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0 32 64 96 128 160 192 224 256 (bytes)

(a) A coalesced memory access by warp
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0 32 G4 96 128 160 192 224 256 (bytes)

(b) A sequential but misaligned access pattern
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0 32 64 96 128 160 192 224 256 (bytes)

(c) A stride access pattern
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3.1 A+ Y&

2 Ao E PTX ZEE 7|Hre = dlog A HA T} coalescing H =& 2

N shol AN ALG P AT BAGT

bpnn_adjust_weights_cuda(
ld.param.u64 %rd4, [param_©];
ld.param.u32 %r2, [param_1];
ld.param.u64 %rd5, [param_2];
ld.param.u64 %rdé6, [param_4];
1d.param.u64 %rd7, [param_5];
cvta.to.global.u64 %rdl, %rd6;
shl.b32 %r3, %r2, 4;

add.s32 %rd4, %r3, 16;

mov.u32 %r5, %ctaid.y;
add.s32 %r6, %r2, 1;

mov.u32 %r7, %tid.y;

mov.u32 %rl, %tid.x;

cvta.to.global.u64 %rd3, %rd7;

add.s32 %rl4, %rl, 1;

mul.wide.s32 %rdle, %rld, 4;
add.s64 , %rd3, %rdle6;
ld.global.f32 %f11, [ 1;

1% 3.1 Backprop PTX FE A
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"ld.global.f32 %f11, [%rd17];": [
PR

"opcode”™: "add.s64",
"parent™: -1

}?

{ "reg": "%rd3",
"opcode”™: "cvta.to.global.ué4”,
"parent”: @

}J‘

{ "reg": "%rdle",
"opcode™: "mul.wide.s32",
"parent”: @

}J‘

{ "reg”: "[param_5]1",
"opcode™: "™,
"parent™: 3

}?

{ "reg”: "Htid.x",
"opcode™: "™,
"parent™: 7

}

]:

719 3.3 Backprop Syntax tree in json type

3.1.2 Load global 7|4l syntax tree A W

ZER
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I = syntax treeE 7|HFO 2 A HTE Syntax treet= ptx I=F

g4k o A THEo] Rt PTX I E+ of 8] gafolo] hd = 45 o]

39
R

I dA= 19 313 gt o] PTX IEE EZg BHSHH 117 3.23F Zol
E@Ev, E2E 5950 918 AR TEE 1Y 339 2ok PIX 9Yol5e

ofefie} o] T E o] grt.

operation.type dst, src[1-3]

13



Nl 370742 9l-& 4= It} Syntax tree= PTX FE Z §F HEo]e Aot

1 71 HE ]9 destination©] o]® sourcez o]2A A E = 2 E ety A

Atk =2 BoAs e de] A4S setetuat §7] operationo]

“ld.global”Ql HHo]E5E 7|F O &2 syntax treeE AJA Sttt “ld.global” W=

PTX B8 & WEo] HIst eloles FEofol7] el PTX FEoA

gl

load global(ld.global) operation& %t o] W o]o] HlR ] HL F4A7} o2
A= =2 PTX I EE F45}H syntax treeg F+A57th PTX I EE 54
Sb] W2 FAE 2= L kemeld] 92 mefole, 2 P £ A
i, A5 2% id 5 24 SetuES g kA e olgi 40| o
=% syntax treeE o 2| =7t ok WY Fao] tiY AHE dopd
= %ty 1™ 3.1 Rodinia HlX|0t= [10] 5 backprop |22 PTX &
T GFE 7HHE Aot} 9] B T 228 R o Hote HAAH Y rdl7
o] F2]9] 7|Fo] o] T35 ARttt rd172 ST, 11 th2 o] A

B 7} Z# ]2l “add.s64 rd17, rd3, rd16” ©HHS =t} o]& o] W& 9] source
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syntax treeE AYAJ3ict.

3.1.3 Syntax tree 7|4t 2|94 = FA] HHY

o]Z A TrEo0]Z syntax trees AFR5to] A A 1d.global & o 2 AHIs}

rr
X

AFE 22 ID(ctaid), 2= A4(ntid) gk 5 ALGAE] 4 AP| Fagh

2 Qltt. oluff, 2] & L7} ctaid.x, ctaid.y, tid.x tid.y2hd I g 3 gko] of
d 7] £t A E £50] id, T2]a Aqle] A E idof| whet gEks BlE

Zrolth. 181 1 W ctaid®] A% 0%E 1= 27174 1, tide] H-$ 0
HE At £5 27]-12 ¥ A9 18" 313 19 3.39] backpropf]

syntax tracing®] ZA¥Alo| A AHEH, 1175 FAYS W 1 2=

add(mul(add(tid.x, 1), 4) , paramb)
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7} =t} Rodinia®] Backprop?] 7A-$¢ <12 3 7|7F 1024 o tid.x9] H= 0
oA} 150111, o] g} param59] 4 PHO| A2t FAE YOoH ATt 2
SRz F48 o 4 9tk o 39 59 22 vebleo] gt Hehs vme)

FAaet I Wi F4o ohE 2=k HIoh=A]

i

wfobg 2 It

3.1.4 PTX IE=E 5 Y &= coalescing F+ £4

TBO
(Thread Block size: 128 threads, data type size: 4bytes)

Coalescing count start point = thread 0 data addr sector's start point
ex) th0 addr : 40, addr 0: 32

| Warp 0 | | ader 0 |

= =5
| Warp 2 | | addr 0 |
== =5

| avg coalescing graph |

|
|addr0”addr1||addr2| -- addr 31

coalescing count
Start Point

719 3.4 coalescing 12T AJA 144
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A4 dd

NVIDIA A30 Spec

L1 cache size 192 KB

L2 cache size 24 MB

Memory 24 GB
Compute capability 8.0

T13 4.1 NVIDIA A30 spec

A3L2 NVIDIAQ] A30 gpus AH8519ITth A309] memory A= 18 7.3+
o] S H T A309] L1 7jA] 7]+ 192KBo]al, shite] SMujje] sk Eof
o] E2 SM o] AAEHE AdHET HIT 4 o= AHAlelth A309] L2

MAE 24MBo|H a=zEo] BE A =7 HET & Qo

rok
rE

of Hst

rr

dlol8l 27)% cuda compute capabilityo] whet geba] 4] B, 2 vj4le] 39
8.0 #7102 32 Blo] £.9] segment & Fo] 32 vl me]o] AatA Dt Hlole

o] 3717} 4 HlolEY B Z2d ulma] load 23] T o]4H A

i
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A e 49]ott. [1] 22 dHlolHoll @el HIste &l Attd o] sl

pacl)

rr

ol & om Fote] B¢ fxuiel BE 2 ET e AEHE A

rol

o}

r

stute] 229 v a7 disf 32719 A o] HIo5H == dol 2

st

% otk (1]

4.2 L1 7A€} coalescing®] #H

application_name orid_x grid_y thread_x thread_y
stride-32 32 1 64 1
stride-4 32 1 64 1
same-location 32 1 64 1
coalescing 32 1 64 1
b+tree_findK 60 1 256 1
b+tree_findRageK 60 1 256 1
3DConvolution 4 16 16 4
convSep 1 32 16 4
bfs_kernell 128 1 512 1
backprop_forward 1 64 16 16
heartwall 51 1 64 1
2DConvolution 2 8 32 8
backprop_adjust_weights 1 64 16 16
bfs_kernel2 128 1 512

GEMM 2 8 32 8

1% 4.2 workloads

Al
=

ek

= foll AHS HlAREE 429 Eo 19 4.3(a)ollA 5383t base ¢
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Relation between degree of coalescing and L1 hit rate in simple workload

100%
80%
£ 60%
(]
2
& 40%
20%
O% | —| [
stride_32 stride_4 same_location coalescing
Workload
ODegree of coalescing  ML1 cache hit rate
(a) Relation between degree of coalescing and L1 hit rate in base workload
Relation between degree of coalescing and L1 hit rate in real workload
100% — - - -
90%
80%
70%
X 60%
g 50%
< 40%
30%
20%
10%
0%
- X N Q A\ o> » N & N2 D
N & & & «F & & & R s N (35“
&7 Sgb kS O NS {&o \&b ’\\\o & &
& «© ¢ &7 ¥ ¢ $’ &7
© & ” Q7 Y D
< © Y
0 R ‘9'\0
4 &
Workload

ODegree of coalescing W L1 cache hit rate

(b) Relation between degree of coalescing and L1 hit rate in real workload

719 4.3 Relation between degree of coalescing and L1 hit rate
AR == A9/ coalescing®] F4f= GH O HoF7] 93t fla g2 =50l
Stride 92 E0] 29 ¢ 9mo] Ae|=So] ngE AV Hlo]H S Hshs

2 Blo] 8] AL 2 coalescingo] A7 Yo UHES 51 A2 E o). whatA]
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Abstract

As computational efficiency is known, GPUs are not only used for computer
graphics, but also for various workloads such as high-performance computing
and machine learning. Accordingly, research to efficiently use limited memory
resources of GPUs is being actively conducted. In particular, it is very important
to know and utilize the data locality of the workload in order to efficiently use
the small but fast-access L1 data cache to handle memory bottleneck problems.
Therefore, this paper proposes a scale for analyzing and objectifying workload-
specific data locality. To this end, various workloads used by actual GPUs were
analyzed through static profiling based on PTX code. As a result of the static
analysis, it was confirmed that there was a relationship between the degree of

coalescing, coalescing graph, and cache utilization at the actual execution.

Keywords: GPU profiling, Locality, Coalescing, PTX code, L1 cache
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