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Abstract: MapReduce is a distributed computation framework and is getting widely used in data inten-
sive analytic applications. One important type of data analysis is OLAP, in which queries intensively use
join operations for multi-dimensional aggregations. However, a typical join algorithm used in MapReduce,
reduce-side join, shuffles the records of the join tables by the join key, which greatly increases the network
overhead. We propose PJoin, an efficient join algorithm for MapReduce. The features of PJoin are 1) to
materialize projection views required for semi-joins, and 2) to pre-partition them and base tables by foreign
keys and primary keys, respectively. Thus, semi-joins between two tables that are connected by one-to-many
relationships are to be made without shuffle. We use the TPC-H benchmark to verify the efficiency of PJoin
and show that it improves the response time by 33.9% over the reduce-side join. Its key advances are a 62.6%
reduction in shuffle size.
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SELECT nation, o_year, sum(amount) AS sum_profit
FROM (SELECT n_name as nation,
extract (year from o_orderdate) AS o_year,
1_extendedprice * (1 - 1_discount) -
ps_supplycost * 1_quantity AS amount
FROM part, supplier, lineitem,
partsupp, orders, nation
WHERE s_suppkey = 1_suppkey
AND ps_suppkey = 1_suppkey
AND  ps_partkey = 1l_partkey
AND  p_partkey = 1_partkey
AND o_orderkey = 1_orderkey
AND s_nationkey = n_nationkey
AND  p_name like ’%[COLOR]%’ ) AS profit
GROUP BY nation, o_year,
ORDER BY nation, o_year DESC;

2 TPC-HXYF¥—7IIBIT5 Q9
Fig. 2 Q9 in TPC-H benchmark.
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Algorithm 1 execQuery(query Q)

Algorithm 2 multiwayJoin(node n)

Ensure: queryResult, result of query @
execPlan = construct star-shaped execution plan from Q;
center = get the center node in execPlan;

while level > 1 do
for all n € collect nodes in execPlan level away from cen-
ter do

1:
2:
3: level = get the maximum radius in ezecPlan;
4:
5

6: joinResult = multiwayJoin(n);
7 if level == 1 then

8: queryResult = joinResult;
9: return queryResult;

10: else

11: associate joinResult with n;
12: end if

13: end for

14: level = level - 1;
15: end while

%7 — 7V join MALZE L CZ OHEI/RT I L,
reduce-side join & i L T PJoin (X MapReduce ® ¥ 3 7
BAEHWTE LI ETHS. I reduce-side join T
&, T & SDjoin &3 T OEFXF—TH o720, B b T —
TNV T € Tset Z & |2 reduce-side join %479 MapReduce
TaThRETH L.

K2, A7 —BIOFEITT T 2B S join DEFTIEIC
DOWC, Ploin TIEAY =TT OIMUDSHMEL, i
BICHLO ) — FOE 2 — %2795, UL, 77— =
WREVT 727 N T =T VOB % R EECTEITT 5 2
L, FHT =7 A ARRCEBETRE 25 2 L 2l
57:0THh5B., LrL, 7IZIHEE S N7z select LD
ML oTE, 7727 8T =705 join ZRIGEL72TF
PHEEPBVWEEDH D H L. TO L) ZidE bida X b
N=ADFEPLE R LD, THESBOBEET 5.

TN T XL 1L Ploin IZB1) % join ®FEATIEFE %=
PET AP I FTHAE. AY =TT > execPlan |2
BV, bHIMUD ) — FhH 1 LRLVTOHNEID ) —
FANEHZBE LT (5-1447H). #E7 — 7 join
(multiwayJoin) % %1732 (647H). WHEISHD / — ¥
n HSHLL/ — FOEA 1 multiwayJoin OFE R 2 RE L T
WMIEEETL (7-91TH), £ ThWIEITHAAED LR
D7z DMIFERE ) — Fn LEBKRDT A (10, 1147H).
multiwayJoin DFEL T — K& 7L T X4 2 |Z/RT.

A5 =TT~ execPlan DR D ) — K n 251 —
7= FThHA%E, n eMETLILE R >T2T—T W
many-side = BUF L (L4TH), many-side &5t 1 OFEEL
RO T — 7 one-side Z & 12, select W FEATL T (5
1TH), WHAER% join-tables (23BN % (947H). 7—7
IV many-side & select WIRFEATHED T — 7 VAL join-tables
DORT, #i#E 3.3 12OV TE T — T join # FEITT 5
(1147H). b L, FEF—LHEBF — OS5tk z &tk ¥
% join YALD 7 F& v 7 join °d A ald, % FEAT
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Require: star-schema

Ensure: joinResult, result of multiway join at n

1: many-side = get the table in star-schema from which n is
created;

2: join-tables = {};

3: for all one-side in outer tables of many-side in the star-
schema do

4: if n is a leaf node then

5: temp-table = read table of one-side and apply select
conditions;

6 else

7 temp-table = read join-tables of n;

8 end if

9: append temp-table to join-tables;

10: end for

11: joinResult = execute multiway join between many-side and
join-tables;
12: joinResult = execute ad-hoc join on joinResult;

T35 (1247H). n V) —7 /7 — FTHWIGE L ERRZ28,
COWEIE T 1) DWIRER joinResult DEHHEFEATH B
2o, TnEHEAHTS (T47H).

3.3.2 —#&AI% join

PJoin Ti&, join ROFFH DT — TN AEYIZH A
/NS WHALZ, memory-backed join [4], [6] & FIH 5
4. BAR)IZIE, ChainMapper 7 7 A % Hi\v» T memory-
backed join @ map #LEE & semi-join @ map WLELEFEA L
T 120 map task TEITT 5.

TN, FF— EHNERE — D&M E &tk & T 5 join
DA DT FhR v 7 join 2 E&LEE, O join IZDOWTIE
reduce-side join 7 i O join FREFIHTA. 72721,
[—D7— 7MW LT, E£F— LhHRF — DMt % &
fEE 4% join &7 K& v 7 join HFEBFICIRE SN TV D
Widl, 78Ry 7 join 2RICFTTHILLET S, Th
X, 7 FAY 7 join DFA, T — LA E — O
FMFEET 5 join DS —HVICEMITH H72DTH 5.

3.4 fl

X2 D Q9 %ZHWT, Ploin 7VIT) AL&FHT 5.
TPC-H X ¥ F < — 2 Tl nation 7 — 7 WVIZL a— N
WA VEEETTH 5 728, nation 7 — 7 IV D join Tl
memory-backed join FIfH 3 5.
ERIFHE 7 £ — X nation 7— 7V # BV C, PJoin Tl
SERIHLET—TNVEEF—T/N—T 41 3 v5E
5. 72, MOF—7TVELx 1 OFEEEE ST — T
LT, i a—2ZE ML - S F — T8 =71 ¥ 3
VEEIT A, 72k 213, lineitem T — 7V & Sxf 1 OIEL
PO order T 7L, Y 2 — Fgrder &k
HL$ %, Forder 13, lineitem 77— 7V O EF —, order
T =TV T DA F — orderkey #BEE L THT 5.
order 7 — 7V & Forder 3 [@— orderkey T/8— 7 1

lineitem
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mapper mapper
supplier[0]

nation backed join ‘.‘% reducer
S
F1522,10] 3 amyen
mapper s

o y
part[0] "
F part [0]

partsupp

partsuppli]

shuffle  DFSread pipeline
........ » —

6 MapReduce [Z517% Q9 D join Diitit
Fig. 6 Join flow of Q9 on MapReduce.

avpEENTWAED, Yy TV T A LR join
EFEITTHIEINTE S,
JIVEFTI7II—X:1QUIE7NVT) AL 1 #HWTLUTF
DE)ITRHEEIND. KM, AT —AF—<DT—T
VHE OIS T, B3 AR END A Y —RDFEAT
T UDMELN S, lineitem 1777 N T =TIV TH AT
®, join MLFLIL J1 = supplier > nation, J2 = partsupp >
part 1 $J1, J3 = orders i lineitem 1 $J2 & & 4 TH
N5, 727201, $J1 & $23EnEFh Il L J20 7 1Y) 4
Rr2EKFT LT 4. nation 77— 7 NIE L a— NI 7%
W7z2®, J11E memory-backed join W TEE S, &
512 J1 & J213 1 2® MapReduce ¥ 3 7IZHEESN 5.
J3IZHIHT 1 DD MapReduce ¥ 2 7CTEHEEN L. QI
IZ& £ 15 GROUP BY 3 X 0" ORDER BY #/E(x, #h1
ZFNH D MapReduce ¥ 3 7& LTEHS N, KiF Q9 X
b =% )T 420 MapReduce ¥ 3 7 THEITE 5. join
DETMEFIZOVTIX, A5 —HDFETT T ¥ DIl 5
FITEND 28, J1 & J2 O MapReduce ¥ 3 7 % FE47
2, J3 ® MapReduce ¥ 3 7HEITEN5.

613 J1 & J2 #ZE17$ 5 MapReduce ¥ 2 7 MapRe-
duce LRXNVDOFEFTT7TU—%2FKLTW5EL, ZoOFlX, 42
D7 —7 )V (nation, supplier, part, partsupp) @ join 2%
1 D® MapReduce ¥ 3 7 CTEHINLBITHA. 2
T, F;;‘ﬁii;p & F;’;:prp % ZNZE I partsupp (12X 5 5
supplier & part D E Y 21— &35, MTIX 3 >OHHE
® map task 2B 4. 1 2H L memory-backed join % FAT
9 % map task TH V), supplier 7— 7NV D/)X—F 1 T 3
> & nation 7 — 7 IVE&K% join 4. 2 2HD map task
i, Frler oo8—7 4 v a Y EHWT, 12HO map
task @ H ) & partsupp D D semi-join & FE47§ 5. 3
D H® map task 1, F;’g:ttsupp DIXN—T 4 arrHw
T, part & partsupp P M ® semi-join #FEfTT 4. Q9 T
I3 part 7 — 7 WX T B select MLEEASH V) (p_name like
"%[COLOR]%’), part 7 — 7 VS5 ik F 7214212 select
MPRSFEFTEIN G, 2DOH E 3 DHD map task 1, M
Ed partsupp 7T TNV DEF—FF L LTI Y v T
S, reducer task (IZBWT I ¥ v 7 VSR & partsupp O
IN—=T 4 a3 ) join S5,
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# 1 PJoin/reduce-side join ® ¥ v v 7V /587 7 A VS

f X
Table 1 Shuffle and DFS read size of PJoin and reduce-side
join.
PJoin reduce-side join
shuffle size | |ous(0(T) <05 (FL))| | |oe(T)|+]os(S)|
DFS read |T|+|S\+|Fg| |T| + |S]
3.5 OX MO

27 —7)Vjoin EXRELT, Y¥ v IINVIA LS
TT7ANYAT LT AZH I A OB S, Ploin
& reduce-side join # LT 5. COGEREL T —7
JVjoin ICHLET 2 DRESH TH A 720, 22 TIIEET
A, 31 HiTHR, TESD2T7T—7NV%E join T 5B
o ThEI., TIT, o4, 05, O1s &, TNFNT, S,
T oa S AZxFF 5 select FEETH 5 &9 5. reduce-side
join DY v v 7 heEldATONTHZ 65,

|o+(T)| + los(5)]

UL, T & SO select FIEDFERA T v v TV EN D
72OTH5L., —JF, PloindDY v v 7 VElZLLTFTOTEH
b5,

|ots(04(T) pa 05(F§))

2L, map task IZBWT T & S D select HIEDHKEF
1Z23%F L T semi-join 24T SN, F Dk o DNETEND
72 THAH., D720, Ploin DFHFIE semi-join & oy D
BIRRIMATT 5. wED T — AT, semi-join & oy 3
LIa—F&2 7408 Lansr—ATH), THVIH)Tr—2A
Tld PJoin 1% reduce-side join & 1) ¥ ¥ v 7 VA1 L
TLE). HENIRED T —APHELLDIE, T L SH
7 ) QUIFERTIEI WA ) VPV DT — TV OEET
DY, DD select FAEN 7 ) TIRESIN TV AR WL
BEDOARTHD., —HMICIE, &7 — 7% join T 54
13 select BAEDPIRE SN2 T —TIAHH L7720, 2909
7 —ATIE Ploin 3RV HH L EZ NS,

TWT 7ANVY AT LN ASHMaX MIEHTDH
5. T & S % join T 544, reduce-side join ® I A b
IT|+|S| TH Y, Ploin 3 & HICHE Y 2 — FI 2287
BB DIz, TIAMET|+ ||+ |FL| &b,
CETOMRERLICT LD,

4. MEBEFFAM

ARETIE, TPC-H X F~—27 % T PJoin, MapRe-
duce O #II1) 7 join TdH 5 reduce-side join, B L X
fik [10] @ per-split semi-join DEFEE LB 5. TRk [10]

oo\, T T IR T 5502 RSWISHEG L& RED LD
12, T & S % join L7ZRRITH L THEITT HXE select HAET
H5.
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TlE 2 7 =7 join DEHEATELEEREL T LA,
per-split semi-join (X semi-join ZFIH L T\WT, 22 D3FHur
R LPEHT AL CTHETH D LA HFHEEIN TV LT
O, FHtixg L L7z,

N—=—KR 7 i HEFMTIR 505D~ w2 O S
N7 I A5BEYHWE. &<y Okigld, CPU
1% 2.80 GHz Intel Core 2 Duo 7'H+t v 4, OS I 64-bit
CentOS 5.4 (kernel version 2.6.18), X £ 11X 8GB T,
N=FTFA4AVIE1TB D SATA ThbH. N—FT 1A
DOMREE hdparm W CEHIL 72 24, ¥y v ah
5 OFi AL 3.7TGB/sec T, /Ny 7 7 H 5 DOFiAAMITE
97 MB/sec T >72. < i gigabit Ethernet (2 & 5T
THLA A v F (SR-S324, SR-S348) LS TwT, T
LA A v F1d 20 gigabit TR A A v F (SR-X526) &
WEINTWAD,

V7 b7 Sun JDK 1.6.22 % VT, PJoin, reduce-
side join, per-split semi-join % Hadoop 0.21.0 E T2 L
72. Hadoop TiZ, job tracker #% MapReduce % 45 L,
NameNode 233 H#L7 7 4 V¥ AT A&k Z#HfET 5. =
NOEBVAT LEROMURIELEEZRIZS B VL),
CO2O0DfE TR AERAOY Yy AE L (R
49 BCHBULE % EITL72). ST 2 — & IZREEN
WCHWONTWE T 2 —= 2 7 FHE[11] 10> TUT O
EOW#EE L. 1) V=N 77 A XL 256 MB (7
7 4V M 100MB), 2) task executor ® JVM O & — 7
4 X1t 3,072MB, job tracker ® JVM O Akt — 74
A X% 4,064 MB, NameNode/DataNode/TaskTracker @
JVM O ke — 74 A4 X1 1,024 MB, 3) Hadoop ® rack
awareness =~ AL, MA T, &~ 33 7HE2TH
%728, map task B & U reduce task DERBIHEE <~ v T
EIZ2ICERE L.

ST 7 ANV AT Lk LCHDFS #f#iJ{ L7:. HDFS
KCHMLTH S Fa—= 7 HEL] - T, TD LI
BRELL. 1) Ty 7uy 74 XF 256 MB (77 #
VME64MB), 2) L7U AEIE T (77 4V MiE3), 3)
JEfEA 7 a R L 2w, E5612, OLAP 7 1) &5
IS 2720, NAFUDOhTLARNTIEA[12] &
FHT %2 LT, Ploin B & U reduce-side join 1281 %
B2 h T AW e PR L7z, 72, Ploin ICBALCTid 1
N=T 4 2aryp1aricEYIBTcons Ly, 7—7N
DIN=T 4 a3 »pEE 98 L L.

41 7—-70-F

Ny F =713 OLAP A OEHETH 5 TPC-H [8] % F
MALZ., TPCHOAX—<IE, 1207727 bT—TN&
THOTA AT arT—7rbilksns, La—F
B3 72 x nation & region 7 — 7 IV IZ D\ Tld memory-
backed join # L, 2D 2T =T VxRV T 1 XY
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®2 Tty hOREHERB L UY 2 — R

Table 2 Statistics of datasets and time of view construction.

Scale | Base |Projection|Foreign key table/ View

factor |table size| view size Base table construction
100| 104GB 83 GB 80.4% 19.2 min
200| 207GB 167 GB 80.4% 33.2min
300 311GB 250 GB 80.4% 49.7 min

Varr—7NVIHLTHEY 2 -2 E R Lz B

- \ < suplier part customer
b‘ ti ’ ///—(0) 7 1E]T }) 7“) . Fpa’rtsupp’ Fpa’rtsupp’ Forde'r’s 4
Fpart Fsupplzer Fpartsupp Fo’r‘ders TPC—H ) 7—-__

lineitem’ * lineitem?’ * lineitem * * lineitem*

Yy N A XERET LA =772 % (SF) 13100,
200, 300 & L, 7— % OftatEis L CHEEHE 7 = —
ANZBIT DY 22— ORGSR AR 2 1IC5HT 5. KOES3
BT LIREDEBY, AT =777 725 6TERL
L72EHS Y 2 — 12k B F — Ny FIZ804%TH Y (oF
D, g a—%2EMRT LI LTT—FH 14 XD1.8 1%
W7o 72), AT v 7 A A XL LTIRFAHEHBMO A+ —
NNy FTHbHEEZOLNL, g —D% 4 DN
FUCB LT, 322 HTHARZHHE 2 — OILIRIC X 5
SOEEFEIAT =NV T 77 7I2E5F624% CTH o7z, F
72, Ea—RERRICE T 2 IC DOV TIE 4.2.8 BT
R 5.

7 TN IZDWTIE, Ploin & reduce-side join & O IL#
TIETPC-HD 17TD 7 =) #fiH L7z, 72721, join %
EEvr ) Ql, Q6, Q22 XEHHNE,»SHERL, A
NTF-7 ) CTEHEMDT =T N5 1O T — 7 join AL
AR 7 1) Q4, Q151, A% —BIOEFTT D
join FATNEE AN T & v 7zodER L7z, —J, Ploin
& per-split semi-join [10] & DRI TIX, 7727 F7—7
Ve 27 —7)join 479, Q12, Ql4, Q17, Q19 D
sx) M L7z, Tt 2R L 2B HE, SCRk [10] T
PR’EEINTVS join TV T ALFEPS KBS R T —T W &
IR T — TV D 2 F — 7 )% join TAHMIEZ G L L
TSN TV A7 TH 5.

TEREREA 12 & 72 > T, reduce-side join (2D Tld 2 f3E
DEL LFATEF Oy — 2 HE L7, 1 2HIZ PJoin
DAY =R 75 LA LA C reduce-side join #4179 7
7 v (reduce-side (star plan)) THh 5. 7272L, 3L LD
7 — 7V & [ join TTRE = 355 1L, join &2 2 7 — 7
join IR L, 43f# L7z join DHIHN S T — 704 XAV
SWEIZETTT A ETHBT— 714 X 2HIRT 52 &
& L7z, Ploin & reduce-side join (star plan) % ¥ %
Z&T, Ploin DY 2 —OEMRMBLU/N—T 1 3
VHEIOMEEWET S, 2 DHIEATT join DETIEF
xEH L7277 » [13] (reduce-side (Hive plan)) T 5 *5.
reduce-side join (star plan) & reduce-side join (Hive plan)

*5 ik [13] Tk Hive 2 F\WTWw 275, KL Tl reduce-side
(star plan) & [l L2 % 0T, SEATIERE /1) &8 L7-.
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AT LI ET, AV —WMDOFETT T ORETHE
I 5.

4.2 FHE#ER

SEMGER AL L C, MapReduce ¥ 3 78, 7 TV EAT
72— A BI BIEERR, ¥y v 7VES, HDFS OF
EAH BT — 5 A X&FHI L7z, PJoin, reduce-side
join (star plan), reduce-side join (Hive plan), per-split
semi-join 1¥, %7 TV %D MapReduce ¥ 3 7 %31
LCTETT B, TIVT) XL EH SIS B720
INHDOT VT XLH5EH SN D IHEO MapReduce
¥ a7 (GROUP BY, ORDER BY, A7 .11 % LB
5V a7nl) FEHIE 2 SHERE L 7.
4.2.1 MapReduce ¥ 3 7#

7T AfaEHRER 3 IRT. Ve 7RI L
T, per-split semi-join | reduce-side join & [6] U T& %
728, 323 TOEBEEET 5. Ploin 12 & 5 MapReduce
Ta T HOEs )T A#EHE, reduce-side join (star
plan) & 9 29.4%7% <, reduce-side join (Hive plan) &
45.5%% 7. 2, PJoin TIRRHEH T — 7V join & 1D
® MapReduce ¥ 3 7 TEITTE L D23} L T, reduce-side
join TlX 2 7 — 7V join T 1 2 MapReduce ¥ 3 7% &
BET L0 THD. 728 21E, Ploin 1 Q8 & Q9 I2B W
T, TNFN45—7)Vjoin & 357 —7 )V join %479 2 &
T, reduce-side join (star plan) & ¥ & MapReduce ¥ 5 7'
= 2 fEEIH L TWAh. T 72, reduce-side join (Hive plan)
£ 1 b reduce-side join (star plan) D i AT 3 7K 7
v, 2, Hive plan WAFIZE BT T 0 Th o720, %)
ERRL LW EDERNTH 5.
4.2.2 PJoin & reduce-side join DO JSErERE

7 (a) 12 PJoin & reduce-side join @7 TV FE477 = —
KN BIT BIREREH OBERER 2R T. QL3 ZFr\>T PJoin
A% 2 DD reduce-side join & ) F#H 5 VIEFFETH D 2
EDHERRTE A, &7 1) OIRERE O % ik 5 &,
PJoin 13 reduce-side join (star plan) £ 0 33.9%&#CTdH
1, reduce-side join (Hive plan) & V) 42.8%E#TdHh > 72
FELLOMS 5L, Ploin MENLHINIE 2 HHITONS.

e PJoin Tl¥, MapReduce DY a3 7B LT v v 7
VEDHIR S NG 720 (D 4.2.4 TR T 5),
OB MREN W E SN TS, MapReduce DY 3 7%
HIZ & o T, &R HDFS O#F & AR T — 5 4 4
ZAHHRE SN TS (i 4.2.5 HTERT 5).

o I E 1 —DEADFEED2®, PJoin TIX HDFS O
ST — 5 A4 APHIL TV 525, SIRLEECH 5
TeOURENDOREIIRE L ol (D 4.2.6 1
Ttk 4 5).

*6 > x v 7)ViEE, Hadoop @707 7 A JVISRER F\VCEHIIL 72,
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% 3 MapReduce ¥ 2 7% (| 13ABE) OfEIZR 5 2 Hli % Bk
¥5)
Table 3 Number of MapReduce jobs (| indicates decrease to
the right column).

Query | # of join # of MapReduce jobs
tables PJoin reduce-side join
star plan | Hive plan
Q2 a1 | 20 3
Q3 3 2 2 2
Qs 5 20| 3() | 4
Q7 510 2] 3() 4
Q8 T2 | 4 6
Qo 6| 20| 4 | s
Q10 4 2 2 (1) 3
Q11 3 1 1(]) 2
Q12 2| 1 1 1
Q13 2| 1 1 1
Q14 2| 1 1 1
Q16 3] 1) | 2 3
Q17 2 1 1 1
Q18 4 2 (1) 3 3
Q19 2 1 1 1
Q20 2| 1 1 1
Q21 sl 1w 2w |3
total 60 | 24 (1) | 34 (]) 44

Q13 TliE, W& RHFHIZE L T reduce-side join £ 0 %
PJoin D28 11.9%EFERIZ % o 7205, ZOJEKIE 2 17
HIFon s, 1 O2HOHAEIE, Q1312 57— 7V join D
7 T)CTHA70, Ploin D% T — 7 )V join DR EH
LNTVWARWZ ENHIFENS. 2 OHOHEIE, QL3 D
GROUP BY #{EH»HETH 5. Ploin TIZMOT—7
VOEF =TI ¥ v 7VEAT9H M, reduce-side join 12 &
LAFECIL join F—T¥ ¥ v 7NVEATHIHMLH L. Q13
D4, join F—& GROUP BY ¥ —5Bk[A—TH - 7z
Z &6, reduce-side join Tld GROUP BY DALEEA %K)
INZFEATTE DI LT, Ploin TlE¥ v v 7 F—
& GROUP BY ¥ =787 o722 L b HILLTL
F o7, ZOFEMENIE, HDFS EE ALY A AD#EE LT
FENTWT, QI312B1F % Ploin ® HDFS & & JAA T —
74 X1x 1,373MB TH D, reduce-side join @ 135MB
CHEBELTI0/BICR>TLE->TWA.
reduce-side join |IZ$ (7% star plan & Hive plan Dtt
8 1K 7(a) 2VRT £ B, reduce-side join (star plan) O
L& TEREIX, Q8 % B\ T reduce-side join (Hive plan) 2L
FICEERER S, COMENS, £7— 7% join
TLGHEIIBWT, AT AADPKEVT 77 b TF—T W
%7 L) MO R TS 2 RETHL I EDIEL
W ENERTE 2, 728 2IE, QTIREELRGITH Y,
HDFS 2l /#HZ AR T = A ABL PV v v 7 Vgl
b reduce-side join (star plan) D7 ASKE {HIIFHTE T W
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6 60
BPJoin B PJoin _
5 B reduce-side join (star plan) 50 B reduce-side join (star plan) | |
Oreduce-side join (Hive plan) _ O reduce-side join (Hive plan)
4 e 40 —1 b
_’é -
33 = 830 — H i I -
£ s
= =
P - 3 1
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S
£ 172}
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1 = 10 — H
0 JH1 m " [I 0 .m. Al O
P PP AN DO NN O N & O N N 0 P L A D VDV O > LN O D AN
oo oo deddad SRS N N O O O O O O
Queries Queries
(a) IBERER (b) HDFS &
45 - 25
OPJoin
40 B reduce-side join (star plan) — O PJoin
15 D reduce-side join (Hive plan) 20 B reduce-side join (star plan)
O reduce-side join (Hive plan)
30 —
15
25 — _
2 g
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% 210
15 - &
E E
@ 10 E s
o ML WLINL L LWL o, e, e | LWL W e, o WL Jl L h m 0. .al L o
e A I DR D R IR C N S B\ S
QOIS P A FPAN DL XL &9 DA
QO T T AT ooy
Queries Queries
(c) ¥xv Il (d) HDFS # &AM

7 TPC-H ¥k 5

(SF=100, 50 nodes)

Fig. 7 Results of TPC-H (SF=100, 50 nodes).

4. LUFIE, star plan & Hive plan @ join DFEATIHZ 3F L
Tw2 (F59KiE 1 MapReduce ¥ 2 7% F L Tw5).
Q7 @ Reduce-side join (Hive plan)

((((lineitem »x orders) <t customer) > supplier) i na-
tion)
Q7 @ Reduce-side join (star plan)

((nation p< customer > orders) b (nation < supplier
> lineitem))

Hive plan TIX7 7 7 b7 — 7V D lineitem A5 E A (2L
HINTHED, ZORETHERD join IZBWTHMT—%
%4x#ﬁ§wxwvﬁﬁﬁﬁibfwé.HWemmuik
FIE o TRABILENTND DS, FFICANTZ Z ) IZO0n

TIZHAEIZ MapReduce ¥ 3 ZIZEBEN T A 720, %)
ERRLBWT = AN HDE N5,

W2, star plan 2B ZWfE—D 7 — AL LT Q8 2°
Hot. Q8 TIE T v v 7IVBLUHDFS #&AAT—%
A XIZB LT, star plan 2% Hive plan & D L T L
F o T/, Q8 @ star plan @ join DFEATNEIZLL T D &
BOTHY, ThHER#ETIERro7.

(((lineitem > supplier) < part) < (orders i customer))

star plan TlZ7 — 7 IV A4 ZAD/NEWJHIZ join & FELT
LTW7zhs, Q8 O — ATl part & orders 7 — 7V IZ
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5 LT select MEATRE SN TV, 7—7 A X
75 supplier D FWKEL > T LESTOWHERKETH 5.
BINEREZITV, TXTO join DFEATIEE FEAT L 724
select MLEFE D T — 7 A4 A D/ EWELZ join %éiﬁT
577 HBIRGEHETH L I LR ENT. ZDOT T
IELT D Hive 77 » EAl—TdH o 72,

(((lineitem > (orders > customer)) <t part) > supplier)

4.2.3 PJoin & per-split semi-join D E&
- 8 |2 PJoin & per-split sem-join M 7 1) FAT7 = —
B InERMOWEHREEZRT. TPCHDOT—%
Yty MIATF—N7 727 % 100 & L7245, per-split semi-
join @ICHK [10] IZEHET, join DD 7 7 7 b T —7 )N
LT A AT a3y T =T ANOSHER10% & 1%D T —
yty bbHELGHEZIT>72 () Y+ Vo TPC-H
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