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Big Data Everywhere
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How do we understand and use Big Data?



Data Analytics
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NUMA & Graph-analytics

Application

Hardware

Processor Memory

R V12 1
YoullTH Gaail

- Si”g'ei Unified
y flickr Ralihll.e |
|
|
|

A

| |1 i es L
Data Analytics e — : as
l l ¢ 1 [T Socket: NUMA
/ I NiN | NN | |

= @‘ v Now
B<g

e.g. 80 Coreswith 1TB RAM
fal C H;C &' ' 3 Sockets X (10 Cores
RO ' with128GB local RAM)



How albout:?

NUMA systems I:[::I Graph-analytics

bt



Contribution

Polymer: NUMA-aware Graph-structured Analytics

Z

N«

N¢

N«

A comprehensive analysisthat uncovers issues for
running graph analytics system on NUMA platform

A new systemthat exploits both NUMA -aware
data layout and memory access strategies

Three optimizations for global synchronization
efficiency, load balance and data structure flexibility

A detailed evaluation that demonstrates the
performance and scalability benefits
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Example: PageRarik

A centrality analysis algorithm .9 ?
to measure the relative rank Gy— ‘9
for each element of a linked set

Ri=a+(1—af)z w;; R;

Characteristics GDes
Z Linked set A data dependence

Z Rank of who links it A predictable accesses
Z Convergence A iterative computation
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Graph-analytics

The scattergather model
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/Z (scattera propagate the current value of a vertex to its
neighbors along edges

Z dgather @ accumulate values from neighbors to compute
the next value of a vertex
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Vertex-centric (e.g
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Vertex-centric (e.g. Ligra)
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Edge-centric (e.g. X-Stream)
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Edge-centric (e.g. X-Stream)
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NUMA Characteristics

A commodityy NUMA machine
Z Multiple processornodes (i.e., socket)
Z Processor = multiplecores + alocal DRAM
Z A globally shared memory abstract (cache-coherence)
Z Hallmark: Non-uniform memory access

Latency (Cycle) Bandwidth (MB/s)
Inst. O-hop 1-hop 2-hop Access O-hop 1-hop 2-hop IL
80- core Intel Xeon machine 80- core Intel Xeon machine

Load 117 271 372 SEQ 3207 2455 [2101] 2333
Store 108 304 409 RAND 348 307 344




NUMA Characteristics

A commodityy NUMA machine

Sequentiala! remote  access IS fasterithan

random local access
&

Random remote access Iss aweseme!

Latency (Cycle) Bandwidth (MB/s)
Inst. O-hop 1-hop 2-hop Access O-hop 1-hop 2-hop IL
80- core Intel Xeon machine 80- core Intel Xeon machine

Load 117 271 372 SEQ 3207 2455 [2101] 2333
Store 108 304 409 RAND 348 307 344




NUMA Characteristics

The world! we lived in: dlrst-touch dpolicy

- b 1 n dvirtualg pages to physical frames locating on a
memory node where a thread first touches the pagefs ®

Centralized Interleaved Associated
ceu [JEAERER  [MDESEIER | [OESE3ER
MEM B TR EE= 1

i The world we

want to lived in



NUMA Characteristics

The world! we lived in: dlrst-touch dpolicy

- b 1 n dvirtualg pages to physical frames locating on a
memorv node where a thread first touches the pa o els ©

Both centralized >« and interleaved c data layout
will hamper - locality v and parallelism

&
Assooiated ¢ layoutiis.the ideal one.

. The world we
' ' want to lived in



NUMA Characteristics

Lackof locality (accessneighboring vertices)
Z ltis inevitable to accessremote memory

How to mix ?7?

D
Z Random access is always there Locall :
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Access Strategycon NUINA

Vertex-centric Model .
Z Completely overlooked (e.qg. Ligra) V4
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Access Strategycon NUNMA

Edge-centric Model :
Z Inefficient way (e.g. X-Stream) ¥
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Scalability & IRerformancecon NUNMA
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Scalability & IRerformancecon NUNMA
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Goal#1: Reduceremote accesses

Co-locating data and computation
within the same NUMA node
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Graph-aware Data Layout @}%ﬁ

Co-locating data and computation
within the same NUMA node
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Graph-aware Data Layout @gé

Co-locating data and computation

within the same NUMA node
o |
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Graph-aware Data Layout @gé
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Co-locating data and computation

within the same NUMA node
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Graph-aware Data Layout @g,

Co-locating data and computation
within the same NUMA node
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Graph-aware Data Layout @g, 2

Co-locating data and computation
within the same NUMA node
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