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Abstract: This paper surveys the current technologies adopted in cloud computing as well as the systems in
enterprises. Cloud computing can be viewed from two different aspects. One is about the cloud infrastructure which
is the building block for the up layer cloud application. The other is of course the cloud application. This paper
focuses on the cloud infrastructure including the systems and current research. Some attractive cloud applications
are also discussed. Cloud computing infrastructure has three distinct characteristics. First, the infrastructure is built
on top of large scale clusters which contain a large number of cheap PC servers. Second, the applications are
co-designed with the fundamental infrastructure that the computing resources can be maximally utilized. Third, the
reliability of the whole system is achieved by software building on top of redundant hardware instead of mere
hardware. All these technologies are for the two important goals for distributed system: high scalability and high
availability. Scalability means that the cloud infrastructure can be expanded to very large scale even to thousands of
nodes. Availability means that the services are available even when quite a number of nodes fail. From this paper,
readers will capture the current status of cloud computing as well as its future trends.
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PC, PDA, Smartphone
(Light weight devices)

Transparent
clents

Transparent - - Ethernet, CATV,
network ( I I 802.11, IEEE 1394,
etal.

Transparent @ PC, Servers,
servers % Mainframe

Fig.1 Architecture of transparent computing system
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Chubby™ Ll % Google JT % 5 i 44 (1 KB 53 A 28 54 4 BigTablel™).
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. . GFS Master [foo/bar
Application (File name, chunk index) ,/V
File namespace ’
. > / chunk 2ef0
GFS Client « /
!
1
A (chunk handle, chunk |
[}
locations) /
/I
/
/

Instructions to chunkserver
(chunk handle, byte range) Chunkserver state
>

GFS chunkserver GFS chunkserver

Chunk data . . . .
Linux file system Linux file system

_> Data messages
—— P Control messages

Fig.2 Google File System architecture
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45 3L B 21 [FAE — A Reduce BRI .1 AE— 4™ Reduce B £ H 730 TH 40 BN 7E — i B AT 3k A5 45 J5 45 3L

K 4 4540 T MapReduce 34T 2,70 0 Map BB LA K. Reduce P§ANBY BL #8487 £ e O BT A 5 LA
B B 2 T IR AT — AN v TR R 43 2B B, RIS v i) 45 SR 2 AR key B R ) 45 SRAZ 45 ) — 4> Reduce R %2
Py

map(String input_key, String input_value):
/I input_key: document name
/I input_value: document contents
for each word w in input_value:

Emitintermediate(w,“1");

reduce(String output_key, Interator intermediate_values):
/I output_key: a word
/I output_values: a list of counts
int result = 0;
for each v in intermediate_values:
result+=Parselnt(v);

Emit(AsString(result));

Fig.3 WordCount program using MapReduce framework

3 5T MapReduce HE S (1) 537 G812 P 25441

@@@@ <§><§><§>

Intermediate | kil:v kl:v k2:v k3:v kd:v k4:v k5:v k1:v k3:v

y
un

Grouped k1:v,v,v,v 2:v k3:v,v kd:v,v,v

<§><§><§><§><§>

Fig.4 Execution steps of MapReduce processing programs (M stands for the exectuion
of Map while R stands for the execution of Reduce)
K] 4 MapReduce 4 HFR P IHAT L FE(M 183E Map R BUI#0AT R 18 3& Reduce pR AL IAT)
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Input

Output
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“Contents” COLUMNS
T T
[} [}
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Fig.5 Data model of Google BigTable
Kl 5 Google BigTable 1% 4 4

Bigtable client
Bigtable cell
] Bigtable client
Bigtable master < library
Performs metadata ops,
load balancing l Open()
Bigtable tablet server Bigtable tablet server Bigtable tablet server
Serves data Serves data Serves data
Cluster Scheduling Master GFS Lock service
Handles failover, monitoring Holds tablet data, logs Holds metadata, handles

master-election

Fig.6 Organization of BigTable System
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f¥)—F k. Chubby FrI/N 43 A 2 SCAE 2R e A — AN 7T 0T BT SR SR LB IR 4%
3 IBM“E="IHETE
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MapReduce [F)FJESEIL).IBM & IERHEH T 3T x86 85 1 R4 28 RGN “ W =77 .

Virtual machine Virtual machine Virtual machine Virtual machine
e - e
Tivoli monitoring agent
Open source Linux with Xen

Virtualization infrastructure based on open source Linux & Xen

Monitoring Provisioning baremental & Xen VM
IBM Tivoli Tivoli provising WebSphere application
monitoring DB2 manager server

machine

Provisioning management stack

Fig.7 Architecture of IBM “Blue Cloud”
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AT AR SR 20 K Amazon BRI T AT AE 25 U S B SR A B F P T R ) s AR TR 1
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Amazon elastic computing cloud (EC2)

= 4
EC2 instance 3

SOAP over HTTPS .

Cloud computing clients EC2 instance 1

EC2 instance 2

Fig.8 Usage model of Amazon elastic computing cloud
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Table 1 Features comparison among cloud computing systems
Fz1 mWHHRGE AR

Transparent computing Google cloud computing IBM BlueCloud product Amazon elastic
platform from Tsinghua infrastructure computing cloud
University

Compatibility to Based on the transparent The new network system is  Virtualization provided, Virtualization
traditional management technology, built from scratch; current  can run traditional software provided, can run
software completely compatible to the  software cannot run on the  as well as new cloud traditional software

current software. Current infrastructure. Not computing interface for

system and software can run ~ compatible programming the new

on top of transparent applications

computing platform directly
System Developed with private Developed with private Developed with open Combine the open
openness technologies technologies source technologies source and private

technologies
together

Adoption of Provide the runtime No system virtualization Use open source Use open source
system environment directly on metal technology adopted, only virtualization software virtualization
virtualization hardware, no overhead that support new applications Xen with virtualization software Xen with
technology might be brought by overheads virtualization

virtualization overheads
Target users For end users to use directly ~ End users can use directly,  For developers For developers

also open specific interfaces
for developers for building
new applications

Programming  No programming interface Specific network application Local distributed Network remote
support programming interfaces are  application programming  operation interface
provided interface
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