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Out-of-memory Graph Computing
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Opportunities brought by oneAPI
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VectorAddin oneAPI

//select a heterogeneous platform
auto selector = default_selector :
queue q(selector); //assign a queue to selected
device
... /#¥malloc memory for arraysx/
void VectorAdd(queue &q, int *a, int *b, int *
sum, size_t size){
q.submmit([&](handler& h) {
h. parallel_for (size, [=](id<1> tid){
sum|tid] = a[tid] + b[tid|;
}

)}) .wait(); //sync CPU and GPU

Transfer

cru

Execution

VectorAddin CUDA

Schoose an NVIDIA CPU according lo
K 'll"l'l:l'T niends
endaDoviceProp devicePropDelined;
memset| &devicePropDefined. 0, sizeofl
cudalDevicel rop));
cudaChooseDevice! & deviced Choosed, &
devicel'ropDefined |;
.. Semallor memaory for arrapss/
Vector Add CUDAIDE «a, int «b, int ssum,
glzet size);

__.-"._a"..lr Lo 48 weitten in another (on file
Textern O
globil  wold Vecror Add = < < hlocks, U hreads

=== (int =, int +b, inb ssum, size ©size)]
int 1 = blockDim.x = blockldx.x +
threadld:x,x;
if (i = siee)]
sumli] = afi] + hlil:
I
1
void VectorAdd_CUDA (int *a, int b, int *sum
. size_t size){
threads = get_threads per_block();
blocks = get_blocks_per_grid () ;
VectorAdd << <blocks,threads>>>(a, b,
sum, size);
cudaDeviceSynchronize();//sync CPU and
GPU
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System Design Overview
OneGraph
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On-demand data request

:> Manager
Transfer on-demand data-chunks by PCle
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Data

\\ On-demand data
e \ \ \
Static Data CAsLELAL
Data

N Graph |Data in Main Memory

Static Region

On-demand
Region

*GF'U Memory

static data is transfered in
preprocessing




Data look up with bitmaps

/ Iteration 1 Iteration 2 Iteration 3
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BFS workflow



Overlapping of computing and data transfer

GPU

Baseline

GenDataMap

Computing

GatherData

Transfer

On-demand Region

GPU
OneGraph

CPU

GenDataMap

Static Region
Computing

Gather On-demand

Data

Transfer

Computing

auto dev_1 = gpu_selector();
auto dev_2 = cpu_selector();
sycl iz queue gpu(dev_1), cpu(dev_2);

gpu.submit([&](handler& h){
//StaticRegion computing code on GPU
19k

... //on—demand data location code on CPU
cpu.memcpy(dst,src,size).wait () ;
gpu.wait(); //system—wide synchronization

... //On—demand Region computing
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Experimental setup

NVIDIA GPU Intel GPU
Model A100 PCle Data Center GPU Flex 170
Cores 6912 512
Memory 80GB HBM?2 16GB GDDR6
Driver Driver 515.65.01 & CUDA 11.6.2 intel-1915

Limiting GPU memory to 12G, graph with edge weight will double size.
Frameworks also will introduce some memory overhead, guaranteeing out-of-men
Four classical graph algorithms are used, BFS, CC, SSSP, and PageRank.

DataSets

Abbr. Name Vertices | Edges size
GS gsh-2015-host(d) 68.47M 1.68 B 14G
FK friendster-konect(u) 68.18 M 241 B 11G
UK uk-2007-04(d) 101.92M | 3.53B 15G

RMATI RMAT-rand(u) 5.25M 1.96B 16G
RMAT?2 RMAT-rand(u) 106.67M 3.72B 15G




Experiment results

Comparison schemes (serial algorithm as the baseline)

1.  SubWay: the state-of-the-art graph partitioning framework
2. USM: unified shared memory scheme

3. Ascetic: OneGraphin CUDA

NORMALIZED SPEEDUP OVER BASELINE OF DATA TRANSFER RESULTS. SUBWAY AND

DIFFERENT FRAMEWORKS ON NVIDIA A100 ONEGRAPH ARE REPRESENTED BY THE
. PERCENTAGE OF USM

721 s ®w subway ™ oneGraph
o USM m subway ®m oneGraph 90.00% 29.20% Y P
. USM YL 12.65X 80.00% e Subway i’ﬂ%f@;ﬁﬁﬁ\tt: 45.86 %
60 * Subway IJfNEELL: 9.23X 70.00% oneGraphiJfefii B H I LL: 12.15 4
50 *  OneGraph IJfNiELL:: 32.62X 60.00%
40 50.00%
. 29.7 40.00%  34.46% 36.31% 33.45%
18.08 30.00% . .
20 14.12 14.54 199 20.00% 17.49% 38%
10 o 8.28%
4'892-52. 1.26?i8. 10.00% — . 3.46% -
0 — 0.00% e

BFS CC SSSP PR BFS CC SSSP PR



Experiment results

Performance of SubWay and OneGraph on Intel FLEX 170 GPU

SubWay  OneGraph  SpeedUp

BES 26.53s 7.98s 3.32x
PR 83.8Ys 64.43s 1.30x
CC 48.15s 17.93s 2.69x
SSSP 293.4s 56.59s 5.18x

AVERAGE 100.97s 36.73s 2.75x




Ascetic is the CUDA version of OneGraph
Performance loss in CCis less than 1%, better performance in other applications

1.5x

TotalTime




Resources

Papers:

1. [THPC submission] S. Lietal.,“OneGraph: A Cross-Architecture Framework for Large-scale
Graph Computing on GPUs based on one API".

2. [IEEE TPDS]S.Lietal., “Liberator: A Data Reuse Framework for Out-of-Memory Graph
Computing on GPUs”, in IEEE Transactions on Parallel and Distributed Systems, vol. 34, no. 6,
pp.1954-1967, June 2023.

Code:

The source code of OneGraph is available at https://github.com/NKU-

EmbeddedSystem/OneGraph

Home page:
https://scholar.google.com/citations?hl=en&user=KZDQTBQAAAAJ&view_op=list_works&
sortby=pubdate
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