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In this paper, we are going to show controlling the
elasticity of application servers and databases sep-
aretly can cause performance degradation of client
applications. To solve this problem, we propose the
scheduling method of live migration which utilizes
VMSs’ access locality. Then, we clear up the frame-
work of the execution environment of applications
which use large scale database. Furthermore, we eval-
uate the proposed method with OLTP in real environ-
ment.
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hv = get_hv(vm)
db = get_db(vm)
if hwv.load() > hv_heavy_threshold then
hv_load_distribution(vin)
if db.load() > db_heavy_threshold then
db_load_distribution(vin)
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Algorithm 8 DB O &2 7L 3V 2 A

//array of hypervisor in the system

hvs

dst_candidates = []

for all /v in hvs do
//lestimate the hv’s load when vm is migrated
estimated_resource_usage = hv.load() + vm.load()
if estimated _resource_usage < hv_heavy_threshold then

add hv to dst_candidates

//choose the highest loaded hv.

//destination can be NULL if dst_candidates is empty

destination = highest_load(dst_candidates)

if destination and migration_cost < migration_threshold then
vm.live_migrate(destination)

else
//give up hv load distribution
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for all db in dbs do
//lestimate the db’s load when vm is migrated
estimated resource_usage = db.load() + vm.load()
//calculate access similarity
access_similarity = similarity(db, vm)
if estimated_resource_usage <  hv_heavy_threshold and
access_similarity > db_similarity,hreashold then
add db to dst_candidates
//choose the highest scored db
//destination can be NULL if dst_candidates is empty
//score is calculated by
//score = axestimated_resource_usage+(1—a)*access_similarity
destination = highest_score(dst_candidates)
if destination and change_db_cost < change_db_threshold then
vm.change_db(destination)
else
//give up db load distribution
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ZERITTD X107 5. GHREEER 2% 1187, HV, DB 1A
A v F %L T10Gbit £ =¥ F v P THEHRIN TS,

5.3 BEMEDRE

Ao a2 7 7)) r — a YRR DBHE sla_threshold 13-
Y97 ) JLERRERT 500ms & L7z, BERE L 2B CHV 25K b Ly
7 LR DIRIE DB SR LRy 7 L BRI b & CTHETEH %
TWIELZT 7Y =y a VIO R P vy 713 HV &£ DB D
CPUHHE»SHETE S Z EMMEIPD SN, Ko TRETZ LT
Y ALIZEWTHV & DB O&AMHIRDLUE CPU fEHETHET 5.
HV 238 bV 3y 7 & 7 2RWCT ORISR T 7 =) JLBRIRF
23 500ms % kA% 57— 5D 9 5 HV o CPU D /o b
DIF 88.6%, DB 23K b )L % 7 L2 IR CORHAGS ¢ 7 =
) AUBERERE2S 500ms % B0l 77— % rid 9 5 DB @ CPU {3
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Triger DB connection change

Collect infomation
from VM, HV, DB X‘:lger live migration

VMI VM2 VN3 VM4 V]

\[Vl l\I\ 2 \ ‘}l\ 31

S

‘ DB1 I)B)

VM6 VM128

DB3 H DB4 H DB5 H DB6 H DB7 ‘ DBS

u ‘/\ - “ - u u u w - u

M5 WEELL I FaryEa—T 4 v 7B
2 1: BIHRRRERR

HV(*8 &) CPU | Intel Xeon E5530 2. 4Ghz
memory | 24GB
OS | Debian 6. 0. 4 Squeeze
kernel | Linux 2. 6. 32
gemu | gemu-kvm-1. 0. 1
network | Intel 82599EB 10Gbit

VM CPU | 2 virtual CPU
memory | 1GB
OS | Ubuntu 11. 04
kernel | Linux3.0.0

blk driver | virtio-blk
network | virtio-net
DB(*8 &) CPU | Intel Xeon E5530 2. 4Ghz

memory | 24GB
OS | Debian 6. 0. 5 Squeeze
kernel | Linux 2. 6. 32
DB | MySQL 5.5
network | Intel 82599EB 10Gbit

PEND B DX 80.1% TH o772, V) — AHHZHIZ 0 DLE 1 DL
&% % K9 hv_heavy_threshold = 0.88, db_heavy_threshold = 0.80
E L7, £7: estimated_resource_usage DHEHIZFHUEREIN T VM1
BOAZKE SO R 2T 5. HIZI1FY Y — 2
#0500 HV ICEHi 4D VM Z~ A 7 L—FT2LE VML
BToiHMOEE 4 DL &0 HV ® CPU #HH*X 0.12 £ 1,
estimated_resource_usage = 0.5 +0.12 = 0.62 &£ 72 %. DB D
ZEHESEDOWREIZ VM O 7 7 & A & DB ¥ v & 2 OHFPIED
EL o RERET 202 RTIHETH S o 13D 5 b FEISEICHH§
%05 ERELT.

5.4 DBF¥vv>21& VM7 7 EAEHRDHELEE DB D

ERELTEZTSBOREDRE
RE7L -2V =27 TiZ DB ¥ vv ¥ 2Dz DB » 5 BE 7
22 ERMELTOLY, KX TIRFEELMEICHEIL -0
7 7 AHifii % warehouse & L C VM O 7 7 & ZH{ilH D EH &
P DB Ok D 2> Fu—523DB ¥ vy & 2 DIREER H
fIRflc S 2L — 1+ 9 5.
TIal—vavorILIaYRALETILITY AL 4IZRT. F
FTHDBIKOWTF ¥y 2 DREETEH T 2. DB RT3
VM ZHf3 L, #6Hi9 2 VM 287 7 & 2§ % warehouse % HUf5
9 2. DBDOF vy alEWHiidar b v —F N T warehouse ® ID
X =Ty a2t LTEEINOODPS 1D LS. 01X
VM 2677 A EI NSNS 275, DB ¥ vy 2l %D
F— I L S RS S WS E 2R L, 11 DB ¥ vy ia
IZF — ZAHAET B AJEEMEDSENA & 2R T, S L 72 warehouse,
wAF—ELLTHELZVES, ¥—%2 w, fHIZ0 L Txry
alEREERT S, wai¥x— L LTHEET 284, w ICHIGT
2D 1 RO L& KE*)%V//:LIE#E@E%}T’E?‘% 10k
BAEwOTF—21dF vy a FICHEET2 LML IS5

FHIEATDb 2, Fry 2 ERHOEHOD, 3 DB DT«
AT IR AAN=Ty b ZHFRL. AN—T"y b BTOEDT
disk_access_threshold # TlH[> T 24, ¥ vy ¥ a LT —
W BIDICT 4 AZDFAEL T el L, fdic 1 & LE
BT 3. AN—7v b disk_access_threshold % F[0] 235413
T ED 7 cache_increment Z VM 237 7 £ A3 % warehouse
DRBTHED, F—ICRIET 2EICET. VM7 272 AT 3%
warehouse DRI TE 2 DX, 77 & A9 % warehouse DEHS
W2 25EwIIHNT 572 RITERIHENCED T 2720 % vy
2T —=FDD 5 E T % E FHERENET-OTH S.
disk_access_threshold & cache_increment #HRE T % 72
Xryaz s 7 LRETHEGRZiT-o 7%, 2O/, 77
+ 29 % warehouse ZUZLHI L T7 7'V r — a v PEREDSIPOR
T2FTORBPEL 25 2083000, PCRIRFIZIET 4 A 76t
AIAATRIE 1.0MB/sec BLT & % D, warehousel 22X d %
T=FBX Xy L2 llDBETIC LT 0052 E3bh o7, 2D
7z % disk_access_threshold |% 1.0MB/sec, cache_increment
117 £ L7, £72DB ¥ vy 2t VM 7 7 & A& O X
VM 7 7 & Z#iic & 4% warehouse D DB ¥ vy & 2 TD A

N=HL L, ROXTIHET 3.
V = warehouses which a VM accesses
C = warehouses in DB cache
similarity = vne
y Vi

ARFSC T db_similarity_threshold = 0.5 £ L VM O 7 7 & A
KR Warehouse DYFLLENF vy o2 I AZRIT I LT
INLY6, DB O AEHZ R IET 5 X H I L%,
Algor1thm4DB X¥ryradrIial—av

//larray of database in the system

dbs

loop

for all db in dbs do
vms = select vimms connected to db
for all v in vins do
warehouses = get warehouses accessed by vim
for all w in warehouses do
if db cache doesn’t include w then
db.cache[w] =
else
if db.cache[w] < 1.0 then
if db.diskread < disk_access_threshold then
db.cache[w] = 1.0
else
db.cache[w]+= cache_increment
sleep 1 second

6. RKEEREBEICKITZIEEFEREUVLRRF
s NOE i

KRR IC B W CHAR A ME L BMESE 7 7)) r—y 3
VTMA TG, RET7 V=L =27 7)) r— a IO
LEBIEDDOL T AT 4> T 4 ZFBTE 205l L 7z, FHAPRS
X 612789, VM X 4 5D HV EI2 32 &30, &al 128 B #(H
I, ZETCOVMATTY 7V r—yav a2l ZLHeTo
VM 3 DBl ICHHii T2 LI L72. VM D7 7k 2454613 8l b
DT VX AT — (a,b,e,d,e, f,g, h) ZHEL, VM1 16 I a,
VM17 32 1 b...VM113 128 i h &£ VM16 5% 7/ L—7¢ L T
TIRANRY =V aBNNBT, ZNTNDT 7 AT — Uk
8 © warehouse # & &, Z 12 1ULEH I3 720, % DB XX 6
@ DB cache fiICR L7277 & A8% — V2 & $115 warehouse
DT —=FBX vy ¥ 2 IFET 5 L) 1Ko 7. Ao L3 m
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Access pattern:
(fallbl  (cl(dl__ Tellfl (gllhl )
VMI1-VM32 VM33-VM64 VM65-VM96 VM9I7-VM128

Application load

HV load balancing

mn HV2

\M load balancing

I — I
DB] DBZ DB.{ T)B4 DBS DB6 DB7 DB8

DB cache :
(\ ab,cdefgh] [b]

[d]
\\ 128 w 128 w 128 \« 128 \\ 128 w 128 n 128 w 128

BT 2 A2 RE L 7 FHERE

X 6: RHULERE I

TPM
1400
1200 J — resource usage and access similarity |
1000
=

only resource usage

800
600
400
200 [¢*

TPM

Delay
3000

— resource usage and access similarity
only resource usage
2000 [~ N

2500

1500 - : | y .

delay (ms)

1000 | i
500 VN TV WWVW"VWW"”V"

QA

0 100 200 300 400 500

time [s]

K7 R_E7VL =209 —=212k 27 77— 2 IEREORHRIZ(L

128 BDO VM OH» 5 5 v ¥ A0 1 SRR 1T kX
Lt ERHERRELT? Y r—vavD7 27X 2040
& DB ¥ vy ¥ 2 O EEE S, DB DV Y — ZFHED A
ZIREE L L C DB Ok A% P L 72 A ToRHII b 15 7.
RG] 7 1R Bl ERZE B LT s I T R
754 VM O TPM &7 ) QU2 £, 797 XD
BEFHECBLWTUR 7T Iy —vard 77204 & DB ¥ vy
a2 DFRIEE B L CAMIIZET) 2 & TREBBEICE »
THIFE 7 ) BRI 2 500ms MU ICflZ 6T \wb 2 LS
bhrs. itme CRALTHY Y —AfEHROAZIEE L LT
BfiaiE LGOI R TIRAK 1.8 5L & b, ML {LE A
T17XT4/T4%%ET§TM% L DHER T E 7.

7. ¥&H

KX TIZZ 97 FavEa—F4 v JIlBWTT—F A4 VT
VITRT IV = a v DI TAT AT T4 BRET 72012
77— /a/®77hx%%@%%ﬁbf%ﬁ%ﬁf‘ﬁf
BRIRE L. T4 v T vy 777 ) r—y a vy Tliifilf
FROEE), 77 ASIN5T—F BHOEEFHPKRE L, WHEATRDS
KBIZTHTE V), Ao ERICALYE TETRICEANRY
BT CENEETHS. 7797 FaryEa—T4 v 7IcBWw
THV &L DBOKENRT 7V 75— a v EBEOR L 2y 712k
ZHREMEDSH D, ZNZNOAFTBICET 20F7EIE % k3
Tw3, L2 L X DARNAARMIIO7-12iE HV & DB Offj
FZrHMS e AMOETENLEE 2%, ZZTHV £ DB %
WMHI LT TV r—2 a vy 7 7 AT & L - EZTH
Ui G S R 1 W O

PREFETIE, HV & DB O afiriz i L <f7v», DB O &
MO T TV r—> av D7 7 A5 E DB ¥ vy a
DEPEZBET LI ETXF Yy P2 I AL ET7 7Y 5= 3
YOWRBILZE O DAMDEE T . FHIFEEIC X DIRET

LRI TCT TV — a3 v OWEESLE S > oA
DT Z B 0MEEZ T o 7. Z DRGSR, MEREHE 2 HERF L o> HV &
DB DI EMFEITTE S 2 EDMER I N, & S I KBRS
ZRUE L 72 128 B D VM »HK(E T 255 T T VM D fafiiz LA
I FORETFEOGHME LRI L.
RBICSHBOMELZ Z LD 2. AR TIIIEEL2HICHFET
7% DB O ¥ vy > 215 % DB 2 5 [EH:45 2 D Tld s L, Aoy
BEfF ) avyitue—908 VM o7 7k Ad#HEZFHAL, #EET 2
FHFEL 0L ) IFfEZR DB ¥ vy 2 2 DA IET 2720
DB 25 EEF vy ¥ a2l s L)L, LT AT 4
VT4 DEBRGHEE L TAMIEICOARER LD, 77 75—
TavOAmMIEA LgEaE HY &£ DB oA ZENT 5 2 L
T 77 FEEO) Y —AFHEEZ TFons tEL605. 7
TV —= a v ORI L GEYNICEHEE R 2B D 24T 5 Tk
IZDWTHSBIFET L TTE 72\,
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