BEIEF =R G Vol.61 No.2 339-350 (Feb. 2020)

THZ 7T FA ML —2 - WWHFEMRIZ BT 5
HELE T O HI Tz vTRE & 9 % Bl oy BT

s

A4 Eha) SR L) R R FOE FEBLY R A2

ZftH 20195890, #5}H 2019F11/7H

BEE . ToT (Internet of Things) ICBWTHAWSINDG T =4 %, AL EOEGEL ¥ — & L TR - 0L
et 7 FA ML — Y ECHE B O A EI T 28 7- 2458 - HIHT% VNLB-ES 2%
4. VNLB-ES &, 5327 97 FA ML —=U Y AF A0 AA ML — VAR - BEBREN - WA &,
AR 7 — P& CRIERYICEROWIL, — F GHER) 1Coms e o ks M2 5. £72, ZRkEnhb
PRI PEE 72 %) Y — Am BB VIR T, ] — FOBE L 2\ WiB ) — &R L C, Fik/—
BRI IREE E 3 2R RE A IR 2. ChD 2 DOEEDMATIZ LY, WHL — FRIORIERA 2 AR 5HL
REHLOD, VAT ASKOWEE ERKEICHIRT 5. 32— a9 VR, BXUY, EELHAV
723EMMIIC &V, VNLB-ES 75, BLGFEOAMGETRELNTRATENNEREY 10%EEHKTE L2 &
ZRL7-.

F—7— KT, P2P, 5#F =1V 2= M7, MRS, A5

An Electricity Saving Load Balancing Method
for Cloud Storage and Processing Platforms

Takasur KiMatal-®  Yuuicar TERANISHIY'P)  TaAkAruMI HOSOKAWA?!-©)
HiroakT HArRAT:D  SHINJT SHIMOJOL:2:©)

Received: May 9, 2019, Accepted: November 7, 2019

Abstract: We propose a novel electricity saving distributed storage management scheme called VNLB-ES,
that stores and processes data by continuous keys such as timestamps for IoT (Internet of Things). VNLB-ES
provides an efficient load distribution function using virtual nodes. VNLB-ES efficiently balances the storage
load, query processing load, and data processing load among physical nodes (computers) that consist the
distributed cloud storages. In addition, VNLB-ES provides a physical node control function that stops or
suspends the physical nodes which are not required for the total processing load. By the combination of
these two functions, VNLB-ES achieves both efficient load balancing and significant reduction of the total
electricity consumption. To show the effectiveness of the proposal, we conducted simulations and experiments
and confirmed that the electricity consumption can be reduced about 70% in maximum.
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Fig. 1 An example structure of VNLB.
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Fig. 2 An example of swap between physical nodes.

After swap

341



BRI F 25w Vol.61 No.2 339-350 (Feb. 2020)

FYFNFT) YT EITY, ENNOBEY 7)) v 7%
o7z ) — FIZBUT 2HBERE ) — FoEKrs,
DI, — e e L, T L0 b —El FBEIKR
) — NROEEDL WY — FILBRAMIREICH 2 &
FIWF L C swap 2 ERiT 4. 2 2Tld, BAMWME R TIK
B — OGO E v LKL T 5. swap ITBWT,
WA — ROANWEZ 24T ) B, K/ — FAEO 4 v b
T=0T7 RUVAPZEAT B LIl b720, A—=1NLAD
MBI ZALT 5. AR — FAGHFELT LT 50 S
L&, WHOFATEPICANEZ A TN S EFATLT
W HALERSHITT S, WA BN ST L T & A TR
= REANEREZHI12E, KB — FOBERET-72H &,
LG\ B o 72 R OB LT ) Db
@ % Live Migration [13] 2% & 72 4. Live Migration &
LCED L) B EO@RA#EY N, WA IS
LB B2, ARTIENGI LT 5.

3.3 {R#E/ — FREIO&FHAE

VNLB T, M/ — F2MRFETE 27— 5 B2 RR
BHY, FOLEREBZHWE I LRTNIER S W,
%72, VNLB TR — F2ADLTH 7F— ¥ 2488 (L
FAGHH) LTWb EHREREL 225, LRidWH — N
DAMHETIE, W — FETHEBHORE ) — Fo
ZX o TRMEZENIT 2720, ]IH ) — RS2 Ero e -
Ty mAVRSVE, BETORE S — FBL W2 hh
DoTYH ) — Fe LTFRMIVNSWIKELE 25, 22
T, A8 — RO B UL - 7 — & BASEA - BT
H7%&\WwX 9, VNLB IZ, “split”, “merge”, “redistribute”
EWIH IR — FEOBRMFHEL XLV —2a Ve HEL T
w5 (X 3).

split 1£, LA — FADO T — 7 BINOKE, BN L -
T—EBEBRLGE, TOM ) — FOF—% % EVN
EOMTYEL %D L) HEIRFT 28E% 5 5. merge
i, —EDTOT— B2 %\ 2 DOBEERRE ) —
Fz, 1208/ — FIZEHL, 1 2% EVN & T 58)(F
%3 4. redistribute &, —EU EDO T — ¥ Fx o
J = FEBEET I — N & DT, REEDEEL
Hh X TETLEMEE T 5. split B & U redistribute 13,

0items 6 items & b a b

5 items u n 4 items 4 items 9 items 4 items
n A

redistribute

“—Jal——— v~ a1 b[—
8 items 0 items 7 items 6 items

3 A/ — N o

Fig. 3 Load balancing between virtual nodes.
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Fig. 5 An example structure of VNLB-ES.
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Algorithm 1: a function called when overloaded

1 function on_overloaded

2 begin

3 for i < yn to i < n do

4 if Vi is not empty then

5 q < V;.recruit(true);

6 if ¢ = ¢ then

7 // the system is satulated.
8 L return;

9 if physical node of q is sleeping then
10 L wake_up(gq.physical_node());
1 swap(Vi, q)
12 if swap was failed then

13 L go to 5;

Algorithm 2: recruit function

1 function recruit (flag)

2 begin

3 q < find_any({0,1,—1.0},{0,1,0});
4 if ¢ = ¢ then

5 q < find_any({0,2,—1.0}, {0, 2,0});

6 if flag = false then

7 L return q;

8 if ¢ = ¢ then

o | | q< findany({0,3,-1.0},{0,3,0});
10 if ¢ = ¢ then
11 t g < find_any({0,4,—1.0},{0,4,0});
12 return g;
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Algorithm 3: a function called when underloaded

1 function on_underloaded

2 begin
3 fori<— 1 toi« ™ do
4 if Vi is not empty then
5 q < V;.recruit(false);
6 if ¢ = ¢ then
7 L return;
8 if physical node of q is underloaded then
9 L decide continue or abandon;
10 swap(V, q);
11 if swap was failed then
12 L go to 5;
13 g — £ind({0, 3,1.0});
14 register pointer of V; to g;
15 sleep();
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Table 2 Parameters in the simulation and the experiment.
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Fig. 6 Electric power in the converged status.
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