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Abstract:  With the development of heterogeneous computing technology, heterogeneous fusion processors, such as CPU-GPU integrated
processors, have been fully developed in recent years, and arouse attention from both academia and industry. The fusion of different
devices has several advantages. For example, all devices share the same memory and can have fine-grained cooperation. However, many
system programming challenges and optimization challenges have emerged. To take full advantage of the capacity of heterogeneous fusion
processors, we need to utilize features of heterogeneous fusion processors such as shared memory, and perform architecture optimizations

to different devices according to different applications. We first analyze and summarize the research work related to heterogeneous fusion

» FEETH: EEKE SR TRI(2016YFB0200100); E 5% H AR 5 4 10 H (61732014, 61722208, 61802412)
Foundation item: National Key R&D Program of China (2016YFB0200100); National Natural Science Foundation of China
(61732014, 61722208, 61802412)
WG I [A): 2019-01-31; ZE4I [8]: 2020-04-09; K A I [A]: 2020-05-07; jos 7E £k Hi FiU []: 2020-05-26



processors. Second, we introduce the related work about performance analysis. Third, we summarize the optimizations on heterogeneous
fusion processors. We also provide a summarization for the applications that utilize heterogeneous fusion processors. At last, we provide
the future directions on heterogeneous fusion processors and give conclusion.
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Table 2 Summary of the surveyed applications in terms of optimizations

®2 SN EIL S

) N 3°8 R AR 5 Wi

R RS L2k (4 BEML it
Characterizing and evaluating a key-value store application on heterogeneous 37 P
CPU-GPU systems
Exploiting coarse-grained parallelism in B+ tree searches on an APU 29 v
Accelerating MapReduce on a coupled CPU-GPU architecture 17 v v

%’;51*)3 Revisiting co-processing for hash joins on the coupled CPU-GPU architecture 18 v v

,ﬁ;% In-cache query co-processing on coupled CPU-GPU architectures 38 v v

H Power efficient MapReduce workload acceleration using integrated-GPU 44 v v

Dido: Dynamic pipelines for in-memory key-value stores on coupled CPU-GPU 19 Y ,
architectures
FineStream: Fine-Grained Window-Based Stream Processing on CPU-GPU Integrated 73 P P
Architectures
Designing APU oriented scientific computing applications in OpenCL 28 v
A comparison of the FDTD algorithm implemented on an integrated GPU versus a GPU 33 v
configured as a co-processor
Parallel radix sort on the AMD fusion accelerated processing unit 30 v v
Ad-heap: An efficient heap data structure for asymmetric multicore processors 36 v

e Efficient breadth-first search on a heterogeneous processor 32 v v

A Hybrid strategy for stencil computations on the APU 31 v

i;éﬁ Speculative segmented sum for sparse matrix-vector multiplication on heterogeneous 35 Y
processors
A framework for general sparse matrix-matrix multiplication on GPUs and o1 Y
heterogeneous processors
An adaptive breadth-first search algorithm on integrated architectures 59 v v v
Asw: accelerating Smith-Waterman algorithm on coupled CPU-GPU architecture 65 v v
Non-uniform domain decomposition for heterogeneous accelerated processing units 66 v v




Implementation and evaluation of deep neural networks (DNN) on mainstream » P P
heterogeneous systems

HAh | APUNet: Revitalizing GPU as Packet Processing Accelerator 51 v

Rl Hash-based OpenFlow Packet Classification on Heterogeneous System Architecture 68 v v
Parallel implementations of frame rate up-conversion algorithm using OpenCL on 69 P
heterogeneous computing devices
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Zakharenko % A\POVRI A28 X5 CPUL GPU AR A 1AL B 8 33E4T 43 M, BEALHE Rodinia JE#E IR FE 75 46 76 57
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S EMERER GPU £ 5 82 (GPU-dominant programs),(3) {3217 CPU R 3RS &AL ML CPU £ S R P
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(a) Co-run friendly programs  (b) GPU-dominant programs (c) CPU-dominant programs  (d) Ratio-oblivious programs

Fig.4 Different performance types!*!
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WAZAEA G GPU R 78 57 K0 it b T2 0ok AN 0 00 7 B AT R PP DL A I 75 245 5 AU S 35 4. Zhang
A N OTVLE S5 5 Ak R 25 b S0 4 O U SR D PR SV AR P AT 1 B R T U SR A B
A, TR AR 2 ARIEAC HLARR UG R R 1 B 20 BT Sh AR AL, 75 22— 0 L i,
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2% (). 57 440 A Kb B 3 LA L2 N A (5 P Daga 55 NP5 T3 ol i FE 3 48 047 AR, B 3 Bl AR S A e it
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3.2 HIEFMMEES T

WIF 70 35 A8 53 A 76 7 M ik 2 AL FRL 3R RO R /) 6 4% L8 AT R AR . Zhu 5 NPA2I0F S0 ik AR 7 43 5l s
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17 PSRN R N R AFTE 2R P IEAT 8 4T7E CPU LN X LR A7 R SIS 1T7E GPU LR TR,
o F SR A7 SRR B P B B W T X6 GPUL KB 4 I B A R 405 (9 047 2, BB % 25 2t 1 L 2 22 47 U il 5
KPR VT AR IR AZ A i — P P T R 2 A7 B B SR % (He LM, Heterogeneous LLC Management), B % F|
F1 GPU % 1y 7 2L 3R A GURR A R, BHL1E GPU X 3L =2 247 (17 i, LU HH 58 22 (9 2847 =% [R] it CPU {1
.3IIES

IR VTS T A AL B8 (09 55 — B bR, U 2 WE ] T A0 AMD A Intel K 5 M A AL B 240 A M g
FIhFERI T o )7 % Zhang S5 NP3 Sy b & A0 B 38 AT T THAE AT, I A HLY) GPU #EAT T HLE B 7L H i,
S T84T FIRE AR e, 35 AR 72 T 45 155 00 53 W i 2 4 T 38 X T B 320 R H W IR0 — I 00 1) 7 A 5 A 2 2%
BRI R T B8 GPU R ETE R T 1217 I A% e M il & Ab B 28 B A BRI ) 3 (RIS A7 B ) B8 4 FE AR
P RE T fRr.Said 5 NPT = 4E 75 2 A BEFR 7 00, 7E SR AR BEBE IR B R X CPU-GPU 5344 il £ Ak 34 25 0 25 B 11
CPU. GPU ¥ & #EAT X L, 5256 3% BH S A il & A 33 25 i 1% B T CPU Al GPU P 3 2 [A] (5 Dy #E BE K. 5 38 CPU
A 3% R A7 AE ThRESS ), T A TR 2 HL A ThRE B4 A0 B T S Zha 2 N V2T S b il A0 T B 1) T RE
FIMLEEAT 7 2047, B Uk FE 5 A0 R A A 30 28 75 225 R Wl B LA T S TR (¥ 50 4%, Adb 5 F T 42 1) B Uk R )
£ RO FE 8% 22 P 5 % B AE A BT SR T 2 (M N A7 58 4 (B S B B D FE PR ). Da'vila 2 AUCTURE LT 7
BRI 53 HoF Ty A AV RS S A 2w, I P TR A St
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PERE S AT 2 3t — 25 R AGTR PP 0 B ik X P2 7 10047 M B 40 B T R IR AR PP ZE AN [E ARG 0 1 B4 14 BB SR I, 3 b 344
Rl A EE A8 AN [F) 2R B 1 1 RS, G0 22 B TR A IS AT R S AR R 1 M RE S TS M — 2B AL T,
RFARFEF MG P F IR AT N R T ZRRT IR LR ThEe A ) B fi
AR BLER B AT HEAT T A48 T SRR R I 1 B8 4 AT, 2 A A e B R AR A S B R DA BN v R % B
TR RGN T 2R IR G 14T,/ H iTHRE R G2 B ARG B, 2 P IR A 18T 8RR H# A
TE DAL T T, 57 M il B b B B8 B AR DR T 25 B GPU ZhiE 1B ph 1k RE 4% 5 1T B 1) A0 A AN B S8 Ik S0 R B, L i
[0 S5 A0 A A B 2 7S 3, BL AT AR K 1A R i s ).
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4.1 RREHRL

Barik 2 A\ UVE R FEAE 5440 £ A 3 2858 4T A B0 47 8K B )4 67 3R AN CPU i3t % 1) GPU iy, 52 B 45
R K AR T #RAE IR A5 M A8 32 28 (B IX — WF 5L EBAEH T F M Al & b #E 28 1¥) GPU 14 4 ,CPU ¥iii /775 R
IR %% Zhang %5 N'PL GPU-CPU 5 H4 il & Kb EE 28 A B, VEAR A28 1 MRl & Ab TR 88 B R[] i 46 TR A s AT I B
PR3 15, F AR AL HE AN [5] 15 45 R R 25 R () RE AR 4K, 9 A7 7 58 R, DL BOAS [B) 1 & 38 AT B T S AZ O I T B 15
25 oAk R G5 R DR AE T DL 2y SR A ot SR b TR 8 1) AN [ 8 4 330 47 B U 10 ST B L AT RLRE AL L
JE R B A7 it 1) 7 SR A5 TR 5 R SR AR A AL AU A7 A A O R 78 881 Streamcluster 2 [ T+ Rodinial" 3% 1
TAFE 7 4. B 5() R m I A% O & & GPUEAT, B 5(0)RRITHHAZ OB IE S CPUIEAT. & %%, GPU f71E
JR ¥R A AE CPU B4, R 08 ) JR) 3 42 ik i B4 coord s,CPU T 542 0 75 B2 L4 0 42 J5) A A F R0 A N2 5
PE AT A 0 O 5 R A7 AH DG 105 1), AN 7E B S(b) R A IS local HL YK, CPU 1 GPU W& R Ui 47
77 NN E,GPU & & [F — 2R FE 4 N 1 2 A28 2[RI B U 1) A 40 1) B, an 1 5(a) A, 2875 20 Hh 9 2R 2 17 1) 11 2 AH 40
HIEA T CPU & A % Bl 3L S A2 U 7] (1 B0 2 AH S I X R 247 R B 1 B 2 R ke ZE 8] 5(0) 38N T coord_d
T 3% 7 HO S B A 5% B B0 coord d_cpu.CPU HLZRFEXT coord d_cpu HU4L A 1) 3% 82, HLA BT 7 R 3 1 i
SR A Rl AR AR () 82 5% 359 T I 30 7 28 1) P A7 B4

//(a) GPUTTELIZ O
__kernel void pgain_kernel(..., __global float *coord_d, __local float *coord_s, ...){

i.f.(local_id ==0){

for(int i=0; i<dim; i++)
coord_s[i] = coord_d[i*num + x];
}
barrier(CLK_LOCAL_MEM_FENCE);

for(lntl 0; |<d|m i++)

x_cost += (| !coord |_d[(i*num)+thread_id] I -coord_s[i]) *
( lcoord _d[(i*num)+thread_id] , -coord_s[i]);

~__Jd EIEEiP
\“\
//(b) CPUTHELZ 0 g
__kernel void pgain_kernel_forcpu (..., __global float *coord_d_cpu, ...){ >
P

for(lntl 0; i<dim; i++) S

X_cost += (fcoord d_cpu [i+thread_ d*dlm]I coord _d_cpu [i + x*dim]) *
(Lcoord d_cpu [i+thread_id*dim] , -coord_d_cpu [i + x*dim]);

Fig.5 Optimizations of local memory and memory access'®
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REf% STILE SR U5 1), LA B U A8 5 301, IX B Bh T CPU 47 RIEAE A
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e, BATBT KT L R 5 S % Tas A7 B A B B L, 2 B TR G BT SRS I PERE IR T PR 17
Z A CHE SR @ N R R R AT AL, 1R RSt Re.
4.2 BEXISSREEML

AT A2 EA G S A Rl A B R RS [RD AL A I A R o 5 R EERAL AR ARG AL B AR A 2 R X
2 IR A 22 T % RS WS TR A IB AT — BLE AL & AL BRSSO 5T Bk Kallem 25 ANMBIEAR T T 5] 5 Mg & Ak B8R 458 £
W7 2R,1% 77 B8 et i — 87 8 th i al A AL FE 2% %) GPU AbFE,CPU 4k 42 4b P J5 4 7 3 72 GPU 4t
HSE ST TR S S, 1H 5 CPU A GPU it A ¥ 4748 i 1) LU 491, i3k T 3898 CPU F1 GPU bR ) R ZE R 2
J5 ARYE CPU Al GPU A4k B 4040 A% 7 00 AN [A), % 9 42 47 b 47 BB R 0 R % GPU PR /r 18 B F gkt ol
ag(0<ag<1),MF~ l-ag [ F K 2B 2] CPU.LEE ARSI N, 7 M4 AL B8 1 10 AN [ 15 4% e 0% /) I 45 SR 5 3%
A7 A B i IR 7 AR A A

//(a) GPUTTEAZ O
__kernel void Fan2(...){
int globalldx = get_global_id(0);
int globalldy = get_global_id(1);
if(globalldx < size-1-t && globalldy < size-t){
a_dev[size*(globalldx+1+t)+(globalldy+t)] -=
m_dev[size*(globalldx+1+t)+t] * a_dev[size*t+(globalldy+t)];

}

//(b) CPUTHET A% s
__kernel void Fan2_forcpu(...){
int globalldx = get_global_id(0);
int globalldy = get_global_id(1);
int globalldysize = get_global_size(1);
int globalldystart = globalldy/globalldysize *size;

, int globalldyend = (globalldy+1)/globalldysize®size; _ _ _ _ _ _ _ _

Fig.6 Optimizations of parallelism and loop!®
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5 REMELERINA

2 UL Rl Berh AN DUAE B O e T A BB A S 2 AR AL 2, AT A N A T ORI B R 2 A
0 A RS AL B A LA AR N 3 SR AT 4.
51 BIREEENA

AL Rl AR PR 3 T DL AE B8 A A U AT Ik RE IR, T 2 BT T R R Ak B A K B e
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2% LS T MapReduce HESL, Be 9% 54 F 7 Bf i S A A& AL 31 28 R 2 4071, B P R SR 42 R4A B I D S5 12 )7,
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