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Design and Evaluation of Pricing and Resource
Allocation on Hadoop Data Centers Using

Auction Mechanisms®

Yu Manabe

Abstract

As storage capacity and computing performance grow due to the develop-
ment of hardware it is possible for applications to handle much more data and
computation resources. Therefore, distributed processing frameworks that ac-
celerate execution of jobs in a large sale cluster such as Hadoop attract the
attention. Since Hadoop is designed to be concurrently used by a small number
of users, if a large number of users share big data, a new scheduler for resource
allocation is needed. In addition, in order to manage a Hadoop data center for
commercial purposes, a method of pricing that increases the revenue of a data
center is required. In this research, we propose an auction based scheduler for
resource allocation. The proposed method consists of two components. The
first component is a system to predict the execution time of a user’s applica-
tion. By informing the predicted time to the user, it becomes possible to decide
the appraised price of executing jobs according to the budget, the money that
the user can pay, and the deadline, the time limit for the application being
completed. The second component is an auction mechanism such that it is
optimal for users to bid their own appraised price as they are. Discrete event
simulations are carried out to evaluate the proposed method. In the evaluation
experiment, we compare the method to two other schedulers, FIFO scheduler,

which is implemented in Hadoop, and Dynamic Priority Parallel Task Scheduler

*Master’s Thesis, Graduate School of Information Science, Nara Institute of Science and Tech-
nology, March 13, 2019.
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(DP scheduler), which is proposed in previous research. The proposed method
is evaluated in terms of the ratio of the number of users who complete their
applications within their budget to that of all users, the ratio of the number
of users who complete their applications within their deadline to that of all
users, and the revenue of the Hadoop data center. The evaluation experiment
indicates that the proposed method increases the revenue of the Hadoop data
center by about 125% compared with the DP scheduler in the situation where

user participation and leaving are frequent.
Keywords:

Distributed processing system, Hadoop, Data center, Scheduling, Auction mech-

anism
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HIBRANSE T RIS AEOREHEPETTE2T TV r—>a VORREEIZE > TK
ELHEBT 5. FIAZORENFHIREZRBICBWT, K0 OFHENTFHE
WTHITZZETL, 2OT =RV XEHEONEZ NI T LD TE SEH
ERETDHIEIEINETH Y, FHEIHEIZEET S XS WRIICBWTERT
L ReRAFL AR

REFEL, BEFHEEICL Ty T FOEYTHICHIRZ 2105 Z & THH
HEDAMLIUBEDOIE T 2B\ BT, MoFRE L, PRERAS TR BIRAST 7R
DIKFRZEMMZA D ZEHWAGETH D Z 2R U7z, FENSE T RIIMAERDGZ VIR
MTlk, M2EEOATrY2a—-F% ER2ZE2RLTHED, KEEFIEE KB
TR REIODEBRNERET2E5IEMAT L2 eI NS,

4.2 Hadoop 7 7RI ~NDERE

AERZETFIE% Hadoop 7 7 ARIZEEL, EHAANDI Y T FOEBNLESTE
FORBOBINZEB U7z, FEHUZREE, EARETEIICB TR U -2 BRE
EFR—DEDTH 5.

AREFIRFELIZENT, FTEZKEEZ 2 DOBERIIDILILENTES. 1
DHITFIHE O AL, THRZEMHT 2 agent B4RE. 2 DHIFA—2 Y2 v
&0 VT OEMT R ARSI E TS auctioneer HEETH B. TN E
NOFMIZOVWTIHRRS.

agent BEREIXRIHZIZ X o TALES Nz AFLEEX T8, HAR%Z XML 7 7 1)L
GERT H/E L, =22 a UHEIEI NS BRIT auctioneer BEREANJE T 1% E] & £F
D. XML 7 7 A VIZTITRI &4, RE, AR, T8, FHSETERM, HR1 %
fREhsd, XML 7714 0OF% Y A 4.0 R,
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DA N 4.1 XML 7 7 1 U4l

1 <property>

2 <name>hadoop-sub01</name>

3 <state>RUNNING</state>

4 <bid>300</bid>

5  <budget>1500</budget>

6  <predictTime>2</predictTime>
7  <deadline>5</deadline>

8 </property>

DA B 41 IZRRLUTWBDEFEFAZES hadoop-sub0l DR ETH 5. 37HIE
hadoop-sub01 DRFEZRLTE D, EfrhDEE X RUNNING 2, 77 7 —
VavOBAEHFELTWRGEX, IV T IPESTONTETE2HEL TV
%613 STOPPED & HRRINnbd. 4,56, 7TTHIZFZNENAME, TH, THET
R, HIRZRLTW5.

auctioneer #EFEIX Java SFEB LV VAT ) T MIZk > THEE LT WD,
VINVAZY T MNERAR =D = RIZBWTHETT D, A—2r>vavizEdd
EfEIEY 2 VA2 D) T N NTEENHRETH D, A—2o ¥ a VDRI S L%E
UZ7-IBRC 3 v 7 FESY T e RBEINEZ TS 720D Java SREIC &> TEEI N
=707 LIWNEFTIND. Java SRED TO T T AL, EFTHFIZ agent BEREX D
XML 7 7 A VEREL, A—2 > avaEMT 5. M 4.9 & 300,200,200 O AL
%47 - 72 F] 14 hadoop-sub01, hadoop-sub02, hadoop-sub03 ® 3 A3 &L 7=
BROEY THERZ Web R—Y EIZRUZKTH 5.

EAVTFEA0 DY T ARIZBWT, hadoop-sub01 (213 > 5 F 16 i A3E(Y
Toh, BOo 2/ ZiFarysF R2ERENTNEIEToNA. X 4.9 1T1EHE)Y
ToNzary Tz, Hadoop DF a—FRENELHEINTWA I EHRIN
TW5.

4.10 13 EELD AR ZAT - 72 3 HDOFIHE DNEIREE L 72BE D auctioneer HHE
DHAFRTDH 5.

RAID T — 2 > a »HFE & 725 TlE hadoop-sub01 D AVE[E L TEH D,

27



Application Queues
Legend: Capacity Used Used (over capacity) Max Capacity

« . Queue: root

.+ Queue: default
Queue: hadoop-sub01
Queue: hadoop-sub02
Queue: hadoop-sub03

.+ Queue: FREE

vy v v v v

4.9 Web XR—Y RIZFRINEFAED 3 > T FEHY TR

hadoop—-sub®l1 is allocated 35 containers, and pay 188
19/81/38 19:32:84 INFO client.RMProxy: Connecting to ResourceManager
end auction

hadoop—-sub®l1 is allocated 28 containers, and pay 288

hadoop—-sub®2 is allocated 12 containers, and pay 188

19/81/38 19:35:18 INFO client.RMProxy: Connecting to ResourceManager
end auction
3m sleep
start auction

hadoop-subB®1 is allocated 146 containers, and pay 208

hadoop-sub®2 is allocated 12 containers, and pay 288

hadoop—-sub®3 is allocated 12 containers, and pay 188

19/81/38 19:38:17 INFO client.RMProxy: Connecting to ResourceManager
end auction

4.10 auctioneer HREIZ & B OV F FEHY T BN

auctioneer #8E1%, hadoop-sub01 (23> FF 35 &2 &M T, X I— AIHEETH
% 100 2L TW5. 3 9%, 2HHEHDA—27 > 3 > Tl hadoop-sub02 73§ 7=
IZEFE L THE D, hadoop-sub01 12 28 fiHld 2 > 7 F % hadoop-sub02 O AFLEH T H
% 200 T#H24T, hadoop-sub02 IZ 12D 3> 5 F % X I — AALD 100 THIXY T
TW5. FRIC3EIHOA =27 >3 v T, B4.9 LFEROES THThN, Zh
ZThRlezHINLTWwa, BEXD, ZFHAZEO ALKV T F2EHY T,
Bl 2 BT 2 H Az T L 72,
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B5E Em

AR CTIXERADFRRFH A EE7 Hadoop T— X v X OEFEL2HEL, 4+ —
73 a VAN AL EHACTZRGRE LETREREY TREEZRE L. RREF
ETIEEIL VBB K ORI T Z 258 ERO ZITMOF] HE O ALEITHKTT 5
HAAZERHL TWS, RERFIEE, ZOMAMEAIZ L0 FHEOEXK 7 AFLEE
ETFZBGIELTE Y, FHEEED DAFLEZITD 2R & B IEERA—2 ¥ 3
VTHBELERD.

ARIZBITEYIal—yarvERIZBWT, RERETFREIIMBOTELS TENA
FTERPIOHBEANE TREETIREZ 4L, T— Xy XEHEDINS %
MU=Z BRI Nz. 72, FHEROEINIAES — 4720 OF Hage7a v
T T BT & B FERNTE 7RO N IEBFEFRIE L IR U/NE <, FIFHEED 20
U EDGE, PENRZRTRIZBWTM 2D A Va—5 % k- 7.

SHROBEE LT, YIalb—X B MHHEDORE P X OB, AMLEED
BHEERFEIY, KOEBNLRIEZTS Z2BBITFoN5. FAZEOHEE DR
BUZLES Hadoop T — X v ZRHEDSMNE K VB2 HH T 5 Z & T, K&
REELT =RV ZEHEDOPIEDNT Y AZHASPIZTEIENSBOHEET
»H5.
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B B

AW EZWOMOITH720, REOBREEZHELTLZID, THELZI -7
FIREBRBRITEHOBEZRLU T, MERXTVWZW0WEL O T, o
HraE 2 REdT 5 ETCREEEREDERD T L. LS EHEBL EIFET.

THIEDH, MXOBREE B EZI1F L EE o M TBIRICE S #HFLEBE U BT
T3, PEFEROBIZWZZ W ZERIX, E2EDS ETHEIANSHELT
M-S TEDET. LS RHEHLU LT ET.

ARz D LT T, HADITHEP Y E 2L X o )INEMBEICEL B
LU BT ET. MEOZ LW, 2B L2 5F Y E TN 723 54,
B2 DFPIERE 52T EIDREBEHLTED £9. KFZBED 2 - THIFK
HM /D ZENTE O, NEBMBOBNRZAIZLPEDEZLEUTED £
. IR F A

HEEPIHEREMRTEL DITRE, THE 2L KX - B EGESRE, B
EEEIZLE DB E L BT ET. BRICBIF 20X PEBEOMEE, Wiz wn
72 DBEEIFIELDMIEOIETTWAELZEET. DB EHLUETET.

FHREROBOFHE X, MRABICBITEIEFBIIBLT, B0 ITWh%EL 7
SO EAETRRIZODE BB L EIFEd. HHEIOHGIZEL T ZE o172
HELTHELLBEVWET., HODLSTIVELE.

KBRS 27 LEPRREOK#E S, F#E, BEHOERILL O EH#EA L BT
Y. MEIFEFEZTZBOT RN AN S, FEFICET 2 MH#E T, K¥EHK
TO2HEMDPARELZEDE RS> TZDIFEROBDLEBEVIZEEHDELEEZTED
E9. LS L RIFET.

BB, REBRFZITICRS T, IhETcoFEAEz2@ L CERRYSE, K
MEHTHLXZATLKEZI o FHFEIZHALBHL EFET. FHELOKIINITTLE
Xol-H, BEIHZZFEA. LDOSEHBL LITET.
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