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Abstract

In recent years, with the explosive growth of data volume and the increasing diver-
sity of computational tasks, data centers have evolved from homogeneous cluster archi-
tectures to heterogeneous ones. This transition is driven by the widespread adoption
of specialized hardware components such as GPU, ARM CPU, and FPGA. However,
MapReduce were originally developed with homogeneous environments. MapReduce
has proven exceptionally effective in large-scale data processing on homogeneous clus-
ters of commodity machines, its performance can degrade significantly in heterogeneous
environments.

To address this challenge, a method known as MrHeter was proposed, aiming to
optimize task assignment in MapReduce running on heterogeneous clusters. Specifi-
cally, MrHeter distributes map and reduce tasks according to the actual capabilities of
each node. MrHeter can dramatically reduce the execution time of MapReduce jobs,
achieving improvements of 30% to 70% over traditional, homogeneous scheduling ap-
proaches.

The MrHeter method solves the calculation models MrHeter-MS and MrHeter-R to
find the optimal number of task assignments. To solve these computational models,
we use the average execution time of the map and reduce tasks for each heterogeneous
node, but this needed to be measured manually. The more heterogeneous nodes there
are, the more time-consuming it is to measure the average execution time. For this
reason, the MrHeter method had the disadvantage of being expensive to use.

In this study, we will conduct a demonstration experiment to perform task allocation
using Optuna, a Python hyperparameter optimization library. Optuna takes in hyper-
parameters and an objective function, and outputs the hyperparameter values that min-
imize or maximize the objective function. Therefore, it is not necessary to measure
things such as average execution time in advance, and labor savings can be achieved.

The advantage of using Optuna to automatically obtain parameters to reduce MapRe-
duce execution time is that it requires less effort to things such as measure average
execution time than the MrHeter method. The main contributions of this research are
as follows. The first point is that, where in the past, the parameters for task allocation
had to be measured manually, by using the Python hyperparameter optimization library
Optuna, manual measurement becomes unnecessary. The reason that manual measure-
ment is no longer necessary is that when you input the hyperparameters and objective
function into Optuna, you can obtain the hyperparameters that minimize the objective
function, in other words, the execution time of MapReduce. The second reason is that
manual measurement is no longer necessary, so the cost of measurement can be re-
duced, and a heterogeneous environment consisting of many different types of nodes
can be constructed at low cost.

Many studies have been conducted to improve the performance of MapReduce in



heterogeneous environments. LATE is the first study in the academic field to address this
issue and has been very successful. LATE identifies tasks with slow execution speeds,
called stragglers, and reduces the overall execution time of the job by speculatively
executing them on other nodes. TPR, Dolly, and Mantri are also studies that focus on
stragglers. In heterogeneous environments, predictable and stable computing power is
the main cause of stragglers. However, most research does not investigate the causes
of stragglers, but only tries to eliminate their effects, so the problem is not solved at
its root. On the other hand, there are also studies that optimize jobs by improving
the data imbalance between nodes in a cluster. For example, there are SkewReduce,
Topcluster, and Libra. The aim is to distribute data according to the processing power
of the nodes, but it is difficult to determine the appropriate coefficient because there
is variation depending on the application. There have also been studies on improving
MapReduce performance through configuration optimization. However, there are so
many parameters that affect job performance that tuning them requires multiple tests,
which is inefficient.

Unlike previous research, the MrHeter method identifies the causes of the perfor-
mance degradation of MapReduce in heterogeneous environments and designs a com-
putational model to solve the problem from the roots. One drawback of the MrHeter
method is that it is costly to manually search for and input performance indicators and
other data that are used as input variables for the computational model. In particular,
measuring the average execution time of local map tasks and remote map tasks for each
type of node is costly, so we propose an automated program. We also aim to reduce
MapReduce execution time by using Optuna, a black-box optimization method, to skip
the manual search for optimal parameters and use automatically derived parameters.

Local map task average execution time and Remote map task average execution time
measurements are costly, so we have proposed a program to automate the measurement
process. This program calculates the average task execution time for a specified server
based on the container ID, which is unique for each job, from the resourcemanager log.
The input information required is the path to the log file, the server name to be mea-
sured, and the container ID. When measuring the Local map task, the log of the Local
map task execution is extracted from the resourcemanager log, and when measuring
the Remote map task, the log of the Remote map task execution is extracted from the
resourcemanager log, and the path of these log files is specified as input information.

In this paragraph, we will explain how to execute MapReduce task assignment using
Optuna. The flow of the code for parameter optimization using Optuna is as follows:
First, the results of the previous execution using Optuna are evaluated and a parameter
search is performed, and the parameters to be set for the next trial are determined. In
the case of the first trial, only the parameter search is performed. Next, the parameters
for each server (mapreduce.job.maps and mapreudce.job.reduces) derived by Optuna to



minimize the execution time of the job are set in the Hadoop configuration file mapred-
site.xml for each server, and the server is restarted to reflect the settings. This parameter
setting and server restart process is performed on all servers. After that, the job to
be minimized is executed and the execution time is measured. Optuna evaluates this
execution time and specifies the parameters to be used in the next trial. The program
ends when the number of times the job is executed reaches the specified number.

The experiment used a heterogeneous cluster environment. We used 14 servers, in-
cluding one Opteron 2 (AMD Ryzen 7 3700X 8-Core Processor 4.4GHz), one P100
(Intel(R) Xeon(R) CPU E5-2637 v4@ 3.50GHz), and icl00-icl09 (Intel(R) Celeron(R)
J4105 CPU @ 1.50GHz) 10 units, and icl10-icl11 (Intel(R) Celeron(R) J4005 CPU @
2.00GHz) 2 units.

In terms of the cost of the procedure, the procedure for the MrHeter method takes
I+(number of server types * 2) steps, and the procedure for the proposed method takes
4 steps, so we can say that the labor saving of parameter determination using Optuna
has been achieved. The more server types there are in a cluster environment, the greater
the benefit of using the proposed method to save labor.

From the execution results of the wordcount job, it was found that the proposed
method using Optuna was able to reduce the time by 16-50% compared to the de-
fault settings of Hadoop. The previous study, the MrHeter method, reduced the time
by 4-48% compared to the default settings of Hadoop, so it was found that the proposed
method had execution times that were equivalent to or shorter than the MrHeter method.

In this study, the execution time of MapReduce was used as a performance bench-
mark. In the future, it will be necessary to consider whether it is possible to use the
parameters automatically derived by Optuna in situations where it is necessary to sat-
1sfy multiple criteria other than execution time, such as power consumption and memory
usage.
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AEVEREZ EAEEEICHEE T X 2728, THELTOEEKZES LooAERERICY
V—2ARBEHTES. TOME, HESLHASELE 2 ZOZHONYF~v—7
WBWTRAEHORECHREEZR L TEBY, T4 —77—=V27I128IF % HPO
DERABERELLMEXETWS., TX Yy b2 LT, ZEHREIPREFEMNIC
U2 LW HHRICKTEST 2720, —HMOETALRT —XEy b TE I DRED
HTWRESROVAREMNED D 2 BT o s, T, BROT-HIET L2
Y- BHITIREDRD L0, FEOFERELHE X PP KRT 2 TReME S &
Ths.

FHMEICHZAY % &, Lindauver 513, KR A ARz 7L —2 7 —7Th
% SMAC3 #F% L [17], Awad 5 X Differential Evolution ¥ Hyperband % A&
DR TECINA =08 F X — X PR T7E DEHB Z428% LT\ 5 [18]. SMAC3
X, SR asr —hEeTL Bl SUE L7+ LA ) LEENRL—> 7
i iHAaabe s 22T, PROFMETEMRERMEE ROTH T Z & ZAlEE
WKLTWa., 2Oy —YOFfIE, WAECIREDOEXTHD, ik
LR R LTy b4 v 27 x2— 2% LD, FE a2 hoHl
BEeBOWREEELZFEHEL TWE/ETHL. —HT, BOKRNHEY —1L1TH3
PO ZNZ L —F =P TRNEANAL R=RT X=X B Z L, KR XA b
THBROREINTEMHREE T 255055, £z, NETHesr— 2571
DHFERL =2 FR L 2FHMAEERZITO 720, BRSO X L3 —F L
THEATRBORENEMICR ZAREESR T XYy P2 LTEZ 5N 5. DEHB I,
EFNT7 Y —DHELT VT ) XL TH S Differential Evolution (DE) 12NN F 4 v
FRN— 2 DEJEE| D 24 TR Hyperband ZHlA G OE-TETH D, N4 AHKH
icfb 2y oy Tu—FrikoTW0Ws., FlfEr LT, WREST
NEREL LR TH D 72535, Hyperband 12 & D R AL % FHHA
WKL, DEIWCE D 70— VREBREZITS 28T, mOWREATEE & EBLEH
o (anytime) MEREZ TN L CTW3. X512, EILWTFEORE L, A5 REE
TTORBEB TR =) T4 ICENSRDEBTORETHE. XY bl
T, Yuar—rE7v2HVERWTY, BBEKOEIRZEE L TFHlcE» T



ZEeMTEY, M CTEffiRFEMmBERII T L TXET AR —=ZXDFE L D b
E e ES 2[EMEDH 5. MAT, 7LV XLDF7 X =% (] ZI3ME
B ERER) OFRERFE TIIHREICHEENI R SGEDH D, MEIZ L > TIENR
A ZEfb D & 5 BB E T NAVERRZBNT 55 —AbFEZ oM 5.

MED&51T, BRITHIREINRA AL 2K LTENZENER S TTAD S
HPO O HEL & & b2 R L TV 5. BEARINIZIE, RGO X 2%H, <
F7 47V T 4 GHli, EFIFEROHE, FEHRET NVOEH, H2WVIFNAHNR
(L7 V=2V —27 Ot Y, FFEIMEORAZED L THEEHBEE DM
FEHE X MEIBICHFS L TWS Z 2390 5. —7F T, Optuna 34 X
fbtzfike Lood, FEORHGIEFMBEIILID 22— =T LY F Y —0D%)
RINZRRZA[EELE LTV A R TREMN T NS, AHKTIE, ZhsDETF
FEOHIRZEF 2, Optuna DFfOIKa X b CTEMRERFEE LX) v MZEHL
T MapReduce SREEANDHEAZ K D, X 574 28BN REHEEFEOREZHIET.

F7z, FHSOMETIE, Web U — U EARD 7 +—< XM EZHNE L
T Java VM D8 T X — X i@ i Optuna Z @ H L 72 HH0354F X Tw 3 [19].
Z DEFNX, MapReduce IZBF 587 X — X RjEb e B3 288 (BXRITHRK
TEZE AR IREE C OB R ERDOBEN) ZFZATED, Optuna DFIRHND
Ka X NS SEHRIE CHIRMICHEES 2 2 2R LTWS. Lizdo
T, RFFRICBWTHFRIBEDEH S5 Optuna ZERA L, $hENL T X — XK
X2 AT AHREOM L2 EB LW EEZ TV 5.

2.6 MrHeter &

2.4.2 HiT b fitdL 7z 3, AW D EFRIC BV THBNR & 3% MrHeter % [1] 12D
WT X BIZHHT 5. MrHeter 751X/ — F Z 2 OFtERENIZE SO WI 2 A 7 E|D
YTEITO 2 TATRY =7 ABREICBIT % MapReduce DIHRE % 3§ % Tk
T& 5. MrHeter £ Tl MrHeter-MS & MrHeter-R ¥ WS 5HEE T L 2N TH —
N—=D /) — RICH DIRZ XA 7 8% KD %. MrHeter-MS 1% Local map X7 — &
Remote map A 7 — 2, MrHeter-R |3 Reduce A7 —Y DX A7 RDZETNT
H5.

Z LT3 2.1 13 MrHeter-MS @ A NWZERL, 3% 2.2 13 MrHeter-MS O H I E#, 3% 2.3
¥ MrHeter-R D A IZEH, 32 2.4 1% MrHeter-R O B HZE R % 3R L TW 5. MrHeter-
MS & MrHeter-R (35K 2.1 &3 2.3 13 L MERETRIR 2 W TR 7=, FHATICET
W3 2REND 5.

MrHeter-MS 133X 2.1,2.2 ® X 5 R EAX TR I N 5. x [EMap X 7 — & Shuffle
AT =Y DFETREOEH ZRLTED, X2.1 & Map A7 —, Shuffle R 77—
DFETREOGIH Z2HR/IMET 2 e 2 RLTW2. G, BEMa Y Ya—T 4 V7
J—RORWT TR ME ) — FORBEEPRLTWVWA.



ZH A

Cy, WOy Va7 457 ) — FORBIT i (38 — F
DR j 138K

Cli; C; @ Local map &R A 7 V-3 521 TR

Cry C; @ Remote map X A 7 -3 T¢I

BW 7 7 A XDy (byte/sec)

SM FITT 22 a 7OEHE

DS, KS,TS,CS #%7nmavy2ZdD7—XY¥ A X /Reduce ¥—/ AJ17—%
DF—RYA X/ —FE
k RTR— &

% 2.1: MrHeter-MS O A 1

T A
ml;;  C; @ Local map % X 7 ¥}
mry;  C; @ Remote map % X 7§

% 2.2: MrHeter-MS & H 1 2%

T EREA

MST Map A7 —3 & Shuffle 27— DEFHFEITHRFRM
Cki;  C; @ Reduce X 27 D ¥ —%47- b OF-HFITHHH
KS  Reduce ¥ —%%

P NI A =X

& 2.3: MrHeter-R O A J1Z2 %4

Rt
&
SEI:

e
T'ij C; D Reduce X 27 D F —H

% 2.4: MrHeter-R O H 11254

X220 1 2HDHUZ C; D Local map X X 7 ¥ & C; @ Local map X & 7 5
TR DRI L C; D Remote map X X 78 ¥ C; D Remote map &% R 7 -4 ATl
MDD EEE, DF D Local map A7 —3 & Remote map A 7 — ¥ DELTIRFE D
Aitld Map 27—, Shuffle 2 7 — Y OFETRE O EE LI T2 WS Z e 2R L
TW3.

2K 2.2 D2 oHORUI/I T Shuffle R 7 — Y DETHREZRLTED, Zh
¥ Map 27—, Shuffle 2 7 — Y ODFEATRHE O AFHUTTH B Z e ZRLTWVS

K223 2HORDEULTEANT —RDT—XHP A X%EH TRy 7 DT —X
YA XTE T, 2FE D AN T—20eT7uy 78R LTED, £3:4 Tl Local
map X A 7 8 & Remote map X XA 7D E P RENTVWE. ANT—XDET



0 v 7 & Local map X A7 £ ¥ Remote map X XA 7 D EEHIF L WDERT
Ehh T3,

Kz 22D 4 OHORDIEDIZOWTHHAT 3. H— N—MEMREY — N —D
IKf, mry; DF D C; Dremote map A7 —I DX AZFNI 0T 5. Eoh — =D
YEREY — N —DIF, ml;; DF D C; D local map A7 —F DX R 7B %-CS“C“?%%‘
N2% 7 —RIZEDYTONEZXRIHEEFELLRD720 (ml;—TS/BS-CS) =0
15, Ko THEDZWITHOHED 02485720 20X D 2. Hmkic 2.2
D5OHDHIXC; D local map AT —F DX ZAZEIZ 0L — RIZE| 4T
DNBRAIZBUUTERZZEZRLTWVS.

minz subject to
2.1)
(mlij . CZZ] + mri; - C”f’ij> S i

kSM(mlU—i—mrU)DS—l—mTUDS <

Cli; + oW <

X

TS/DS = {milyy + - - +ml;} + {mry + - +mr;}

2.2)

MrHeter-R 133X 2.3, 2.4 ® X 5 %A TEREINS. y ld Map X 7 —, Shuffle X
77—, Reduce A7 — Y DFETREEET 2R LTED, 231X Reduce A7 —I D
FITRRZRAMET 2 Z e 2R L TWA.

K24 D1 2HDORKIK, Map 27— & Shuffle 27— DEFIFETRE & C; D
Reduce % 2 7 D F —47= h OFEHFITHRHENZ C; D Reduce X A7 D F —8 =
7z K, D% D Reduce 27— DFEATIRE %2 & L 72 fEIE Map X 7 — 2, Shuffle
A7 —, Reduce R 7 — Y DETHRFEEFIAT 22 E2RLTWVWA.

24 D2 2HORIE, £ Reduce F—EUITXTD/ — FD Reduce XA 7 D
F—HOEHTHZ2ZIZRLTWVS,

H24D32HDORUE, &/ — FD Reduce XX 7 DF —# ¥ Reduce XX 7 D
X =470 OFHFEITRE ORI, D% D&/ — FD Reduce X7 — ¥ DEITRHH]

10



DELWVWIEEZRLTWVWS.

miny subject to
(2.3)
MST—FpT’U : Clﬁ] < Y

KS:TH+T‘12+"'+T21+"'+TZ‘]‘ (24)

r11 - Ckin =191 Chay = -+ = 1y5 - Chy;

2.6.1 MrHeter-MS D ANZEHDAIEICDOWT
7% 2.1 T/ L7z MrHeter-MS D A HZEBOBED SFRH L TW L. HIEZ DI T D
2T v I TITD.

1. C; @ Local map & R 7 V-7 & Remote map X A 7 ¥ FEATIRfE D
HE

2. 7 2 A X DrilEiE (byte/sec) DHIE
3. &7y 7 DT =X A XDHIE
4. Reduce ¥ —EDHIE

5. 7 — FEoOHlE

6. XT X —XDHIE

C; @ Local map 2 X ¥ F35R1T85R] £ Remote map ¥ 2 ¥ FYRITEFRIDBIE IC
20T

C; @ Local map &% R 7 FZ)FE(TRE] & Remote map % R 7 I FEITRH D HIE
22 L TV L HERRDOFIETITS.

1 FIDIZEITERE 122 7 T AR —BREICBEWTY a 7oA ¥ Ty b7 —&5F
DM ZHEBFEFRICRBICL T a7 2 1 EETT 2. 7 7 AKX DI AKX —
H— \— 0 Hadoop T HEIHIIZH J) T 41 % resourcemanager D 1 7 % Hif5 3
% . resourcemanager (& Hadoop DY a 7 DI TR Z RV TR L T\ 3,

2. RIZH — N—DFESH T ¥ 1T resourcemanager D 1 7 % {fi ] L T Local map X
A 7 Y FELTIR R & Remote map & R 7 S FEATIG R Z HIE $ 5. Listing2.1
IR R P FEATRERE T 2 0 Z70f 2R L THE D, SEI icl00

11



EWVIS KRR MDY —N=DPIRE =P —N=D7D DG T V3
hadoop-wakai-resourcemanager-icl00.log ¥ \WH5 v 7 Z{HH 5 5.

Listing2.2 & hadoop-wakai-resourcemanager-icl00.log D—#{TdH 5. 1 7I2iE
Local map % R 7 FATHF & Remote map ¥ X 7 TR D a B EFENT WS
D7273, Local map X A 7 F{TH; ¥ Remote map X R 7 FITHRFD 1 7 DA
FF—N=rDary7FOMHRNEMHE L. y—N—ZiZar 7
MEOMHTEZ2DENZDa Y T FRETHEOAT W5 Local map X A
7 FATIR, 2 LIS D513 Remote map &% R 7 F4 TR} & | L 7=. Listing2.2
D 147HD 5 opteron2 £ W H R A MDY —N—T8DD ¥ T FHfifX
NTWBZ e yrsd. —J7 121THD 51d opteron2 DY —N—T4DDa v
TIFMERASATVEZ D05, Ko TIDLS57u70HEE1117H
¥ T% Local map & X 27 F1TH, 121TH»* 5 % Remote map X & 7 F{TlKf &
L Tw 3,

¥ 7= container_1721048858041.0001_01_000XXX D X 5K ID AT a 7T &I
HhYTHNTWBADT, ZDY a 7D AT —XAH ACQUIRED % 5 RUN-
NING IZZE b - 7% S a 7OBERAI L, ¥ a3 7D A 57— & 25 RUN-
NING %> 5 COMPLETED iCZE D> 72K %Y a 7O TRAI e 5. 2D &
FIRLTH—ARNR=T2 Va7 BezNFNDY a 7OETREZHE L,
Y a TOFETRE D GET 2 Y a TETHE| 2 Z & TX R 7 EIgFELTRE %2 &
HI23ZenTE3.

Listing 2.1: Z X 7 P FETIRBHIEIHEH T 507

wakai@icl00:~ /opt/hadoop—3.3.6/logs$ 1ls —ltr

total 796572

—rw—rw—r—— 1 wakai wakai 0 Dec 29 2023 SecurityAuth-—
wakai.audit

—rw—rw—r—— 1 wakai wakai 818 Jul 2 2024 hadoop-wakai-
datanode—1icl00.o0ut.5

—-rw—rw—-r—— 1 wakai wakai 2954 Jul 2 2024 hadoop-wakai-
nodemanager—icl00.out .5

—-rw—rw—r—— 1 wakai wakai 2954 Jul 2 2024 hadoop—-wakai-—
nodemanager—icl00.out.4

—rw—rw—r—— 1 wakai wakai 818 Jul 2 2024 hadoop-wakai-
datanode—icl00.out.4

—-rw—rw—r—— 1 wakai wakai 2954 Jul 2 2024 hadoop—-wakai-—
nodemanager—icl00.out .3

—rw—rw—r—— 1 wakai wakai 818 Jul 2 2024 hadoop-wakai-
datanode—icl00.out.3

—-rw—rw—-r—— 1 wakai wakai 2954 Jul 2 2024 hadoop-wakai-
nodemanager—icl00.out.2

—rw—rw—r—— 1 wakai wakai 1040 Jul 2 2024 hadoop-—wakai-
datanode—1icl00.out.2

12



13

—-rw—rw—r—— 1 wakai wakai 2954 Jul 3 2024 hadoop—-wakai-—

nodemanager—icl00.out.1

—rw—rw—r—— 1 wakai wakai 818 Jul 3 2024 hadoop-wakai-

datanode—icl00.out.1

14 —rw—-rw—r—— 1 wakai wakai 2961 Jul 4 2024 hadoop-wakai-

20

21

24

30

34

nodemanager—icl00.out

drwxr—-xr—x 2 wakai wakai 4096 Jul 9 2024 userlogs
—rw—rw—-r—— 1 wakai wakai 159895997 Jul 15 2024 hadoop-—

wakai—-nodemanager—icl00.log

—-rw—rw—r—— 1 wakai wakai 216124846 Jul 15 2024 hadoop-—

wakai—-datanode—icl00.log

—rw—rw—r—— 1 wakai wakai 1040 Jul 15 2024 hadoop-wakai-

datanode—icl00.out

—-rw—rw—-r—— 1 wakai wakai 3428 Sep 28 22:

—historyserver—icl00.out.5

28 hadoop-wakai

—rw—rw—r—— 1 wakai wakai 4177 Oct 8 21:22 hadoop-wakai-

historyserver—icl00.out.4

—-rw—rw—r—— 1 wakai wakai 3419 Oct 12 07:

—historyserver—icl00.out.3

—-rw—rw—r—— 1 wakail wakai 3428 Oct 20 22:

—historyserver—icl00.out.2

—rw—rw—r—— 1 wakai wakai 3419 Oct 22 21:

—historyserver—icl00.out.1

—-rw—rw—r—— 1 wakai wakai 3428 Oct 23 22:

—historyserver—icl00.out
—-rw-rw—-r—— 1 wakai wakai 5435072 Oct 24
wakai—-historyserver—icl00.log

51 hadoop—-wakai
40 hadoop-wakai
55 hadoop-wakai
59 hadoop-wakai

07:47 hadoop-—

—rw—rw—r—— 1 wakaili wakai 268435543 Nov 4 17:10 hadoop-—

wakai-resourcemanager—icl00.log.1

—rw—rw—r—— 1 wakai wakai 2977 Nov 9 00:30 hadoop-wakai-—

resourcemanager—1icl00.out.b

—-rw—rw—-r—— 1 wakai wakai 818 Nov 9 00:30 hadoop-wakai-

namenode—icl00.out.5

—-rw—rw—r—— 1 wakai wakai 2977 Nov 9 00:47 hadoop-wakai-

resourcemanager—1icl00.out .4

—rw—rw—r—— 1 wakai wakai 818 Nov 9 00:47 hadoop-wakai-—

namenode—icl00.out .4

—-rw—rw—-r—— 1 wakai wakai 2970 Nov 9 01:05 hadoop-wakai-—

resourcemanager—1icl00.out.3

—-rw—rw—r—— 1 wakai wakai 818 Nov 9 01:05 hadoop-wakai-—

namenode—1icl00.out.3

—-rw—rw—r—— 1 wakai wakai 2970 Nov 9 01:22 hadoop-wakai-—

resourcemanager—1icl00.out.2

—-rw—rw—r—— 1 wakai wakai 818 Nov 9 01:22 hadoop—-wakai-

namenode—1icl00.out.?2

—rw—rw—r—— 1 wakai wakai 2970 Nov 9 13:25 hadoop-wakai-

13



36

37

38

39

40

resourcemanager—1icl00.out.1

—-rw—rw—-r—— 1 wakai wakai 7096 Nov 9 16:23 hadoop-wakai-—
namenode—1icl00.out.1

—rw—rw—r—— 1 wakai wakai 2970 Jan 10 15:58 hadoop—-wakai
—resourcemanager—icl00.out

—-rw—rw—r—— 1 wakai wakai 7096 Jan 10 16:00 hadoop-wakai
—namenode—1icl00.out

—-rw—rw—-r—— 1 wakai wakai 125987334 Jan 11 08:41
hadoop—-wakai-resourcemanager—-icl00. log

—-rw—rw—r—— 1 wakai wakai 39634249 Jan 11 08:41 hadoop-—
wakai—-namenode—icl00.log

Listing 2.2: resourcemanager D & 27 D—Hf

2024-07-27 22:45:28,812 INFO org.apache.hadoop.yarn.
server.resourcemanager.scheduler.common.fica.
FiCaSchedulerNode: Assigned container
container_1721048858041_0001_01_000142 of capacity <
memory:1024, vCores:1> on
host opteron2:40529, which has 8 containers, <
memory:8192, vCores:8> used and <memory:0, vCores:0>

available after allocation

2024-07-27 22:45:28,813 INFO org.apache.hadoop.yarn.
server.resourcemanager.scheduler.capacity.ParentQueue:
assignedContainer queue=root usedCapacity=1.0
absoluteUsedCapacity=1.0 used=<memory:106496, vCores
:103> cluster=<memory:106496, vCores:104>

2024-07-27 22:45:29,516 INFO org.apache.hadoop.yarn.
server.resourcemanager.rmcontainer . .RMContainerImpl:
container 1721048858041 _0001_01 000142 Container
Transitioned from ALLOCATED to ACQUIRED

2024-07-27 22:45:29,807 INFO org.apache.hadoop.yarn.
server.resourcemanager.rmcontainer.RMContainerImpl:
container 1721048858041_0001_01_000142 Container
Transitioned from ACQUIRED to RUNNING

2024-07-27 22:45:30,370 INFO org.apache.hadoop.yarn.
server.resourcemanager.rmcontainer.RMContainerImpl:
container_1721048858041_0001_01_000121 Container
Transitioned from RUNNING to COMPLETED

2024-07-27 22:45:32,956 INFO org.apache.hadoop.yarn.
server.resourcemanager.rmcontainer.RMContainerImpl:
container_1721048858041_0001_01_000140 Container
Transitioned from RUNNING to COMPLETED

2024-07-27 22:45:39,838 INFO org.apache.hadoop.yarn.
server.resourcemanager.rmcontainer.RMContainerImpl :
container_ 1721048858041 _0001_01_000135 Container
Transitioned from RUNNING to COMPLETED

14
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12

13

14

15

16

2024-07-27 22:45:41,004 INFO org.apache.hadoop.yarn.
server.resourcemanager.rmcontainer.RMContainerImpl:
container_1721048858041_0001_01_000137 Container
Transitioned from RUNNING to COMPLETED

2024-07-27 22:45:41,818 INFO org.apache.hadoop.yarn.
server.resourcemanager.rmcontainer.RMContainerImpl:
container_1721048858041_0001_01_000139 Container
Transitioned from RUNNING to COMPLETED

2024-07-27 22:45:41,819 INFO org.apache.hadoop.yarn.
server.resourcemanager.scheduler.capacity.allocator.
AbstractContainerAllocator: assignedContainer
application attempt=
appattempt_1721048858041_0001_000001 container=null
queue=default clusterResource=<memory:106496, vCores
:104> type=RACK_LOCAL requestedPartition=

2024-07-27 22:45:41,819 INFO org.apache.hadoop.yarn.
server.resourcemanager.rmcontainer.RMContainerImpl:
container_ 1721048858041_0001_01_000143 Container
Transitioned from NEW to ALLOCATED

2024-07-27 22:45:41,819 INFO org.apache.hadoop.yarn.
server.resourcemanager.scheduler.common.fica.
FiCaSchedulerNode: Assigned container
container_1721048858041_0001_01_000143 of capacity <
memory:1024, vCores:1> on
host opteron2:40529, which has 4 containers, <
memory:4096, vCores:4> used and <memory:4096, vCores
:4> available after allocation

2024-07-27 22:45:41,819 INFO org.apache.hadoop.yarn.
server.resourcemanager.scheduler.capacity.ParentQueue:

assignedContainer queue=root usedCapacity=0.96153843
absoluteUsedCapacity=0.96153843 used=<memory:102400,
vCores: 99> cluster=<memory:106496, vCores:104>
2024-07-27 22:45:42,620 INFO org.apache.hadoop.yarn.
server.resourcemanager.rmcontainer.RMContainerImpl:
container_ 1721048858041 _0001_01_000138 Container
Transitioned from RUNNING to COMPLETED
2024-07-27 22:45:42,623 INFO org.apache.hadoop.yarn.
server.resourcemanager.rmcontainer.RMContainerImpl:
container 1721048858041 _0001_01 000143 Container
Transitioned from ALLOCATED to ACQUIRED
2024-07-27 22:45:42,634 INFO org.apache.hadoop.yarn.
server.resourcemanager.rmcontainer.RMContainerImpl:
container 1721048858041 _0001_01 000141 Container
Transitioned from RUNNING to COMPLETED
2024-07-27 22:45:43,635 INFO org.apache.hadoop.yarn.
server.resourcemanager.rmcontainer.RMContainerImpl:

15



container 1721048858041 _0001_01 000143 Container
Transitioned from ACQUIRED to RUNNING

18 2024-07-27 22:45:44,147 INFO org.apache.hadoop.yarn.

server.resourcemanager.rmcontainer.RMContainerImpl:
container 1721048858041 _0001_01 000130 Container
Transitioned from RUNNING to COMPLETED

19 2024-07-27 22:45:44,150 INFO org.apache.hadoop.yarn.

server.resourcemanager.scheduler.capacity.allocator.
AbstractContainerAllocator: assignedContainer
application attempt=
appattempt_1721048858041_0001_000001 container=null
queue=default clusterResource=<memory:106496, vCores
:104> type=NODE_LOCAL requestedPartition=

20 2024-07-27 22:45:44,151 INFO org.apache.hadoop.yarn.

server.resourcemanager.rmcontainer.RMContainerImpl:
container_ 1721048858041 _0001_01_000144 Container
Transitioned from NEW to ALLOCATED

5 232 DEIHE (byte/sec) DBIFEIZDWVWT

Rz
S PN

7 5 AR DHIBIE (byte/sec) DENEIZONWTTH 3. BIFEIZIZ iperf £\ 5
BiEEHEST 27200y —LEMHAL~EZ[20]. XN—a 39 2FHL

7z. Listing2 3 I3 BIEZHE T2 a~ > FEETLERTFTH S, ZOHEEH,S
937Mbits/sec Z ARFEERDOWEHIEE L THEHLTW3.

1

AW

Listing 2.3: HsIEHER O 2~ > F

wakai@opteron2:” /opt/iperf—-3.9$ iperf3 -s

[ ID] Interval Transfer Bitrate
[ 5] 0.00-10.05 sec 1.10 GBytes 937 Mbits/sec
receiver

2IOvIDTF—42H14 XDREICDWVWT

RiIZHZE T 7 DT —ZYP AL RIZONWTTH 5. ZHUIFK4212H % X 512 Hadoop
DFHE T DFS block size Z 128MBIC L TWA D ZDEZ{HHT 3.
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Reduce ¥ —#DAIEICDWVWT

Reduce ¥ =% £ T KS 13 a 79T D Hadoop DHIJ1 7 7 £ /LD Reduece
¥—%% 7> b L7, Listing2.4 1Z wordcount DY a 7EITROH I 7 7 £ VB FRIR
L7 TdH 5. 2O 7 7 A VON THE 51z part-r-00000 £ W5 HI 7 7 4 v
D—HR 2K L7z D3 Listing2.5 T 5. wordcount DIFEH T 7 7 AN Z2HE L ¥
DHEEN AN 7 — 2 BIHEIR L7223 0 5. il 213 64/TH %’ % & limportant”
WS SLFEN 12BEIHBI L2 2 e 23550 5. T OXXFHIOFEREDS Reduce F—$ &
72 % 728, wordcount EITHEDOHE N 7 7 A N OXFHNOFFEEE T L2 Va s
B3 grep DLGENIHITT 7 7 4 WU grep DSRFED LTI e —BF 2 X FHIMBEER
BB ENTED, Reduce F —8E Z DITE L 72 % 728, wordcount ¥ [FIEEIC
Va7 FETROMN T s ANDITREAY VM TS,

Listing 2.4: ¥ a 7ETROM 1 7 7 A v

1 wakai@icl00: "~ /opt/hadoop—3.3.6/etc/hadoop$ hadoop fs —1ls
/user/wakai/mapred/benchmarks/wordcount/output

2 WARNING: HADOOP_PREFIX has been replaced by HADOOP_HOME.
Using value of HADOOP_PREFIX.

3 Found 101 items

4 —rw—r——r—— 1 wakai supergroup 0 2025-01-10 16:40 /user/
wakai/mapred/benchmarks/wordcount /output/_SUCCESS

5 —rw—r——r—— 1 wakai supergroup 6583041 2025-01-10 16:40

/user/wakai/mapred/benchmarks/wordcount/output/part—-r-00000
6 —rw—r——r—— 1 wakai supergroup 6655376 2025-01-10 16:40
/user/wakai/mapred/benchmarks/wordcount/output/part—r
-00001
7 —rw—r——r—— 1 wakai supergroup 6595255 2025-01-10 16:40
/user/wakai/mapred/benchmarks/wordcount/output/part—r
-00002

9 /user/wakai/mapred/benchmarks/wordcount/output/part—r

-00097

10 —rw—r——r—— 1 wakai supergroup 6545203 2025-01-10 16:40

/user/wakai/mapred/benchmarks/wordcount/output/part—r
-00098

11 —rw—r——r—— 1 wakai supergroup 6544781 2025-01-10 16:40

/user/wakai/mapred/benchmarks/wordcount/output/part—r
-00099

Listing 2.5: wordcount EfTRD LT 7 7 4 L D—ER

1 !!1!</span></h2> 6
2 I'==1) 132
3 lconfirm( ©
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4 lwidth=20|MF 12
!xmlDoc.firstChild) 6
"!important" 12
""Aegean 6
""Ave, 6
""Baruch 12

10 ""Catalina 6

11 ""Forward, 12

12 ""Notability"" 6
13 ""Opposing 12

14 ""Public" 6

15 ""Shouting" 6

16 ""USS 12

O 0 3 O W

J—REBDRIEICDOWVWT

J — FROIFRICEEO Y — N—DMED 20 WO EED YT/, ERRE
WOWTIEFEL <1342 HiCHBH L TW 323, f5l 2 1¥ AMD Ryzen7 3700X 8-Core
Processor 44GHz 137 S A X —EHET I BFEHLTVWADTCSIZ1 2 LTW5.

INTA—=ZDAIFEICDOWVWT

RIZIZ 8T X — X TH 3D, Zhang 5 D MrHeter-MS D A HZEFL OB EFER [1]
DOMELZE ZAk=-044 L RDOENTZOTIDEE AT X —Z LTHEHALT
W3,

2.6.2 MrHeter-R D AHNZEHDBIEICDOWVWT

3% 2.3 T/R L 72 MrHeter-R D AN ZEBOHIE AL TV L. HEXMLIT DR
T v I TIT9.

1. Map A 7 — & Shuffle 2 77— D EEHEITRE O HIE
2. C; D Reduce X X7 D F —47- h OFEITRE & Reduce F —HDHIE
3. RITRXR=RDHE

Map X 57— ¢ Shuffle 27— DR EHEITREOAIEICDOWVWT

Map A7 — & Shuffle 27— OEFFEATIRETH 2 MST I3 a 7FITRIC
resourcemanager D 1 7 2R3 % Z & THIE T Z 5. Listing2.6 132 Z712H WV T Re-
duce 27—V DMRE ST TH 5. container_1721048858041_0001_01_000XXX D
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EORIDBYa T IlEO LB TLATWS. Map AT —I DY a 7 Map A7 —
PORINI—HFICAR =T 5. KoT8ITHTMap A7 =3 DY a 7B ETHET L
TRRITHTICEID BT oMY a 7D ID TH 5 container-1721048858041-0001-01_000463
ZReduce A7 —I DY a7 \W\WH I XiZi 5. Lo T container_1721048858041_0001_01_000463
DY a2 THHE % £ TORE% Map 27— & Shuffle 27— DEEIEITRET

HBMST L THILENTES.

Listing 2.6: hadoop-wakai-resourcemanager-icl00.log 123\ T Reduce R 7 — i
% 5 &

1 2024-07-27 22:53:17,252 INFO org.apache.hadoop.yarn.
server.resourcemanager.rmcontainer.RMContainerImpl:
container_ 1721048858041 _0001_01_000358 Container
Transitioned from RUNNING to COMPLETED

2 2024-07-27 22:53:17,303 INFO org.apache.hadoop.yarn.
server.resourcemanager .rmcontainer.RMContainerImpl :
container 1721048858041 _0001_01 000416 Container
Transitioned from RUNNING to COMPLETED

3 2024-07-27 22:53:17,751 INFO org.apache.hadoop.yarn.
server.resourcemanager.rmcontainer.RMContainerImpl:
container 1721048858041 _0001_01 000414 Container
Transitioned from RUNNING to COMPLETED

4 2024-07-27 22:53:23,060 INFO org.apache.hadoop.yarn.
server.resourcemanager.rmcontainer.RMContainerImpl:
container_1721048858041_0001_01_000411 Container
Transitioned from RUNNING to COMPLETED

5 2024-07-27 22:53:23,124 INFO org.apache.hadoop.yarn.
server.resourcemanager.rmcontainer.RMContainerImpl:
container_1721048858041_0001_01_000412 Container
Transitioned from RUNNING to COMPLETED

6 2024-07-27 22:53:23,425 INFO org.apache.hadoop.yarn.
server.resourcemanager.rmcontainer.RMContainerImpl:
container_1721048858041_0001_01_000357 Container
Transitioned from RUNNING to COMPLETED

7 2024-07-27 22:53:24,782 INFO org.apache.hadoop.yarn.
server.resourcemanager.scheduler.capacity.allocator.

AbstractContainerAllocator: assignedContainer
application attempt=
appattempt_1721048858041_0001_000001 container=null
queue=default clusterResource=<memory:106496, vCores
:104> type=OFF_SWITCH requestedPartition=

8§ 2024-07-27 22:53:24,784 INFO org.apache.hadoop.yarn.
server.resourcemanager.rmcontainer.RMContainerImpl:
container 1721048858041.0001.01.000463 Container
Transitioned from NEW to ALLOCATED
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C; @ Reduce X X7 DF—H 1= D DFYRITEE & Reduce F—HDBIEICDWT

RIZ C; D Reduce A7 DF—472 0 OFGFEATIRMTH % Ck;; & Reduce ¥ —
BTH5 KS DREIEIZDONWTTHS. Ck;j 13 Reduce R 7 — ¥ DFETIR ] % Reduce
X —HTH > THHF%. Reduce 27— DFEITREIX Reduce A7 —F TP a7
ML THh oK T T2 FTORRBITH D, ¥ a 79T IT resourcemanager D X
JRERT 5 Z e THIETE 5. KS1X2.6.1 fid Reduce F—DHEICDONVT LW
STHHEHTHIALZAETKD 2 Z e TE 5.

NTA=ZDATEICDWVWT

BRIZ T XA =KD pld Zhang 5DOEER[1] THEHAZNATWVWS p=1 L WS EZE
HAL7.

2.6.3 MrHeter ;EZICEDHEBIEI N2 X VEIDYHTICDOWT

2.3, X 2.4 1% MapReduce DL % Local map A7 —, Remote map A7 —
Y, Shuffle 27—, Reduce A7 — I TR LK THEIDREZRL TW5. XH
@ Local Map (& Local Map R 7 — ¥ DF{TRfH %2 3K L T\ % . Remote Map, Shuffle,
Reduce & [ARRICZENEND AT — Y DFEATREZ R L TW 5. %7 Map Shuffle &
FRD B % FHVHHMETE 5 DY — N —D Shuffle 27— I H3HE b % KXl %, Reduce
ERIRDD 5 FH ORI 7 DB — 83— D Reduce R 7 — Db R E R LT
W5, X 2.3 & MrHeter K12 & o TRIELE N 2RO X X 7EID HTE2RLTWD.
B35t REEN B R LR WAEYR X A Z7E D Y TT, SaEY — N — 2 K%
REY — N — Shuffle 27— & Reduce 27— TR TIRZIMNTHA TN .

2.4 13 MrHeter JRIC X o TRBL S N BRD X X7 E D HT2R LTV 3.
2.3 LU CEMEREY — N —1CE H T % & Remote map X A 7 DH| D HTH
J& D, Reduce X A 7 EDEND BTHHEZTWE. 2D X 512 MrHeter (ETHH L 7=
%72 Local map % A 7 %4, Remote map % X 71, Reduce X A 7= (FEHT 5 Z
T, EEREY — N — 2K MHREY — N — D Shuffle A 7 — & Reduce 27— T
T RZDMH > T\ 5.

2.7 Optuna DAZPENE & X1 X xBE L DFHHH

Optuna i¥, HEMFEHETNDNA =0T X — Xtz BEL 3 % Python &
A 75V THY, FATRICHERZEMZEINERTE % [21). KitfT (Tria) T2—
PEFRD HWBEED Tl X A, ZOFRICESWTRELR (T X —XHEGE 2 ”R
H3 2 &5 4 (Study) BHEERT 3.
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4 Local Remote
:q/,p Map Reduce
- . /
rﬂlﬁﬁﬁ - .
H—s\—
Shuffle
B4 Bk
H— N — Local Map Reduce
Shuffle —
Map Reduceﬁrﬂ
Shuffle

X 2.3: i i & A 27 #E|h YT

Optuna X7 7 # L b TR A XELD—FETH % TPE (Tree-structured Parzen
Estimator) ZHRH L TW5%. T 3R TS Y X 45TICL D 7F— &2 2L L,
REFEHIMEZ 72 5387 X — X D70 I(x) & ZRLND I g(x) ZHEE T
5. 2D, #F7zikiT T (2)/g(x) DHBEZRKILT 237 X —2HFEIIN,
BRRETEHDNT R ZHD 7253 6 R RN Bd g~ S % [22].

HIREIZ, BIZIEUTD XS ICERSNS. AN f(2x) = 2* DHR/MURME
ZRS b DTH 5.

import optuna

def objective(trial):
x = trial.suggest_float ("x", -10, 10)

return x **x 2

study = optuna.create_study(direction="minimize")
study.optimize (objective, n_trials=50)

print ("Best value:", study.best_value)
print ("Best params:", study.best_params)

FFda— RT3, OptunaldfiZ > X LT TR/ T — X ZHICTPEY > 75 —
PHWT, RIBELERNTXA =R o ZHRT 5. T X—& oz DEFEZRHFNX-10 5
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4 Local Remote
.M/ap Map Redi,lce

i 7

H—s—
Shuffle

{ETE8E

ey y— Local Map Reduce
Shuffle
Map Reduce 'ﬁ el
Shuffle

X 2.4: wwftigo X 2 7 E h YT

510 DB EHEEL TW5. mENIZ, REOHNBEBEE 2D 2D T X —%
HEErtHhahz. 25 L TO0ptuna td, N4 ZRECOFEFHAZTEH L0 5
FHRLFEREMER RN T X =2 BEREEBH LTV 5 [21].

Optuna ZfHH T2 &, FETANA =TGR =R EF 2 —=V 7T 5R0EDR
72D, XDIRITEEL T X —RERKD B Z L HA[REICKR 5.
ATFIETIE, HRYBEEUZ MapReduce 128 3 Y a 7OFEITRiE & 72 5.

28 F®

AT RY =7 RBREICEIY 5 MapReduce DHEREENET 272D TNETIIE L
DL XN T & 7=, 2208 Tld LATE[3] 13415 T Z OFEICE D #HA 720H5%
TIFFEIWCHINI L TWS. LATEIZA + 577 — L MHEN 2 HITHEDENX R 7 %
FELMD ) — FTHRIEINCEITT 2 2 TY a 72D EITHRIE 2 5 L T
W%, TPR[4], Dolly[5], Mantri[6] b XA b 7 77 —ICHEH LKA TH L. AT
=7 ABREETIE, PRERBETKE LLETEBNIPA NS 77 —-DERIFERTH 5.
LLIZE A DG, AN F 77 —DEREFHETITHELIRL LSO T2
PO THEZBEA»SBIRL TVWRW, —/F 27 7 RAX—0D /7 — FEDO T —X DR
DHEYEET S TY a7 et 258D IFET 5. il 21X SkewReduce[7],
Topcluster[8], Libra[9] 72 & TH 5. / — FOMHEENIZIG L TT — X Z 0SB 5
CEDBEHWNTH AN, 77V r—2a ko TUEHDENDH 3 - 78 %
ED DI IXEHE LWV, FEDRE{LD & MapReduce D87 + —< ¥ A% [H L
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XEBMED R EINTZ[10,11]. L L, ¥ a 7OWRRICHER 5 X 587 X — X%
BRTF2a—=r 7321 3EREDT A N DBREL 72D IENERTH % [12].

HEML X 72N 8= 8T X — XL TFEDOMSEICB VT, PTI Y RT 4 —
~—% M7z OptFormer[13], </ F 7 1 7V 7 1 #HHid> DyHPO[14], FEH{F#HZ
{EH 3 % PriorBand[15], ZFEMFRDO R — V) > ZHNIZH D Fik[16] 72 Y, &
HEHL HPO FIED AT 2B L. TS 3TN, XRxEbeffa 2 b
MG 2 U T, R X — ZEREFEBHLTW5. —F, Optunal
FIEDRG X v ZWMEE QMM Z, Java VM Faifb [19] OHEFNICH RIS K5
(2 MapReduce D ¥ A7 ARBE(LICHOHEHTH 5. AWK TIE, ZASDHIA%
% 2 Optuna DA ZIED L7zt FEORELY HIET.

MrHeter £ [1] & Z L E TOWFFL L E WD, AT Y =7 RERIIZIBIT % MapReduce
DT =< Y AR T OJRRZHRE L, IWAD SRS 5 72D DFHEE 72 itE!
L7z. MrHeter ZEDQ RS ¥ LT, fSHEET VO ANER Y 2 2 EREfEES %2 AT
THRRLANT 27203 A R0 5m0ETFoNs. FHZ26.1HiORXT v 71
TZUF 7 C; D Local map & R 7 F-¥F4TIRE & Remote map & R 7 V-3 F4TIRfE]
DHEFXARX B3 H 2570, 3B THIMLO 0 /I L2 RET 2. $/75 v
IRy I ARBEILFEEHOCTAFTORBER AT X —XOFEREEKL, B
PNCEH XN 7285 X — 2 ZFIH$ % Z ¥ T MapReduce DEfTIFR5EHE D HiE .
ROBETIIAMRICE T 2IREFIEICOWTHAT 5.
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FIFE REF

31 EL®IC

o5 2 B C#HH L 72 MrHeter %1% MrHeter-MS ¥ MrHeter-R ¥ WS EIEETIL %
FENTH —N=0D /) — FIZEIDIRE XA VB RDZFHETH o7, £ L THKitHE
ETNDANERE 7% % Local map &% R 7 F¥EATIRE <> Remote map & R 77 -
FATREFDORIEDHTD o THETH o 72. Z Z T Local map X R 7 VI FATHRFME
X° Remote map X A 7 FEETREIORIEZ HEL T 5 077 L 28K T 5.

279 v 7Ry 7 AFELFIEE AW TAFTORER T X — X OHER%
B L 227 DETMEZ BIETFEDIRR T 2. BERNTIEANA =5 X — & iy
D78 D Python 7 4 75V TdH 5 Optuna Z#HH 5 %. Optuna 2%/ — KD
RIEIL T X — X DFEZHENHFH T2 Z e TAFTOREROFIELZ AT 2 Z
EXTEaARFDENBICTORR B EZTNWS.

3.2 fiTld MrHeter 7RI B 2 1 ZHIED BELIZOWT, 3.3.2 HiCIXERTIE
TR Z1T S Hadoop D37 X — RIZOWT, 333 HiTIKIERTIEDFEEIZOWT
g 5.

3.2 MrHeterZICH TR0 EDEELICDOWVT

Listing3.1 {3 Local map & R 7 V2 F4TIR ] £ Remote map & R 7 - FATIR I D
&% BELF % Python 7’07 F L THS. 2D T 1 F LTl resourcemanager
DRIPHYa T T eIl—RER2ayTFIDZRIREEI N —N—D &R
ZPFATRE 2B T 5. ASERE LT361THICR Y 7 7 4 VD8R, 441TH
WHIEDW R 859 — =%, 46 THIZa Y T F 1D 2I5ET 20 E D H 5. %
7z Local map &% A 7 JIFEKFIZ1E Local map X R 7 F{THRED 1 2% Remote map X A
2 FITERF 121X Remote map X A 7 FE4TIRF D & 27 % resourcemanager O 1 277> & i H
L C Listing3.1 ® 2 — FTHEET % £ 512 L 7. Local map & R 7 E{TIKf £ Remote
map X R 7 FITR D v Z DAY — "= oa >y 7 F ORI EFIH L
o = N=ZXIZar TIP3 OEHTE DN ZDa Y TP THELIT
W7z 5 Local map % R 7 1T, 2L D55 1E Remote map & R 27 FEATH & H|
WL 7z
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Listing2.2 1% hadoop-wakai-resourcemanager-icl00.log D—#8TH 5. 1 {THD? 5
opteron2 DY —N—=T8 DDAV FTFPEHINTWVWE Zhnrs. —/ 121TH
6% opteron2 DY —N—=T4 DDAV T FPEHINTVWE Z B Th 5. Lo
TZDX5%u70EAE1X 111TH £ T% Local map % R 7 547, 121TH» 6 %
Remote map X X 7 FEATRF L HMi L TW5. Lo TClL; DRECBVWTIEFE TV =
T %FTS 5. £ D Local map X X 7 FE TR D v 72 L T Listing3.1 ® 7’1
27 25T Local map & X 7 P EATIR M ZE5TH $ 5. v 7 Offitt & Local map & X
Y A EATRER DR EEY — N — ORI Z L 1255 . 72 Cryy OWE S Cly; LI
BRICATS.

Listing 3.1: & 2 7 V3TN %2 1 7' 55158 3 % Python 7’11 75

1 import re

2 from datetime import datetime, timedelta

3

4 def calculate_transition_time (log_file, container_ids) :
5 total_time = timedelta() # SalFFRIZIENT 5720 DE%
6 valid_containers = 0 # FEITKREZFHITEa>T7F DK
;
8
9

for container _id in container_ ids:

acquired_time = None
10 completed_time = None
11
12 # A>T HICHEHDIEHREH 1D
13 pattern_acquired = re.compile(rf’{container_id}

Container Transitioned_from_ ACQUIRED, to RUNNING’
)

14 pattern_completed = re.compile(rf’ {container_id}
Container_Transitioned ,from RUNNING_to COMPLETED
")

16 with open(log_file, 'r’) as file:

17 for line in file:

18 if pattern_acquired.search(line) :

19 acquired_time = datetime.strptime (line.
split (" _INFO") [0], ’'%$Y-%m-%d_%H:%M:%S
y5E7)

20 elif pattern_completed.search(line) :

21 completed_time = datetime.strptime (line.
split ("_INFO"™) [0], ’%Y-%m-%d_%H:%M:%S
y5E7)

2 break # 51 L7=DTNL—7%2KlT 3

23

24 if acquired_time and completed_time:

25 transition_time = completed_time -

acquired_time
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26
27
28
29
30
31
32
33
34
35
36

37
38
39
40
41
42
43
44
45
46

47
48
49
50
51

52
53
54

55
56

57
58

total time += transition_time
valid_containers += 1

if valid_containers > O:
average_time = total_time / valid_containers
return average_time

else:
return None

# 077 AINDIRA
log_file_path = ' /log_wordcount_150GB/log_opteron2_local.
txt’

# MREPRIFTHY X b
ids = []

# BT 7 AN EHAAL
with open(log_file_path, ’'r’) as file:
for line in file:
if ’"opteron2’ in line:
# IERRBZMEH L T2t
match = re.search (r’
container_1721048858041_0001_01_\d{6}’, 1line)
if match:
ids.append (match.group () )

# S 725K 10

# print (", \n".join(f"’{container_id}’" for container_id in

ids))
# BREPEOH U TR TR 2 51
average_time_taken = calculate_transition_time (

log_file_path, ids)
if average_time_taken:
print (f’ Average_execution_time_for_the containers_ is_{
average_time_taken}.’)
else:
print (' Could_not _,calculate average _execution time.’)
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3.3 OptunalZ & % MapReduce X X 7 E|D HT

331 =E(LOXNRCABZDaTOME

Optuna D fE LEFE T, Optuna O i LEFRICH W 2 L7 — & 2 Bl il
LTW37), ZOILT — R e PITHEN T — X ChR#EbpEL e, 7 — 2 &
2ol r — ATEEEILNEG 72 5.

AHfZE Tl Optuna % FIW T MapReduce D X 2 7 | h ¥ TORELEIT> TV
5720, BEZFIETKD T X=X 2T 5121, Optuna Ttk L 7zFRIC
FITT52a7eZ2DTard7BANE T 57 —RIEEL 20, WO IIBELE
MOy a7 2@ d e 2iifde LTW5.

3.3.2 EE%#1T5 Hadoop D/NT X—RIZTDWT

MrHeter I5 T, R 3.1 TRLZ ST X=X 2R LTV 5. HENR L 725 mi;;,
mrij, 74 \FFTHEE 7 /L MrHeter-MS & MrHeter-R O {288 & —8(3 % MrHeter /%
DEBERRICBWT IS DRGEL X 172,35 X — & % Hadoop D287 X — X2
ELEDELIDED, mly; & mrj \OWTIEARZETHA L TV 3 Hadoop ®
N=Ta V336 CREHTENRNIXA—REHRDOT5 N TERDPS([25]. £o
THH D123k 3.2 1277 F Hadoop D8 F X — & IZ MrHeter 151 & o THEMH L 7= fuii
LENTRT A =R ZRET 5 Z L CTilffis 5 Z & &5 5. mapreduce.job.maps (&
(& MrHeter {K CEH L7z ml; & mry; O Z#E T 4. mapreduce.job.reduces (213
MrHeter A CHEH U7z ry; Z8E 3 5. mapreduce.job.maps & mapreduce.job.reduces
$£1Z mapreduce.framework.name 25 local] DFEFREIFMA SN2 LW 5 &0
TV B D, K 4.212H % K 5 1ZFEFIREE TlE mapreduce. framework.name 2 yarn
ERELTWEHING2O0DREIIENTH 5.

FARRFIEICB W T Optuna TR T 587 X —RIFKR 2RI T A =&
9% FRIZOVWTUIFF L KIE333HTHIT 25, R32D2O0D T A —X
2 Optuna I & o THREL S NTAEZRE L TfT S 2 Tk 2 5.

T e

Cij o Va—74Y7/—FORBETIIEME/ — FOREHE j 13
ml;; C; D Local map X A 7 £

mri; C; @ Remote map X A 7 ¥4

7% C; D Reduce X A7 D F—H

7% 3.1: MrHeter IE CTlEL XN 5 87 X — &
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INT A=A BA

SEIE

mapreduce.job.maps VaTdBlY DT I AN DY SRR L
mapreduce.framework.name %% ocal | D& EE IR
TNhd.

mapreduce.job.reduces ¥ a7 HDDTI7 4N DY T a—RARATE EHE
72 RARDY T a— AR D 99%ITRE SN — R
PELTHV T 2a— A2 I Nz —TTETTES X

9123 % .mapreduce.framework.name %3 ocal ] DFEH

ERERSND.

72 3.2: FHliSEERIC BV TEE S % Hadoop D28 T X — &

333 EEICDOWT

Optuna {2 & % MapReduce & X 7 #H| D BTDOIFITEZFHAT 5. X 3.1 13 Optuna
WX BT X —REgHE{tDa— RO 7a—F v — +TdH 5. £7- Listing 3.2 1ZAKHF
ZLCHH L7 Optuna 12 X %89 X — Xk a— FHITH D, EITRHICEE S
BREDD B EFNEA XY v ZIRTTHREGINTWN 5.

3.1 DU > THEEZFIHT 5. Optuna 12 &K 3837 X — X b a— R
DAL LTI % 3 Optuna 12 X 2 HiEID RITRER OG-l & %5 X — ZERTTH
A, REIDFGITTHRIET 237 X —=EDPRET 5. HIEDRITOHEF T X —&
BREDATHiL 5. Listing 3.2 Tl 80 1T H D> & D objective BAEIIZ & - T Optuna I
Bl & T X —XEERIMTOI TV 5.

ZRiZ Optuna i K> T a 7OETREZ REICT 5 DB M I N — =D
»%F X — & (mapreduce.job.maps & mapreudce.job.reduces) % 4 — 3 — D mapred-
site.xml & W5 Hadoop DFRIE 7 7 A WAZERE L, ¥ — N—Z FlE) L T E 2 [t
SHED. ZDRTRA=ZHRIE L Y —N—HEFH DM 2 Y — N—I1T1T 5. Listing
32 TIE 11THD 546 % 5 parameter_set BIEUZ BT, Optuna 5 E DT X — X %
VAR =P = N—TRE LI =N —OHEFTONT WS, £ 181TH 54
% % parameter_set_second BEUZ BT Optuna 8 E DN TF X — R % ) — R — N —
WCRRE LY — N — DO HEHTTHOA TV 5.

Z DRFATRIME 2 IREL T 20 RD Y a 7% 5T UFEITRHE Z HE 3 5. Listing
3.21ZBWVTIE691THD S 40 F % execute_job BIENT P 2 7 DFAT & FEATREE D HI
ERTONTWDS. Z DFEFTRE%Z Optuna 2355 L XDFRITCTHEHA T 285 X —
REIEET 5. Y a 7OFATRIBDHRERRITE L 0TI 02K TT 5.

R L7287 X —&1E Hadoop DREE 7 7 A LD —D T H % mapred-site.xml D
mapreduce.job.maps ¥ mapreduce.job.reduces T & % . mapreduce.job.maps & mapre-
duce job.reduces {ZZ 24 0~100 DR TERE T % X 5 ITFE L /2. Listing 3.2 D
81~84 fTH T 0~100 DI THREK T 2 XS ITREL T\ 5. #ifl%Z 0~10012 L7
D1 Xiao Zhang 5 2% MrHeter {£1Z & o Tt L 72285 X — & )3 Local map & A
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¥
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ELEN

[ 3.1: Optuna 12 & %87 X — X ko a—- o7 —F v —

27 #1% 0~3, Remote map X & 7 £{1% 0~19, Reduce ¥ A 7T 1~52 L WINd
0~100 DHEIPHIZH 272D TH 5. Optuna ZfH L TP a 7 OFETRM Z /ML T
%87 XA =R B L7z, Listing 3.2 D 89 1T HIZB W T direction {2’ minimize’ %
WET D TCETREZRMET 289 X =2 Z2HRLTWVW5.

AWFFETIE, 778 Hadoop > A 7 L DFE L B Z HEML T 57201, LLITD 2D
DEBERIATIVZMEHL .

1. ‘xml.etree.ElementTree‘ : Python £24E 5 £ 7" 5 V) -C, XML 7 7 £ L Dfiftr &
TREERAT SO 2D L 7=. Hadoop DERE 7 7 £ L (il : ‘mapred-site.xml*)
XML JER TR SN T WS, TDFA4 75V ZHWTEY —N—D
mapreduce.job.maps & mapreduce.job.reduces D37 X — X ZBIICHAIA A,
ZH RF L7z Z23UT & D, Optuna I & D GEE I N2 F X — X ADEKTE
ZHEDPAREE 72 5.

2. ‘paramiko‘ : VE— ¥ — Nt SSH THIEZITH 72D Python 74 751
T, AFFETIE, DHERRICBIT 288D/ — NI U TRELEZ#EA L,
Y — R HEH T 372D H LTV 3. Paramiko % L TH Y — N —(C
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SSH /2N L, iRE T 7 A LVOFRESLHELRY — Y 2RO HEH 2 ¥ o
EZ HEMLLTW3.

INHDF 477 VI2KD, Hadoop BRIGICHBIT DRENRT XA —RDF 2 —=V
TOSRNEINTAT S T EMTE, THIS AT L 2RO BEIML S RS FEATATRE &
"5,

MrHeter {£TlXE 7V % o TH 7% Local map X 2 27 #{, Remote map X & 2
¥, Reduce X R 7 H WS %73, Optuna 2§ 2 Z & TZh o OULHE % HE)
L322 eMTES. FTRHEIEDLRITIL, REFEZHANSL I TER
JDEIMEDBTELLFZ 5.

Listing 3.2: Optuna {2 & % %37 X — X F#{b

1 def parameter_set (map_task_master_server,

reduce_task_master_server) :

2 tree = ET.parse (<</path/to/mapred-site.xml>>)

3 root = tree.getroot ()

4

5 for prop in root.findall (’.//property’) :

6 name = prop.find(’name’)

7 value = prop.find(’value’)

8 if name and name.text == ’'mapreduce.job.maps’:
9 value.text = str (map_task_master_server)

10 if name and name.text == 'mapreduce. job.reduces’:
11 value.text = str (reduce_task _master_server)
12

13 tree.write (<</path/to/mapred—-site.xml>>)

15 # T — \FHEH)

16 process = subprocess.call (<< server restart command
>>, shell=True)

18 def parameter_set_second (map_task_num, reduce_task_num,
ip_address) :

20 # VE— I —N—THTINBRTZV T}
21 remote_script = """

22 import xml.etree.ElementTree as ET

23 import subprocess

24 import time

26 # 77 AINDINA
27 xml_file _path = /path/to/mapred-site.xml

29 with open(xml_file path, ’‘r’) as file:
30 tree = ET.parse(file)
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38
39
40

41
42
43

45
46
47
48
49

50
51
52
53
54
55

56

57
58
59

60
61
62
63
64
65
66
67
68

69

root = tree.getroot ()

VARV AR <7 5

for property in root.findall(’.//property’):
name = property.find(’name’)
value = property.find(’value’)

if name 1is not None and name.text == ’‘mapreduce. job.

maps’ :
# L VEE BE

value.text = str({})

if name is not None and name.text == ’‘mapreduce. job.

reduces’ :
# B UWEZRE

value.text = str({})

# 77 ANVICEZAA
with open (xml_file path, ’wb’) as file:
tree.write(file)

# Y — N—FEH)

process = subprocess.call (server restart command,

True)
mrr format (map_task_num, reduce_task_num)

# v ¥arOlsr

ssh_client = paramiko.SSHClient ()

ssh_client.set_missing_host_key_policy (paramiko.
AutoAddPolicy () )

shell=

ssh_client.connect (ip_address, username=username,

password=password)

# VE— MY —N—THET

stdin, stdout, stderr = ssh_client.exec_command ('

python3_-c "{}"’ .format (remote_script))

# HHZFR

for line in stdout.readlines () :
print (line.strip())

# BlizEAL 5

stdin.close ()
def execute_job (map_task_master_server,

reduce_task_master_server, ...):
parameter_set(map_task_master_server,
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reduce_task_master_server)

70

71 parameter_set_second (map_task_node_server_last,
reduce_task_node_server_last,
ip adress node server last)

72

73 start = time.perf_counter ()

74 subprocess.call (execute job command, shell=True)

75 end = time.perf_counter ()

76

77 return (end - start)

78

79 def objective(trial) :

80 map_task_master_server = trial.suggest_int (’
map_task_master_server’, 0, 100)

81 reduce_task_master_server = trial.suggest_int (’
reduce_task_master_server’, 0, 100)

82 map_task_node_serverl = trial.suggest_int (’/
map_task_node_server_first’, 0, 100)

83 reduce_task_node_serverl = trial.suggest_int (’
reduce_task_node_server_first’, 0, 100)

84

85 return execute_job (map_task_master_ server,

reduce_task_master_server, ...)

87 def execute_optuna () :

88 study = create_study (direction="minimize’)

89 study.optimize (objective, n_trials=trial counts)
90

91 if _ name_ == '_ _main__ ' :

92 execute_optuna ()

34 F®

3ETIHERFIERICOWTHAL 7.

MrHeter iEDR e LT, StEET VD ANER L 72 2 HhaEfeis % 2 N F %
LRBUILANT 270X 025 RPETON5. FHZ26.1 DT v 71 T2
\F7z C; @ Local map & R 7 V¥ FATHE & Remote map & R 77 24T D H]
EWZ X S sD, HEZHENLS 2 7077 L2 2@E LT .

MrHeter EI2BWTEHE 21T 5 Hadoop DT X — &%, MrHeter 7% Tl Local
map X A 7 £, Remote map X A 7, Reduce X A7 DF¥F =D 3 DTHo 7. LH
L Hadoop D >%F X — & T Local map X A 7 £ ¥ Remote map X X 7 BUZHKT %
bDERDIFB N TERD -T2, ZD7=0 MrHeter (EOHHEHRTIEY 2 7'H
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TDDT 7 AN bDy T RATEDFHEIZ Local map X R 7 $ £ Remote map X
A7 OMERETHZ LT 5.

REFEDFEIEIIE, N A =T X=X EE D7D Python 7 4 77 1V O
12, XML 7 7 £ VOfEhT L $REHTT 2 % Python FE4E S £ 7°5 U @ xml.etree ElementTree
L VE— MY —N& SSH THEEZITS 72D Python 7 4 75 VU TH % paramiko
ZEFH L 7-.

4FETIF3ETHI L LRBTELZRBUTET LAHII 21T > T <.
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F4F =Bk - 5

41 EL®IC

4 T TIEHER - FHEiZ1T 5. 42 HiCTIEERRRICOVWTHHAT 5. 44 Tl
MrHeter % E RRFEOFIEZ I L, 2R FEO A X FZ23Hii L T\ 5. 4.6 HiT
WEEBETHIE L2ZRITRZ R L TW3. EERTIZT 7 4L b D Hadoop DFXIE,
MrHeter 7%, Optuna % FW/2 2 RFED 3 DD ETRE R LB L7z, T L=V =
71 wordcount & grep @ 2 fEFHT, AJ17 — &1 Wikipedia D7 — X ZHHL TH
h, 7 —& ¥4 X% 50GB, 150GB, 300GB % f#H L 7-.

4.2 EERIRIE

FEERTIE, ANTRY=TRRIIAX-BEZEHALTWS. K41 I12HEBRE
2T

P—nN—F 4 BFEHLTED, NRIZEMERER Y — 3— 2 LT AMD Ryzen7
3700X 8-Core Processor 4.4GHz 73 1 &5 (74K A k opteron2) &, Intel(R) Xeon(R) CPU
E5-2637 v4 @ 3.50GHz 2 1 &5 (KR & b p100), {KMREZL ¥ — N— ¥ LT Intel(R)
Celeron(R) J4105 CPU @1.50GHz %3 10 &5 (kX I icl00~icl09) , Intel(R) Celeron(R)
J4005 CPU @ 2.00GHz 232 & (R R b icll0~iclll) T& 5. Intel(R) Xeon(R) CPU
E5-2637 v4 @ 3.50GHz 1 GPU IXfH L TV, Y AR —H—N— (Z T TlE&R
Z b icl00 IZEID B T) 231 BT ) — R —N—DIR 2o TW5. /22T
DY — N—"T Ubuntu Z{HH L TV 353 8— 3 Vid Intel(R) Xeon(R) CPU E5-2637
v4 @ 3.50GHz 73 20.04.6, Intel(R) Celeron(R) J4105 CPU @ 1.50GHz %3 22.04.5, ftioD
H— N—1%22.04.4 T %. Java Development Kit(JDK) b &% — N—IZ4 Y A b —
NLEBAN—Ta 13 11.021 TH 3.

FoRK A4 WCEBREDOY —N—%2RT.

K410 iR — FORE) & j(B) &, K21 DERC,; OFPAICH 5 X512,
BffasVYa—T74 227 —FORKRTIIRME — FNoMMHE, j 1XFCEED /) —
RO ERL, ij DHAGHLE T —N—P—EICRETE 3.

FERCEF] L 7= Hadoop D N— a V11X 3.3.6 TH 5 [25]. £z, £ 4.2 13FHEHER

BCfE L7z Hadoop D87 X=X TH 5. K 4.3 13HEK T 587 X — & D Hadoop
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p100(Intel(R) Xeon(R) CPU E5-
2637 v4@3.50GHz)1 &

opteron2

icl00~iclo9(Intel(R) Celeron(R)

L p100 J4105 CPU @1.50GHz)10 &
icl0l

->| icl02 r".‘.;>

- > Output
7 a———~
icll1 _“‘*§| iclll f
MapR 7 —3 Shuffle A 7—37 Reduce A 7—3/ icl10~icl11(Intel(R) Celeron(R)
J4005 CPU @ 2.00GHz)2 &

X 4.1: SRERBRE

RAME H—N— (BE/—FOEH &
opteron2  AMD Ryzen7 3700X 8-Core Processor 4.4GHz 1 1
p100 Intel(R) Xeon(R) CPU E5-2637 v4 @ 3.50GHz 2 1
icl00 Intel(R) Celeron(R) J4105 CPU @1.50GHz - -
icl01 Intel(R) Celeron(R) J4105 CPU @1.50GHz 3 1
icl02 Intel(R) Celeron(R) J4105 CPU @1.50GHz 3 2
icl03 Intel(R) Celeron(R) J4105 CPU @1.50GHz 3 3
iclo4 Intel(R) Celeron(R) J4105 CPU @1.50GHz 3 4
icl05 Intel(R) Celeron(R) J4105 CPU @1.50GHz 3 5
icl06 Intel(R) Celeron(R) J4105 CPU @1.50GHz 3 6
icl07 Intel(R) Celeron(R) J4105 CPU @1.50GHz 3 7
iclO8 Intel(R) Celeron(R) J4105 CPU @1.50GHz 3 8
1cl09 Intel(R) Celeron(R) J4105 CPU @1.50GHz 3 9
icl10 Intel(R) Celeron(R) J4005 CPU @ 2.00GHz 4 1
iclll Intel(R) Celeron(R) J4005 CPU @ 2.00GHz 4 2

4.1 EBRERIE OV — N —

DT 7 AN EDFRETH 5. FEERTLHESG & LT Hadoop DT 7 #+ )L b DEFET
FATREE 2 JE LTV B 5, ZDFRICIZE 4.3 DEPRESINS.

43 R’EFEDEEBERABICDOWVWT

REFIEOEBRFOFRENBTICOWTHIAT 5. £44 CTRIEETFEO TS
DCRHELZMEIZ OV T E E®HTWS., & LT Listing 3.2 IZBWTA X
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NFTA—H REE
mapreduce.job.reduce.slowstart.completedmaps 1

mapred.job.shuffle. merge.percent 0.66
mapreduce.framework.name yarn
DFS block size 128MB
DFS replication factor 1
speculative execution enabled Yes
Maps to be completed before reduce creation 100%

3 4.2: Hadoop D87 X — &

INFRA—& RE(E
mapreduce.job.maps 2
mapreduce.job.reduces 1

7% 4.3: Hadoop DT 7 # )L b D 8T X — X {H

U w ZRT IRDG DTV E T T ® 5. /path/to/mapred-site.xml 13357 X — &
% B E T % mapred-site.xml D% X, execute job command (& wordcount < grep & 5
132 a~> K, trial counts IXFfTEIE Z R L TW53.

F/-7 07T 5FEITRIZ Optuna DX v & 2R — REEREZ i U CRlATHs SR % e
RBTBIeNTES[21]. K4.21E Optuna DX v > 2 R— NEHATHS. Xv>a
A= FEHCIETO LS ha~vy FEFEITT 5.

pip install optuna-dashboard
optuna-dashboard sqglite:///wordcount_50GB.db

o° o

a<v Y FD1fTHTOptuna DXy ¥ 2R — FEERER 4 VA b — L L TW53. 2
fTHTWE v 72 23 7RI H /1 L 7z wordcount_50GB.db & W\ 5 %D db % X v
YaR—FTAfLL TW3. 2~ FETH http://localhost:8080 127 7 2 2§ %
EXy T aR—NHHAZ A2 Z D TE5. X428 K431 FAST7—25350GB D
wordcount DY a 7% 20 [BFAIT L72BED db Z AL L /2K v > 2 R— N TH 3.

4.2 O _F#BD History £\ 5 277 713 Optuna 2387 X — X 2228 L 20 [BIER1T
LGSR 2R LT 5. Rl 23ad A T [, #eih2y 2 TR (sec) 1878 o T b FATIR
MO EHIZ Z 2B TES. Zh DT F 7135 ENIH WA, History £ W05
7°Z 7BV TEATHEEDY 0 & 8 DI, haitfT & LhiR U T TR 23 12 58 <
2oTWh. Y AKX —/ — KO resourcemanager D 1 7 %GRS 2 & ¥ a 7HKHK
L TCW 72T 2RIV 5. Listing4.1 13 2 7R L 7zReD v Z7OFITH 5.
KLY a 72BRI 5 2 L i ATHIEDY 3 DR R D FEATIR DG W e 0 5.

Listing 4.1: ¥ a 7KL TWws a7
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ARE L 7 T

wordcount

grep

/path/to/mapred-site.xml

execute job command

trial counts

/home/wakai/opt/hadoop-
3.3.6/etc/hadoop/mapred-
site.xml

hadoop jar
/home/wakai/opt/hadoop-
3.3.6/share/hadoop/
mapreduce/hadoop-
mapreduceexamples-
3.3.6.jar

/user/wakai/mapred/bench-

wordcount

marks/wordcount/in-
put/wikipedia_5S0GB
/user/wakai/mapred/bench-
marks/wordcount/output

20

/home/wakai/opt/hadoop-
3.3.6/etc/hadoop/mapred-
site.xml

hadoop jar
/home/wakai/opt/hadoop-
3.3.6/share/hadoop/
mapreduce/hadoop-
mapreduce-examples-
3.3.6.jar grep
/user/wakai/mapred/bench-
marks/wordcount/in-
put/wikipedia_50GB
/user/wakai/mapred/bench-
marks/grep/output ’technol-
ogy—science—information’

20

F44: WEBFEO T 7T LITERE LTEIZOWT

1 2024-10-13 13:20:22,233 ERROR org.apache.hadoop.yarn.
server.resourcemanager .ResourceTrackerService:

Received finished container
container 1728790621912 0001_01 000001 for unknown
application application_1728790621912_0001 Skipping.

43 IBITORENRTIA—RE RN TELZ Xy aR— NEETH
%. X 4.2 @ History D27 F 712 B W TarA TS 3 DI, AT W E iERE L
7eh3, K 4.3 1 FFUTEED 3 DR OFITORE T X — X 2R LEHETH 5.

[ HYLD Parameter &\ 9 H{7312 3T map_task_opteron2 27, reduce_task_opteron2
88, L WVWIRENRT X —REMERT 5 Z £ T & 5. map_task_opteron2 | X opteron2
EWVWIFRRAMEDEENT A —=KT, 22TV EZEml; & mry; R LTS
TRA—=RIZHI=5. opteron2 1XFR 4.1 025 i D31, i 31 WD e nhb. XoT
mlyy & mryy ZRRULZST X =R 27T EWO R RT A —ZADBELNTWS.

[Al#£ 12 reduce_task_opteron2 (& opteron2 ¥\ 5 7R X b HDRENRT XA —X T, £
24TV EBER r HT2B. XoTr 1388 LWL ANT X =2 /[H5NT

W3,
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> wordcount-test (id=1)

@ Logyscale

History

X-axis:

Number
(O Datetime start

() Datetime complete

Objective 0

Marker size:

Hyperparameter Importance Timeline

reduce_task_icl07: o 20
reduce_task_icl00
map_task_icl10
map_task_icl11
map_task_icl08
reduce_task_p100
reduce_task_icl04 0
reduce_task_icl02] 0.01
reduce_task_icl11]0.01

reduce_task_icl061 0.01
reduce_task_icl10] 0.01
map_task_icl00| o.00
map_task_icl06/ 0.00
reduce_task_icl09 o0.00
reduce_task_icl08 o.00
map_task_opteron2 0.00
reduce_task_icl01 o.00
map_task_p100 o.00
map_task_icl01 o0.00
map_task_icl09 0.00
map_task_icl04 0.00
map_task_icl07 o.00
map_task_icl03 0.00
reduce_task_icl05 0.00
reduce_task_icl03 o0.00
reduce_task_opteron2 o.00
map_task_icl05 0.00
map_task_icl02 0.00

0 0.2 0.4

Hyperparameter

16:00 18:00
Oct 7, 2024

Hyperparameter Importance Datetime

Best Trial (number=0) Study User Attributes

Key T

Params = [map_task_opteron2: 32, reduce_task_opteron2:
30, map_task_icl00: 34, reduce_task_icl00: 77,
map_task_icl01: 3, reduce_task_icl01: 80, map_task_icl02:
12, reduce_task_icl02: 30, map_task_icl03: 31,
reduce_task icl03: 5, map_task icl04: 48,

reduce_task icl04: 29, map_task icl05: 85,

reduce_task icl05: 24, map_task icl06: 26,
reduce_task_icl06: 29, map_task_icl07: 96,
reduce_task_icl07: 45, map_task_icl08: 54,
reduce_task_icl08: 72, map_task_icl09: 14,
reduce_task_icl09: 1, map_task_icl10: 51,
reduce_task_icl10: 44, map_task_icl11: 22,
reduce_task_icl11: 61, map_task_p100: 56,

4.2: Optuna DX




A > wordcount-test (id=1)

Trial 0

Note

Trial 2
693.6312956828624

Trial 3

map_task_opteron2 27
Trial 4 reduce_task opteron2 88

map_task_icl00 51

reduce_task_icl00 30

map_task_icl01 83

reduce_task_icl01 78

Tue Oct 08 2024 00:17:18 GMT+0900 (H AIZ#E )
Trial 6

Tue Oct 08 2024 00:41:22 GMT+0900 (H4:

Trial 7 1444474

Trial 8
Trial 9

Trial 10

X 4.3: FEAMTORENRT X =R DX v ¥ 28— FEH

39



4.4 Optunall&k B/V\5 X—REDE HLFHE

MrHeter i & HE){t. MrHeter % &£ 22 F1ED Optuna IT X 2 X A7 H|h B ToOF
lig% tbi#g 3 2. HE)b MrHeter 3% ¥ & MrHeter 7£® Local map % R 7 31T
fil & Remote map &% R 7 I FEITRE OWE % HEL L7z Python 71 75 2 %2
F U 72F2®D MrHeter i T & % . [X] 4.4 1% MrHeter IEDFIE, X 4.5 13 HB{k. MrHeter
EDOFIE, X 4.6 1IXRRFEOFIEERL TW5B. 725K 4.5 X MrHeter %, HE){b
MrHeter 7%, Optuna Z FHH W R RFEOFIEZ LB L 7R TH 5.

MrHeter 5% U < [ HEI{t MrHeter {KIZFTEET VRN TH —N—D/ — K
WHRIEBRRRA B2 RDBFETHS. Lo TFHEE LTRELLWVWY a 725
ITLR 2.1 R 23 TR LUEFBEET AL DITKHEL 2 5 EREEIE 251, Z
DERAEET NV ZHES PR EL LD,

MrHeter i% & HE){t MrHeter %% LLHE 3 % & Local map % A 7 A TIRHE & Re-
mote map X A 7 FIGFATIR R ORE OFNEZ HEML T =72 Z & 2 & HEHE MrHeter
BOHFMWRAZ ZEIMETEIEEZX 5. T2 THIHNIE LN T X—&RIZ,
Cl;;(Local map & R 7 V34T ) & Cr;j(Remote map & R 77 V-3 F24TIR ) 12
»H7-%. Z LT, HEMLATD MrHeter 5 TD Cl;; & Cri; OREDOFNEZ 2.6.1 Hid
AT T1ITHI=5.

—77 Optuna Z AW 7R R FETIIHE R TFIEIZ Optuna 12 & 287 X — X R
ftoa—F2ERL, v 2o a2 T, RBRUZBITZRIN L, Baliie & X 7 8%
RKDBZEeTHZ. 0T AOFMICOVTIZ33IMMTHMHL T2, £z, K
U8 T 2 BRI U, efi7e & R 7 8% 3K o 2 FIEOFEMICOWTIE 4.3 Hi T
LTW5.

MrHeter {EDFNEL 1+ — N—DFSH*2) X7 v 7, Optuna % W7z RFik
DFNEF4RT Y T TH5B. NTRY=7 ABREOHEY — N — ORI 2
bk 72729, MHeter IEOFNEDO R 7 v TRII S L L 3. 257 v FETLHt
3 % & Optuna Z HWBRFEDOFIHD iR P IRNAT v THTH B Z e h 6
Optuna 12 £ %35 X = RREDETMEPEBRTETVWE L FE R 5.

¥ 7z, MrHeter i£1& Y — N — OFEE Z L ICHREIEIE O EN K E L 12 2 THEH D &
. DEDY—N—DOFENIEZ 2ICONTHEDFHNEZI 2L ERS. —FH
Optuna % W42 B FETE Y —AN—DEENEZI /-2 LTHFHEIHEZI 2 2L
BV, KXo TOZ 7 XX —BREIZBWTYH —N—DHENZ { 12 52 Optuna % H
WRRFEZMHEH L TEIMET 2 XV v PR ELRS.

4.5 Optuna TESNIENTAXA—2DBEWH
7 4.6 1% Wikipedia50GB @7 — &+ » b T wordcount % 51T L 7zFE D MrHeter %

¢ Optuna DFRJHEL L7128 T X =KX E2R LR TH 5.
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4.4: MrHeter =D FJIE

B#kLi-WY 3 TEET

-
4t

tEsefERE 0 7 b L EUS
(—HE®t)

!
HEETLEREBELZ R
IHERD B

+EED NO

H—si—AHt
ATEFHD

4.5: H#{t. MrHeter %D FJIE
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Optuna Ic& 3/%5 X — 42 B@{kD
23— FYERR

7045 LEET

r

RBL fBlAT % RS

|

BB 7BERDS

4.6: Optuna & AW 7218 R FiEDFIH

7% 4.5: MrHeter £ © 18 RF1EIC & 2 FIELLE

Fi& FIE

1.
2.

MrHeter 7%

b L72nwy a 72 EITT 3 (NP

ROFNEE Y —N— T L IZHED IR T
a. it EET N2 DITRERMREEEZ v 7 S BR (ANF)
b. i BETNZME, RERXRIZEZRD 5 (NF)

H#h{l. MrHeter £

L L72WS a 7R FTT 5 (NF)
2. ROFEE Y —N"—Z L ITH#EDIRT

a. sl HET N2 MR DICREBMERERITE 2 1 7% 6 S (—ak B E)
b. itRETNZME, RERZ R 72 RD B (NTF)

Optuna

A W N =

.Optuna Z W7z — F2{ERT 2 (7 7L — b 2HWTAF)
. 7ar o LA EBFETT S (HE)

R 28T 2 BRI (NTF)

R R R 7R KD B (HE))
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(R — o) & jE) 2V OINEE 21 DERC, ik jITIGLTH
D Bfa Va—74 77 —FORKTIIIERME — RO, j XFRCEED
J— RO ZRLTWS.

MrHeter & W95 %D map & reduce (& Z 24K 2.2 DZEE ml;;(C; D Local map
X R 7R 2B mr;;(C; D Remote map X A 7 ) % & L 78 & K 2.4 DZHr,;(C;
@ Reduce X X7 D F —H) IZMEL TWA. Optuna & W5 %D map & reduce b [F]
BTH 5.

Optuna D il L7 8T X — ZIFRRBRFIEFEITRIC 4.3 D X 5 7% Optuna D
Ky ¥ ah— FHEEOTTHZIITORE NI X — X 2R T2 IR TE5H
D 5HUF U 7=, MrHeter = TlE—HIC map 27— I D85 X — X WS 1, reduce &
T—=YDNRITRA=ZHP100 78272 dDD, —N—DOFHZ L ITHBEIZAES
N,

MrHeter Optuna

H—N—% (EE/—FOEH &

map reduce map reduce

opteron2 1 1 1 100 27 88
p100 2 1 1 100 78 71
iclO1 3 1 1 100 83 78
icl02 3 2 1 100 70 78
icl03 3 3 1 100 6 69
icl04 3 4 1 100 29 100
icl05 3 5 1 100 46 14
icl06 3 6 1 100 49 81
icl07 3 7 1 100 24 0
icl08 3 8 1 100 5 64
icl09 3 9 1 100 59 42
icl10 4 1 1 100 9 3
iclll 4 2 1 100 76 55

7% 4.6: WikipediaSOGB @ wordcount CHu{t L7285 X — &

4.6 SR1THEME

wikipedia ® 7 — &%t v b [26] Z{#H L T wordcount, grep DY a 7% 517 L /=4
RIBIZENEZNE AT, 48D X205, £/-KRAT, A8 DIEREHE T Z 712 LD
DX 47,48 ThH5. 7 —XY 4 XX 50GB, 150GB, 300GB % ZNZFIUEHT 5.

wordcount D FEATHER 2> 5, Optuna ZFIFH L 72425 %13 Hadoop D7 7 #+ L + D
OB L L T 16~50% 5555 % Z & 2T = /2. JefTH3ED MrHeter 113 Hadoop
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DT 7 )V b DEGE & LT 4~48%FEiiE L TW3. X - T, Optuna ZHIFH L 7=
TREFIEIE MrHeter 7 & LR THEITIRBIDFEDIEL B2 Z D300 5.

grep DFEITRIRD B, T — X ¥ 4 XH350GB DIfiE Optuna D ZEA TR IX Hadoop
IZHATHY 75%, MrHeter I HEAR TR T9%FFHEL TN D ZED0h 5. — /T —X
A XD 150GB DK Optuna D FEATIRFE & Hadoop I1Z EEARTHY 5%3E /0, MrHeter
RICHARNTHI BRI L TV B Z e 0 h 5. 7 —X %A X5 300GB DFFI Optuna
D FEATIF T Hadoop 1Z EERTHY 5%, MrHeter {£1Z EEARTHY 10% 564 L T W
5200 h%. XoT,Optuna ZRFH U TIREFEL grep TBWTIE T — &3 A
X 50GB Tl& MrHeter {% & LR THI 79% K556 & RIBICHEME T E 207 — XY A4 X
150GB~300GB &34 Z % &, FMiDEIEIH 8~10% L /NE K782 e 3bhb.

CORRPOFTTHTa 712 LoTE, 7T —XEDIEZ % & Hadoop DT X —
RF 2 —=V 7 TROLNZFITRREMICRRL D 3 x5, 20 E5AT
R 2T 2 LoV Y —RAZERTREDHENEZILNS.

T—RY A X ‘ Hadoop ‘ MrHeter ‘ Optuna

50GB 1440 1385 693
150GB 3511 1838 1812
300GB 4429 3578 3722

3 4.7: wordcount D EFTHFH] (sec)

T—RY 4 X ‘ Hadoop ‘ MrHeter ‘ Optuna

50GB 438 528 111
150GB 1084 1228 1139
300GB 2175 2303 2083

7 4.8: grep DFEATHF (sec)

4.6.1 REFZOAEFERICEITZEBXRBICOWVWT

AHF5ETld Hadoop D FETRE Z ME S 287 X —ZMRZITOCHD, 155
N FATRE Z ARG AIVICEEM 3 2 DB D 5 FHCFEITRIEI DX oo X 2 E R L 72
LT, DE2EEOEHEELZ D > THRZ T LDIEFHEXEOEAZITS. LTI
ZOHHZIBNRD.

1. RITEFRIFHAIORRERM | ETREICIE Ay VY- AR T 7 A XL,
DaTd R IFEXERERNINET S. ZD2D, FAUL8T X —RBE
THRITKFNICIE S OENEL 2008 —RINTH 2. 25 LESox 2
MLUT, TRMEIFITRR 200 25HMis % & HIEOEH TIEEH LI WG
Re L a0[geEDH 5.
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E1THEFRA (sec)

5000

4000

3000

2000

1000

50GB 150GB 300GB
T—2Y A4 X

mHadoop m MrHeter mOptuna

4.7: wordcount D FEFTHFH
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E1THRR (sec)

2500

2000

1500

1000

500

50GB 150GB 300GB
T4 X

mHadoop m MrHeter mOptuna

4.8: grep D EITRFH
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2. EERBOES  EHEREM I, v A oHE LERERDO SR YD
FICHEEEZEZONZ DT —EDHERTRITDDTH L. £/ 2 DMERIT
BREKETH 5. 95%DEHEXEZ L L2 5, 95%DHER T Z O XM RHEF
DL FEITRRDBA B L F X 5.

3. T ZFHE I B8 -

o 1 MHBEHEEXBEZ TR 20 TH 5. HilZ21320 [BERIT L8
ROV FITRE D 95%FFIX M I E 2 D THIUR,
BIMOFETEZ L THE LN FEEIXEEX M OHFTDH 2 nlgeMEss
F=ARY

« 2 HHIESHEHRRDIE SO Z 2B F 2 C, B RN SEMH EFFAT]
BELE DI TH 5. HlZIX30MEEDIXS D X IFMEICZSRVDT
HAUR, ZOHEPIZINE > TOAUTAITEZIE T S 2 5.

4.6.2 REFEOAERRICE T 3 EMXE O

FINRT X —RPERITBT 2RITHERD &, FITRE OFEIIES K CRHEAEHE(R
ZRRDDB. ZDETHEEBRH L TISBEFEXRMEEE T 2. 27 LIBRFIERE
optuna DFAITEIENZ 20 B L FRE L TWE D, ST T 2HICZ S —ENRETY a
T W L0 ITH D 256 Z DR RIS REAREER A LR T 2RI
B, FREERKEZMLTORIC X > TEHT 2 [27]. 2ORIF u HRER D
EIME, T HEAR D FIE, t 23 E HE n-1 D t 59 S Wil a% DFEAMH 7272
DO FHIEGTE, s DIEAEERZE, n 237 — X Bz KT

S
vVn—1

F 49 1IEBRTFIEICBIT 37— XY A X 50GB D wordcount DEITREE 2 L T\
% ATEIEA 1,9 M EIZT S —FDHETY a 7HH L TWiRW= o E RS
PHERL. £ 4.9 OFHAFEREE LR THL &, 2=726, t WHHE 17 D t 51k
22 S 2.5% DA TR W2 8 O HRIEESEZR DT t=2.11, s=34, n=18 72 DT,
w=1[709,743] £ 72 %.

£ 410 1 XRREFEORER R S B H LU 72 EF0/KHEE 05% D EHEX IO W TR
L7=RTH 3. HlzI1EY a 72 wordcount TTF — XY A X5 50GB DIGE, [EHEH/K
#E 95% DEFEX NE 709~743 0 TH o /2. T ZH 5 EDFEFITRRNE 709~743
POHEFICH 2 NS Z e 2395%DEF/KETHE T 5. [FHEXEXLE 171
INE -5 7.

F7:X 4.9 1% Optuna DX v > 28— NEHHAT, fBFERLRBI 27 —&¥ 1 X
50GB @ wordcount DEITRIEI 2R L7127 T 71272 o TW 5. HEElAES T B THE
ThDIFELTIR R (sec) 2R LTV 5. 38T [EIEL 20 [BID N O i i AT I EER T 18003

w=T—1xX
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3(R49IZBIF 2 THE4EIH) TR L TWE. 2D 772 /s, =55
DFEETY a 7D 3R W IATRFE 2 5dsk L TV 28R TEI%K 0, 8(3K 4.9
BT BEITEEL 9 H) 2R &, ETRRIIIGR S 2 [ H 5 2 & 50 h
5. ZDZ e ORETIRICBWTIE, 20 MIREDORITEITS 2 & THPIZ R
WZIEDWTW A AR SV e HIT = 5.

ITEIER  EITEFR (sec)

1 7

2 720
3 701
4 694
5 718
6 697
7 704
8 712
9 102
10 722
11 740
12 761
13 697
14 724
15 747
16 843
17 729
18 730
19 710
20 727

£ 4.9 B RFHEICBIT 57— &P A4 X 50GB D wordcount D FZS TR

ad T—2Y 14X (GB) FHITEIE FiF(sec) FXRFERE EREEXM (sec)

wordcount 50 18 726 34 709~743
wordcount 150 18 2013 342 1843~2183
wordcount 300 19 4144 832 3743~4545
grep 50 19 132 16 124~140
grep 150 19 1192 35 1175~1209
grep 300 19 2185 38 2167~2203

72 4.10: ITRRFIEDEFAKUE 95% D EHEXE IOV T
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800

700

600

500

400

=]
L)
=
=]
%]
L8]
—
0
)

300

200

100

0

X 4.9: 2R FIEICBIT 37— &Y 4 X 50GB ® wordcount D EL TRz

47 FLH

4 TETIXERR - 21T o7, SRIOERTENT BRI =T ART 7 AKX —
BEEMFERALE. —"—13 4 BFEHLTEDH, NiRIX opteron2(AMD Ryzen7
3700X 8-Core Processor 4.4GHz)1 &, pl100(Intel(R) Xeon(R) CPU E5-2637 v4 @
3.50GHz)1 &5, icl00~icl09(Intel(R) Celeron(R) J4105 CPU @1.50GHz)10 &, icl10
~icl11(Intel(R)Celeron(R) J4005 CPU @ 2.00GHz)2 5T 5.

4.4 HITIEFMED 3 R M IZDOWTEHM L 7z. MrHeter 1% & HE){t MrHeter £ 7% Lt
#23 % & Local map % R 7 P EITHE & Remote map X R 7 I FEATIR R D HIE
DOFNEZ HEML T /=2 25 HEL MiHeter IEDQ /T WX 2 7 2B b T&E -
S Z 5. MrHeter ZEDOFEIX 1+(F— N—DfEFH*2) X7 v 7 IR TFIEDOFIEIZ 4
2Ty THnB T EH 5 Optuna 12 & 385 X — R PEDOE N LWERTE-. %
7z, MrHeter 13 — N — O Z L ICHREFEIEOWE DB E L 72 2 THE 23D % D
TH—N—DFEIEZ 2 I ONTHEDFHDHEZ % £ 5 X %5 Optuna % i
LB FETE Y —AN—OFEIER 2 LTHFHEERA S Z MO T
7 I AR =—BIFIZBNWTH—N—DEHENZ  REAIEREZFEZHEHL TE L
TEHEXYy bBKREL RSB,

4.6 HiCIXSATRFE %2 F-ifi U 7z. wordcount DFEAT#ER D> &, Optuna Z FIH L 7242
ZZF T Hadoop DT 7 4L b DERE & HEEE L T 16~50%%#E3 5 Z e BT X /=
JEATHRFED MrHeter %1% Hadoop D7 7 # L k DF%E & HL#g LU T 4~48%%kE L T
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W3 72 R R TIEIE MrHeter 1 & LR TEITRBIDRIENHL 22 Z e 0o
7z. grep DFEITHER D 513, Optuna ZHH L 7B EBFHEOETRMEIE T — &2 94
A 50GB Tl MrHeter i% & FEARTH 79% 5558 & KIBICREMETZX 207 — X% A4 X
150GB~300GB ki % % ¥, WA DEN G138 ~10% L /NX K B Z e A ho 7.
CDRERPOFETTEHY a 712 Lo> T, T—XENIEZ % £ Hadoop D28F X —
RF 2 —=V 7 THLNZFETRIEEMECRADL D 2 e #HEHlx N 5.

4.62 i CIIIRERTFIEOEFEKE SO EEXE 2R L FlZIXFETTEY 1
753 wordcount TF — X ¥4 XH 50GB DG4, [EHE/KUE 95% DZHEIX M1E 709~
143 TH Y, EHEEENIE 17N E 72, TRERFECBI 27— 9 4 X
50GB @ wordcount DFEATHRE R L7227 T 7 % A 2 & FATHRFENIICR 3 2 HAN
HBZEBPDHDE. ZDIZ e LIBEFHEIIBVWTXL 20 0RREORITEZITH 2
THTRFRISE DN T W B ATREE D B WD & W T X 7=,
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F58F HbHDIC

RIS TIE, Optuna & WA T B Y =7 REIFICE ) 5 MapReduce X R 7 El|
DYUTZREL, EFED NI X =22 N\FTHERLANT 248D D %5 MrHeter
FEe s 2 2 v T, BIHML O 2177 o /2. FERTFIETIE Optuna & W T8
I X=X HETEMN L. MrHeter (KO FIHIE 1+(F — N—DFH*2) X7 v 7,
Optuna % W RERFIEDOFIHIZ 4 A7 v FTH 5. Lo T Optuna 2 HWVW74ER
FIEREANT B Y =7 RABRHITB T % MapReduce % 2 7 E| H HTIZHB W T MrHeter
R L TEA7OENMEET 2 R TE.

—77, grep DFATRFENE T — X ¥ 4 XH350GB D#lE Optuna DA THIX Hadoop
(ZHATHY 75%, MrHeter HRIZHEATHY 79%FE/E L TV 528, 7— X4 4 XH3150GB
DFFIX Optuna D FEATHRFENE Hadoop 1ZEEARTHY 5%3E 1, MrHeter 12 EERTHI 8%
¥GME, 7 — &Y A4 X5 300GB DIFi Optuna D S24T7HFR1E Hadoop (2 bR THY 5%
J, MrHeter {EIZ EEARTHY 10% %6 #E & 72 - 7. wordcount DGR ¥ FE#R U TIRERF
1£D Hadoop 12X § 2 FEITRRIMEMEDEI G B W e, T —XEDHEZI 5 &
Hadoop D %7 X — & F 2 — = 7 TH LN 3 FATIR IR D 2 & #HEHl X
N5. 7—X&E Hadoop D8T X —RF 2 — = 7T 5N % FE TR R DB
RIZOVTIESROMATHEDL DTN EEZT VS,

4Bl DIFFETIE, MapReduce D SEATIRFE % HREDFEHE © LT 7z, TR RIS
DIHEET), R X EV 2 EEROEEZ 7 3 HED D 5 5BV T Optuna
KXo THBINWIZER SN AT A =R 2T 5 N TE20MHEIDL L
NEBROFEE LTEZILND.
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KX FeDBIH=D, ZLDHFLRICIEZWEEEE LR 2 2IITEEL
BHOEERLET.

F T U DI, AFFEDOIFEHRE TH 2 HOEEIRIIE, 5T — < DEEDL S
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L OMESZAMICT 2720 DBE R, Hrl- kSRR Y, FRIEHEKZ ED
%2 F TR CHRERTENW -2 21D D EHEFL ETET.
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Z L TRiRIZ, REEBHEFED, H A4 OAEIEH - FEMH T X T RGP F E
WH, OB ELZEBITET. HROIE LML D 5720006 T 7, FE LRI
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