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Abstract

In recent years, artificial intelligence (Al) technology has been extensively stud-
ied across various fields. In the field of games, powerful Al opponents such as
dlshogi for shogi and AZdb for chess have achieved strength surpassing that of top
human professionals.

Meanwhile, research is progressing not only on creating strong Al opponents
but also on AI that entertains humans. For example, some studies focus on Al
players that behave like humans to reduce unnatural behavior and create good
opponents or cooperative teammates. Other research aims to estimate player
skills and adjust enemy strength accordingly or to generate levels with appropriate
difficulty. Among these studies on entertaining AI, we focus on rating estimation,
a system that assesses player skill.

A rating system is a method for quantifying player skill numerically and is
widely used for various purposes, such as player match-making, in-game handicap
settings, and analyzing individual player growth. Therefore, it is important to
compute player ratings as accurately as possible. Conventional rating systems,
such as the Elo rating, update ratings based on the wins or losses of the matches.
As a result, determining an appropriate rating often requires dozens or even more
matches.

To estimate ratings with fewer matches, several methods have been proposed
that utilize loss, a metric representing the magnitude of mistakes made in each
move. A smaller loss indicates a stronger player, while a larger loss indicates a
weaker player. This approach enables the distinction between crushing and close
losses, allowing for a more accurate rating estimation that reflects match content
even with a small number of games. Baba et al. further improved the accuracy by
having players compete against a shogi Al designed to create close game situations.
Additionally, they excluded certain positions according to the number of moves and
remaining time, reducing the impact of noise in loss values that do not accurately
reflect player skill.

In this work, we further focus on the fact that even players of the same skill
level may show different loss values depending on the difficulty of the given po-
sitions. A player who faced a larger number of difficult positions by chance may
show relatively high loss values, potentially leading to an underestimated rating
compared to their actual skill level.

Therefore, in this study, we conducted rating estimation considering position
difficulty, using Go as the target game. Difficulty is often vaguely defined, but in
this research, we adopt expected loss, which represents how much error a player is
expected to make on average in a given position. The expected loss is calculated
as the weighted sum of the loss values of possible moves, where the weights are



their predicted selection probabilities. We use this value as a measure of position
difficulty. A position with an expected loss close to zero indicates an easy position
where mistakes are unlikely or not critical. Conversely, a higher expected loss
indicates a difficult position where mistakes are more likely and have more severe
consequences.

Using this expected loss, we adjust the loss of the actual move based on the
position difficulty. If an actual move’s loss is moderate in a position with a high
expected loss, it is interpreted as avoiding big mistakes in a difficult position, and
the loss is adjusted downward. Conversely, if an actual move’s loss is moderate
in a position with a low expected loss, it is interpreted as making an unnecessary
mistake in an easy position, and the loss is adjusted upward.

First, we analyzed the desirable distribution properties of loss values when using
loss-based rating estimation. An ideal loss distribution should accurately reflect
player skill with minimal variance, regardless of how the game progresses. Addi-
tionally, it is preferable that the distributions of different skill levels (i.e., weaker
and stronger players) are well-separated. To evaluate whether these conditions
are met, we employed three metrics: stochastic dominance, overlap ratio between
distributions, and performance in a trinary classification task.

Next, to validate the appropriateness of the evaluation metrics, we reexamined
the effectiveness of the method proposed by Kuboki et al., which demonstrated
that using the average loss over the first 150 moves, rather than the entire game,
led to more reliable estimations. The results confirmed the effectiveness of this
method across all three proposed metrics, thereby also justifying the validity of
the metrics themselves.

Finally, we conducted an experiment to estimate player ranks (approximately
equivalent to ratings) based on ten game records per player, ranging from 10 kyu
to 9 dan. The estimation accuracy was evaluated by measuring the deviation from
the players’ actual ranks. The results showed that using raw loss values resulted
in a root mean squared error (RMSE) of 3.975[rank|, while applying the method
of Kuboki et al. reduced the RMSE to 1.935[rank]. Our proposed method, which
incorporates adjustments based on expected loss, further reduced the RMSE to
1.511[rank].

We expect the findings of this work to be applicable not only to rating estimation
in competitive games such as Go but also to various other domains. For instance,
they may be utilized in Al-driven personalized teaching that fits students’ skill
levels, as well as in the generation of interesting puzzles.
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CDOEIBRERTERINTVWSED, T/, “LX " 2D XS IHEET 2D
ZEaiHd 5.

HESIX, EEFr—21280T, ABS LWEHEIZ Y L NIZED ANs Z & T,
ANz > TRRAHO DR WIEZER T2 2 ZHIE L2 [17]. 20791,
T3, VWYL FHWYILND 2 ODREDEL DV ANBLERL, 7V 7R
ZHB T, MEERDEL, BNV AANDZ Y TREEL, FOY DT
TERMEOWHEEE RWHEE L, 0%, IBEARTOHLX) 2EHAL EE
B2 X ZHBRL, EIZDIDFEICEHEINTICHTCIMEERVE
LTW%., X512, BWEHIKLZZb0D5H, SHIYV LD Z Y 7RAE W
E TRPImMONGEEE Lz, $hbb, [HERTOHLX ) OFxrs HET
BeHZ ML) ZHRL, RAZE LI LD IEZIZH LI 20 TRE
ZROVEEE LTWa., BBREERCIME L MR, BWEED S5, BHY L
NDZ ) TENPEOEED, 7V 7RMEOMEE X D S HEAWMETH 50 aeM
L7z,

AHBHIX, T4 RR—I1ZBWT, FMRICBIT25EMED L5 7, GEOH A A X —
PR IRR U 5], ¥/, MEEERICAERT 2200713 XLT, Lh
FEE ORI CHERTEEZ0EBIEL. X5, EOHTAAX—EOHEH XS
L X ORI E, HEREERTHEL, ZEMH HFETHVWT, REOREED
HEEAIPRH L XOHERITo/=. 22T, #EE I KUl X)) 28D
CICFTHELTH HoTWa. Thbb, IFXFREKRTOH L X2 0fe 31,
PERE S OFHICI 2L 2 Z0FEHLIOERL LTHWTWS., —7
T, RHEOFHE» SH L XOHEEZIT- 7280 TlE, “ WIHPREETHNR 2 BEHRN
HLREOR” PHEICEVWEEE 2o TWA I 2Rl 20X, 7¥—
LEEBARDPED XS R (LX, JRERY) ZFoTWANICX-TH#HLX %,
EREIHEN T 25T, FxR (18], BOR[19]) B S EXERF—LTHVS
NTW35,



48 BHR7O0-F

AL, L—T 4 Y IHEICBWT, TE3RFVRVREKT, EfcS
LAYDHENZRB Z e ZHIELTWS., {ERDEo L—7 14 ¥ 7Y A7 LTI,
BBOAICER L TWA o, EEE KEEFRU L ARL, HFEOHRAHERIZ
ST T AA[REMEDR D o7z, 2D, TITHEZEX, 1FILDIRDKEX
PRIEETDH D loss THOWTEIDERBEICL—T 4 Y7 RHEET 2 Z & 2idA,
—EDEEZEIF=. L2L, LI RADKEXSEH/22LTH, £ENIRAE
TE2EIRGEL, FLALYDT LAY LAEVWIZRE2T2HER2FEALLEARL
TLEV, BHEOHL IICHEINTLES ZeXRETHLLEZD. ZD)
O, lossiZ, FRHEOH L XEERLI-L—T 4 Y IHEREZRET 5.

FHEOHEL ZITIE3ETHRNEAD S FXERMMPCERDID D 5 203, Kiff
KT, ZORBETHX LAY NEFNIZEDL BVWDIRA%ZT 5 THEX
N30 WO HE, “Hiffloss” 2S5 Z 2123 5. HfFlosslk, FEFDIRD
KEXELT loss &, FEFOTHERMEREHOCEHET .

loss 1%, BEFDIRDOKEZIELRL, MROF— 212Xk -T, ZOFHfifH
DOHMEITHRR 5. TR, REOFMEL SETRL, loss IREFZIE LG
BORBUCHNR, FEEROBFR NI ORBEHEL TV A ERT. FHETIE,
THIHEEZRHOWT, los 3REFEIT-oGE L N, HBOBFEFREIUIED
HEEZELTWE2EERT. —HAEFOTHRERERI, ZOREOEEFEIL
WHE 2ol TZ20 7V 4y, £REFECHEHTTEO LA YR ZDFZ2ERES
SR DZrTHb. NETV A YOS F 721 34FE R & OB IRfERIZ, &
W, TOTVLAVYOMEZHAID D FE LD THEMT2 208 TES. A4
BHDE LT, F=AD Maial20] %, FED Katago \2Z DIKRED D 5.

ATF loss 1&, JETilR7zloss E EFMERZIFHMEDO L5112, #HFEbES L
T, BREOH L 2 2R ITHEE LTHS. BEARNLRKIEIK (4.1) TREhd. 20
B, 01EWEY, R dTVWEH, 63T vWEm, MELRmERL, K=
72513, R WEH, fFTHI2 WEH, R#RFEHE WIS X5%2HDT
5. FlzE, —REBATREVWVFCRIZTFHIREFTTH S X5 RFHEIZDOHE
WEEL D, —F, REFEEXNZIIFH LY, S LT REREBEL
WKHELBRWE S BFEE, H50IEHIC, KEFEIH-THETHREIRVE S LRE
HTE, ZHUIEEL S0,



Elloss] = Y loss, x Prior, (4.1)

aEAN

ZDHfRF loss EHWTLL D X 5 fiE%21T 5.

(1) HifFloss R ZWRHIZRDIZ, EEFOD loss HEETHIUL, #HLWEHE
TRIDE Lo/ R, lossiHMEL 22 XS ICHIES 5.

(2) HifF loss D/ NEWRITHIZZ DT, FEEFD loss HFHRRETH UL, FHEHZIRE
TTERETRWVIEZ LML, lossidEm< %3 X HICHIET 5.

M4.11F, 1) ofITHs. ZOREIE—RAZITELLSZoTLED 2k DiE
REER=19.7%) 25, FFRKIZIZ loss=8.6 DRKEFTH 3. ZD XS LFHETIE,
Frloss B 2.TT e K& 2B, ZIT, D27 LAYBX I o/ T2E, ZD
Flloss=0.79 D, HELIIZSAHRVTETH 2D, AFLIFEL V. ZOFBEHT
ZRUIYELRWFRERNLZZ DS, loss X 0.79 DFF TR L, HlziX0.51
WKLT, L—7 4 Y ZHEEICHW S loss ISEBR| R 520w Xk 5L
EODBEINWEAS.

X421, 2) OBITH 3. ZORHEDEINFER 73T (ABC) IZKELTS
loss230.16 THB. ZD X I BRHETIE, HfFlossd 0.96 /N5, LHL,
BETVLAYBX T o722 T2, ZOFIXloss=5.56 DKEFTHS. ZORF
HCEFEIT 72255, lossid5.56 25, X591 LT, L—F4>%
HEE DI loss I EBEE 5 Z 5 RNX725 5.

4.1 LVRETAINE Lk ¥ 4.2: HEARRETT 5 R E TR
e Lol e L7558 ofl



FH5E FHERNT

AL CLE, HifFloss ZH Wz loss fiEIC LD, —ADTLAYDHAEZT D
loss DIXHOE MR, ZRICE->THEDEWL —T 1 Y I7HERZITO 2% H
63, AETIX, loss DIXSLOENLARTRTYOREENZ SN 0EHHRS -
HDEFRITOWTHRS. 5.1 HITlE, AFFETHOWSZNRS — o e T — &1
DWTHAT 5. 5.28iTIX, X620 X235 25 R 2 5Hl 3 5 72D DB D5
BRI 5. 5.3Hi T, ZDIEEORAGIE LT, loss FHE% & 5 X% 21t
XBTGEHREN Y S ED 2 AN T REBROEREBNT 5.

5.1 WRT—LEHET—H

AL TIX, WRTF — LICHERSEIR LU=, PR, 2 A5 —24ThHD, LA
YORHEICEAHAZEL Y —LTH 5. BHOFTHD OO THE [
EHEALDV, M (HE) OKRELT200HMNTHS. LFORFITEHL
INTVWBED, "o Taxyy T2 LT, BFOAFT6SHEZ 6N, BEOD
Z2WHHBBH 5.

F 72, T — X 23 2 72912, Katago'Z W=, Katago 135877172 FAE: Al
D1DOTHY, 774V EDFy b —ZIZHCHEDOATEEEZIToTW5. loss
ZEIHE T AFRIC, Katago THERINEEF I OMEE LT 24 o0 THIK L
7z, I, REDANEOMHEZFE XS0y VU= 0REINTED, Bk
NEZRETHIET, YT 2ETOBERNERZFICANSG ZENTE, THhZAR
T, EFMERE LTHWS. RFEETIE, 10k (108 8k,...,2k,1d,...,7d,9d
(9EY) ITOWTOEFOENERERIF L 7-.

AWFETIE, T —X 2 LT, 4 &—%v FHAENEGY—E 2 TH 2 HI?
Mo, URND3O0& M2 THEEZTHDOEME L 7.

o XNFHEEH B —TF DEHALY 10k,8Kk,...,7d,9d DXJE
o MREMDBRAIZD 1 LR TH 2417
o 100 FLLEHN TN )R

Katago[https://github.com/lightvector/KataGo] ({#f&7 27+t & : 2025/02/02)
2974 [https://github.com /featurecat/go-dataset] (Ffé7 7€ & 1 2025/02/02)
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5.2 (E5D2FMEIDT-0DF EDFEEISIE

EFDloss THOWTL—T 4 Y IHELZT 258, &7 LVAYDO1IRAEDD
D72 loss 2 FLMEICHIWT T 2 DO ETH 5. LIL, EARTLAYTH-
THHAE T I X FRBERTHRAHRDAE T 5720, HEEICHW 25 E5
DI NZ Y, EAREHE, E/NEHEAE TR E .

X511%, H257LAYA GR) &, 27 A4¥YB (F) O, 1ik&ED-HD
¥ loss ZHER DA TRLEZDDTH 2. AlZB LY NI LA YTHD, £
EENZE loss /N E W, L L, ZFRF A LVWEREZ 5AohbZ L
TEWloss (G ZHLTLEW, HIZBALE-EfHELAREZEZL 525
N5 ZeTEWIloss (D ZHLEGER, loss I RAUXB DIE5 23 A X
BEWVWHZIZH->TLED.

ZIZT, LY ELMENTENE, AL BARDODHENRDIFIRTL 3
b LW, K52 20X 5%0B1THD, FHEOEIFRILCEE, ZhZ2NmB
BINELTBHIENTETCWS. ZOHE, 7HALB»S T X LI loss &
TINLIZELTH, BOIEIIWNEL %S GRCRZAS) 22T AERL.

“CREHOEERME” L VWS FEEX, 7EHEHSBIEIVEWVISIICHIZS
b Lw, LarL, R3IRT LI, 7BEBOT 8T, 22005HD
FEHDED K-> TLE - T, BHHEZELBNZEO T Z T TERL.

AEITIE, B0 MHOEDDOFERN LI OMREE D=6 Th, EED
L—T7 4 YITHERITOLTIE, “20MEIIE->E D ENDHZ0 7 ZEELRT 52
Y TCiHMli§ 2720 DWL O DIEEEZIER T 3.

5.1: B D EDDBRKEWVW 291

X 5.2: 538D/ NE W 2 AR Xl 5.3: 77EL, EHEDEI L BITNI W2 51

11



5.2.1 {BHX

BERL L, BR2ENFED2SLAYDT—X2HEL, VL2157 —
R TN LRICELWIEFRBEGRE R 2HEREERST. XTI, UTDES
72 (5.1) 3.

f(A,B) =(xa>xp|za € Axp €B) (5.1)

X A BRERLIFENHDOT—XEET, ADHTHRRANHENET 5.

B ZIE, 2 7L A4 YDTF—ZEERFE L - 72355 0EEIX 0.5, M54DX51
FRER > TWBEOMDEEZX0.875, K55 DX IICER - =EHD BNV IHD
BEXL RS, AMEEEX, PHIPHETHo- LTDH, BERDEIEOLDEHLT
22 ZHM T 3HEMNARETH D, LISEWAHRRWHIETH B LiMETX 3.

X 5.4: 8L - /=50 X 5.5: 77HEL 725010

5.2.2 SHODERDEE

AIEEX, BRAZFENHFD2 LA YDT—RIZOWT, 20HEZ LA NI T A
TRLEBOELR > TWARBOEIE 2R T

Bz, 27 AXYDTFT—XBENRFE U o725 0E—IT 1, R54DX 512
PEZ > TVWBRHDEGEX0.5, K5.5D KD ICER 200 WaHiDgE
F0eRb. BERDEDHDIRCTIDR 2 0MAMICENDH L Z e ZRE 570, 01
TWHRBWHIETH 2 LFHMETE 5.

5.2.3 VT RAN%E

AFEENX, 1d,4k,8k DHHFED I loss DAZE AT LT, 1d,4k,.8k DW\WFhd
M L7327 2 A58 E21TS. AT, FiEe LT, ESVM (K-
FRZ Z—<>Y) BHAWT, 10-fold ARG L TW5. HEOMIZFHESR
ZHWS.
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Histgram by [1d,4k,8K]
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X 5.6: 1A D loss DR R 75 4

5.3 FHEEZ B ICE I FHEISIEEOHEDRHESR

AEITIE, ATEITRLIZIES D Z 205 25RO e LT, 13ED loss
V% v 2 XEZZELE e 2T, BENED X SITED 20X Tk
BOREEHREMENT 5.

A LT — XI5 1 ISR LT0W3dD0D5 5, 1d, 4k, SkDHDTH
5. 4 BRAIBEN COAUIFEI NI DR D DEDDH D, 5D loss FHNEBIC
XA TZX 200 %MHRT 5. A0RUENE LT LA YOHFNS, BfRfIZ 22
20 N9 D7 — R 2N L7z, Katago T L72MEE T — X D& /IcoWT, &7
LAY Dloss DEMFITERKRD L., ZOEMEEGL2EE 1 EFE loss £ T 5.
F 7o, BT A8 100 FF T, 150FET, 2FHNSRLE LTV, T
HEHEZEZDZIZE>T, L—T 4 Y ITHENREEZM ELXE2 N TESZ
PIFEARSICE o TRENTWS [8]. AHITI, ZAZBEHAL, X510
X —RERTEK, HEEA EPRRBRLEEN LD TR TELZ L 2HET R
XT, ZOTHFERZITS.

X 5.6 12 1d,4k,8k IZDWT D, 1iRAED loss FHEHDE A M 7T L%RT. 1dH
loss DD /NE L (I RAPDIRVEIIEET) , SkARDAEIV (T ADBZVE
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TXEE) Zenah b0, ERHZETDEN, DF DIRE D CICHRAHRD
DD BB hD.
BHRERDMERELSLIWCRT. TR 1ERAEGFEE loss EHWT WS,
1d-4k DIFE, EFEEED TEEES & BRI 0615 1BX2 W, iz
150 F, £72100 FFTIRETIUL, BEBERIZ 06398 X0.665 £TH LT 5.
DFD, AkDANIdDAED BN loss IZ722 K52 e D, F¥loss ITHE
NP EINRL T BREE VNS 8 THD. 1d-8k X 4k-Sk DEEBFRIETH 5.
D DER D HERBEZRD MR EZRF2ITRT. F—&I1%, 1:RE Y loss, 5t
EE loss, 10 REFEE loss BT WS, ZZTE, AN 7408 ViE%
0.1ICLTWVWS. (3 1A FH0GaE2 R, ABRNERDH > THNRHD
HRDDBDHDLZenghd. i, siEaFE, 10iaFaickse, a2
Y OHEARHEIITHEHELEY, ZDOI 07 DANEAKRDENCRE 728
loss MR T 2D, ERDIINEL RS, £/, 2F 8 Tloss ZFH L7158 &
hd, 150 FBXU100FETRRBELRIES D, MhERD N, oh
EBR L FICEATH 5.

1d, 4k, 8k DML T 2w, F72, ¥ loss BF 2 AS1 & LG E D 3E7%E
R DR ER 5.3 1TRT. ASTOZ =21, 1idEFH loss, 5 ikE T loss,
10 EF loss ZHWTE D, RNOHFIFFEMRRZRLTVWS. ZTNUET
DIEE L FRE, FET3RERBZVEEHREERZR LT3, £/, EE
FAIZ loss DR — A EA SN T WRFEE D ZHIFRT 213, EERITEL R
L. 230z, 10iEEZRTD 1d, 4k, Sk D ENR D 7T HBREDOREE T L 2
UVTHRBEVE WV DIEFRRRNHTH 5.

5.1 BEERIC X 2 ERELLER

1d-4k 1d-8k 4k-8k
-100F | -150F | £F % | -100F | -150F | 2F% | -100F | -150F | £FH
0.665| 0.639| 0.615| 0.773| 0.719| 0.670| 0.626| 0.585| 0.556

K 5.2: SAADERZ D EIZ & 2 MERELLER

1d-4k 1d-8k 4k-8k

-100F | -150F | £F% | -100F | -150F | &€FH | -100F | -150F | EFH
1EHEFY 0.737 0.764 0.774 0.576 0.660 0.688 0.780 0.825 0.799
SEHETY 0.539 0.544 0.609 0.351 0.392 0.501 0.678 0.729 0.714
10 & F1Y 0.450 0.490 0.520 0.250 0.330 0.450 0.490 0.640 0.650
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% 5.3: ‘¥ loss DAT 1d,4k,8k D N D1 EHEE T % 2

7 2 FERE D EE
FHERE -100F -150F EFH
1 & F1y 45.76 40.33 37.48
S5 FH 57.33 54.46 46.73
1058 & 1 68.67 58.33 46.33

15
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FE6E HifFlossTAWLI-HHIE

RETIE, IERTETDH 285 loss EHWTHIEERITS. 6.1 8T, FHEFRIC loss
ZEIRoTHIIET 20DREIRRT 5. 6.2HITlX, 6.1 HITHHHL 7 loss D
EXZHWT, V=71 Y IHEEZRATMERZRT.

6.1 loss DFFEIET

H 5 RE DO loss TH B E(loss) &, mEFPOFEBEOEFTHLIBEZE
F loss ZHWT, loss DffiiEZ1To 7. 3 (6.1), X (6.2), X (6.3), X (6.4) D4
WY OMIERFEZIRET 5. BRI, E(loss) BEWEE2F D# L WEIET
(3 loss ZIRDITMIEL, E(loss) BMERWEEDE D fliH L/ Tld loss ZmoHIC
MET2ZZHRE LTWS.

losSpew = E(l()lsss)s—f—a (6.1)
loSSpew = El((l)oSZs—;—iO—éa (6.2)
losspew = loss + 7y - W (6.3)
losspew = loss 4 v - m (6.4)

3 (6.1) 1%, loss & E(loss) DR TE T Z & T, loss & HIFF loss D R/NEIRTR
WF, BOFOHIMDAIREIC R 2 & ATz, 2721, E(loss) 23012V E ZI2fH
DR REL BB Ze2MIET 27012, filEHa>0%2ELTWS. LD
L, loss0DtE (FLAVYOEFVPREFOL ) 121F, E(loss) DIEIZEE D
53, 087425720, T#H LWRHEZDOIZIEEDTT Ty Ha e R RRETIES
DT Ty ZRFICFHELTL X S. (6.2) 1F, X (6.1) DAHIL TWARWiED %
RS 37912, 7 FOHICOMEHoZELZdDTH 5.

3 (6.3) 1, loss IZXf LT, loss & HIfF loss DZEITED W LR %2 K U Tl IE
L7z, Z07®D, bt Dloss DAT —WIZDEFIZ, filET 2 Z L 2IARE
5. LHL, I RX—&yDIEIZE > T, H LW (losspey) DEMSEIC
ZAREMEDIH 5. K (6.4) 1, K (63) DRIX—KaZloss ITERDZLITE-
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T, MWIEMEDR —y 225 v DRI D, e $ <2505, K (6.1) L FEMIC, loss
BODELE (FLAVYOEFVPREFDOL T) 12X, E(loss) DEIEDS T, —v
&35,

6.2 RER

AEITIE, BIFID loss IERDEAUTLIX SO =2 HHIT 20, 528 TRLT
182 LICAHMIE L 72655, £/, EBICL —TF 4 VY IRIER T 255 R 2 30
T 5.

6.2.1 loss fHIERND 3 DDIEIEIC & B 51

ARIETlE loss fERZ FHWT, 5.2 BiDFEIEE FH W 725Hili 21T - 72 A58 2 3iHE 5
%, AU — 2351 T L TW0W 3. loss fiERDFTEFIEICOWT,
5.3 HICHPHL 72 158G D loss V2t R T 2HiPHD 3@ D, loss fEXA 458D,
(72721 a130.5,1.0,1.52.0 D 438D, v1Z 15,10 D3ED DT X —REEZDH T
IEXA32358D) O3 X 23=698D il L7z, £/, HifFloss ZRKD 3 & Z12ff
5 prior Z 1d & L 7.

R ERD7MERERK6.1I1TRT. ROBEIT 1 EF loss T, $RTDS
R—=YDOFTHREDNTIAXA—=ZDE ZDEZHVTWVWS. 1d-4k DHE, loss &%
DFFE[MH-T1IRAFEIEE S L BRI 0.665 1EE 0D, RDIIRIED -
7B loss D3N (6.2) ZHWVW2 &, EBERIZ0.773 £ THIET 5. 1d-8k X 4k-8k D
BEDFEETH D, FHT 1d-8k DI (6.2) 12 0.901 2 W5 EWEEICKE>TED, &
WD loss XD 0.128 B A L 7.

DHDEL D HEEEZ KD R 2R 6.2 11T, ROERIZX 1A loss T,
FTRTDONRX—VDOFTHREDNITX—ZDO EDfEEHVTWE. ZZTlE, t
AN LDEVIER0.1ICLTWS., loss BZDE E o THEE LGS I
N, RONEE Do 7 HF loss DXNEH WS &, 1d-4k 13 0.173, 1d-8k 1% 0.223,
4k-8k 1% 0.161 DA LA A BT,

1d, 4k, 8k DML T 2, F72, FHloss I 2 A1 & LB E D 3fE7%E
MREDFEREZL 6.3 ITRT. ANDARZ =1, 13 E I loss, 5 ik F loss,
100G loss ZHWTED, RNOHFIFFEMREZRLTWS. $/z, R
DIERIZTARTDORE =V OFHTHRED AT A—XD L EDEZEFH VTV, loss
PZEDFEFMoTHEHLLGEICHR, RBIEIED o 72 HF loss DR E HW
%Y, 1ilEFH loss Z AJIRHZ 10.28 KA > b, 5k E T loss & AJIRFE 13.96
ARA b, 100G loss 2 AJIRZ 9.33 KA ¥ b oA EDBR ST,

MED X5z, YOEEEZHVWTD, loss liENHERL LD BENENTH S
e airotz. —HT, 53HITHARE X S ICHIER LDGETIE 1100 FE T,
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PERODBWVERTH o 72DITHR, £6.1~F63TREHITLHZES TRV L
Motz £6.3DHETHD 2 X512, MEBIVNIWEEEZTFREREL T
LEI BB TELETFIWNEILRDTELDEEZS. K61, 6.2 DFIRIT
EELH 1HEGEITH 2720, RFHDIEIDBINVWIEdHoDEAS.
F7z, X (6.1)-(6.4) DLt T, K (6.4)1F—E%H 250D, OMMEX—E—
DD ehmholz. lossiZHESE ) A XADRRRLCEEIIZETXIETHD, £72
INHEDBIVFHERDL DD S 2ZZ2RELTWVS.

* 6.1 BERICL2MERDORROLE (1 &G F2)

W)

BE =(6.1) (6.2) =(6.3) =(6.4)
1d-ak 0.665 0.772 0.773 0.757 0.688
(-100F) (2F#,0=0.5) (£F#1,0=0.5) | (-150F,0=0.5,y=10) (-100F,y=5)
1d-8k 0.773 0.900 0.901 0.881 0.819
(-100F) (&F#,0=0.5) (£F#1,0=0.5) | (-150F,0=0.5,y=10) (-1003F,y=10)
4k-8k 0.626 0.701 0.701 0.695 0.661
(-100F) (-100F,a=1) (-100F,0=1.5)| (-100F,a=1,y=10) (-100F,y=10)

* 6.2 M OEL D I X 2 MEROMROLE (15& )

EE =(6.1) (6.2) =% (6.3) =(6.4)
1d-ak 0.737 0.573 0.572 0.564 0.680
(-100F) (&2F#,a=0.5) (2F#,0=0.5) | (&2F%,0=0.5,y=10) (-100F,y=10)
1d-8k 0.576 0.357 0.353 0.360 0.495
(-100F) (£F #,0=0.5) (&F#,a=1)| (-150F,0=0.5,y=10) (-150%F,y=10)
aKk-8K 0.780 0.689 0.675 0.619 0.707
(-100F) (-100%F,a=0.5) (2F#,0=0.5)| (-100F,a=0.5,y=10) (-100F,y=10)

% 6.3: 7 7 AnFIC X 2 MERDOFERD g

BE =(6.1) =(6.2) (6.3) (6.4)
1A T 45.76% 55.87% 56.04% 53.87% 49.86%
AR R (-100F) (&F#,0=0.5) (& F%,0=1)| (-150F,a=0.5,y=10) (-100F y=10)
IR ATy 57.33% 70.95% 71.29% 69.61% 62.35%
& = (-100F) (-150F,0=0.5) (-150%F,0=0.5) | (-1005F,0=0.5,y=10) (-150F,y=10)
105t AT 68.67% 78.00% 76.67% 76.67% 72.67%
AR (-100F) (-100F,0=0.5) (-150%F,0=0.5)| (-100F,a=1.5,y=5) (-100F,y=5)
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6.2.2 loss ENZAVWICDBEETOL—T 1 VJ#EE

AIHTIE, loss ZZDFFMS FiE GEEFER) , BERAOPERLLFEHIZLS
fHIEZ U7z loss Z W2 FiE GefThge) &, RRTRE ST 5, HifRFloss # H
W loss ZHIE L7zfHZ WV 2 FiE FBRRFE) D 321280\ T, DHEHEETL —
T4 Y IWEE LR ERT.

BHEFIEL BITHEOFIEICOWTIE, 5.3HTHHLZ 1RED loss FE %
M B HIPH A AT e TR 5 HINT, 150 BT, 2F8RD 2@ Il
7z. T, BEFHRICOVWTE, FEHZEE T 2HED 28D 12, loss fiEXD
6.1 CCHALZ48ED (7272L 120.5,1.0,1.520 D 438D, 11,510 D 3D
DRI R =R EZDIMMIERXD 238D ) |, HifFloss 23K % & 212 S prior 23
10k,8k,...,7d,9d D 1038 H D4 2 X 23 X 10=460@ b ZiR L 7=. #EEFIEICOWT
X, HEED loss E 2D LA YOI ZRT7 & LTHEND D ¥FE 21TV, £
NLDFEFIEY LT LightGBM Z W TW 3.

SRR U2 HEE 7 — &%, 10k,8k,....7d,9d FTD 300 J& X 10 BEFRALDF!
3000 RZEMALZ. 87— 23U TOFIETER L 7.

(1) BRI Z 2T X L2100 mIbHL, 20 ER L 5.

(2) 1 ZBHRALZ 212 500 [E#E DR L,
500 1 X 10 Bz D 5000 HD¥E 7 — X 2 1EK T 5.

5, L—T 4 Y IHEERBEDNE L L TV RHEND 2 T-DI1I5E 7 — 2
L THLH Z 212 3-fold Z8EMRGE L 72 AR 2 K 6.4 1R, 3 [ D RMSE O F5{H
TiHBLTED, ROBRIIZIRNTDORKX -V DHFTRED AT XA —ZDEL ED
EZHVTWS. {ERFIED RMSE 25 2.832[B% - #)], FeATHFLDFIED 2.342[E -
W) 720 7zDITH LT, BBIMRDED 5 7R loss DK (6.2) (o =1, prior=1d)
13 1.730[B% - #%] & 1102088 - #)] EREZINA 5 T e TE L.

3 6.4: 3-fold R ZEMEE DGR

BB ERSDFiE = (6.1) = (6.2) 7(6.3) (6.4)
FH -150F -150F -150F -150F -150F -150%F
INT AR a=0.5 a=1 a=0.5,y=10 y=10
prior 1d 1d 3d 1d
RMSE 2.832 2.342 1.740 1.730 1.772 2.105
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Kz, WEFDE, SIAWEOFEICOVT, BELMEIED o T2F loss DEF
B2z 150 FETRIRET 2 /7R, REFEZOVWT, DRI EDL o
BAfF loss DR (6.2) (a = 1, prior=1d) LT, 7R 7T =2 ZHOTHEHM
an COMNHEERATS. 7 A MRS L 72 Bt 7 — 21, 10k,8k,....,7d,9d @ 10
Bz 20 A2 1 A 50 JmdEt 10000 /2 A L. dHiEEL ROFNETITS.

(1) LAY TR UYXLATI0RWMOH LT =21 LT, SHEEIEI
1ilE P loss KD, 10 MOV RKDESDEET VD ANICEZT,
HOHEEZ1T 5.

(2) 1% 100 #1717V, 100 3AT7 DHEE R A% RMSE TRHIT 5.
(3) 2 DFEREMNT Z 21220 AT DFEEEFHHET S

DEFETDL —T 4 Y IWEERIT > R ER 6.5 1R T. 1ERFEDOLIK
3 3.975([B% « #%], AT DFIED 1.935(B - #t] 720 72 DIicf LT, REFEZ
LA11[B% - %] & BOWHEERME SNz, KRS, 10k % 8k 72 & DIRBHRAID A=, 9d
2 7d DEBARM O NI LTlE, XD IEMRERES2 e N TE .

% 6.5: 7 A b7 — X TOMERERHM DRGSR

WA% | EE | EALOFH | T s
10k 6.903 2.315 1.069
8k 5.094 1.605 1.267
6k 3.092 2.134 2.495
4k 2.139 2.215 2.534
2k 2.454 3.024 2.365
1d 3.526 2.712 1.827
3d 4.637 1.894 1.253
5d 5.192 1.808 1.091
7d 4.865 1.346 1.048
9d 1.937 0.289 0.130

€K 3.975 1.935 1.511
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EBTE BbHbhIC

ANEF VLA XYOBIFLIELIELV—T 4 Y7 0WHEETREINS. L—T+4
YEE, ZLOREEERTRKDLNZE DD TH S0, HELZYDMET, do
YR VEREBTEBBEZOL —T 4 YO RHEL-WES DS, ZOHKD
722, “FHINRDO T L A YOEFPREF L HRTEDL HVOEZLTY
00" TH3loss LWIHIEEZHANTL —F 4 Y7 RHEET 2 FESHEEINT
W3,

UL, BEZRTL “HLWV BHEPZWED loss &, FEHRBEHNAZ W
FRD loss ZAZFICHKS Z v 1F, BHEEDFRRE 5. KFHLTIE, loss B ZDFE
FHWAOTIERL T, FAOHLXIGETHIERZITO 28T, EXNEXTE
ZETHELTHEEDEWL —T 4 Y IHERITO WS 7 T a—F kL 3.

T3, FEHD “HLX IV DD L nEHE LD X T, FOH
THIEHICRDEL TWES RERZERL 2. BERINCIX, H2FHIZET
28EFDloss &, BEFET LA VYRR “BEFHER” ONEEZID, Zhk
“HWiffloss” EMATHEOH L X LTS Z izl .

KIZ, L—T 4 Y IZHETloss BV L EIZ, ¥Vl d e
BELWHLEERLE. loss DIXSLOER—HBRERERTHD, DMmEIEENT
W ZEMNEFTLWEER, Theilil-Th 2 W 2fEETH 2, HRR 2
filE L DER D EEEE, 327 7 ADETOMIEITS 2 2R L. f5iE0H
Ui d O Z YK 272012, BT [8] TEOMRIREIN TV, I—FHeik
5 loss FMEZEFTET 20 TIERL, 150 FETIKBELCHET S 2w/
A ZWHD 7 A4 T 7I2OWT, BIRREITo7. ZOHE, 3 DODFEIED loss DIX S
O RHMW T AIEELY LTIELWZ k2R TE -,

B2, HARF loss & W T loss DIEZ1T 2 IBRBRFEDFHE 21T - /2. fiEE
CLTE4AODORERE L. BEERED 3 ODIEEDEKIZ T TR, L—
T4V IHEDREDOE B ITo7z. MEN4D1F, 2 TOFRIFITBWTHIEL
WS XD B ENTHEEERZRLED, ZOHTH, FEBED loss & HAfF loss DL
REEHRTIMEADIRDRBVEREZ R L.

SHOMEL LT, NIA—ZDFa—= 7 RFMAT 2, torER
DIRR, BRFEEZREEEROFEREEREZTFONS. ST X =K% o,y
D2OWTHLT, 4B 3B THEEL-. LHL, ISP WERKEWHE
REBEMCETONS. EBE, K (6.1) PR (6.2) THOW ok, FAXZEFHT
PO a =052 3 (6.3) R (6.4) THW v IE, #AXRLHFHTHRAD v =10
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PDRWHERNZ R o TWa 78, FRPLRZHNZHBEDND S, fHIEKITOWT
X, SENEKEL 22N TVED, MOFEDH XTI THS72H, o
FEZRET LI, AFECHB LWV, £, AT, lossITEHL
T, prior Z W= HFloss THIIET A2 2 TL—T7 4 Y IHEERITo72. Lo L,
SlEHW Katago 121%, FHIEEE S ownership 2 I 2 5 5 DFHED TS L A
YOMHICR 20 R LIIEERE S EAD L. 2D, stz & D 74H
ERERZ X HICEWERSH 2 L AfFTE 3.

51T, RFEORHEOH L X %2R LA loss DIEIEIE, L—T 4 Y JHEE
PN ISHTEZ LT 2. F—212BWTIE, T A YIZE L 728XV
RS — L DER T EZAENT 2 Z EDRJREL R 2725 5. 61T, F—2oHMC
BWTH, NOBEREZHENT 2 Z L LBE BT 2MEEROPF TR Z
LT 5.
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