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What to address Computation
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Techniques

Memory pattern
» coalesced accesses
» shared memory conflicts
> data race

» Array of Structures vs
Structure of Arrays

Computation
» sp, dp, sfu
» thread divergence

» Instruction Level Parallelism

» computationally bound
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What to address
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"Fermi" 'Fermi” ‘Kepler" "Kepler" "Maxwell’ "Pascal' "Voka" ‘Turing” "Ampere"

Tesla GPU GF100 GFI04 GEI04 GEII0O GM200 GPI0O0 GVIO0 TUL04 GALOD
Compute Capability 20 21 30 35 53 6.0 70 70 80
Streaming Mulriprocessors (SMs) 16 16 8 15 24 56 84 72 128
FP32 CUDA Cores / SM 32 2 192 192 12g 64 64 64 64
FP32 CUDA Cores 512 512 1536 2,880 3072 3584 5376 4,608 8192
FP64 Units = = 512 960 96 1792 2,688 = 4,096
Tensor Core Units 672 576 B2
Threads / Warp 32 kv 32 32 32 2 32 2 3z
Max Warps / SM 48 48 64 64 64 64 64 64 64
Max Threads / SM 1536 1536 2048 2,048 2,048 2048 2,048 2,048 2,048
Max Thread Blocks / SM 8 8 16 16 32 3z 32 3z 3z
32-bit Registers / SM 32768 32,768 65,536 | 65536 65536 | 65536 65536 | 65536 65536
Max Registers / Thread 63 63 63 255 265 255 255 255 255
Max Threads / Thread Block 1024 1024 1024 1024 1024 1024 1024 1024 1024
Shared Memory Size Configs 16KB I6KB 16KB 16 KB 96 KB G4 KB Config = Config  Config
48KB 48KB  32KB  32KB UpTo UpTo UpTo
48 KB 48 KB 96 KB 96KB  164KB
Hyper-Q No No No Yes Yes Yes Yes Yes Yes
Dynamic Parallelism No No No Yes Yes Yes Yes Yes Yes
Unified Memory No No No No No Yes Yes Yes Yes
Pre-Emption No No No No No Yes Yes Yes Yes
Sparse Matrix No No No No No No No No Yes

Figure: Comparison of the TESLA GPU series capabilities.
@ https://www.nextplatform.com/2020/05/28/diving-deep-into-the-nvidia-ampere-gpu-archite
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coalesced global mem. access

> consecutive threads access

consecutive memory blocks | Case of random memory access
cores Only 32bit x 1 = 32bit is valid data
> depends on the memory S

cache lane size (12sbyte) EE] D]

“Memory transaction width: 2560t

3251 =

» single transaction should
A | Case of coalesced memory access
serve multiple cores -

32bit x 8 = 256bit is valid data
in 256bit width memory transaction
(Bus usage ratio: 100.0%)

» both global memory read
| FARARARARARIRTR

write oy Tt
conclusion Figure: Example of un-coalesced
» no holes memory access.

@ https:\ \ kaigai.hatenablog.com\ entry2016\11\17\070708
> ordered

> aligned (s2byte 128byte)
©) 00
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conflict-less shared mem. access

g
¢

priority access to shared memory banks

banks size is limited (4,8byte)

>
»
> use stride to ensure non-conflict
| 2

helps with coalesced access
to global mem.

conclusion

> either each access own bank

» all access the same bank
Figure: Example of strided

shared mem. access.

@ docs.nvidia.com
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data race

T
> two or more threads change : Thread 3 ks :
same memory space

produce nondeterministic result

use barriers __syncthreads()

use the atomic operations

(force serialize, slower)

conclusion

» organize algorithm better

» otherwise barriers

Figure: Data race visualization.
@ https://programming.guide/go/data-races-explained.html

uc

> atomics are slower convenience
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SoA vs AoS
> how are data organized in memory Array of Structs (AoS)
> depend on problem type and data
sizes
> type use enforces parallelization -
strategy (vertical, horizontal)
> need to satisfy coalesced access Struct of Arrays (SoA)

and solve the problem
conclusion
» analyze problem and pick type

> use corresponding strategy

> for GPU default use SoA FEUre: oS and So stored in, memory.
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Computation
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NVIDIA Before

| nVIDI No

e 1" fﬁi!
,."f......n' RTXZ0; RTX3070
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Computation
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Varied speed for varied tasks

different count of unit by purpose

» throughput can be limited by
utilization

shift to spread the tasks over units

perform "enough” computation
per mem. load

conclusion e

> int/float is cheap
» dont misuse special functions

(sin,exp,log)

» better to over-calculate Figure: Ampere SM diagram.

@ docs.nvidia.com
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Computation
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thread divergence

branching in the kernel code

reconverge

can’t concurrently execute
different instructions

Time

f b h . Figure: Pascal and earlier thread div.
orces pbranch sequencing @ https://www.peterstefek.me/shader-branch.html

X; Y; Z;
A; B; z;

all branches are evaluated

new architectures can handle
short conditions

conclusion

Time

» no conditions
] Figure: Volta and later thread div.
» or short and 5|mp|e @ https://www.peterstefek.me/shader-branch.html
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Computation
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ILP

conclusion
more work done per core ) .
. . . P> not use immediately
registers are expensive for thread indexes

_ > . .
more calculation per memory load use with caution

(may worsen)

automatized by loop unroll macro in code

vvyyVvyvVvyy

> .
useful for enough parallel or decrease complicates code

occupancy (loops in kernel)

1
12computaton tasks+ 12 memory access lasks |
1

et (] 0 a1 e[l [al 1

12computaton tasks + 1 memory access tasks
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|
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FIgU €. Cheng, Luo and R. Suda. “An execution time prediction analytical model for GPU with
instruction-level and thread-level parallelism awareness.” (2011). @ @@
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Summary

beware hardware dependence

beware coalesced accesses

>

>

> beware data races

» beware branches in code
>

beware utilization of units

G0
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Practical session

1. start/setup your development tool
2. get the source code

3. follow the instructions in code

» if unsure — first think about it
> if still lost — "google” it
» if can't find — ask about it (personally or mail)

4. make sure your code compile
5. make sure your code work

6. Send your COde to me (celnyd@vscht.cz)

@O0
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