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Simultaneous Pursuit of Load Balancing by Data Migration

and Quality of Response Performance on Parallel Storage Systems

Da1 KoBavasar™2 and Haruo YokoTa'!

Load balancing between storage nodes is important to keep performance of parallel storage
systems above required level. However, online load balancing with data migration causes
a temporary quality violation of system services. To solve the problem, we propose a method
using replicated data to keep the service quality even during the data migration. It forwards
overloaded accesses to the replica data, and selects an appropriate source node of the migra-
tion from its original or replica to moderate the load and to shorten the migration process.

Mar. 2008

We show its efficiency with simulation results.
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5. Replica-assisted Migration
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M: illustrating # migration tasks on each node
n,j,k: node number.

node j has replicas of node n, .
and node k has replicas of node j
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Fig.3 Concepts of algorithm for calcuration of access

forwarding ratio.
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Table 2 Specification of experiments with synthetic

workload.
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Fig.9 Transitional average respons time when workload

change was mild. Load on each node are increased

(2.2, 1.5, 0.5, 0) times. Access arrival rate are

smaller than service rate.

g
o, 1000 T T T T T T T
(o]
E 100 [ [ —
e or e E
Q /
A 3
o | ' Speed Adjust(K=10)
g 01r ! normal ------- .
s 0 [ ] e ez BM oz ]
@ 0.01 1 1 1 fl
3: 0 500 1000 1500 2000 2500 3000 3500
t [sec]
010 DO000OoO0O0oOoO0O0ooO00oooOooooOoOoOomg

go0o0oo0oooooooooooooooOooooOo27O00
l1.100020000000000000000000000
000000 >000000000000 50000/0
gooooooooooooooodg
Fig.10 Transitional average respons time when workload
change was rapid and extensive. Load on each
node are increased (2.7, 1.1, 0.2, 0) times. Ac-
cess arrival rate became larger than service rate,
so that five accesses per second are enqueued the

queue in the node.

74 0000 3000000O0OO
gboobooooobooboobooboobobooo
gooobo 200000000000 bDOO0bDOOD
goobooooooooboobooobog11bogo
poooo
gooo9uobuobobuobobooboboboo
O00O0s=1500000000 140 [req/sec] 00O
gobooogoob t=60000000000000OO
gooboooboobobooboobobooboooo
goO¢t=90000000CRMDOOO 2000000
gooboooobooobooboooboobobooobogoo
gooboooooobooboooooboobooo
goooooooobooorRMOObDOODOOO
goooboboobobobobooooooooo
goobool1oo00oogbobobuoobobobooo
t=15000000000 140[req/sec) DODOODO



Vol. 49 No. SIG 7(TOD 37)

goobooooooobobooooooooot=e6000
gooobooooooooooobooooooooo
goooooooooobooooooooboooooo
gooobooooooobooooooooooooo
OO0OO0normal 00 ¢t=90000000000000
gooooooooooooooobooooooobo
goooooooooooooboooboooooo
ooooobORMOOOOOOOOOOODOOO
gooobooobooooooooobooooooooo
goboboooooooooot=9000000000
gooobooooooooboboooooooooo
goooboooooooboobooooooooobooon
gooooooooooooooooooonoooo
gooooooooooooobooooboooooo
goooooooooooooobobooonoooo
gooobooooooboooooooboooooo
goooooooobooboooooooooooobo
gooboobooooooocoooboooboOooooo
gooobobooooooooobooocoooooooo
gooobobooodoooooooobooooooooo
goooboooooooobobooooboooooo
goooooooooooooobooooooooo
oguoooooon

oboooooooooooooooooboboooDo

rRMOOOOOOOOOOOOOOOODOODOOOO
gobooooboooboooooboooooo

8. WEBOUOOOOOOODOOOOOO

00000000000000000000000
000000000000000000000000
00000000000ooon

00000000000000000000000
0000000000000D00000000000
0000000000000 D00000000000
00000000000 000D000D000D000D
00000000000 D000000000D000D
00000000000 D000000000000Dn
000000000000000000000000
0000000000000000000

8.1 O |

0000000000000 0000000dFIFA
WorldCup98 Official WEBO O OOOOOOOOO
0D000® Ooo00000000000ng 30
00000000000 000D000D0000000
000000000 30000000000000
000000000 24) 0000000000000

goooooooOobooOooooooooobooooobooooo 39

03 WEBOOUOOOOOOOOOODO
Table 3 Specification of experiments with real server
workload.

workload parameter value
time span 3 hours

# of requests 0 20,000,000
read:write 10:0

430 MB x h x 2
(Primary & Backup)
# of total files 21,000

total file size

relative access quantity

4000 5000 6000 7000 8000 9000 1000011000
t [sec]

011 00000000O00O0O00O0O0OOOO0ODODOOOOOD
00 4000000000000 10000000000
J000000000D0avgD OO 0000000000
0000000000 0OmaxO00000O0OO0OOO

Fig.11 Average quantity of requests per a minute as avg

and max quantity of requests per 5 minutes as max
as a Trend of used workload.

goooooooooooooooooooobonoo
goooooooOo hOOOOOO0ODOCOOOOO
go0oooooowEBOOOOOOooODDODOOOO
gbobooodooooooobooocoooooooboooa
goboooodoooobooooooouooooboooa
gooooooooooboooo
goboooooboooobooocobonnooooon
gooooooobOoooooooo 4000000
0fil0f400000000000000000O00COO
goboooooooooooooboooooooboooboo
gobooooooooooobooooooobooooo
00400 avgOODODOOOOOOOOOOOO tO
500000 60000 00 2030 0000000000
0o00000o00Oot=8000 0000000 f2013
gobooooooobooboooobooooooooa
OD0max 000000 2040000000000
ooooof0f40000000000000000
gobooooooooooocooooooboobooo
t=10000 00 fA-max 00000000
gobooeoO00OO0OOO0OO0OOODOOOOOOO
00000000000000 20%00000000
ooooOoooooooo s%0oo0ooooog



40 gooooooooooooonoo

za-mig  + speedadjust(K=10) ©
normal X speedadjust(K=5) =
RM % avg latency (za-mig) -------

es
o
N
L3
o

1l
average response time [sec]

°

fraction of # viola
\

h (load para&neter)
0.8
07 _sp'd a(}'<:1'0)—HI T
0.6 | spda(K=5)-—>x—
0.5
04
03

o o
o o
o @
T

—

A=)

~t

001 | X A

0
001 |
002 |

0.2
0.1
0 s
1 1 1 1 1 1 1

30 32 34 36 38 40 42 44

h (load parameter)

difference of fraction of
# violating accesses from za-mi

I

difference of fraction of
# violating accesses from za-mig
s

o 30 32 34 36 38 40 42 44
h (load parameter)

012 00000000000D0000000000 za-migO0O

OOWEBUODOOOOOM(a) 00000000000 za-

mig 00000000 (b) normalJRM 0000 za-mig

00000000000 (c) speed adjustd K = 50100
0000 za-mig 0OOO0DDD0ODDODO

Fig. 12 Ratio of violating accesses (WEB server workload).

(a) Absolute ratio, (b) difference from za-mig (RM,

normal), (c) diffrence from za-mig (speed adjust).

oooooooooooooooobooooooon
oobooooboooooo

ooboooooooooooooobooooooo
oooobnso0o00000000000000000
gooobobooooooobobooooboooooo
goooobooooooooboooooobooooo
goooboboooooooboooooooboooobo
goooooboooooooooooooooooo
goooboooooooboooobocOoooooooo
gooobooooooobooooooooooooo
gooooooooooooooooo 3600000
ooboooooooooooooooobooooon
gobooooobooooooooono

gooboooooooobboooooboobibooon
goo1l1gooooooooooobooooooooo
goooloooboobobobo0oooogne.2.20
oom

8.2 0000 100000DOO

012(x) 0000000000 AROOOOODOO
goooooooooobooooooobooobooooo
gooooboooooooooooboooboooooooo
00000000000000000000 12(a) O
gooooooooooooooboooooooo
gooobooooooooooooooooboobooobo
gooooooooooooooobooooooobo

Mar. 2008

000000000000 000000000 Zero
access migratior] za-mighO O 0 0 0 0O 0O O Oza-mig
goobooooooooooooOooooooooo
gooooooOo0oooooooooooooooo
g00oooooooooo0Oooooooooooo
goooooopoOoooooooogoooooooo
00000 000ooo000d0b0zamigOO0Ooono
gooooooooooOoooooooooobooooo
gooboooooooooooOoOooooooooo
gooboooooooooooooooobooooo
go0oooooooooooooooooooooo
goooooooOo0ooooooooooooooo
gooooooOoOoooooooOoOoooooooo
0000000000000za-migd 0000000
za-mig 00000000000 O0COOOO0ODOO
0000000000o00O0ooooooon 12(a)
0zamigOO0O000000000O0 za-migOO
goooooooouoooooooog 12(b)o(e)
O00za-migOOOOOOOOOOODOOOOOO
h=440000000000000000000CO
O za-migOOO0O0OOOO

012(x) 000A<30000000000000
gooodoooooOoooooooooooooon
h<30000000000000000O0O0O0O0O0
goooooooOoooOOo0ooOoooooooooo
goooooo

0 12(b) D00Onormal 00 za-mig 000000
3%0000000000000D0O00O000DOOO
ooobo0o0o0o0ooo RMOOOD zamigOODOO
oooooOoooooouoouooooooog 12(b)
goooo00oo0oo0ooo0ooOboO0oooooOoORrRMO
normal 0000 7%000000000000000
goooooo0oOooooooOoOoOoooooooon
oooooo

0 12(c) OO Ospeed adjust 00 h =360 h =43
gooooooOoOooooooooooogoooo
goodooOooooooouoooooooooo
goooooooooooooboOoboOooooooo
oo0o0o0 1830 A=3500000000000
000000000000 110000000000
ooo0o0o0o0oO0oOoO0oO0OO0O0O00AR=350000
000000000000 O00¢=550000000
gooooooooooooOooooocoooooo
goooooooOooOoooooooooooooo
goooooooooooooono khOCOOOO
gooooooOoOooooooooOoooooooo



Vol. 49 No. SIG 7(TOD 37)

1000

25
A 2
4 15

4 10
41 5

-
o
o

average response time
int:erval tirne T

response time [sec]
-
o

interval time [sec]

0.1 . 0
4000 5000 6000 7000 8000 9000 1000011000

t[sec]
013 A=350K=10000000000000000000
goooooooooboooooo
Fig.13 Transitional average response time and interval
between migration (h = 35, K = 10).
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Fig.14 Transitional average response time (WEB server
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execution timing.
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