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Multi-Tenant Database Memory Management Mechanism Based on Chunk Folding
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(School of Computer Science and Technology, Shandong University, Jinan 250101)

Abstract Chunk Folding is one of the common storage architectures in SaaS, which employs
shared databases and shared architectures to store tenants’ data, so as to gain benefits of econo-
mies of scale. However, Chunk Folding based on traditional databases, in lack of multi-tenant
properties in memory management, leads to performance degradation and consequently violates
tenants” SLA. We propose a Self-Adaptive Multi-Tenant Memory Management (SAMTMM) to
consistently achieve tenant’s SLLA requirement while the memory consumption is minimized,
which dynamically generates a series of cache replacement units according to the current access
model and computes the corresponding 1/0 yield, and then adopts a greedy algorithm to select the
corresponding replacement units for each tenant. The effectiveness of our multi-tenant memory

management is evaluated by our experiments.
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B A G0 AR PP W 0T G A A 8 A0 T 1) T G A AL
b DL G O S B AE BT A FRATT 0 9 G2 A7 v 38
TR 825 A= i) 91 g 1 4R VR S G2 47 500 J AT F
HINVGAEBTT. X T — W on AP R
HAAEINZAF T E Ry 27 Q2R 2 P A 1Y 4 ik
G AF BT, WA AR . SCHERC19 48 T 2 T (]
K Bl 1) 22 A7 B8 0T AR LR 5 LA 2 i A 7 ) A 2
fE NN B — R I E A7 0. Query Access Set
(QAS) X AHEEAESCHRL19 T # il A Bl Lol

—DRAPHREAFH RV A B E A 55X

B .45 4 Chunk Folding 1, F 14 H QAS 1
E%ﬁmxaﬁh QAS 1 2 146 ok 30E 22 47 5.0 T
R ek 2 6 368 2% A BT Y B

TENX 2. Query Access Set (QAS). QAS 5 #
SE— I T Y18 1) 42 (Predicate Set, PS) , 8% # &
— A T R R AL T [R] — Chunk g5 5 /4 3% i
J& VE4E (Ordinary Attribute Set, OAS).

e QAS 1E )6 e % 2 A7 FR T B b L an 8] 3
HFT 7S R T — A2 8 S T A AR S A AT A
b USRS AR A DT RS R S X AR HEAT TR
— A HET R FETCH #4723 1 JT 4 5L
H2mi /b T 1/ O Y 2 180 5 T A5 i v b J 3
AL T A — Chunk 4“5 1) Ja P4 4 1 S 5 46 810 2
By %k TAE B — W FETCH #2:4E, %’lﬂflgl@:ﬁﬁﬂ
B b B fii F—4 Chunk % 5 09 J@ P 8E1E Jy—

PR [F B 8 G2 A7 A 22 08 /0 1/ O, i 5 4R #ﬁéﬁf
AR FNED 1/O BRCR.

Az W) I e 0 R AF BT RO S A AR 1 .

Bk L AR W) I 28 2 4 5598 (Generate
Initial Candidate Replacement Units, GICRU).
IN: D, Tenant’s data mapping information
IN: Q. Query Access Model
OUT: CRU, Generated Candidate Replacement Units

BEGIN
SET CRU :=(

ol = w DO —
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6. for the ith query ¢; in Q

7. for each predicate p of query g

8. CRU := QAS(g; sa(p)) UCRU

9.  endfor

10.  for the j th chunk of tenant T’s physical chunk
layout with the identifier &

11. CRU::{[?(CTJ,IQ)HOAS,-}UCRU

12.  endfor

13. endfor

14. return CRU

15. END

L 1T DA P iU [ A A5 B S P 2 =
55y A 2 TR) 1 S A R S A X R
Uy i 35 22 A7 .. X U [ B 19 B — AN 3R O iz
55 6~13 17) . 1 76 4% 1 3] U i 3] ok 3% 92 A7 5T
CRU " (RIS 7~9 47) . SR Ja %t F & 33 Jg 1k
A2 W4 R A S B 20 43 DA B AT R0 40 o )
FIal— Chunk H i J& 14 7 Sy 92 47 50 0 V8 I 31 90 1R
ok A7 B0 CRU Hh (W56 10~12 1)

Sk BT XAk b A 3R FRATT A 9% AF B 0T A R
FRATT 2L LA 9 191 5 ke A A An AT AE B 6 i 1E R AF
HLIT.

Bl 2. B FE RA LA LALALA) B IR
X554 Chunk F RS A (A, A) = (C),
0),a(A)=(C,,0),a(A, A =(Cy,0)  EAT{A,,
A, Bt 3] Chunk 3% G IR IR T H 405 05 (A, )9k
s ) Chunk £ C, IR T H g5 05 (A A Bk
%] Chunk & C;, JF T H 455 0. Ui M B4 1)
TR SR B B i R 2B A7 PR OC N 3R 2 FRR LN
B —A U ] 0 95 B 1) Ja M 4y Sk 1 3R IR P 4R (Predi-
cate Set, PS) Fl & 18 1A #h 1) 3% 3 J& 1 42 (Ordinary
Attribute Set,OAS).

®2 PEAEARMBBREZEFETE

1D SQL Freq PS OAS
1 Select Ay fr(‘)m T w (A (A
i ] where Ay >7
2 Select Ay from T
58 2 where Az =7 w2 {As) {Az)
i Select Ay, A5 from T
3 where Ay<7 wy  {As} (A, A5}

Bk QAS(q-(Cr.0)=1{A1}. QAS(q,-(C5.00)={A,}.
ZZE QAS(gy»(C1,00)={Az}, QAS(qy,(C3,0)0)={A,,A5},
HIE  QAS(qy.(C2,0))=QAS(gy,(Cs,00)={A;}

L 1 g T e TR e G2 A7 B0 T T
B— DG A IC b E X 1/O 45 %,
Bl A A7 J5 /0 1 1/O YECAT & FH 1 88 17 25 |)
RN LEAR » AT He % M € L ROC (Return on

Consumption) , ROC i+ LA S 5, (1) &
A7 FICHCA AT I o5 48 09 A7 R/ MO (2) 3820 11
/O W& DKL X A7 500 1.

ROC,=D,/M, (8
MR PLFI A QAS g PR R R /N Z F 5 s H ¥ H
AIFRBUR 35 5 D, AT L4 5 (2) , B 22 47 B 0T
ATEGAI P A R 1/O B £ S A7 500 « 18
AT A TR 1/0 A

Q
D=7 (GEUO) 4, EAO) Xw,) (9

qg=1

Hp SRR C AW AF RS AFh B4k . SUU. 3R
G GAFHTE U A G475 $E (10) KR G A W&
S WES g AR 1/0 AL
42 ETREEEINEERE

b T AT B 0 B A BT S H
ROC - H TR FATH 45 1 A ] 32 45 22 A7 FROT A
AT LA B a3l 285 5 46 8 2% A7 R G AR N I Y
ROC{H. ¥ 5o » 8 ROC {H 5 5 19 A7 HOUTRA 2%
7 IR % 5 A7 B 0 A 38 22 A7 . on 4 vh 2 45
UK B 5 WI0E A AT 1 AT PR OC A SC B 1Y
TR 6% 356 S A7 BTG » K L S A 90 70 25 4t DA 2 8B
4 A 28 2 A7 .G s B 15 BB I W) A 1 A FA T
£ ROC A Hat B B R AR (9. TR Lk
1 R E B R R SLA me R B[R] A B

Q
DI0(g) X w
i=1

Q
Dlw
i=1
Hrp 1/0Cgo RFRE « DR 1/0 WAL, v] DL
X2 EAA W Ty R EF A SLA m Ly B [E
3 1B OQAS(q . (C.O)={A, INEFEH
IRk EFRTTE

W QAS(q1 . (C1,00)={A1}, QAS(q1,(C5.0))={A,},
@EZE;E QAS(gz+(Cr 0 ={As}, QAS(gs+(C3.00) ={A;, As )},
FATHIC QAS(q2,(C2,0)) =QAS(q3,(C,0))={A3}

. . QAS(q,(Cr ) ={A},
;jﬁﬂ?&i QAS(q2,(C1,0))={Az}, QAS(q3.(C3,0))={A5},
AL OAS(g+ (C2.0)) = QAS(gs+ (C2.0)) = (A, }

X (:OStdigkéT‘\la (10)

ks i) 2 iR BBl e R AT IR & T
QAS(q1,(C5,0)) = {A } Y ROC {E fi & » A 1 H
e i ANZRATE s B T3 N A 2 A7 50 QAS(gs s
(C;,00)={A,,A;} 5 QAS(q1, (C;. 0 ={A,} Iy
SCEERAL AR I QAS(gs » (Cy,0)) =
(ALAH S BB QAS(gs - (C.0)) ={A,},H
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L
&

e R A7 Hou Nk 3 PR,
ik 2. fmibm v S R (Best Attribute
Set Selecting, BASS).
IN: D, tenant’s data statistics
IN: W, workload statistics
IN: SLA, tenant’s SLA requirement
OUT.: AS. Attribute Set should be placed in memory
BEGIN
SET AS: =g
SET CRU
SET ROC
CRU :=GICRUW,D)
10. ROC := Com puteROC(CRU,D,W)

= w N =

© (o) ~ (2] wl

11. while (Tas>Tgs1a)

12.  AppCRU := CRUwithMax(ROC)

13. AS:=ASUAppCRU

14.  CRU :=UpdateCRU(CRU,AppCRU)
15.  ROC :=UpdateROC(CRU,D,W,AS)
16.  Tas:=Averagel/Os(W,D,AS) X Cost
17. endwhile

18. return AS

19. END

R G A BT R RS DL T & ML T AL ]
T, PE— A [ 1) b 7 E 1 0 R A A 23 TR
A AL ) b S [ T e A L 3R AT RR =2 O A8 B iy 1
i 1) R, 5 SR FH S0 A RV R e R e kAR L BRI A
L 2 PR, B DAL U I XA B R B
98815 5 LA SR P 0 SLA i 37 I ) 75 3R A 0
A R A R AE B YRS R B R e R
PERAT ¥ 0 ] H ROC {H G R 5 9~10 17) ARG HE
S 3EPE ROC {H $57 95 1) 168 1 28 A7 5 50 FF 58 ) 4% 1k
WERAF B0 X H ROC A (KR EE 11~17 47), Hovp
55 12 1738 ROC {H f5 = W91 Ry L U o FH 1) o ik 2%
FEHTE WG R M B R A B AR AR AS h (R
55 13 47)  HEAE TR 4y 2 A7 o0 S H ROC B it
P 14~1547) .55 16 43358 7 4 % 24w ) 5 =X
AP SF- 4 e Rz B ]9 5 AR P SLA i i B[]
17 OB R G R 2 1k 254

T FRATT T 4T b X B 2 EAT I R A 4y
M ATHERE L3 DB REAREE m B
SHACEEH nCm<on) FIBIA -3 J@ M H A5 Br
T SR A A 19 & SaaS B P T AL E B9 SQL R
i o B AR Fp A B A A T B P SR e B Y TR
Xt 45 8 1 SaaS B FH R U AL H & A # . S
B iz 17 B A P 35 70 B S8 20560 1 1) SQL BAR AR

SRR I SE Ak  SE B4k R B AS R Y SQL % H Bk
SRR I S AR B s B AR T X R M 2 4R
— AR T A 1) JE M B E T (AL i o A 5
22 ATAT AR B Rk AL 3 R4

(D AR E AR T B 917 5

(2) THE R AF B IT I ROC fH (56 10 47) 5

(3) f 3% 2 A7 B e 1 2k AR e R 2 (56 11 ~
17 1.

XA 1R AR G A T (MR D
FLBT [F] 52 2 M 5 SR B A H M AR B PSR 7 ) &
(B0 43 B 0 3 A5 A5 5% BRe ORI D0 AR I — A S8
SrHCEH A JE M BOLE RN E 248 OGnA).

X TS 2 BT Rk G AE BT ) ROC {H ,
TR 52 2 500 16 G2 A7 PR OT I B0 H DA B B — ik 3
ZBAT R TTYS BB ) S A AR B H A G BRI
A mA MERGEA I, I B — ik A7 R T
S RTA 1 S5 00 AR B 1A OGO B ) 2 e R
O(mnA).

Xt 5 3 HB A 1k 28 A7 o0 i AR R e
) 52 2 P 5 0 AR U B A B g — Uk AR T T B T 5
WA X TR ZA mA MEEZAFH T, H
A EIIRE BL T Ry mA UK T A — % AR BT
T RS 12~16 17) A% 15 172 #E 1
WEZN B O, H s 15 {155 LS
2 WA BT B RN 22 Ml OGmnA) L ik
EB A W E] 52 e M OGun® A%).

3 R M BRATT AT LA 2 i B B ) AR 4k
PN OCam® A*) BT & 2% M 2 2 =00 L R ot
BT DR A IB AT
4.3 HEMZFNHMENR

bW T G A R oT 1 AR R B B A
P AT IRATHE 25 A 38 B 28 A7 L ) 6 4 S i
P, AL B B

(1) W5 I B B 45 11 o 3 — B[] PN FEL P 5 1)
B I S8 115 B A — 375 3R 11 g 1 15F [R]. A T
B AL 7 = 2 7 Y R 3 TR AT I SR R 5 K I I
(1] 5] R DAY 1) - $57 i 17 [0 o 5 45 3% B[R] A0 AHL P SLA
M) SO Bof () 6 A7 B AL H e g B R A e 3] 25 L 3T
NPT SLA BAT 1l 2 224 LAY 2 Y i ~F- 349 e Jo B
] AT T 25 20 o a2 H AR SLA WA W2 L A
AFATHEIE A B BE (), 75 3 A6 45 30224 i 5
I e AR — 5 .

(2) TR B B 753X — B Be AR R AT B B (1D
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WA B AH G A5 B IR 4 & 4. 2 75 45 B R A7 SO0 Ry i
P AR TR S ATV R B 2 A7 PR AR L B BR A
I7 AL GEAF- 10 i LA L TS TN 5 AN TE G2 A7 1) J P 4 3
ABr B (D).

Bk 3. RIEN Z AT A7 BT IL (Self- Adapt
Multi-Tenant Memory Managment, SAMTMM).

1. BEGIN
for each tenant T
IN: D. tenant T’s data statistics
IN: AS, Attribute Set has been placed in memory
SET QS:=J

while (the current time slot is not elapsed)
if (there is a request Q)

QS :=QsUQ

Time := Time—+ Q,

counter—+ -+
. endif

. endwhile

© 00 NN O Ul o= W N

— = =
w N = O

. Tops:= Time/counter
Af (| Tops — Tspa |/ Tspa<<6)

Discard collected information and start the next

— =
SIS

time slot
16. else
17.  TmpAS :=BASS(QS.D,Tsr)
18. Kick out AS—TmpAS
19. Read in TmpAS—AS
20.  AS :=TmpAS
21. endif
22. endfor
23. END

BEdk 5 i 6~ 12 AN RLUEIIB BE 5 13 473
SRS LT 1) B L5 1 0 F- 00 L 55 14 4700
USF 22 ) B P O 312 750 A2 L SLA 775K
AR BELPY SLA 53R I 00396 A 8 B 3 46
16~21 7.

5 tEgedhK

5.1 LIWRBHER

AR TPC-WHS A Sy F6 AT A I 38 35 o
£ .ok M Apache Tomcat 124 W IR 55 4% . )5 & %
i MySQL/InnoDB 1E 2 £ 4l 47 it 51 %8 . Z B LA i
#£ InnoDB fE W EE 51 %, & H T InnoDB X} T2 55
TUTE SR A InARL BE L A7 0, B R P AT DA AT Ml
U e X6 0 14 21 52 Ry e ) 5 T AN 5 ) LAt AHL P 1
AT, Apache filt 55 #% 1 MySQL %k 45 ¥ & 7€
PCHLE, R A Intel FiE & 2 XA AL 4%, E 40N

2.33GHz, 14 2GB K/ N AEF 250 G R 4. fifi
FEASHINE A PR, B TAEETMIFRAE ST
BTG RGE B WALA AR T T S R BT DA
HL ) OF- 34 T3 ) () 8 ms 17 - 2 e AE 3R RN OF- 2
& 4 psf [E] ] iy 26 3 1 A 2R A

®4 WRESSB(EE 25006

SR 18 S8 fid
BT B 95 3876168 3l B X 8 63
AR XS 2390311315 Tl 4555 7200
S ERLE R # B XK 5128
DB $ 4 He A/ 16 KB SRR 0. 43ms
RS S| <8.15ms e R 4. 16 ms

FEFRATHY L5 i A 120 ASFH L W R 120 4>
T BIE A FE B E SR R AL 0 A
I KA 100, FRATTR 10 A4~ AH 7] e B 1 2¢ i > 45 401
SN B % B 7 [0 3 3R B — A 28 i T Bl I Ok
L1200 A5 % A B %A [R) 228 43 5 A3 K. B — it
FARICIE K (R JE 4 MySQL A7 1R 5 6 50
HEAL F A () IF S5 R — N B 5 7E$RAE J — MR Z
H S AR BIME S 30 7s, 145,21 s (575 505>
A7 AASEHOL e A R A AR A 0 5 ) S 2 ]
5.2 ZWRHIESE

FATR A TPC-W HE I 15 i) B8 J2 A5
FAE R FoAT A I A X RO P B A R L A 4
JER G5 B T R A JE M O 28 R 5
KRN KWz 4 B B s 28 A (INT,
DOUBLE,DATE, VARCHAR) , H It & 115 & 1
J#F Chunk Folding L2 A7 2040 () B 114N &1 5 Jr
/s o Chunk0 A28 4 4Nk 55 Bdls J& vE 51 A1, A2,
A3, A4, 43 i xF N AL 4 25 A INT, DOUBLE,
DATE,VARCHAR ; Chunk] £ 2 ¥ 4~ %5 $5 4 J&
PEF) AL, A2, FR 4 28 1 34 )y INT; Chunk2 £ 3%
3 AN K B S AL, A2, A3, H XN Y B 4 2%
A VARCHAR; % 3 4~ Chunk 1T 4 @
PEF Ry TCECHE B T 38 R P 32 A 2,
Tenant J& £ H F 4518 A [\ 19 T 8 45 55 . FF B 78 X
A RS b A A &R 5] TTCR. 5 21 2
B SCHk [ 4] 9F R 45 W ] 8 F — S de i 3 1
Chunk Folding i M S A7 it Z2 4 PG ] 5 v iy KR
T Chunk Folding #2247 2244 I AN & — A1 4T
%8 B AR B U I S A 2R A 5 TRl AR AR S g
SR T 32 5% 2 e A i A 2 2 ] ) O O &R Al
HA—E T 1 23R ATT H AR SR E A b
B S OC R  H R A R 56 R AN 5 TR



2328 it " Hl

e 2011 4

E

CUSTOMER

ORDERS

ORDER_LINE

C_IDCINT)
C_BUSINESS_NAME(VARCHAR)
C_BUSINESS_INFO(VARCHAR)
C_PASSWD(VARCHAR)
C_CONTACT_FNAME(VARCHAR)
C_CONTACT_LNAME(VARCHAR)
> C_ADDR_ID(INT)
C_CONTACT_PHONE(VARCHAR)
C_CONTACT_EMAIL(VARCHAR)
C_PAYMENT_METHOD(VARCHAR)
C_CREDIT_INFO(VARCHAR)
C_POCINT)

C_DISCOUNT(DOUBLE)

Y

O_ID(INT)

L0 ¢ DNt
O_DATE(DATE)
O_SUB_TOTAL(DOUBLE)
O_TAX(DOUBLE)
O_TOTAL(DOUBLE)
O_SHIP_DATE(DATE)
O_SHIP_TYPE(VARCHAR)
O_SHIP_ADDR_ID(INT)
O_STATUS(VARCHAR)
O_AUTH_ID(VARCHAR)
O_SHIP_COST(DOUBLE)
O_DISCOUNT(DOUBLE)

OL_ID(INT)
OL_O_IDCINT)
OL_I_IDCINT)
OL_QTY(INT)
OL_STATUS(VARCHAR)
OL_COST(DOUBLE)

I

ITEM

I_IDCINT)
I_TITLECVARCHAR)
I_A_IDCINT)
I_PUB_DATE(DATE)

I_PUBLISHER(VARCHAR)

STOCK 1_SUBJECT(VARCHAR)

ADDRESS

—TADDR_ID(INT)
ADDR_STREET1(VARCHAR)

S_I_IDC(INT) =
S_QTY(INT)
S_LAST_MODIFIED(DATE)

I_DESC(VARCHAR)
1_SRP(DOUBLE)
1_COST(DOUBLE)
I_AVAIL(DATE)

ADDR_STREET2(VARCHAR)
ADDR_CITY(VARCHAR)

COUNTRY

I_ISBN(VARCHAR)

AUTHOR -
I_PAGECINT)

CO_IDCINT)
CO_NAME(VARCHAR)

ADDR_STSTE(VARCHAR)
ADDR_ZIP(VARCHAR)
ADDR_CO_ID(INT)

& 4

%R 5 TPC-W {8435 Chunk Folding 3 = 75 {i%
U XR(EREZE)
BHEL e S5 e 4
@ (C_ID,C_DISCOUNT, #,C_BUSINESS_NAME) =
(Chunk0,0)
@ (C_ADDR_ID.C_PO) = (Chunk1.,0)
«(C_BUSINESS_INFO, C_PASSWD, C_CONTACT _

CUSTOMER  FNAME) = (Chunk2,0)
a(C_CONTACT _LNAME, C_CONTACT _PHONE,
C_CONTACT_EMAIL) = (Chunk2,1)
a (C_PAYMENT_METHOD, C_CREDIT_INFO, £)=
(Chunk2,2)
a(O_ID, O_SUB_TOTAL, O_DATE, O_SHIP _
TYPE) = (Chunk0, 1)
a(O_C_ID,O_TAX,O_SHIP_DATE,O_STATUS) =
ORDERS (Chunk0,2)

a(O_SHIP_ADDR_ID, O_TOTAL, #,O_AUTH_
ID) = (Chunk0, 3)

a(# ,0_SHIP_COST, # , #) = (Chunk0,4)

a (£ ,0_DISCOUNT, # , #) = (Chunk0,5)
a(OL_ID,OL_COST, #, OL_STATUS) = (Chunk0,6)
a (OL_O_ID,OL_I_ID) = (Chunk1,1)

a(OL_QTY, #)=(Chunkl.2)

a (ADDR_ID, ADDR_CO_ID) = (Chunkl, 3)

a (ADDR_STREET1, ADDR_STREET2,

ORDER_LINE

ADDRESS )\ hDR CITY) — (Chunk2.3)

«(ADDR_STSTE, ADDR_ZIP. # ) = (Chunk2 ,4)
STOCK «(S1LID.S QTY)=(Chunkl. &)

«(% ., % .S LAST_MODIFIED, #) = (Chunk0.7)

«(I_ID.1_SRP.1_PUB_DATE .I_TITLE) —

(Chunko0,8)

«(I_A_ID,1_COST,T_AVAIL ,I_PUBLISHER) —
ITEM (Chunk0,9)

«(I_PAGE. #) = (Chunk1.5)

«(1_SUBJECT ., I_DESC. L_ISBN) = (Chunk2.5)

« (I_BACKING. I_DIMENSIONS, £ ) = (Chunk?.6)
COUNTRY  a(CO_ID, # , % ,CO_NAME) = (Chunk0, 10)
AUTHOR a(A_ID, #)=(Chunkl,6)

a (A_LFNAME, A_LLNAME, # )= (Chunk2,7)

I_BACKING(VARCHAR)
I_DIMENSIONS(VARCHAR

A_IDCINT)
A_FNAME(VARCHAR)
A_LNAME(VARCHAR)

3 PR A A TPC-W b i 32 B X

Chunk0 Chunk1 Chunk2
Tenant Tenant Tenant
Table Table Table
Chunk Chunk Chunk
Row Row Row
ATCINT) A1CINT) A1(VARCHAR)
A2(DOUBLE) A2(INT) A2(VARCHAR)
A3(DATE) A3(VARCHAR)
A4(VARCHAR)
K5 A Sk 9 Chunk Folding 3 S 47 fif 424

SIS P RAEAR L AUTHOR &Py ALLNAME
AITEM £ I_TITLE 7 B2 8 A1 iy A 7
Bt R TPC-W 245 T B2 ¢ WGEN A A,
EFBEAIE TPC-W L b AL ™= 2. X+ & —
FIRATE R L 20 M A4 1) 5t , R [l RHLP 1) 44
S B AL BC 5 1O 47 A B8 R 1 o A B A — SRR P 8K
VAR 4% B B Y. 5 TR S — S R X T
2R AT Y 3 RN A B 2 L FE R AT Y Chunk
Folding =2 Z0 44 v 35 94 W B 30 B wT L5 34T T 1Y
1/O ARAN A 1o [ st (58 45 52 o S22 56 1) 5 2 AN 1 o
PE DR Z /0 DT e 45 R AT RR 48 B % 1 T 28 A7 L
) X6 A T 1 R 11 5
5.3 LB/ER

5 1 AN S50 v R T Ao AR 45 B P Y SLA i i
IR 1] 75 3K % F ok 4% 48 MySQL/TnnoDB 4 4
SURMEIY LRU Z77 5K s DA A SCHR i Z R P 22
TESME T B BAEMAE, I8 6 45 1 T 3R P R E P i
ST ok
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Background

With the development of network and maturity of appli-
cation software, Software-as-a-Service, i. e. SaaS, is becom-
ing a new software delivery model where owner-ship and
management of applications are outsourced to a service pro-
vider.

In order to gain benefit with scale effect, service provid-
er adopts shared storage shared architecture to store tenants’
business data. However, due to the lack of the consideration
of multi-tenancy, multi-tenant database constructed from the
traditional database presents insufficient in the management
of database memory. First, traditional database memory
management mechanism adopts page as the cache replacement
unit, while in multi-tenant shared architecture each page con-
tains lots of other tenants’ data which is irrelevant to the re-
quest, so use page as the replacement unit will result in a
waste of memory. Second, memory management of the tradi-
tional databases lack the property of multi-tenancy, it con-
ducts the memory management from the perspective of im-
proving the overall performance without considering each ten-

ant” s SLA requirement which will lead to a unreasonable
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memory allocation among tenants. Tenants with high access
frequency will take over a majority part of the memory, while
tenants with low access frequency can’t get the necessary
memory they need to satisfy their SLAs.

In order to solve the problem, we propose a Self-Adap-
tive Multi-Tenant Memory Management mechanism (SAMT-
MM). It adapts with the current access model and combines
with properties of the shared storage schema, then the mem-
ory management problem is abstracted as a modified Knap-
sack problem and a greedy algorithm is adopted to compute
the corresponding memory for each tenant until it satisfies
the tenant’s SLA.
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