		3816.473		3875.541		5088.631		5957.818		5976.921		6260.155

		32												59.79		121.13		240.772		484.247		963.599		1909.322		3788.893		7326.295		7374.6		9543.354		11037.642		11118.102

		64														121.011		242.572		485.705		968.717		1923.11		3802.633		7326.295		13158.601		12501.651		15217.429		17067.361

		128																242.482		485.554		968.144		1924.6		3802.202		7386.776		13156.021		18569.138		16836.142		18994.867

		256																		485.455		968.536		1928.748		3815.388		7372.17		13213.007		18558.867		16865.761		19000.245

		512																				958.725		1906.556		3780.355		7355.202		13181.863		18548.608		16827.699		19092.138

		1024																						1946.934		3844.238		7447.438		13179.274		18365.863		16916.779		18946.602
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“diffusion” Sample Program (1) 
(Revisited, related to [G1])

 Density of ink in each point vary according to 
time Simulated by computers

 Stencil computation

An example of diffusion phenomena:
•Pour a drop of ink into a water glass

© 青木尊之

The ink spreads gradually, and finally the density 
becomes uniform   (Figure by Prof. T. Aoki)
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“diffusion” Sample Program (2)
(Revisited)

 Execution：./diffusion [nt]
 nt: Number of time steps
 nx, ny: Space grid size
 nx=8192, ny=8192 (Fixed. See the code)
 How can we make them variables? (See mm sample)

 Compute Complexity：O(nx×ny×nt)

1 CPU version
Available at ~endo-t-ac/ppcomp/17/diffusion/



Data Structures in diffusion
(Revisited)
 Space to be simulated are divided into grids, and 

expressed by arrays (2D in this sample)
NX

NY

Time step t=0 t=1 t=20

• Array elements are computed via timestep, by using 
“previous” data



Double Buffering Technique
(Revisited)
 A simple way is to make arrays for all time steps, but it 

consumes too much memory!
 It is sufficient to have “current” array and “previous” array. 

“Double buffers” are used for many times
An Array for
“even” steps

An Array for
“odd” steps

Compute t=0→t=1

Compute t=1→t=2

Compute t=2→t=3

※ Sample program uses a global variables
float data[2][NY][NX];
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How Do We Parallelize 
“diffusion” Sample?

Parallelization method with OpenMP：
[Algorithm] Parallelize spatial (Y or X) for-loop

 “1 parallel region = 1 time step” is easier
 Each thread computes its part in the space
 Time (T) for-loop cannot be parallelized, due to dependency

[Data] Data structure is same as sequential version

With CUDA:
[Algorithm] Similar policy as OpenMP version

 “1 GPU kernel function call = 1 time step” is easier
 Unlike OpenMP, “1 thread = 1 point” policy is ok

[Data] Data structure is same as sequential version, but…
 When should we do cudaMemcpy?
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Parallelize “diffusion” Sample

 In diffusion, computation of a new point requires 5 old 
points (5-point stencil)

 Points on boundary are exceptional. In this sample, no 
computation is done

Double 
buffering

An Array for “even” steps An Array for “odd” steps

NX

NY



Considering gridDim/blockDim
 Points [1, NX-1)×[1, NY-1), excluded 

boundary, should be computed. 
There are choices:
(A) Create NX x NY threads
(B) Create (NX-2) x (NY-2) threads

 For gridDim/blockDim, using “dim3” type 
would be a good idea

Actually, we need rounding up and 
excluding extra threads
“mm-cuda” sample is a hint

 On the other hand, <<<NX, NY>>> is not 
good 
See slides in previous class
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int bs =16
…<<< dim3(NX/bs, NY/bs, 1), 
dim3(bs,bs,1)>>>…

bs

bs
(A)

(B)



Mapping between Threads and 
Data

C

N

M

mm-cuda:
Matrices has 
column-major format

diffusion:
2D array has 
row-major format

CUDA threads

??

j = blockIdx.y * blockDim.y + 
threadIdx.y;
i = blockIdx.x * blockDim.x + 
threadIdx.x;   
: This thread computes Cij

NX

NY

y = blockIdx.y * blockDim.y + 
threadIdx.y;
x = blockIdx.x * blockDim.x + 
threadIdx.x;   
: This thread computes[y][x]

[Q] What if the dimensions are exchanged?



Coalesced Access in CUDA
 Exchanging of dimensions does not affect computation 

complexity, but actual performance changes
 This is due to characteristics of CUDA:
When “neighbor” threads in a thread block access 

“neighbor” address on memory (coalesced access), it is 
more efficient than non-coalesced access

14

If threads are created with 2D/3D 
blockDim, “neighborhood” is defined 
by x-dimension



When Should We Do cudaMemcpy?

(1) before/after every GPU 
kernel function

15

CPU GPU

Compute
t=1

“even” array

“odd” array
“odd” array

Compute
t=2

“even” array
“even” array

Compute
t=3

(2) before/after entire
computations

CPU GPU

Compute
t=1

“even” array
“odd” array

Compute
t=2

Compute
t=3

If you want to use intermediate state on CPU 
(such as file I/O), you need cudaMemcpy

much
efficient!



Assignments in this Course
 There is homework for each part. Submissions of reports 
for 2 parts are required
 Also attendances will be considered
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Part 1
OpenMP

Part 2
MPI

Part 3
GPU

[O1] diffusion
[O2] sort
[O3] free

[M1] 
[M2] 
[M3]

[G1] 
[G2] 
[G3?]

Select
1 problem

Select
2 parts

Select
1 problem

Select
1 problem

Due Date
May 8

Due Date
May 29

Due Date
June 12
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Assignments in GPU Part
(Abstract)
Choose one of [G1]—[G3], and submit a report
Due date: June 12 (Monday)

[G1] Parallelize “diffusion” sample program by CUDA.
[G2] Evaluate speed of “mm-cuda” in detail.
[G3] (Freestyle) Parallelize any program by CUDA.
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Notes in Submission
 Submit the followings via OCW-i

(1) A report document
 A PDF or MS-Word file
 2 pages or more
 in English or Japanese (日本語もok)

(2) Source code files of your program
 Report should include:

Which problem you have chosen
How you parallelized

 It is even better if you mention efforts for high performance or new 
functions

Performance evaluation on TSUBAME2
 With varying number of processor cores
 With varying problem sizes
 Discussion with your findings
 Other machines than TSUBAME2 are ok, if available
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Next Class (Final):
 GPU Programming (4)
 Optimization techniques in GPU programming 

(cont’d)
 TSUBAME tour
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