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Abstract  Benchmarks are important means to evaluate processor microarchitecture. The high-
throughput application is a kind of application that focuses on throughput efficiency and contents a
large number of loosely coupled small-scale jobs. The typical characteristics of high-throughput
application are high throughput, hard real-time and high concurrency. The key target of processor
microarchitecture design for high-throughput application is how to improve the throughput efficiency
of operations. The design of high-throughput processor microarchitecture needs micro benchmark from
high-throughput application as evaluation basis for designing high efficient processing architecture. While
for now, existing benchmarks can not effectively and comprehensively evaluate the processor
microarchitecture design for high-throughput application. In this paper, we propose a suit of new
benchmarks—HTC-MicroBench—for the evaluation of designing the processor microarchitecture for
high-throughput application. Firstly, we present a classification method for high-throughput
applications based on the features of workloads. Secondly, according to the characteristics of high-
throughput application, we present a parallelization model based on Pthread model to design and
implement HTC-MicroBench. Furthermore, we evaluate HTC-MicroBench from many aspects, such
as concurrency, data coupling and cache efficiency. Finally, we use HTC-MicroBench to evaluate the
speedup of TILE-Gx and Xeon. The evaluation results show that HTC-MicroBench can effectively

evaluate the processor microarchitecture design for high-throughput application.
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The Comparative Analysis of High-Throughput Load and Conventional High-Performance Load
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Table 2 Summary of High-Throughput Application and Workload
®2 HRBENRAK Workload iC 2

Domain

Workload

Basic Operation: Sort; Grep; Wordcount
Classification: Naive Bayes; SVM
Cluster; K-means; Fuzzy K-means

Big Data Analysis Segmentation: HMM

Linear Programming: Linear Programming

Regression Analysis:Regression Analysis

Recommendation: IBCF

Semi-supervised Learning: Learning algorithm based on mixed-generation models; Learning algorithm based on

low-density partitioning; Graph-based learning algorithm; Learning algorithm based on inconsistency; Collaborative

training learning algorithm

Machine Learning

Probabilistic Graphical Model: Bayesian network model;

Ensemble Learning: Sequential ensemble learning algorithm; Parallel ensemble learning algorithm

Markov network model; Hidden markov network model

Transfer Learning: Inductive transfer learning; Transductive transfer learning; Unsupervised transfer learning

Web crawler: BFS; DFS

Web Search

Create index library: Html parser; Directory iterative; PageRank; TF-IDF

Search: Query parser;Database query; Term weight; Document weight; MSet

Maximize social network influence; Diffusion degree; Greedy

Recommended algorithm: CF; CB

Social Network

Data sampling method: Breadth-first sampling method; Point-edge sampling method; User uniform sampling

method; Peer-driven sampling method; Random walking sampling method

Topology analysis: Calculate average path length; Calculate aggregation factor

Data analysis: Link-based structural analysis; Content-based analysis

Search system: Create indexes; Respond to user queries

Order system: Order creation; Order inquiry; Order modification; State machine

E-commerce

Recommended system: Collaborative

filtering  algorithm;

Database system: Commodity management system; Member management system; Order management system

Content-based  recommendation algorithm;

Recommendation based on clustering algorithm; Product-to-product recommendation

MACD: SDU receive; Schedule
RNC
RLC: Entity query; Segment

Video codec algorithm: MPEG; H264

Stream Media

Streaming media transport protocol: Resource reservation protocol; Real-time transport protocol; Real-time

transmission control protocol; Real-time streaming protocol
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Table 3 Workload in HTC-MicroBench
#& 3 HTC-MicroBench #1 #J Workload

Classification Workload Basic Operation Domain
Wordcount Character statistics Big data analysis
Data Terasort Tera data sort Big data analysis
Processing
Class K-means Clustering Big data analysis; Machine Learning
Grep Search match Big data analysis
Query Parser Parse the string Web Search; Social Network; E-commerce; Stream Media
Dat Database Query Database operation Web Search; E-commerce; Stream Media
ata
Service Term Weight Calculate word frequency Web Search; Social Network; E-commerce
Class . . .
Document Weight Calculate web page weights Web Search
MSet Create keyword matching group Web Search; Social Network; E-commerce; Stream Media
SDU Receive Simple processing of source data RNC; Social Network; Stream Media
Real-time

Interactive
Class Entity Query

Segment

MACD Schedule Control the analysis and dumping of data packets
User instance query

Packet protocol processing

RNC; Social Network; Stream Media
RNC; Social Network; Stream Media

RNC; Social Network; Stream Media
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Table 4 Intel Xeon Configuration

% 4 Intel Xeon B E

Processor Information Item Processor Information Value

Processor Model Intel Xeon X7550

The Number of Core 8 Cores 16 Threads
CPU Clock Speed/GHz 2.0

Operating System Version Linux 2. 6. 32-431

L1 DCache Size/KB 8X32
L1 ICache Size/KB 8X 32
1.2 Cache Size/KB 8X 256

LLC Cache Size/MB 18

25 AR e i 840 4 3 531 2 Wordeount (500
MB) , Terasort (200 MB) , K-means (12 MB) , Grep
(500 MB) , $t 48 Ab BLACR S A RBR B L R Ik 5
i

AR B 43 O T A AR e A ek RCR Y T T
LY PR A AR A B B A L L 1 AR
155 B0 R bn MEHEAT 5 — Ak, 3 — AL B A k5 5 e A
BB AR Uk 6 .
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Table 5 The Relationship Between Data Processing Efficiency

and The Number of Threads
x5 BELBERESREHMWEXRE  MDB/s

Number of Threads Wordcount Terasort K-means Grep

1 11.55 1. 44 0.08 67.61
2 21.66 2.75 0.16 138.03
4 39.28 4. 66 0. 26 265.91
8 65. 81 6.31 0.56 504. 88

Table 6 The Relationship Between Normalized Data
Throughput Rate and The Number of Threads
x6 H—UBEFHERELEHZEANXER

Number of Threads Wordcount Terasort K-means  Grep

1 1. 000 1. 000 1. 000 1. 000
2 1. 875 1. 905 1. 936 2.042
4 3.401 3.231 3.221 3.933
8 5.698 4.377 6.942 7.468

Table 7 The Relationship Between the Throughput and
Number of Threads
x®7 BRUMNBAEBEREEEBEHNXE

Number of Throughput Normalized
Threads Rate/(unites™ 1) Throughput Rate
1 113. 180 1. 000
2 225.209 1. 990
4 450. 178 3.978
8 887. 872 7.845

S 32 H.28 HTC-MicroBench 3¢ 1 i) 5 i &=
JO7 P 5 SR A6 b 2 A DR TR 5 H P 9 IR 55 J5i &k 14 i
$E N BERE R I SCHRFAE LR B e RS H 2R HTC-
MicroBench., Bl JG 4k ¢ 45 4% i 5 N7 H] #E 47 52 5. 3¢
R P RS e B (A A 5 28 TNk 8 o
Table 8 The Relationship Between the Number of Sustaining

Users and the Number of Threads

R8 XHFRAPYSKRBHZENXE

Number of Number of Normalized Number of
Threads Users Supported Users Supported
1 5700 1. 000
2 7500 1. 316
4 9000 1.579
8 10160 1. 782
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Fig. 7 The ability of parallel acceleration for HTC-
MicroBench
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Fig. 8 The ratio of sharing data between cores for HTC-MicroBench
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Fig. 10 The L2 cache hit rate of HTC-MicroBench and Splash2
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Table 9 The Basic Parameters of TILE-Gx and Xeon
£ 9 TILE-Gx #1 Xeon I E A S %]

TILE-Gx 8036 Xeon X7550

36 Cores 8 Cores 16 Threads
64b 64 b
1.2GHz 2.0GHz

26 MB L3 Cache 8X32 L1 DCache

Five Independent Mesh Networks 8X32 L1 ICache
12 MB On-chip Cache 8 X256 KB L2 Cache

60 Tbhps iMesh Bandwidth 18 MB L3 Cache
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Fig. 12 The comparison between normalized throughput
rate and the number of threads in Xeon and TILE-Gx
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Fig. 13 The test result of speedup in Xeon and TILE-

Gx processor (data service applications)
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Fig. 14 The test result of speedup in Xeon and TILE-Gx
processor (real-time interaction applications)
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