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M E o gt eh o Jobtracker § F ¥ #1442 Tasktracker shdy 755 w0 i * < p(Heart Beat)
€07 VR PR 34 B Tasktracker ensd {7 {7 » 4o % X & Bk Tasktracker 27334 {7 4

E(T* ¢ LATHRSZ Tar a2 s & 8L+ b Tasktracker o

input
HDFS

split0
output
.......................................................... HDFS
merge :
split 1 > |- pi part) E——p HDFS
replication

...........................................................................................................................................

split2

Bl 7. Map/Recduce i& = §](F 4L & /& : White, T. > 2010)
Map/Reduce =iz 7% 4 &l d Map 2 Reduce = » &4 = Map/Reduce = 7+ 2
£ 7 & input 5 # 7&,{@"% A KR 5 15 3E Jobtracker ¢ -3 kR34 Map #c
B FFR A L FAL R O Splits 0 3 #-E Splits 4 %] @ % FI4 7 Map # (5
Tasktracker + o 538 Map 4 438 & {5 chF 4L € 12 Key Value <72 ;8 F 4> & i 95

e Key 8 i 7 %249 (Shuffle) 52 £ & (Sort); &4 £_Map = 722 Reduce iE5%2_ [ e

R

Ao m R B E_kyg Key B Kt (7 2 & ads (0 - Map fﬁz-ﬁi%] 41 7 Record
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4 W F| Reduce E+ (78 £ + > § Map i 1 e Record @ GAF = 2 {8 > € 4
HRZEERESH T, { Tk BRI LETRE > K EH mapﬁi%lﬂ:_‘?

BFRREGVER o
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% = & HBase

HBase ¥ - B2 HDFS 2 A # 53 ¥ it~ 3o ~HFHFE» -

?ﬁﬁﬁﬁ&
AT G TR 5 B R TR P

ST P+ B TP - HBase & %

7 Google #73% ! ehBigtable $£ 4 I 4c 12 F T H iy L E_Hadoop

'k = i Apache o778 & & % -

45302006 & 0 H H

3 Bk (S Rkp

HBase

(00 (O0) (0o DED% ]
=] |52 Y O 1 | LIl¥
DataNode DataNode DataNode DataNode DataNode

Bl 8. HBase %t

€ HBI(F 4L kR : George » 2011)

d R 82 B ¥ 5 41 HBase » 3 i HDFS 24 5 (Master/Slave) 7% -

d — i HMaster 12 2 % i HRegionServer % = - - i HBase

v L % 5 B Master o
(A 2=

- o Master 5B e H 5B Ap 4 iF B~ & 2 (Leader Election

Algorithm) k gz i% ¥ 5 — & Master &1 iF - HMaster §

FA e E R~ X 4 Table
7% B.(Region) = ¥ ~ & #7 HRegionserver & {7 4k j% o % 3i.(Region)dp 94 Table
kT2 2] % B 0 HBase ¢ i & Table e+ o]

c-H R L BB RBLEE G 0 T R-2
SR

HRegionserver » - HRegionserver B &_f # &3 it 447 2] ch Table & #. o
HBase =1 table ¥ - B A e > L FRE s FARR s BE P £ o Table

d  Column Family(CF) ~ Column Qualifier(CQ) ~ Row Key(RK) ~ Time Stamp % Cell
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i o & B Cell ¥ raAR 5 ELRE B 5 F AR ch— B & > Column Qualifier # 4R 5
BB AL - BB 0 & HBase ¥ - R 3E A mﬁ{a'r,ﬁ‘_ﬁﬁfz‘éﬁiljk— Column
Family A= - & i3 CF 22 CQ ~ RK 12 2 Timestamp ehi & ¢ e~ B Cell & > 4v
Poehe BEERR{ A, 0 - BTGt & o BB > HBase ¥ B4 A o @
1 nE - grEu Key Value e97 58875 » Key ende s 8 CF ¥ CQ~RK 1 2
Timestamp en22 & > @ Cell B 5 Value o igfkengd b 7 T F 5 427 2] ¥ & 4750
R R BE o i A AILNERE
g —"f BE-1F R g b Zookeeper 39 B HMaster sfk o Jo 3R @ i
%i& 7 ¢ o HMaster » £ 4 HMaster #-3 4 % 3 #7 . c9 HRegionServer = % & v &
i —"ﬁ‘ ;@ F' Faip =y 8L 2 &3 3% HRegionServer B~ {8 #7 % 3l o B @

% » Zookeeper #jF & ¢ G F ILEE B HBase 4 4L (7Rt B o Aok G e

- » HMaster # & > Zookeeper ¥ ¢ 5 1 #:E ) & if ev HMaster % 3% i JR 4% o
Row Key|Time Stamp Column “data:" Column “meta:” Column “counters:”
“mimetype” “size” “updates”
“‘row1" t3 “{ "name”: "lars’, “address": ...}" 323" "
1 “{"name”:"lars’, "address": ...}" "’
tg “application/json”
fg “{ "name”: "lars", “address”": ...}" 3"

# 9. HBase Table = £ 4L B (F 4L X /& : George » 2011)
Yol 9 AR o — AT S ok - e pr BB 15 35 36 Row ey s  &_Row key
“c Timestamp 327 12 iz~ 7 SR o T EAFER R T R R 5] Y

5o e ke BRERY S TR OTRL -
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¥ = & Avro

Avro §¥_Hadoop - 338 p > d Hadoop :1£]4>+ Doug Cutting 4f #g B % >
¥R EBATRA S 1.7.0 Avro £~ B F 4L A 71| i+ (Data Serialization) s 5t > 3% 3+ % 3t
AEAP TR/ v P RPFRD A RERI 2 T TR

Boid 3 R < B TR L # f53F 7 (Dynamic Language) > i #° ik 3 3 (4 Java, C#)

BT G RS ahR F| ik kL 4e Google = Protocol Buffers: Facebook
e Thrift o idt B 7] 10 JREF 724> 27 R FHR AL R o Foo T
Avro s 3 > RF S A A2 R R I S EEHRF - BRATTHRAILFER?
Doug Cutting #2 < f2§#:¢ : Hadoop .75 7 RPC % sLig |- & B &8 > 4o i %358 (F
wgr* IPC & 3> v @ * Java p # <0 DataOutputStream f- DatalnputStream) ~ 7
Erbfoh S b FIE A0 R A Hadoop s R oAt i * Java B SR o P R ih
BeFlit ksup £ 3% &R AL 2 Protocol Buffers = &) > v F & * K L XA FTH
B ORENBEBRTREREI B L EXFTH Aok FRFFIBFTHK
RAAFTHRE IAEZTEIER I EFTASHIEAFNG S LG AR Aot - K
Fer i B L T R Aed2 o H =t o $$3% Hadoop ® Hive v Pig i % eh%r &
GBLRF  * NgEA X 2 @ e ¥ ¥ s Protocol Buffers A5 7 it pEY B T F
BEREBTHT R R2T o RFRTE i G ET (L Ak
FWASEE R oA BT R F|I kX 5 Bde Protocol Buffers #f ekt 48 o #7124
7 Hadoop & % e =44+ jg > Doug Cutting 2 ¥ B % - & 2 A7enR 7] k3L »
ffu%'-\Avro o Avro >+ 2009 # 4r » Hadoop & % 72% ¥

b i i 22 Protocol Buffers et » < 327 f2 Avro R 2 ) ki enp F1 2 H 2R
Blecd chfn e 5 T RIF LT A0 K3 mE o

Avro i #f Schema & § 33 4 ;kf# ¥_#& - Schema #_& -+ ¥ datum (Avro i

FTRAIR) ;,Lf]%(‘_? g g REt s Tt e o 1% Schema k& 2 T & % B
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datum # £ o % datum = £ 5 7] it [k B 7] i F (T pF > Avro 3,5'3 % & F3g Schema (%
WA Flt o Gt AVI0 1T 5 TR k- BB T o dobh R s & R
AEES Schema £ &4 B% 35 e o Avro F 422 Schema % -2 4e i@ 3% ~ B (Apache,
2012) ) P B r TR A ZRE A B VB BAEA M EERLT BENFER
SORREEC) o R R B R KA AT g R R R AT

Avro siSchema 2 & d JSON# 2 &1 > ¢ 7 - 2z fl ¥ niE i f
T ALEE A (Type)en? fe 3558 o Avro £ 3%~ f8 28 & 57 4] (Primitive Type)fo= fa4g e sf
7] (Complex Type) -
Primitive Type:

[1] Null : no value

[2] Boolean : a binary value

[3] Int : 32-bit signed integer

[4] Long : 64-bit signed integer

[5] Float : single precision (32-bit) IEEE 754 floating-point number

[6] Double : double precision (64-bit) IEEE 754 floating-point number

[7] Bytes : sequence of 8-bit unsigned bytes

[8] String : unicode character sequence
Complex Type:

[1] Records: %&4% > 2487 fa/jHtE o

A. Name : # i Record 2. & 4L °

B. Namespace : * i @®] & flehe oo

C. Aliases : Name %] 2 » % — 5] o

D. Doc: HA&F o

E. Fields: 5 - *"£5| 45 > %75 % B Field># & Field ¥ # % - Avro
A SR iy o
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[2]

(3]

[4]

[5]

[6]

Enums : 7% - #% & Name - Namespace - Aliases ~ Doc 2 Symbol 4+ -
Symbol % — JSON 4 5] » 2¥7% 5 B F #c
Arrays : "7 5 3 i ltems G B A p s F o A F T L H_AVI0 2 4F

o

&7 i

S
[e=2

Maps : # B > #& & - % Key Value - Collection » Key 3 #4] f& % /f &
String » Value ¥ 12 §_Avro z_ 4§ 323 i > * Values 17 3 # %k -
Unions : #& & Fields ¢ 4] s 2 58 > @ Field ¥ ¢ 2 032 ¥ - 4>

¥ 5 null -

Fixed : * r*243] & p en& & > 3% & Name ~ Alias = & 4-#ic - ¥ 3% & Size

i % bytes #re* 4] S-¥c
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F2F MENEHFE B

< 384 enid BUpf B ¢ 74 E (Relational Database, RDB) % 14 Entity-Relationship
Model(ERM)z% 3+ Table 5% & 3 » Flpt & 52 § #-<_ERM erjiLBh & s pl B 75 8 5
11 & (RDB) F 4 %+ 7 #L & (Column-oriented database, CDB) <& 4% # 4] -ERM § %%
GG Au i - H- DM G - # 5 A-mB R 2 585 (MmN
o BR-BIHMARTMEBFEAMG  FHBrE2FHMCHFAM L Sk
R Tl S AR S R WA R A C ¥ ki B Tk (Recursive Relation, R-R) - %
gz ek s Ay g xS F R O R-RIEGRE(R-R Length) 5 ¢ B e@ f8dcte 1o 12+
w2z blm s FHAEFHCHRRIERE L 2(F g 1 B+l) -

ARHRAFZ R ET A GEFHBA TP REERIFE> TR

2 73t e FRE g AT 35 I HBase 2 & X siiy 4] o @i TS

+
~

ﬁ?g

BA0E 5 FIE T FRAyEE 0 B AT Avro B 7 f“i:@*f#%@ﬁﬁ%%ﬁﬁﬂﬁ#%
HoeFMAFA LA E K- éﬁﬁﬁ;ﬁ?%@ '}Em*fﬁﬁ %= &4 % Avro
EEARA 2

F- & PR TRLSEES

AT DT BRI R LR T @ F CER A 3 CDB R R

Ale e 7 2 ()7 MM GHEEQ)- - M OGHEEQ-F I M GHEQ) M G

-k FHMRER

ERM # »>— i F 481 & — i B 5% Table- — 1 B 5 Table ¢ % — & 3 4&(Primary
Key) 1t 2 #ciB 225 40/ 12 (Field) 5 2487 &0 €0 3B Field & o AP E s 74
B oo B CRe g 3G iprFLHCQ 5B CQ & CF ¥ hilrk— o
AW Table ¥ » - B AdEnEan 1 - BETHI(ROW) o P A F

ALEY > - B RK» %7 HBase ¢ — 5k Table s 2 51 o F]pb » B B8 TR 4 o
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P 4BV AR S B_HTable ¥ e RKe @ #1323 429 d % B Field 2= o 8
Table» A2z i4s|? cnix B Feld? enfe [0 (T3 RIEREEZHE- o
B oo Ak doT A
B -
e Let R be arelational database, that is R = {T;,T, ---, T,,} is a set of relational
tables.
e Let HR be a column-based database, that is HR = {HT,,HT,,---,HT,} is a
set of HTables, where HT; is the mapping table of relational table T;, HT; might
be null when T; is a relational table for a weak entity.
e Foratable T; € R, we define that T; has
o Let pk! be the primary key of T;, pk’ may consists of one or more fields
where are called primary key fields.
o Assumes that pki = {pki}, 1 <e <k, be the set of primary key fields,
where K is the number of primary key fields in T;.
o A set of non-primary key fields fi={fi}, k<d<q+k ,where q is
the number of non-primary key fields in T;. We have pkin f‘ = @.
o T; has a set of tuples t!. For any t!, t! has primary values pk! = {pk',}
and field values £ = {f}.

Wtk

e For each table T; €R, an HTable HT; with a set of row keys rki is
constructed. The construction of HT; includes two steps, the first step is to define
the row key for HT; and the second step is to define the column family for HT;,
which are described as follows.
o Step 1: For each primary key pk!={pki} in T!, take
pkl:pkl,: ...:pkl, asthe value of the row key rk} in HT;.
o  Step 2: A column family cf* is constructed for f* in HT;, such that for
every field f} € f¢, there is a column qualifier cq} in cf".
o For each tuple t} € T¢, a key value pair KVP:,; will be constructed for
each f, of t}, in which row key equals to t}, f} is the column qualifier and
fiy; is the value.
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Relational Database(AS-IS) HBase(TO-BE):

A HA
Aid | AC | AD | AE CF A_INFO
Al | ACl | AD1 | AE1 CQ | AC | AD | AE
A2 | AC2 | AD2 | AE2 Translation | A1 | Ac1 | AD1 | AE1
A3 | AC3 | AD3 | AE3 A2 | AC2 | AD2 | AE2
A3 | AC3 | AD3 | AE3

B 10. ¥ %88 % #3 7 £ BI(Entity Relationship Translation)
B 10 7 > £)i2 7 =23 % AR Htable—HA>HA & 2 - B & 5 A_INFO(i#

# Jﬁ LR FR&K)DCEy e Pk A g Field » & = B Field 4 5 A_INFO

+

- B CQ o

200 TREHARA > AR A Tk Table s Sl A 7 N e T

e  For the relational table A, we define that A has
o Let pk“ be the primary key of A, pk4 may consists of one or more
fields where are called primary key fields.
o Assumes that pk4 = {pk#},1 < e <k, be the set of primary key fields,
where k is the number of primary key fields in A.
o A set of non-primary key fields f4 ={f}, k <d <q+k ,where q is
the number of non-primary key fields in A. We have pk“4 n f4 = @.
o  Ahasaset of tuples t{. For any t{i, t# has primary values pk{* = {pki.}
and field values f;* = {f/4}.

e  For relational table B, we define that B has
o Let pkB be the primary key of B, pk® may consists of one or more
fields where are called primary key fields.
o  Aset of non-primary key fields /2 = {fB}in B, z <c <y +z, where z
is the number of non-primary key fields in B. We have pk® n f8 = ¢.
o A set of primary fields, pk® = {pkE},1 < h < z, be the set of primary
key fields, where z is the number of primary key fields in B.
o Bhasasetoftuplest?. Forany tZ, t& has primary values pkf = {pkZ,}
and field values 2 = {f5}.
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g+ 2 xTable $dkcid 738 > 277 225 - FHAEERM 40T

entity(A)
Bk
e Let Abearelational table for translation.
kI
e Fortable A, an HTable HA with a set of row keys rkf is constructed. The
construction for HA includes two steps, the first step is to define the row key for
HA and the second step is to define the column family for HA, which are
described as follows.
o Step 1: For each primary key pk{!={pkil} in A, take
pkfi:pkiy: ...: pki asthe value of row key rk{' in HA.
o  Step 2: A column family cf4 is constructed for f4 in HA, such that for
every field £ € f4, there is a column qualifier cq4 in cf4.
o For each tuple tf* € A, a key value pair KVP/ will be constructed for
each f4 of t{, in which row key equalsto ti*, f;! isthe column qualifier and
f4 is the value.

HBase # »+ir— %] FH 7|5 § RK Bt @ % ¥ % it 5 8 RK & 3-8 7
I A i @ table B enJoin & i HH s SQL B9 AP~ T AP 7 018 % #F 4 (scan)
& RK eh= B~ @ Fo > £ 23 f4e » £4 RK~ CF 12 2 CQ ¢ Filter i85 F
A RFE AR FR AP NRBETR S AFTHEARG S DFRT > LA

a-

’%il‘.

#g :F&Wiw}@’ﬂlb){ﬂbﬁﬁgmio**LL,;‘:"]

=

& - 7] en

=

s

=% lg Kﬁ f’r l}i—1§ I}B’»J—\. IFE /FI —[fJ-—li,J- F _}r_m%ﬁﬁ lﬂL£L /J 5' °
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Relational Database(AS-IS) HBase(TO-BE):
A
Aid | AC | AD | AE | Bid
Al | AC1 | AD1 | AE1| B1
A2 | AC2 | AD2 | AE2 | B2 HA
A3 | AC3 | AD3 | AE3 | B3 g AIRED

CQ | AC | AD | AE | Bid | BC | BD | BE
B ] Al | AC1 [AD1|AE1 | Bl |Bc1|BD1|BE1
Bid | BC | BD | BE | Aid Translation A2 | AC2 | AD2 | AE2 | B2 | BC2 | BD2 | BE2
Bl | BC1 | BD1 | BE1 | Al A3 | AC3 | AD3 | AE3 | B3 | BC3 | BD3 | BE3

B2 | BC2 | BD2 | BE2 | A2
B3 | BC3 | BD3 | BE3 | A3

B 11 - - M R T 2R

- ¥- M Gon BF MR * Foriegn Key(FK) & 453 § $8 2. fF cnff (2B 11 ¢ >
Atable @ * Bid T3 FK X8 A2 B2 B hff i o & Bdej - - B R0 &
BEEssC LR Y > ¢ 1@ * Full outer join #% 7 - % table ¥ > » 7&{@ *HY - B
BRI 4k F (Ti% table A 4 o Fpt ’ﬁ%ﬁ#&mﬁ%mgg BH . R3d full
outer join & # #table #AF f8 i+ T — 3% HTable - £_F & %5 ¥ # Full outer join
Plizpe € * < chg fo4oB) 10 #7572 %A 22 B i full outer join 2815 #-2 2 4 2 table
R R GERETY o - - M R T A E 10 F 11 ek 510021
SRAsE R L LIRRY TR FF RERE - PG A
1-1(A,B):
Bk

e Assume A entity and B entity has 1-1 relationship, C is the actual table stored
in the relational database taking A’s primary key as C’s primary key.

X

e  The translation includes two steps as follows:
o Stepl:
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Generate C table by A table full outer join B table on A’s foreign key equals to
B’s primary key.

o Step2:

Execute entity(C) which accept C table as input and produce an HTable HC.

JE b g e AP A R 3 HA 4o B 11 #71 » HA £ A ehi 4 RK AR 18 i
% B 73 Field & HA 7 A_INFO ¢ -
FZER O -H5H R

Relational Database(AS-IS) HBase(TO-BE):

HA
A CF A_INFO BE BF
Aid | C D cQ C D Bl | B2 | B3 Bl | B2 | B3
Al | AC1 | AD1 # A1l | AC1 | AD1 | BE1 | BE2 BF1 | BF2
| e e A2 | Ac2 | AD2 BE3 EF3
| [ : A3 | Acs | ap3

Translation

B | HB
Bid | E =l : CF B_INFO A_INFO
Bl | BE1 | BF1 | A1 Q| E F |ad)| € D

Bl BE1 | BF1 Al AC1 | AD1

B2 BE2Z | BF2 Al
B3 BE3 | BF3 A2 : B2 BE2Z | BF2 Al AC1 | AD1

B3 BE3 | BF3 A2 AC2 | AD2

Bl 12, — %5 8 T 2 B
- ¥ SRR o - SE S S R A - - B R o F 0 H e tRen
BGPTSR - g #{11(8 A) > @a #35 HB 4B 12
i o HB £ 477 Bl A ehehabarsd enT 4l - £ * CRA_INFO)k#2 A
975 Fields o
R - gy AP i B F 2 gy Field 1945 HBase chgF s o
CQAF Mslitat ¥ cho f &% YUl — $F 5 enBf 15 o Flpt Ao fliz - i CF %55

S il o bR g

AN

B %> eField: R 32 RK & § 1FCQ> 5
2 G- IMGEE KA P2 RK Vi §d 5 B Fields = > = d 3t 50
g CQiE hatw & 4 5= Flanhl %>CQ B Jf A58~ e higfhanfiinaL T >

iﬁwﬁﬁgi" 5> RKFields shiem A) % H - 5> i3 - - ¢ RKESDEHIF

Hro %7 RS TAL ’3\«11”"}54:{3 %R a0 — 3 andd ik Rp —
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1-m-single(A,B) > #¢ AZ->ma B&i 5> o

1-m-single(A,B):

Bk -
e Let Aand B to be the 1-m relationship table in RDB, A is at the 1-side and B

is at the m-side.
e HAand HB is constructed for the mapping HTables in CDB.

wHHT

e  Execute entity(A) to have HA.
e In HA, a column family cf4. is constructed for each B’s non-primary key
field 2 in fB.
e  Base on the 1-m relationship, a tuple t;* with primary key pkf = {pk{}} in
A has a group of tuples GZ c B, such that for any tuple tf, € G2, th, has pk{
as its foreign key.
o  For each non-primary key field of t5,, a key value pair is constructed with
pkf as its row key, the primary key pkZ:pkZ: ...:pkZ as column qualifier in
cfa and take the value of £Z as the value.

R R S RS R R EREL T E RS
ik o - 2 g - - B G R A Ap e o FP AP R R - F g
# 5 1-m-multi(A,B) > # 3 RP4eT

1-m -multi(A,B):

B .

e Assume A entity and B entity has 1-m relationship, A is the 1-side and B is
the m-side.

w3 o
e  The translation includes two steps as follows:

o Stepl:
Execute 1-1(B, A), which takes B’s primary key as row key generating an
HTable HB.
o Step2:
Execute 1-m-single(A,B), which generates an HTable HA preserving B’s data
related to A.
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Fri SHIMGER

Relational Database(AS-IS) HBase(TO-BE):

A table HA
- 1
AidY I CEN (D | | CF | aFo BE BF CE
AT RSCTY pAn? Il |ecq| ¢ | o |8 |B2]|8 |81 |82 |8 | B2 B2 B3
S acey|an2 I | a1 | ac1|ap1 | BE1 | BE2 BF1 | BE2 CE1 | CE2
a3 | acs | aps |
} | 42 [ ac2 | ap2 | BE2 BF1 CE3
I | a3 | acs | ap3
C table "
|

Aid | Bid CE

Al B1 CE1 “
Tnimsfatl'on
Al B2 CE2

A2 | Bl | CE3 : HB
| CF B_INFO AD AE CE
B table 1 Q| E F | a1 | a2 | a3 | a1 | a2 | a3 Bl B2 B3
Bid | E F | Bl | BELl | BF1 | AD1 | AD2 AE1 | AE2 CE1 | CE2
|
ﬂ Bl | BE1 | BF1 " B2 | BE2z | BF2 | AD1 AE1 CE3
2N (REEZR(EED I | B3 | BE3 | Brs
B3 | BE3 | BF3

Bl 13. s 45 B s AW

SH TR AT UARG S B 5k FIC AL BAREES B i
St c B 13¢ CA® BieF S 5B h o HB ] tableC ko o
W B ¥ 5 it > HAJI* & B CF: BE ~ BF % %% B Fields F 3t » HB
Rl EA1* AD 2 AE k%7 AsiFields T3 o Am > PR G AZ B2
7 BE 75 table C eragg #k 3 > 4o ¥ 7 C ehField CE - $4>+ tableC %3 A2 C~ B
BCH A-HIFmh %o TPy FEHALEC-BECa- 75 ko pypt
NP E S H S EERNE mn(BC) o HARR AT

m-n(A, B, C):

B .
e Assume A entity and B entity has m-n relationship, C is relational table
generated by A and B.

I

e  Execute 1-m(A, B), 1-m(B, A).
e  Execute 1-m(A, C), 1-m(B, C).
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A table B table C table

Aid C D Bid E F Aid Cid H Bid

Al AC1 | AD1 Bl BE1 | BF1 Al c1 CH1 Bl

A2 AC2 | AD2 B2 BE2 | BF2 Al c2 CHZ B1

A3 AC3 | AD3 B3 BE3 | BF3 A2 C3 CH3 B2
Translation

HA

CF A_INFO BE BF CH

CcQ C D Bl B2 B3 Bl B2 B3 B1:C1 B1:C2 B2:C3

Al AC1 | AD1 | BE1 | BE2 BF1 | BF2 CH1 CH2 CH3

A2 AC2 | AD2 | BE2Z BF1

A3 AC3 | AD3

HB HC

CF B_INFO A_INFO CH CF C_INFO B_INFO

cQ E F Aid C D C1 c2 c3 cQ H Bid E F

Bl BE1 | BF1 Al AC1 | AD1 | CH1 | CH2 C1 CH1 Bl BE1 | BF1

B2 BE2 BF2 Al AC1 | AD1 CH3 c2 CH2 Bl BE1 BF1

B3 BE3 | BF3 A2 AC2 | AD2 C3 CH3 B2 BEZ | BF2

Bl 14. g B (% (R-R)&E 7 & B

22

o BEIF e RSN e v R bl g o 2 A

Wi
Py
o~
(=}
Sk
A
= »
oo

Google Bigtable ¥ # ] » - { table g% & ¥ 1 & 3 #1F hF N
% s e B B e g

¢ pAGhiEded ANBNC 2 table A B - 5 M i BHCH
S SN AR L EEA K@ CAOT ISR G} AR
SAEHR-ITY OB g R A 0 e 50 B 4ok 0 F WYL 0% R table join

AP RS E - T R R AT AT RSB = e

Afi.%ﬁ’»%g' Cenffl » ifh- R A G ChFsne -k ABC M 1% » iz

b
_".m
=
cm
$
\7’5\\
—>\-\
-8
Wi

S B- $ 5 M G § LA table - ¥
§ B ekt o o] 14 “6 » A P T 114 3 HTable HB 62 3% 7 4 560 C 244
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FodRE ARSI C R B e X CHIA ks B 53 npihs FR vl 4 Ch
Fields k% it A CF-B ¥ C i & kg (FCQo 1} ends iT¥ 114 iFEw
# Full outer join 73 + table 7= 3% ki = o 1} i e53 ABC table % &) > B LA
i - {3 table D % %7 p¥ 2% full outer join enis % o £ vEix ¥ 3 D full outer join +

tables(table B ~ table C) » 4rpt — % tableD i ¢ .- %2 A 5 2 4¢# ¢ 3 C Fields
A FRBE R A ATTERECLZ TR RS L Tk AEFFTH
B Trendddt T A vhae B g R o U BeH SN x ke B R e HE R (r-n) AT

r-r translation(A, C):

Bk -
e Assume that A and C are two relational tables having the R-R relationship
with R-R length n. Let A be the 1-side and C be the m-side.
e Let RRA={T.},1<r<n-1 be the set of relational tables in the R-R
relationship between A and C, excluding A and C.

EEE
Construct a temporary relational table D = C.
o for(i=n-1;i<1;i-){
D = full_outer_join(T;. D)
}
return 1-m(A, D)
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mo w4 MBS T R fﬁﬁ#,ﬂ&g%ﬂa’? L2 4] o A > HBase
Fre s " HBase currently does not do well with anything above two or three
column families so keep the number of column families in your schema low. ; (The
Apache HBase Book » 2012) o ® *t k52 i¥¢ IR TR OB » 2 HRE AApL+
Bz % T F ¢ 4 Column Family(CF) 2 2 Column Qualifier(CQ) erdic & & > » 14
HAv 3 Boeig B oo

B B AR AT AL BT AURERE] - B CQ P o B AR Y

S8 A7) (O TR SR T E - CQ P e B I e AR R L2 ]
L enpgieip § 4 0 B 7| Pis Avro & Hadoop 7oE ¢ B s A i B o skt
WAE AP E TR AR o Ft o AT T EHF 23 Hadoop A £ M iE 1 Avro

B 71 1 e o

AS-IS TO-BE
ERM-F &2 A table
HTable HA HTable HA(Avro)
Aid || AC | AD | AE
CF A_INFO CF Info
Al JJACI1 | AD1 | AEL =
CQ | Ac | AD | AE cQ info

A2 | AC2 | AD2 | AE2 | Translation
A3 | AC3 | AD3 | AE3

Al | AC1 | AD1 | AE1
A2 | AC2 | AD2 | AE2
A3 | AC3 | AD3 | AE3

Al | Avro serialized byte[]
A2 | Avro serialized byte[]

A3 | Avro serialized byte[]

B 15. 1§ ¥+ HTable F# % #4 2 HTable & * Avro 5 71 #5757 & B
Bl 15 AApHAT T - S h TR E SRR R o ASIIS A - &7 kT2
TN (S TR A o L 7] HBase ki 0B T AT 3 8 #-CF 2 CQ ik
R F A1 F Avro #-B 15 2 ¢ f2f - FIFHRLE #] i 5 TO-BE ¢ shbyte array »
CF £ CQ shile® 48" 5 1 ﬁﬁi{%’gd AR IEE R A F BB N 2 o

z i&?ﬁ-’%ﬁﬁ» Fiv s % ZE 3 Avro Z_s Schema ..‘s‘ﬁ]& » A [ﬁ%ﬁ:‘g-—} ¢y 2 e
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# 4o Avro PRt A g L 3~ fE 2L A 3 2] (Primitive Type) - fé4F 7247 3] (Complex

Type) » F]t A7 7 #-ix g ERM §F 8 F ch7 fAR % > T 1% Avro #74% 03] fi %

R ST AR -
F-BR WM GRF
Avro Schema
HTable HA(Avro) Rooord
eCor
CF Infe
. o Field |[ Field |[ Field
ERM-% 2% A table Q no AC AD AE
Alz) Avro serialized byte[] — — —
Ald | AC | AD | AE /AE Avro senialized byte[] String String String
Al | AC1 | AD1 | AEL -1
A3 | A alized b
= oo vro serialized byte[] & @ @
A3 | AC3 | AD3 | AE3

B 16. Avro 7 # R (k4T R W

Bl 16 » % =i# = ERM 7% %8 Table A > #3 AC -~ AD ¥ AE = i Fields > =
¢ Y2t - FI| € 4R B 71 = — iE bytearray #13 T HTable © 4p ¥ & 0 RK < cell
¢oo 4B 16 Hor 0 - FlehF AL € F & G55 AC~ AD & AE = & Field (hiE o F]pt
% Avro Schema ¥ A iP:E# @ * Record ki & — B £ > @ Record ™ i =R %
R 53 ;¢ table ¢ e Fields o F]pt » A i -1 5] = % Field » 4 %] 5 AC ~ AD ¥ AE >
P HATHTHIALRK LE SUing s P AT AL T L Z R T F s TRl
AR - B Y 5 00 B Field ¥ i ¢ F PRAPS Z-RL B~ KBS BiE T o

B % ¢ £ _Avro - ¥ Record> @ FAps B R R LB G H KT o Fields -

A

* FHAET @ Feld S 2138 o doAp s BT 4R R 5 String & EEER]T 43R

Z_5 int e
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¥oBR -H- Mk

RDB-A Avro Schema
Aid | AC | AD | AE | Bid Record
HTable HA(Avro)
Al | AC1 | AD1 | AE1 | Bl Field Field Field
A2 | AC2 | AD2 | AE2 | B2 CF Info = = =
. String String String
A3 | AC3 | AD3 | AE3 | B3 cQ info AC1 AD1 AE1
B.B » A1l | Avro serialized byte[] «

- A2 | Avro senialized byte[] Field Field Ficld
Bid | BC | BD | BE | Aid -
=< : A3 | Avro serialized byte[] BC BD BE
Bl | BC1|BDI | BE1 | Al string || || string || || string
B2 |BC2 |BD2 | BE2 | A2 Bcl BD1 BE1
B3 | BC3 | BD3 | BE3 | A3

Bl 17.Avro - #f- B (k37 3 Bl
*EHEHFT ERM P table 2  E e 4s4] o B 17 ¢ 2 ;f;\:}?g:”ﬁ 1-1 B taehd B R

WMAEB,wm— g9 ?J‘zﬁz‘r{ﬁ— ¥- B A7 L L 5 - 5k HTable ##d 2 ¥ —

)

ETS

Ry 8 RK> IR HR ARy FRKAZR* 52 F £k -
B - - OB 0 Bengas L AkeE 3] A dtable ¥ oo A g ¢ o sl
TH Lz BHA

o

1. BXRAZBAZERM® &4 — %~ B t3ens P48 Table > ¥ 402 A 5 34 & ¢

i

B~ table -
2. A Entity(A)2 &3 > #3005 BT AT 1@ 3 - Avro Record—R(A) -
3. H-FRhtable A ¥ ohgEir i R RK(B)#F 0973 Bl 5 R(A)® 2 Fields »

Fod @RS 3% Field -
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Relational Database Avro Schema(HA)

|
|
! Record
A |
- | Field Field
did | AC | aAD . AC AD
Al AC1 | AD1 I . -
String String
A2 | Ac2 | AD2 ! ACl AD1
]' A3 AC3 | AD3 I
|
I Field
B
! Map[String, Record]
! Record Record
B | B B
m Bid BE BF | Aid [ Field Field Field Field
— | BE BF BE BF
Bl BE! BF1 Al I
= - . - -
String String String String
B2 BE2? | BF2 | Al I BE1 BF1 BE2 BF2
B3 BE3 BF3 A2 I
|
|
|

B 18.Avro — #f % B ik 1 R B-HA

B 18z23 FHMALBIF - HIi2zME AiZi->a Bi 73 o EikRp
P oz s+ BFE S HTable ¥ 2 — table» %) 2 7 %3 A Bz - ¥ 5B %o
&R -RE TR W RE 3 2 A B 2 table ¢ oo

WA RE £HF S BIMB fEAORE > QFRIBIHBFAE
w3 AP o Tt i Avro Schema ¥ ¢ ki@ % Entity(A)sh Vi - R A TR
Record; @ % 7 g BF M » #F 7 EHE Avro4g 275 f? chMap ks 7 B B
FA o Tt A Y K4 — Field ¥ 02 Map 4F 223 fi 2233 B 31 - Map key &% 75 %
& B 2. RK > Value % 75 B 2. Record - 4@ #71 > Field B #¢3 = i B Record -
JEP BRI 0 A AR - H 2 H S RN AT

1-m-single(A, B)

B

EIRS
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o
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1. ¥ A7 Entity(A)# #%

2. it {7 Entity(B)## > ¥ 7] B Record I #-pt Record & » /& A2 Map ® » B
2. RK % Map Key -

3. wi# ARecord -

Rt 5 Y 500 TR S - 5 HTable B ¥ e .

1345 Google Bigtable s 4 > %>t table ® 2 £ X T 0 Ft § 2 & E Rk

R R N LR RS TS LT

-

Mg o $0 5 3 kW — e d S g4 - B- 2 hRecord s Z 0 RF & -

= RFenhg 0 ¥ £]- Field k&5 # &2 A Record -

Relational Database

|
|
|
A |
Aid | AC | AD 1
|
A2 | AC2 | AD2
1 [ Avro Schema(HB)
A3 | AC3 | AD3
|
I Record
| Field Field Field
I BE BF A
String String Record
B ! BEl BF1
U [ — . | Field Field
m Bid Al I AC AD
< Bl | BE! | BF1 | Al . P p—
B2 | BE2 | BF2 | Al AC1 ADI1
B3 BE3 BF3 A2 I
|
|
|

B 19.Avro - ¥t % B R T X B-HB
4@ 19 #757 > HB #%73 = B Fields - BE ¥2 BF éhf #L4] i 5 String > &% = B
2 F oo @ Field A ehF k4] fs 5 Record » &% 3% 5 Entity(A)# # 15 2= ARecord - A
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1-m-multi(A, B)

B
1. BRIHMAZIHMBHET;-HIME ALZ-2aB
a3

1. % At {7 1-m-single(A, B)# # 1 7| table HA -

3. w & table HA - HB -
Fr R OSHIM RN
ST ARG A B S M ik FLT AL S B

Bodok s BRMAG - 2 LB MG FLETES L

ETINS
AN
J
o

2. i&{7 Entity(B) - ¥ 3] table HB » ¥ £]- Field #%3% £# B $t/&2 ARecord -

- ¥ 5 B Ao

I Avro Schema(HA)
I
A table | Record
| c D I Field Field
al | aci | abi | B AC
2 ac2 | apz 1 Map[String, Record] String
[ Record AC1
A3 | AC3 | AD3 Record
I B
Field Field Field
C table | BE BF p Field
I AD
. B Stri Stri Record Stri -
Aid | Bid | CE I —'13BE1 —"gBF . CrEllgg Stri
Al | Bl | CEl I AD1
Al | B2 | cE2 |:..>
a2 | Bl | CE3 | Record
I B
B table I Field Field Field
Bid | E F I BE BF c
i Stri -
Bl | BEl | BFI | String otring Record [ gtring
BE2 BF2
CE2
B2 | BE2 | BF2 I
B3 | BE3 | BF3 I
I

Bl 20.Avro % %t % M i3 T & B

B 20 % 5 m-n g # t8 ch HAtable - # 12 d B¢ 5 &) Record A f1* Map 7 3¢

KB e B-$ i hml ko ¥4 o d 2t tableC vy ZHET ANBSHC AL

4% F 3 HA 2 HB & table @« #2 HA %3 CenFz A B2 RK# % -

FE VIR L AIE BB Cz - ¥ M ke 3B kWM C h -
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< 2~ Field -

AR AR AT

m-n(A, B)

B

L BERFHMAZRMBIEG SHIMG A RME T A BRM-
L% 2N

1. {7 1-m(A 1-m(B, C)) -

2. {7 1-m(B, 1-m(A, C)) -

¥I8 b gk

:Mm&Mmmm
1 .
A table : Record
Ad | AC | AD Field FieldB
: - - | AD Map[String, Record]
B - ACL | ADI 1 String RecordB
a2 |ac [ap2 | AD1 —
Field C
A3 | AC3 | AD3 - -
: — Fé;m Fé;m Map[String, Record]
1e. R d
B table I ac string || |[ string Record
- - BEI BF1 Stril Stri
Bd |BE | BF | Aid] (||| string C—H';g %g
é Bl | BEl | BF1 | A1) ACl
B2 | BE2 | BF2 | Al ||l
B3 | BE3 | BF3 | a2l | Record B
| FieldC

Field Field Map|[String, Record]

C table

Record

Cid CH Bid String String

[
[
1 BE2 BF2 :
2 2 st
@ cl |cHl |BI I —“gcgg
[
I

C3 CH3 | B2

B 21. Avro 1L B thig4E T £ B
Yo 21 #7770 i M OAT LA G 5 - 5 M G 0 1 ABC = BE L

W B ey B8 Table 5 &) 3K Record T % #7p# % i3 9 Record - £ g2 B 2 C ¢—
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1. BERITHASIHCHE;LeM G FMACZETEG FB-H Mk
gl o

2. #1® RRe={T.},1<r<n-—1 5 ACifu B %" 2 - =M% tables- % & 3
Atable & C table -

x5 ST

1. gl - #7332 Record K -

2. for(i=n-1;i<1;i--){

T = 1-m(T;. K)

}
return 1-m(A, K)

HBase & ** NoSQL F #% & - 48 NoSQL F 4 B @ Az § R 2 30 (% oL 4] eff
BN FTORE - B P R TORPRY P AR £ 0 BAcE £ v i
RS BN E R TR A FE SRR o B TR SR

AEAAFEFNRERIL AFARMEF A F AP EROB AR ORI
NOSQL sz il ¥ % %35 — R ehifgg » dodo - R4 > & 2 % (transaction) 12
W H OB oy g o

* F]% NoSQL ¥ A% #* % a2 FIY 5 7 B e FOR 3 Bl )

/\-
[rel
R
=
';3;
N i

Mo AT EE T R AR BN TR R chwr & B R £ 4 5 2 (Data Redundancy) £ £t
- 3%+ (Data Consistency) & ] » i 17 % table ¥ 12 fE B~ e E 3 & M v o 35t
SR g R ar B A T A RIT A 170k Bu RS 2 g Input/Output

(1O) ek fie » i 4e AL iy o FE I %3 ST o TR - H I W
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JobTracker
TaskTracker
Namenode
HadoopMaster jDatanode
Ram:16GB HMaster
Disk:400GB HRegionServer
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SSH
SSH SSH
HadoopSlave0l HadoopSlave05 HadoopSlave(08
Ram:8GB Ram:8GB Ram:8GB
Disk:400GB Disk:400GB Disk:400GB
Role: Role: Role:
TaskTracker TaskTracker TaskTracker
Datanode Datanode Datanode
SecodaryNamenode SecodaryNamenode SecodaryNamenode
HRegionServer HRegionServer HRegionServer
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w
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¥ 22. Hadoop #_ & % 4
AEFSIFR T 9 5 VM ¥ 5 Hadoop # & 2 & 2L > i & % HadoopMaster #
7 16GB z =% %8 & 400GB A @ > 8 - + &2k HadoopSlave & 73 8GB iz R t§ ¥
A00GB Al 7 o & w A 3&* A 48 F R > ~47 7 4 HadoopMaster 3 JobTracker -
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HRegionServer4 & ix % & ¢ o
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EN 3

Paper content 131,478

Paper title 131,478

Author name 118,642

Periodical title 2,268

Keyword 387,281

Publisher name 3,250

Abstract 131,478
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Table 278 Table L
Object_title object_id object_title_language object_title
Object object_id
Paper paper_id text_id chapter_id content_id |text_language content_text
Abstract chapter_id abstract_language abstract_title
Chapter_title chapter_id chapter_title_language |chapter_title
Author_Title object_id author_title language
Keyword paper_id keyword._title
Publisher_title content_id publisher language publisher_title
Periodical content id
Periodical_title content_id periodical_langauge periodical_title
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FEYRED A REEBN - A E TR EER Y- 5 Ao BT
FTRSHERR AP pLerFEs TS HEERDE > R 2 & 230
HBase 7 * < i# ¢ # 5| >HBase P # = % B CF T e » 2 FPig R 7 i > FPt &
B CFenfic® i i adicE - P o HBase ff| 3727 fi‘fﬁ‘{'! Region 3 H i+

EE S i&z‘?\;ﬁ, fBhe— i HTable % 5 & B2+ e CF> 2 ¢ 5 — B CF éhy

Il

EARy <LK fgww ft 7 F 5 e Regionserver i@ ¥ - B F L

#ol hCF g Mg A B A AT R e B odopt - kg3 23 % & IO R

She

To Fltdrk b TR ER )2 CR R EEER< 2 FTHENCFRE ffué
B ARF A RARALA S o F AP A RMBCFE CQEB AL+ 2 5 1o 23
* Avro & 71 1v Schema i& 7 W2t -p L ¥} Table Paper i£ i & £ 3 e
FRUR A o 4o 27 1m0 F (T SRSk paper Y 2 R AVIo BT 2 -

field -

{ "type" : "record",
"name" : "Paper",
"fields™ : [
{"name":"content text", "type":"string"},
{"name":"database id", "type":"string"},
{"name":"content id", "type":"string"},
{"name":"volumn id", "type":"string"},
{"name":"index 1id", "type":"string"},
{"name":"chapter id", "type":"string"},
10 {"name":"text id", "type":"string"},
11 {"name":"text language", "type":"string"},
12 {"name":"chapter text", "type":"string"},
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13 {"name" :"Author", "type" : "map",

14 "values" : {

15 "type" : "record",

16 "name" : "AuthorRecord",

17 "fields™ : [

18 {"name" : "AuthorNameLanguageRecordList",
19 "type":{

20 "type" : "map",

21 "items" : {

22 "type"™ : "record",

23 "name" : "AuthorNameLanguageRecord",

24 "fields™ : [

25 {"name" : "language", "type" : "string"},
DE {"name" : "title"™, "type"™ : "string™}
27 1

28 }

29 }

30 }

31 1

32 }

33 ¥

B 28. Avro & 7 i* :%##ﬁ#%—Paper—z
£ % & {7 Author Title &2 Paper 1 R-R ##% 4% — R-R( Paper, Author _title) > ¢ ] 29

¥ & & Author ™ % Author Record #= & » 14 gt 4 i % &% Paper fFF cr— % 5 BE % 5
F

34

Author Record ™ » 5 — map field » 12 2t % 4 Author ¥2 Author Title & c— %+ %

|

B e 2T LB ERM 3 3 Avro B 7 it AL g 418 2 schema B -

{"name"™ : "JournalRecord",
"type" : "record",
"fields" : [

5E) {"name" :"PublisherList™,

60 "type" : "map",

61 "values":{

62 {"type" : "record",

63 "name" : "PublisherRecord",

64 "fields" : [

65 {

66 "name" : "PublisherNameRecordList",

67 "type":{

68 "type" : "map",

69 "values" : {

70 "type" : "record",

71 "name" : "PublisherNameRecord",

72 "fields" : [

73 {"name" : "language", "type" : "string"},
74 {"name" : "title"™, "type" : "string"}
75 1

~
[+

o o o

I N =

fee]

}l
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[{"name":"Abstract Title",
"type" : "map",
"values"™ : {
"type" : "record",
"name" : "AbstractRecordTitleLanguageRecord"”,
"fields" @ [
{"name" : "language"™, "type"™ : "string"},
{"name™ : "title", "type" : "string"}

ba

B 30. Avro & 7| {- .zéfﬁﬁ#?—PapeM

{"name":"Keyword Title",
"type" : "map",
"values" : {

"type" : "record",

"name" : "KeywordTitleLanguageRecord"”,

"fields" : [
{"name" : "language", "type" : "string"},
{"name" : "title", "type" : "string"}

B 31.Avro & 7 it .3——;—%#%%:%-Paper-5
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{"type" : "record",
"name" : "PublisherRecord",
"fields" : [
{
"name" : "PublisherNameRecordList",
"type":{
"type"™ : "map",
"values" : {
"type" : "record",
10 "name" : "PublisherNameRecord",

R N T~ FU R

e}

Lo

11 "fields™ : [

12 {"name" : "language", "type" : "string"},
13 {"name"™ : "title", "type" : "string"}
14 ]

15 }

16 }

17 b

13 {

19 "name" : "JournalRecordList™,

20 "type":{

21 "type" : "map",

22 "values":{

23 "name" : "JournalRecord",

24 "type" : "record"

25 "fields™ : [

26 {"name":"content text", "type":"string"}
27 ]

28 }

29 }

30 }

31 ]

32 |
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B 32 5% - gfr’m | 4% 3% — Publisher - Publisher 4] 25 #771 » £ Journal 2 & 3
- # % ehBf %> F)pi2 7 1-m(Journal, Publisher)# 4% ; = £ Publisher Name £ 5 -
¥ 52 B % Tt £ i& (7 1-m(Publisher, Publisher Name) & 3% - ##& 3% 73 2_ Journal if
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ﬁ;’- fi 3k {5 2. Schema K 2H4cB] 34 + 2 #7151 o

Index Table For Search Target

(Avro) Avro Schema(Index)
CF(CQ Info Record
RK info
(N-gram Term Field
Tammy Avro serialized byte[] Target
Map([Target_id, Frequency]
Eric Avro serialized byte[]
Eric(Huang) Avro serialized byte[]

B 34. Index Table Schema
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FIpb o AFSIEFE T A 75k k5] table s g EHF 2 H o
1. Paper_Content_Index
2. Author_Name_Index
3. Paper_Title_Index
4. Publisher_Name_Index
5. Keyword_Title_Index
6. Journal_Title_Index
7. Abstract_Index
FoR FEFE

NEEH I 2 dF S AeheB) 35 fron

Seorcr| e

I Search words <

I

ﬂPaﬂition Search words by\

N N-gram v
¢ Search in
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N Sorting(>2)
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% = & Web Service

SHOE N b o AHEF IEF Y $& i Web Service 2 7 i 0 3 I (T B
B2 F2 W42 B3 o 3% i Web Service 2. PR7% > VR 2 * ﬂﬁﬁ—:}%’%‘ﬁﬁﬁﬁﬁ-i
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RS IS

"ServiceType":Query|Upload

"SearchGoal":Keyword|Paper title|Publisher|Buthor name|Periodical name|Abstract|Paper content
"UploadType™:Paper |Author|Publisher|Journal

"UploadObject":

N W WM

%] 38. Web Service JSON @?] e
@?%@%ﬁ%fﬂ4ﬁ$&’W?%$ﬁﬁo
1. FR3%3] ik (Service Type)

4 % Query 2 Upload # &3] fi o4 5 Query B = Jf #& &+ & 4 2 (Upload Object)

\\\Xr

¥ o
2. % p & (Search Goal)
% T S~ RF T 2P R
3. 1 ®3]f(Upload Type)
i g 2}»3@%%_? GorE 2 AR e
4. 1+ i3 % (Upload Object)
i# ﬁﬁg?]%_i @4 2 2. Avro JSSON &3¢ o
+ it Input JSON # > & * & & Jf £ p B hd o BB AOF 3 TR R 2
- fEF p ik 2 @352 Schema T & ©

FoBR ARl
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~ s WM

{
"ServiceType":Query|Upload
"SearchGoal":Keyword|Paper_title|Publisher|Author_name|Periodical_ name|Abstract|Paper_ content
"SearchResult™:
"UploadType":Paper|Author |Publisher |Journal
"UploadStatus™:Success|Failed
}

B 39. Web Service ai;?l a1 5%
HEgw BT FM o 4oR 39 ATT o

PRF37] B (Service Type)

% p & (Search Goal)

% % % (Search Result)

WHERRZE €U T PEARLES WRESSRBFLPE o
+ 4] i (Upload Type)

1@k 35 (Upload Status)

ik e A~ 5 Success ¥ Failed o

64



¥IF RHpagi
TR e R Fé.“if%rkﬁ&? Z x> Hadoop £ £+ Hadoop =7 NoSQL
FALE HBase » @ &34 B o i Lo @ 4% HBase 1 D5 -« B il B
B A AR PR R M B DR g o SRR AR S TR R R T
B THREDERY - F& - BHREOERBY - m AT B R RENEBNT
PRI FE» TAE(HBase) 2 #3354 » THER IF k@i v iFieo
RS L NG E AR O e TR L S ORM 2 dp B PLiie e B
R ZTH 0 EIRURRRE S R ke T R Tkl Eid AR

?d)gmz feo B AR E E R AL P

“-‘m}}

WA RE 0 HOET 2 H0F I EF
BEFROFIYAP 2 EFYT 6OfHnd0F R - P22 251 A AR 4
LR o AWHOF I HE R Z T ch&k K AP ES T L HBase £ 15 - F N
HrEFF AR ER o

AR Td g Hbase T ¢ 24 s Hbase P #4420 5 CF eht 457
g CRB it Rl *E ARG CFRFTHELPE AP 37 B
/O f§oxeqivd o g d BRGE 102 %5 - Fp kAT T F Rk
oo BEA T R TR ST LR E ER R

T EEE FaE(Try & Erron)enife kF (T L& B R > 2 #E # R

AZEONIYBERERT LD RO RT FHRERET o P2 E Web
Service 2 #J1 E @ AL B LM E BT LMo e 2@ % 7 Map/Reduce
KrE M ERBETTER o

Hbase ~ Caasandra ¥ NoSQL FAIEF & £ k¥ 5 A EFH G4 2 THE >
o FRLE) kS R TR R R RN LR GlhoRE ~
R FARTHLARE  SHPTH BB R S Y QAMBSFRL I

SQL K if = 4F feiF 1% cnRTH |7 T R g rte AT AT 2 &R s 4]+ +Y ERM

65



Hrde Ay 2

5
%

FEAH T T Y T FEF BB T8 EBE Y gl b i

FAEA RIS T = KA DR -

By H 0 ERM 45 X7 5 B E e o £ &2 e Rk g p L 2 % S

FAM AT 2T v MET Bk AddeT

ERM #3541 £ F 2 cng &5t L3 7 i » {8 9 & Rk
o B A 2

B ERM eni Rivigfee ¥ ¥ ¢ @ FF AR R T4 RS B ©

s

EE}Z’}”‘&)"/\]/'—)‘\ ma;%?*% ﬁ;?_%frr!Table j\;ﬁ"yx‘]’}}ﬁéﬁ_ gf%

o

Anufe R b o

:‘%ﬁ’; FE LR E "F?qli;*@{g_r G T S
ERM shff 4 48 4187 & 5 tech o dofe 3 JSORTG h ki sud B R ¥
FYEIRHBE TR AEAEPERT ZIE G A PR T R L
Heh kB LA RPETE A h 5 o

4drimd @ g ERM K & Rohagsiid S i3k s ol ?

FiE AT RS T 0 R A B R BN TR o ERM A = #
I FESTHEHELZ Aro B2 L34 - R £ R4 L 5? 57ERM
¥ table 2 B I ¥ AL H4 iR en > BAFse X AlGFRE AR > A
FAHFL o JRBNEEII2 BT B 2 LR RP IR B E
i * ERM 72 P rgeing & R Flo et € $R AR Y AP ST )
2 A TR W D R en TR Table § 7 A § RapiEA K L

FoRC AL e

A1 s Bk REE GRS o0 AR § 0 ek AR RBE L

B QRERY PR QBT L P REER R - Ry T

3 FE F I O

66



9.

542
Gantz, J., & Reinsel, D. (2010). The Digital Universe Decade, Are You Ready?
Ghemawat, S., Gobioff, H., & Leung, S. T. (2003). The Google file system. ACM
SIGOPS Operating Systems Review, 37, 29-43.

Greenberg, A., Hamilton, J., Maltz, D. A., & Patel, P. (2008). The cost of a cloud:
research problems in data center networks. ACM SIGCOMM Computer
Communication Review, 39(1), 68-73.

McLuckie, C. Google Compute Engine: Computing without limits Retrieved 16
July 2012, from
http://googleenterprise.blogspot.tw/2012/06/google-compute-engine-computing-wit
hout.html

Apache wiki. Hbase/PoweredBy Retrieved 16 July, 2012, from
http://wiki.apache.org/hadoop/Hbase/PoweredBy

NoSQL. (2012, July 10). In Wikipedia, The Free Encyclopedia. Retrieved 02:44,
July 16, 2012, from
http://en.wikipedia.org/w/index.php?title=NoSQL&o0ldid=501561398

Cloud computing. (2012, July 13). In Wikipedia, The Free Encyclopedia. Retrieved
02:39, July 16, 2012, from
http://en.wikipedia.org/w/index.php?title=Cloud_computing&oldid=502099373
Mell, P., & Grance, T. (2011). The NIST Definition of Cloud Computing (Draft)
Recommendations of the National Institute of Standards and Technology. NIST
Special Publication, 145(6), 1-2.

White, T. (2011). Hadoop: The definitive guide, Second Edition: Yahoo Press.

10. The Apache HBase Book. Retrieved from http://hbase.apache.org/book.html

67


http://hbase.apache.org/book.html

