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Abstract: The Join algorithms of massive relations in relational databases based on tertiary storage are studied in
this paper. At present, Hash-Based Join algorithms are the best ones. However, the effect of tape locate time is not
taken into consideration in these algorithms. It has great influence on the time complexity of the Join algorithms to
locate positions on tertiary storages. For this reason, two new Join algorithms of massive relations in relational
databases are proposed based on tertiary storage, Disk-Based-Hash-Join algorithm and Tertiary-Only-Hash-Join
algorithm. Adopting disk buffer technique and the method of storing hashed data concentratedly, the cost of the
random position locating on tertiary storage is much lower than other algorithms so that the proposed Join
algorithms are more efficient. The analysis and experimental results show that the performance of this algorithms is
superior to others, and thus they are suitable for massive database management.

Key words:  massive data; tertiary storage; join algorithm

i OE ﬂm?ﬂf BB EF X R FIE AN Join Bk, B AT, PTH B 445 Join £ %+ ,JLF Hash
B A4 Fk ARG A2 R XS BRI & BN Z BAE B iR IR AR B B AL A R 3 SR AR 4G

mﬁ?é’ﬂﬂ%l‘:\)fftkh%ﬁﬂfk RYAIET Z R A S0 BIB R Akt 8] A et ed KA R £ AT XA R AL, &
BT AN E T ARG BN EET L R KB E %S F L, Disk-Based-Hash-Join f£ % #=

* Supported by the National Natural Science Foundation of China under Grant No.60273082 (IH 5 [ 48 %}2% 3£ 4x); the National
High-Tech Research and Development Plan of China under Grant No.2001-AA-415-410 (|5 K &AW 57 K JE 11 %1); the National Grand
Fundamental Research 973 Program of China under Grant No.G1999032704 ([E 5% 5 s FE Al 57 & JE M 11 (973)); the National Research
Foundation for the Doctoral Program of Higher Education of China under Grant No.2000021303 ([ £ 5 &1+ s %k 4)

E—EHEN: FTEP1950—), 55, BIRTLIE RN, 082, 1 A 50, == A 50 008 A 50408 1 R A7 T 5


http://www.jos.org.cn/1000-9825/14/947.htm

948 Journal of Software #RAFFIR  2003,14(5)

Tertiary-Only-Hash-Join J-ik X BAF Fik RA T B % A+ H AR5 348 5 b G487 % KT Bk ey jLp wk
MM EATR A A M RET AT ZAAMBNEBF LB 2E i TRERANRENAT A
Fik B kA s T B AR B R F R A TR 2O A TR T T A %,

EA: BB CSAGME EEE R

P EESES: TP311 SCREKFRIRED: A

BT JLAE BEEE BRI R R Rl 2 Internet AR K&, AT 5L M5 B # B e K E S T
10"2 35 (v B Hdie 12 B0 B 0 IO 84 122 . HL AT Internet b V2404 I 80HE & CA KL 75 B 4%, 3F B 7ER
W R I i A 7 P A e A R A A, R RV LA B R 3 N H R Bk 1000 42771
FAn B AR E 3 A B A 5= 2 000 427710 00l 48 S 06 45 4 7= A R B0 % ik 300TB ik — 48

EHLENR ARG B RS T 150G AR AL G2 0 T A7 i 28 (FAF il 25 FRA AR 38 ) B 2 8 B R 4
i DL AR HEL G0 0 D DK P i e 5 R AR i 5 AR 5 e i B R A B T S AR (R AR . AR AR
LRS- 1T P 55 58 = AT 28 I B P 8 TR R SR A M B H T K 2 BB R B R R R A T
AT s 0, XE DU LU S 00 A S R R G S = AT S A R 5 SR AT s R AT X AR 10 R AR A FE
SR A A L B I, K B = Ak s b B0 520 B0 58 T A i s AR S A R T T A A T B
FEA AL T A . 22 4 A ) 1R EE SRS IR R/ KT 58 A 28 I A RN IR M R GO T e O 0 R T, AT
T BRI ST T = A A I B R 4 R Join 45 — P fs B FH A 2 S WG ) 1) 508l P45 4 A S0 & AR i A
HH 11 Join 5%

20 2t 90 AEA KU B LA #5028 oF i — S8 3 T 1) R AR Join BVE RIS, IRER R T — SRk,
XTI AT L4y S B, — SR FE T Nested-Loop [ AR SVEN 2 57 — R 36 Hash (1 AR STVEN L R0
YL T Nested-Loop AR K514 4% Nested-Loop 532:P0 Concurrent-Nested-Loop 5232 B 482 1k 5
F Hash BB {54045 Grace-Hash S3EUHT Concurrent-Grace-Hash 7320V R i, 3o AT 7 B/ 243X 4 Bl A A
RS LR B | MR R B BT A7 28 T 5 30 M | R 7R 43 R4S Join KR R (1) AT 25 )7 45 4, | Mg | 2R 7
M4y Join RFR S WS M-8 C R R S 43 BIAFA 7 P 4 AN [F) i) s b, L oA A7 RRE 28 1 T ) 2238 T AN A
DL5E 4 B AT O 2R 1) 4 0 4.

Nested-Loop(fFk N-L) &% 4 i EUW AR 5 7 SR I B0 B DGR R A S 4B & AR RN W AF AT
Join #EAE X TRERIEANAET IR R BIIM 85,8 i A BE #8253 N WAE— IR, 5 Z 4T Join &t
SRN-L S e 4RI

9 T Bk N-L BRI PR e, SCHR[2132 T — M ER 4 Concurrent-Nested-Loop(fj #% C-N-L)f{ & % .C-N-L &
VER AL 1/0 #4EF1 CPU #4E JF R 40AT.

H T R FE T Nested-Loop AR
A Join SHLIk ARG AR i) 8, SBR[ 1]4 Hh
— — T 3T Hash 77V B REHT B4 Join 57927

Bl m BL }— 4 Grace-Hash(fajF8 G-H)5H%.G-H HikH

Fig.1 Reading buckets with the same hash value from the tape SEAFRAR RS HHHHU 53 B 23— 2%

U OB SR AR ) M A WHNBRERRERE B OBIIRN

Ja PN O F b B A A [ B0A R I 08 A

HHAT Join. 53T Nested-Loop /AR K52 4H B, G-H HE W M RE A3 2 T 1R K 42 i AH 2 1 520 W e, —
T T BT Z 1A) A A AL 326 T A 24 T 5 06 38 R/ IR B8 1, — R 7R A BEATY b s BRCHS s 150270 A ) o A v 189

TR R A I D) P A R 58 O TR0 4 A TR R e e T AR IR AR L A R RO AR 25 7 AR R L T
A RE A 45 VR 1 IE S SIS i R O O A AR A [ B b AR, W Sk TR R b b ATUR U S A
[0, T LA B T LA AT R B ) B AR PRty B AN IE S o0 A KA T — AR 5SS A 2 [R] Join HS FE
T T LA A R H A ) HCHE AR 8 ARGy S B A A o R b 5 S0 Sk S Bk R 2 7 0 5 3 R A

—{ BT KT B2 H{ B3 |{... ™BI <[B2 |-{B3

I: B3 B2 Bl




g F T = BAEEG Join ik 949

B R R BUX SRR B 1 ), T A T AR GRS M I () FE RS, 1G0T R I AR AT I ).

HT S G-H FiErPERE, STk [3]13E T — D Concurrent-Grace-Hash( & #% C-G-H) [ 5
1%.C-G-H H 2 X G-H 1 ek, e sl B 7 58 BBl 2 (8] 1Y Join i AR P A /O #:4E R CPU #:4E T Kk
17.C-G-H BHEHEFIEH KRR RS P HE 73 3l 88 B 5y — S Wby i) Hcd X R R TR e B B ECS U A A8 J5 48
A A O R MYRIGY A 3 385,58 1 384 O/ R M)A DS &R R WA, 26 2 S50 FU 2R 3 4%
TENRAR S B EAFGE DX (A KN [ M)/2), i 18 Buff[OTF Buff{ 11,47 3805< % S HIBLAAR AE FE i $AT i 72
1,24 M, HIEIURGS BuffO]( Buff[ 1) IR EEAT Join FR)[R) I, AR L3320 S ) S0 o A 21
Buff[11(8% Buff[0]), /%5 M, HHIEC BRI BEAT Join.C-G-H SV 7R R 5 A7 I8 R T4 75 MAF7E4E 5 G-H SVEM
[Fi) FR) .

HARIET Hash AR OF S92 B TS0 BREE 2 Join 55 (R, 1K SO0 W 25 BN B = A it 4
FRUS ICES R T R AN S R 0T B39 P B P 55 T B A 0 e K 1 S0 R I, B AT i A I B ATL R A ] (] S 5
Wi 7% W] i) 53 2% 2 1) DG B DT 38 O WG AR SR AN T T E = APt 4 TR T A b 58 7 Join AR 1) LA H T
PRRIE T = R A7 i3 1 Join 5%, R Disk-Based-Hash-Join 5% (R #% D-B-H-J 51%)F1 Tertiary-Only-Hash-Join
SVE(TRTFR T-O-H-T 5035, 24 1 A% v R 28 18] K ) A%, D-B-H-J 5503 iT DLERASAR S i 1 s S 2, 24 bl 2 vl ) 28
2 /N PRI 6, T-O-H-J - S0 IR R RE U — 48 5 4% S0 S0 L A SCHR ]S 10 B335 18 28 b BRI 77 Bty o 7 1 1) 3L 0
S AT RS S 56 4 S 2 W AR SCHE HA I Join S92 101k e i T O A I 25 T W7 19 Join 592

1 fimiEs

AT Gy AR R LS B AN K M AR SCHEBEAT S B2 A P 23 AT IR ST A TR R A D = R AR AR I =
PAFAE A A LI BEIE NG 821G G T HA BT (R LT AT 1 56 1 1R P oA R AT A 3.

B VAT TR 0 Y o U A B % R AT A S S MR R R AR 1 45 0 T AT F I o By IR A Y 2
XS Hok AT OCHR6,7].

h T RN S 2 VEREAT 00 TRA TS B A LS4 K 2 Sl T AR vkt Rt i B b 28 H B0
EF GIE SN R

Table 1 Parameters of the tape model
F1 RS

Parameter Value Description Parameter Value Description
LibraryType Exabyte 220 Type of library TapeDriver  Eliant 820 Type of driver
Modelname 8mm Type of tape Tapestartup 21s Tape startup latency

Myt 40s Tape’s mounting time Numofdriver 2 Number of drivers

Umount 21s Tape’s unmounting time X7 1.5MB/s Mean transfer rate of the tape
Ropormove 10s Robot’s moving time Xp 11MB/s Mean transfer rate of the disk
Tapelocate SMB/s Tape’s locating speed sizeoftape 18.98GB Available size of tape

Table 2 Other parameters used in the algorithms

x2 BNt IS

Parameter Description Parameter Description
IR| Size of relation R on tape N Size of relation S on tape
|M,| Size of available buffer for relation R M| Size of available buffer for relation S
Tprobe Mean time to probe a tuple in relations Noucket Numbers of buckets with different hash value
Stuples r Size of a tuple in relation R Stuples s Size of a tuple in relation S
|Bucked Size of a bucket |D| Size of available disk space
Numbers of buckets with the same hash value in Numbers of buckets with the same hash value in

tong_r relation R and it is equal to |R| = |Bycked ~ Npucket tong_s relation S and it is equal to |S| = |Bycked ~ Npucker
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