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Abstract 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 VMs’ access locality. Then, we clear up the framework of the execution
environment of applications which use large scale database. Furthermore, we evaluate the proposed method with

OLTP in real environment.
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//threshold for load balancing trigger
sla_threshold
//threshold to judge HV is the bottleneck.
hv_heavy-threashold
//threshold to judge DB is the bottleneck.
db_heavy_threshold
// array of virtual machine in the system vms
loop
for all vm in vms do
if vm.per formance < sla_threshold then

hv = get_hv(vm)

db = get_db(vm)

if hv.load() > hv_heavy_threshold then

hv_load_distribution(vm)
end if
if db.load() > db_heavy-threshold then
db_load_distribution(vm)
end if
end if
end for

end loop
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Algorithm 2 HV D&M T L TY X L
//array of hypervisor in the system

hvs
dst_candidates = ]
for all hv in hvs do
//estimate 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
end if
end for
//choose the hv whose load is highest in dst_candidates.
//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
end if
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Algorithm 3 DB QA7 VLT Y X L

//array of database in the system
dbs
dst_candidates = []
for all db in dbs do
//estimate the db’s load when vm is migrated
estimated_resource_usage = db.load() + vm.load()
//calculate access similarity between vm'’s access pattern and
db’s cache
access_similarity = similarity(db, vm)
if estimated_resource_usage < hv_heavy_threshold and
access_similarity > db_similarityihreashold then
add db to dst_candidates
end if
end for
//choose the db whose score is highest in dst_candidates.
//destination can be NULL if dst_candidates is empty
//score is calculated by
//score = a #* estimated-resource_usage + (1 — a) *
access_similarity
//destination can be NULL if dst_candidates is empty
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
end if
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Table 1 Conputational Environment
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 | Linux 3. 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

T 7ANVCATLAEEEL £HAVIIZhEze v M T
%2 E TR HV LR VM % L8 © & 2 B2 i
L. £harvtue—9%2A0LTaTH VM ORLE), {Eiko—
JCEEEAREICT 2 LRI, 94 7~A L= avbirH 2
EWTEBEIICLE. SHICVMATHEIZE 27 7Y r—
voa volR#), F1k, 77 7 — a YIEREO B, BB 0%
OB DBOAEbaY b= %N L CEITTES., 20
avira—9 RIRE7L—L v — 22 VM B fafif
ERICHEDETHEIMNIC HV & DB OAMIHZEFEITT S L9
9%, FIRERE AR 1I1ICRY. HV, DBIZAA vy F%2MHL
T 10Gbit £ =¥ 2y FTEfHRIN TV 3
5.3 BEMEDRE
AmMoBERNTE 7 7V —varv o B#E
sla_threshold 1Z3¥ 7 =) AUEREFRE] 500ms & L7-. #ESE L 7-
BREICHVSR VR Y 7 ERDRDLE DBBR LRy 7 L
R HRULD b & CHAGHIZTWHEIE L e 7 7Y r—3 a U 1ERE
DR MVEY 7I1ZHV £ DB @ CPU AL, SHETES Z
EDNEP D SN, XoTIREZ L TY XLIZBWTHV & DB
DEMRYUE CPU MR CHET 2. HV AR LRy 7 &7
2 RPL T OFHHIFE S T 2 =) BRI A AY 500ms % 1[0] %



T RD ) H HV O CPU EHHIRAND S DI 88.6%, DB
DR PV gy 7 L g ZRDLTOFHIRE R ¢ 7 =) QUi A3
500ms % LAl 7 =% 5D 9 5 DB @ CPU fiHENR/IND D
DX 80.1% TH o, VY —AHHAFIZO L1 DT EZRS
&9 hv_heavy_threshold = 0.88, db_heavy_threshold = 0.80
& L7z, 72 estimated_resource_usage DHEHIFFHIEREEA
T VM1 B0OAZ KBS 72RO R2HMMT 5. #l21XY
Y —AE 0.5 D HV ICHEH 4D VM Z2<A 7L — ¢
% &%, VM1 B COFRMOERE 4 D EEZD HV ® CPU f#iH
# 0.12 £ D, estimated_resource_usage = 0.5 + 0.12 = 0.62
& 7% %. DB DERALIOWEIC VM O 7 7 & A & DB
Fry L aBPEOLEL S REBLET 22T THEETH S o
FEB 5 HFEICFHEY 2 0.5 EEREL .
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PIal—3avdPNITY AL ETILITY AL L4ICTAT. £
THEDBIZOWTH vy > aDREZEH§ 2. DB ICHRT 5
VM ZHUS L, #4695 VM 237 7 & 29 % warehouse % Hif5
9%. DBDX vy aff#Hizar b e — 7N T warechouse D
IDZ2F—t92 vy a2 LTHEEINONS 1 DIER LS.
0IF VM 2677 AINLAREMEDH 205, DB ¥ vy a
WZZDT— DL L W HEEEDS ‘W Z L2/ L, 113 DB
¥y all T YRS A AREESE N Z LR T. IS L 7
warehouse, w 3% — & L THEEL BVEAS, ¥—% w, I3 0
ELTHx ey v alHEHEN T2, wii¥—L LTHEIET 2454,
w SRR T AMEAY 1 RIGOHEITIRD ¥ vy & 2 EROEH % ¢
2. 1 U EOEAEw DT —F1E¥ vy > a BICHET 5 &l
LI SRZEHMIM TRV, vy v 2 lROEH OO, £F
DBDT+4RAI T 7R AARN=Ty F ZFAR5. ZAN—7"y i3
F D ED 7z disk_access_threshold % T[> TWw 354, ¥ vy
va bIeTF =0 H 27DICT 4 A7 HBFEEL T &
L, fHic1 & LEPITS. AL—7v bddisk_access_threshold
% LI 2 5618, T OED 7 cache_increment % VM 237 7
£ 2% % warehouse DFRETH D, F— 1T T 2MHICET.
VM 237 7 % AT % warehouse DR TEH L DL, 77 AT
% warehouse DEDMEZ 5 & w I $ % 7 ) FATEDIHXS
IR 270 F vy ¥ 27— 93D % F TR D00
LETPHENGT-OTHS.

disk_access_threshold & cache_increment % JRIET % 72 &,
¥yyiaz 707 LIRETHEHNZT o7, ZORE,
7 7 A % warehouse BUZHHI L TT7 7Y r —> 3 R
DINHKT 2 TORMPR L &2 2 E23br D, PRI IE
T4 R Y FtIIABAAEIE 1.0MB/sec LT & 7 D, warehousel
DICHIET 2T =D F vy T 2llDBETICITH»25 2
EBOroT. ZD7 8 disk_access_threshold 3 1.0MB/sec,

cache_increment 13 1/17 &£ L7z. % DB ¥ ¥y 2& VM 7
7 2 AHIPHOFBIE L VM 7 7 & AHiBHIC & £ 41 % warehouse
DDB ¥ ¥y 2 TOAN—FKE L, ROXTHET 3.

V = warehouses which a VM accesses

C = warehouses in DB cache
stmilarity = vnc
V]

AL TlE db_similarity_threshold =05 £ L VM O 7 7
£ 2§ % warehouse DL EF vy o2 IARBITIL
BPMIN 254, DB O#hRAEH 2R IET 5 k) ic L.

Algorithm 4 DB ¥ vy > 2Dy Ialb—¥ a3V
//array of database in the system
dbs
loop
for all db in dbs do

vms = select vis connected to db

for all vm in vms do
warehouses = get warehouses accessed by vm
for all w in warehouses do
if db cache doesn’t include w then
db.cache[w] =0
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/length(warehouses)

end if
end if
end if
end for
end for
end for
sleep 1 second

end loop
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Access pattern:
(Talibl_Telrdl__ Telifl Telinl )
VMI-VM32 VM33-VM64 VM65-VM96 VMI7-VM128

Application load

HV load balancing
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| e | (e | [ | [ | (e | [ | (e
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DB cache :
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