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BIfEREETE . AT, (XJF R EUAI TR R ERED,
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[4] =T {R4amAiELR

=i (DR ) JHEE— T EEEENA
BMHOMR, AMoHRAREINRBES
R BEE BRAIZ D o R Z B TR IETS
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BRI T A S T D PR el (R a tE N RIS
Kol WIIFHRE T HFHEIAFEH



T4 SHANERIAMERT R PR F iR S 0,
FENFHEBSHREHRT T SEMNEIE ST,
ESLiEtMEI RIS RRFESEFFEIE
BRISWEE, FNAZEEIES S HiERa]BYE
THRMEERS B, ZTEXERSED
HEAINESIEETNELRKRE, HFEBENE
MHRE

F=, NEFHTIFSOWHER, RE T —/
Z PR HIMERIFIRIRIELR, HHRTZ
ERTHASHEREEBRRNENEE. Bk
#, BT —MRERNERERAR (In-Scale
MCTF), Z AN B SHRTEFTIRKE
HITRI R, BEER T BoHENFTRS,
NRSMATREARTFNFHBE, NS
teERizsn+MERT LRI (In-band MCTF) 8B4
HIRER, 1B& T DR B4at s ngmiBaYI4ERE .

[5] &M H.264/MPEG-4 SVC INEMRE
WM (In-Scale Prediction) A

BT S RGRIBHAY In-Scale iz MERTH,
TR AY RE H.264/MPEG-4 SVC #RiBHELS
1, kiEE H.264/MPEG-4 SVC I ##=a]{R
HEIRASRYIERE . W TIEXSFHYmA3AY In-Scale
ERIMERNE R AT ERIT T = EYT E.
F—: NIAZIFNRIEKsSET BEIZEF—RKRA
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1. Guihai Yan, Xiaoyao Liang, Yinhe Han, Xiaowei Li.

Leveraging the Core—-Level Complementary Effects of
PVT Variations to Reduce Timing Emergencies in Multi—
Core Processors. In Proc. of ACM/IEEE International
Symposium on Computer Architecture, Saint—Malo,

France, pp.485-496, 2010.

B—{FE& . E&E, yan_guihai@ict.ac.cn

Process, Voltage, and Temperature
(PVT) variations can significantly degrade
the performance benefits expected from
next nanoscale technology. The primary
circuit implication of the PVT variations
is the resultant timing emergencies. In
a multi-core processor running multiple
programs, variations create spatial and

temporal unbalance across the processing

cores. Most prior schemes are dedicated
to tolerating PVT variations individually for
a single core, but ignore the opportunity
of leveraging the complementary effects
between variations and the intrinsic
variation unbalance among individual
cores. We find that the notorious delay
impacts from different variations are not

necessary aggregated. Cores with mild
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variations can share the violent workload
from cores suffering large variations. If
operated correctly, variations on different
cores can help mitigating each other and
result in a variation—-mild environment. In
this paper, we propose Timing Emergency
Aware Thread Migration (TEA-TM), a delay

sensor-based scheme to reduce system

timing emergencies under PVT variations.
Fourier transform and frequency domain
analysis are conducted to provide the
insights and the potential of the PVT co-
optimization scheme. Experimental results
show on average TEA-TM can help save
up to 24% throughput loss, at the same

time improve the system fairness by 85%.

2. Yang Chen, Yuanjie Huang, Lieven Eeckhout, Grigori

Fursin, Liang Peng, Olivier Temam, and Chengyong Wu.
Evaluating Iterative Optimization Across 1000 Data Sets.
In Proc. of ACM SIGPLAN Conference on Programming
Language Design and Implementation, Toronto, Canada,

pp.448-459, 2010.

B—1F& . BR¥, chenyang@ict.ac.cn

While iterative optimization has become
a popular compiler optimization approach, it
is based on a premise which has never been
truly evaluated: that it is possible to learn
the best compiler optimizations across data
sets. Up to now, most iterative optimization
studies find the best optimizations through
repeated runs on the same data set. Only

a handful of studies have attempted to

66 2010 RHAREFIR

exercise iterative optimization on a few
tens of data sets. In this paper, we truly put
iterative compilation to the test for the first
time by evaluating its effectiveness across
a large number of data sets.We therefore
compose KDataSets, a data set suite with
1000 data sets for 32 programs, which we
release to the public. We characterize the

diversity of KDataSets, and subsequently
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use it to evaluate iterative optimization.We
demonstrate that it is possible to derive a
robust iterative optimization strategy across
data sets: for all 32 programs, we find that
there exists at least one combination of
compiler optimizations that achieves 86% or
more of the best possible speedup across
all data sets using Intel’ s ICC (83% for
GNU’ s GCC). This optimal combination is

program-specific and yields speedups up

3. Yang Liu, Qun Liu, and Shouxun Lin. Discriminative
Word Alignment by Linear Modeling. Computational

Linguistics, 36(3): pp.303—339, 2010.

F—EE . XiE, viu@ict.ac.cn

Word alignment plays an important
role in many NLP tasks as it indicates
the correspondence between words in a
parallel text. Although widely used to align
large bilingual corpora, generative models
are hard to extend to incorporate arbitrary

useful linguistic information. This article

to 1.71 on ICC and 2.23 on GCC over the
highest optimization level (-fast and -0O3,
respectively). This finding makes the task
of optimizing programs across data sets
much easier than previously anticipated,
and it paves the way for the practical and
reliable usage of iterative optimization.
Finally, we derive pre-shipping and post-
shipping optimization strategies for software

vendors.

presents a discriminative framework for word
alignment based on a linear model. Within
this framework, all knowledge sources are
treated as feature functions, which depend on
a source

language sentence, a target language

sentence, and the alignment between them.
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We describe a number of features that could
produce symmetric alignments. Our model
is easy to extend and can be optimized with
respect to evaluation metrics directly. The
model achieves state-of-the-art alignment

quality on three word alignment shared

tasks for five language pairs with varying
divergence and richness of resources. We
further show that our approach improves
translation

performance for various statistical

machine translation systems.

4. Hai Zhuge. Interactive semantics. Artificial Intelligence,

174(2): pp.190-204, 2010.

$F—1F&: B8, zhuge@ict.ac.cn

Much research pursues machine
intelligence through better representation of
semantics. What is semantics? People in
different areas view semantics from different
facets although it accompanies interaction
through civilization. Some researchers believe
that humans have some innate structure in
mind for processing semantics. Then, what
the structure is like? Some argue that humans
evolve a structure for processing semantics

through constant learning. Then, how the

68 2010 RIARERESFIR

process is like? Humans have invented various
symbol systems to represent semantics. Can
semantics be accurately represented? Turing
machines are good at processing symbols
according to algorithms designed by humans,
but they are limited in ability to process
semantics and to do active interaction. Super
computers and highspeed networks do not
help solve this issue as they do not have
any semantic worldview and cannot reflect

themselves. Can future cyber-society have



BNEFER R SR ARARAA SO SR RE

some semantic images that enable machines
and individuals (humans and agents) to reflect
themselves and interact with each other with
knowing social situation through time? This
paper concerns these issues in the context of
studying an interactive semantics for the future
cyber-society.

It firstly distinguishes social semantics
from natural semantics, and then explores the
interactive semantics in the category of social
semantics. Interactive semantics consists
of an interactive system and its semantic

image, which co—-evolve and influence each

5. Rubao Lee, Xiaoning Ding, Feng Chen, Qingda Lu,
Xiaodong Zhang. MCC-DB: Minimizing Cache Conflicts
in Multi—core Processors for Databases.
International Conference on Very Large Data Bases ,Lyon,

France, 2009.

In a typical commercial multi-core
processor, the last level cache (LLC) is shared
by two or more cores. Existing studies have
shown that the shared LLC is beneficial to

concurrent query processes with commonly

other. The semantic worldview and interactive
semantic base are proposed as the semantic
basis of interaction. The process of building
and explaining semantic image can be based
on an

evolving structure incorporating adaptive
multi-dimensional classification space and
selforganized semantic link network. A
semantic lens is proposed to enhance the
potential of the structure and help individuals
build and retrieve semantic images from
different facets, abstraction levels and scales

through time.

In Proc. of

shared data sets. However, the shared
LLC can also be a performance bottleneck
to concurrent queries, each of which has
private data structures, such as a hash

table for the widely used hash join operator,
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causing serious cache conflicts. We show
that cache conflicts on multi-core processors
can significantly degrade overall database
performance. In this paper, we propose a
hybrid system method called MCC-DB for
accelerating executions of warehouse-style
queries, which relies on the DBMS knowledge
of data access patterns to minimize LLC
conflicts in multicore systems through an
enhanced OS facility of cache partitioning.
MCC-DB consists of three components: (1) a
cacheaware query optimizer carefully selects

query plans in order to balance the numbers

6. Peng Wang, Dan Meng, Jizhong Han, Jianfeng
Zhan, Bibo Tu, Xiaofeng Shi, Le Wang. Transformer: a
New Paradigm For Building Data—Parallel Programming
Models. IEEE Micro, 30(4), pp.55-64, 2010.

SB—{E& . EME, wangpeng@ncic.ac.cn

Cloud computing drives the design and
development of diverse programming models
for massive data processing. The transformer
programming framework aims to facilitate the

building of diverse data—parallel programming
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of cache-sensitive and cache-insensitive
plans; (2) a query execution scheduler
makes decisions to corun queries with an
objective of minimizing LLC conflicts; and
(3) an enhanced OS kernel facility partitions
the shared LLC according to each query’ s
cache capacity need and locality strength.
We have implemented MCC-DB by patching
the three components in PostgreSQL and
Linux kernel. Our intensive measurements on
an Intel multi-core system with warehouse-
style queries show that MCC-DB can reduce

qguery execution times by up to 33%.

models. Transformer has two layers: a common
runtime system and a model-specific system.
Using transformer, the authors show how to
implement three programming models: dryad-

like data flow, mapreduce, and all-pairs.
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7. Hao Chi, Ruixiang Sun , Bing Yang , Chunging Song ,
Leheng Wang , Chao Liu, Yan Fu , Zuofei Yuan , Haipeng
Wang , Simin He and Mengqiu Dong. pNovo: De novo
Peptide Sequencing and Identification Using HCD Spectra.
Journal of Proteome Research, 9 (5), pp.2713 - 2724,

2010.

B—EE: IRiE; BREE: RES, smhe@ict.ac.cn

De novo peptide sequencing has
improved remarkably in the past decade
as a result of better instruments and
computational algorithms. However, de
NoOVOo sequencing can correctly interpret only
30% of high- and medium-quality spectra
generated by collision—-induced dissociation
(CID), which is much less than database
search. This is mainly due to incomplete
fragmentation and overlap of different
ion series in CID spectra. In this study,
we show that higher—-energy collisional
dissociation (HCD) is of great help to de
Novo sequencing because it produces high
mass accuracy tandem mass spectrometry
(MS/MS) spectra without the low-mass
cutoff associated with CID in ion trap
instruments. Besides, abundant internal

and immonium ions in the HCD spectra can

help differentiate similar peptide sequences.
Taking advantage of these characteristics,
we developed an algorithm called pNovo
for efficient de novo sequencing of peptides
from HCD spectra. pNovo gave correct
identifications to 80% or more of the HCD
spectra identified by database search.
The number of correct full-length peptides
sequenced by pNovo is comparable with
that obtained by database search. A distinct
advantage of de novo seqguencing is that
deamidated peptides and peptides with
amino acid mutations can be identified
efficiently without extra cost in computation.
In summary, implementation of the HCD
characteristics makes pNovo an excellent
tool for de novo peptide sequencing from

HCD spectra.
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8. Yunji Chen, Weiwu Hu, Tian Chen, and Ruiyang Wu.
LReplay: A Pending Period Based Deterministic Replay
Scheme. In Proc. of ACM/IEEE International Symposium
on Computer Architecture, Saint—-Malo, France, pp.187—

197, 2010.

F—EE: BR=FE;, BREE: BFR, hww@ict.ac.cn

Debugging parallel program is a well-
known difficult problem. A promising
method to facilitate debugging parallel
program is using hardware support
to achieve deterministic replay. A
hardwareassisted deterministic replay
scheme should have a small log size, as
well as low design cost, to be feasible
for adopting by industrial processors.
To achieve the goals, we propose a
novel and succinct hardware-assisted
deterministic replay scheme named
LReplay. The key innovation of LReplay is
that instead of recording the logical time
orders between instructions or instruction
blocks as previous investigations,

LReplay is built upon recording the
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pending period information. According to
the experimental results on Godson-3,
the overall log size of LReplay is about
0.55B/K-Inst (byte per k-instruction) for
sequential consistency, and 0.85B/Klnst
for Godson-3 consistency. The log size
is smaller in an order of magnitude than
state-of-art deterministic replay schemes
incuring no performance loss. Furthermore,
LReplay only consumes about 1.3% area
of Godson-3, since it requires only trivial
modifications to the existing components of
Godson-3. The above features of LReplay
demonstrate the potential of integrating
hardware-assisted deterministic replay

into future industrial processors.
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Dan Tang, Yungang Bao, Weiwu Hu, Mingyu Chen.
DMA Cache: Using On—Chip Storage to Architecturally
Separate |/0O Data from CPU Data for improving 1/O
Performance. In Proc. of IEEE International Symposium

on High—Performance Computer Architecture , Bangalore,

India, 2010.

B—EE. BN BEE: AFER, hww@ict.ac.cn

As technology advances both in
increasing bandwidth and in reducing
latency for I/O buses and devices, moving
/O data in/out memory has become
critical. In this paper, we have observed
the different characteristics of I/O and CPU
memory reference behavior, and found the
potential benefits of separating 1/0 data
from CPU data. We propose a DMA cache
technique to store I/O data in dedicated
on-chip storage and present two DMA
cache designs. The first design, Decoupled
DMA Cache (DDC), adopts additional on-
chip storage as the DMA cache to buffer
I/O data. The second design, Partition-
Based DMA Cache (PBDC), does not

require additional on—-chip storage, but
can dynamically use some ways of the
processor’ s last level cache (LLC) as the
DMA cache.

We have implemented and evaluated
the two DMA cache designs by using an
FPGA-based emulation platform and the
memory reference traces of real-world

applications. Experimental results show
that, compared with the existing snooping-
cache scheme, DDC can reduce memory
access latency (in bus cycles) by 34.8%

on average (up to 58.4%), while
PBDC can achieve about 80% of DDC’ s
performance improvements despite no

additional on—chip storage.
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Guoping Long, Diana Franklin, Susmit Biswas, Pablo Ortiz,
Jason Oberg, Dongrui Fan, Frederic T. Chong. Minimal
Multi-Threading: Finding and Removing Redundant
Instructions in Multi-Threaded Processors. In Proc. of
International Symposium on Microarchitecture, Atlanta,

USA, 2010.

F—FE: BEF;, BIWEE: 8&RE, fandr@ict.ac.cn

Parallelism is the key to continued
performance scaling in modern
microprocessors. Yet we observe that this
parallelism can often contain a surprising
amount of instruction redundancy. We
propose to exploit this redundancy to
improve performance and decrease energy

consumption.

We propose a multi-threading micro-
architecture, Minimal Multi-Threading
(MMT), that leverages register renaming
and the instruction window to combine the
fetch and execution of identical instructions
between threads in SPMD applications.
While many techniques exploit intra-
thread similarities by detecting when a
later instruction may use an earlier result,

MMT exploits inter—thread similarities by,

74 2010 R REFR

whenever possible, fetching instructions
from different threads together and only
splitting them if the computation is unique.
With two threads, our design achieves a
speedup of 1.15 (geometric mean) over
a twothread traditional SMT with a trace
cache. With four threads, our design
achieves a speedup of 1.25 (geometric
mean) over a traditional SMT processor
with four-threads and a trace cache. These
correspond to speedups of 1.5 and 1.84
over a traditional out-of-order processor.
Moreover, our performance increases in
most applications with no power increase
because the increase in overhead is
countered with a decrease in cache
accesses, leading to a decrease in energy

consumption for all applications.
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