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AFRKRTE, 1] ITBVTREINT WS / A XERESLEHESEE TV (Denoising Diffusion Proba-
bilistic Model; DDPM) DB RIPERIZDOWTHRE T 5. DDPM IHEEVAERE TV D —2T, EF
AYEa—&— - BV a YRRRIER L EDFEICEBAIIGHINT WS, JLIE TIVIZN S 5
BRI X\ < DD AT B 25 DD ([2], [3], [4]), * ) Y3 LD DDPM 12353 % kAL
HIZBAED & 2 AR SN TV,

fdata % RY EORVIOVHERHIEE, O {a;}7, X0 < a; <1 Z¥7=TET 5. xo & Z 1350
KM (Q, F,P) EOMERERT, TNEN tage & N(0,1y) K65 2T 5. 72720 I 1 d R
4751 TH 5. DDPM 3% D 728 ORI {x; )7, & KD 7= OFIHEER (%}, 15
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Els;(x;) — Vlog Pi(Xi)|2 1 O_ZE|Zi(Xz') - Zi|2 +E [|V10g pi(Xi|X0)|2 —|Vlog pz‘(Xi)H

MDD, ZOEEEEE Z,

L:=(1/n) ZE|Si(Xi) — Vlogpi(x;)|°

EEZD.
(D IZEDEEBERT N TY ZLDPREHERT 5720, £ fgata \SIRDFRIEZIRT.

FIAIS FURRERE & 2024 4EHE 452 #5 P RS (2024-00-14/16) Copyright (C) 2024 — BRI B A FIEEIE 2



(H1) p OBEBEB p BEALVIREN-T: HEAERBES S C R BZHFEEL, pe C3(S) TS k
p>0, RI\S kEp=0. 5T,
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o ¥ ,_ & log p(x)
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log 1
—log HllIl a(n) =0 (Og 0gn> , M — 00.
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(H3) /A RPMBE 2 (2) = 2™ () BREMAZT: HBEH k1 > 0 BIEAEL,

_max sup ]zi(n) (x)] = O((logn)™), n — oo.
i=1,..., " pcRd

(H4) 23 7HEEAGE L I3RE M7 T: 52T ko > 0 BETEL,
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HARSEUEDOMZE M MICHIZEWT, BASTENEZHIETR THDAANRY MV DERM O
MIEELFETH 5. BASHEIC L ONERIZ L DBEREGO D, X7 MV TRT ERITLHKE
{745 Z i3 ohmn. [Eo TAMDBEEL 72 0 SRR TRHIRIIICH S 720121%, X7 bk
fEtt L TREEZID L, ROWRITTONRZ PUICEIRT 2 2 e RDLNS. & T TARIIFETIE,
Takens HDIAAIZ X o THARSHEXEDMDIABLNR Y PV ERRITTZERITHDIAAL, S SN
T — RIS X o TRBEZHH T2 28 T, BXTR7 MVORGTHRASHENE 2 X T FEER
RT 5. AT, HDIAARY PV e, BREFEZBIEDIITRLZZRZ ML WS ERTHEL,
WAL E, BARNHEEZRET 2EREVIERTHNS.

2 BASEXEDEDIAANY MILH S OFF Y

HASHEBEIEMTUETE S X5 T 5D, HRASHEOXEERRHEDFITRLD DR H
DIAANRT PILE MR, XEOEDIAANY MV EERT 2 FIEEIRZ CREINA TV S, BE
TiE, KEEZAASET — 2L hilianiz=a—I1xy b7 —2C&25EET L (LT,
LLM) %2FAT 2 FEPERTH 2. —Mic, LLM I X DIEK L ZEDAARY v (LUF, #HD
ABARZ BV) 1F, 300 KIth 6 b HRITTRRE L @Rt Rio7ed, N7 FLOBRKITTLIRKD &
NTW3. ZORDAMKETIE, £3 Takens HDAAZEAN T 5 [1]. Takens HDAARZK, X7 b
RN EERITTDNY MIVEMTRET2FETHD, tc RERTX—X. Tc RNMUIMcN%
EH, 2 R>REXRIX—ZOBBEr T2, BB F y:R— RM

Fry(t) : (z(t),(t —7),2(t —27), - z(t — (M = 1)7)) (1)
1 RTTH S M RITEADIE S RIEDIABLTHD, x(t) OEEEZRFELTVWE I 2 FikRT 5. £
72, LLNeN kU tyc REZEHL LT, £5

¢r N (o) : {Fr s (to), Froar(to + L), Froar(to +2L),- -+, Frp(to + (N —1)L)} (2)
BEMZRITRZ PLOEGERD, R 2(t) OWEZREFEL TWS. ZIT, 7% Lag, L % Stride
RS, BBEFIETIE, BRI PLVORTT %2 —RITRT L DF| e A75 L, Takens HDiAA%
FIHS2 2L ICE DERITTRY b Ve MRTTZERBTES. 205, t =t £ LT, x(ty) 13HEDRA
BT VD EFHOMATHD, to KO N IX, HOAARTZ MLORTTICEDIRE S, 51T,
M RITZEMD R bLTF— X EE» SRR R LT 2 ZouEMcRTFike LT, MHENT—
R EEAT S [2]. X (2) TRINZEGEIRBELAREZDT, FBHIHL A= X7 VR
EAETZIRICED 2KERZ ML OEREFZ Z N TES. KRIFZETIX, MHKT — X @0
K¢t & Takens HDAALDEM M IE 3 KEET 5. ZOUHDOFHEICED, HDAARY Frnd
FiEEHEL, 20X PLOEEGL L TRT LD TES.
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LLM D3N3 2HDIABR Y Mk o, HARSEXED BRI LR ZHE Z 7 BRTR 7 bLEE
ZHNTETVE0EMHRT 27018, LEOEMEE X R 7 2ffio CiHlis 2. HHT27—X
X, BWEEE T LOFHEICAL b TWws GLUE 7—Xt v k 3] D, STS-BXAZF—&Y
5. STS-B ZR77—&i%, XEOHMERFMT 272007 -2ty T, —XOXEIKL 0
BUE 5 IR OBIATEKRIZEME 2 £ T 7RI 5 TWE. —HOXEDEDIAANY b L
FRIOL L TR PLVAILOBEMEZFE LERIE, LB LTW2 Z e pliffan 3.
YA & PR R IEBI S 2 7, M I NIARRITARZ P AT OERZEIEL, 700 OMEBE%
BURstE T2 2, MHEBGRED-11IGEWEY, HDHIAANY bLE RIFIEIOLZEMICH Y TE TN 2
rEZOND. Fie, HOHIAANT MV OXICHIEL SR LIZLIREbN 3 t-SNE % HHigF
B LTEHAT 5. BEBFIEDNAL =T X =&KX Lag & Stride TH D, t-SNE I Perplexity &
MENZ2ETH 2. IRELTFIEOFEREZIE 121 Wasserstein FEff % #\W, t-SNE TlX L2-norm % W
TW\W3.

FEREI e LT, ERERZRMEECA < DT % Sentence Bert[4] OFIFRF A E 71 all-MiniLM-
L6-v2 % o 7o XEHDIAAN Y MV EFRNTT 2. ZOETARHNIT 2HDIAANRT LD
& 384 L TH Y, STS-B ZRRZF—XITHL, (1) —ROXEP S 384 KILOHDAANT kL
BRD 2, (2) HDRAANRY FAHSERTANZ FLERD 2, (3) KRTAZ FLFL oK%
RIET 3, (4) HEEr S OLOMHBGRBEFET S, CWOIMEEREITT S, N R—RFRX—&
Fa—=rZ%FT2e, BEFHEIBVWT, 1=1, L=8 DY XIZAL 7~ DHBEBRED-1.0,
T=16, L=40D¥2 %2, ©7 Y YOHEEGRED-0.96 £ WS ERNE SN, t-SNE TIX, <7
X —& perplexity=1 D & ZIZ7 Y ¥ OMHERED-0.87, A7 < > DHBEFRED-0.9 &5 KR
PED-LOIEWVFERTH D, WIS E JRETEOHRRWEENE SR,

4 bHbbOIC

Takens MDA A L (it 7 — X @2 RH L, HDIAARZ FLBERTRZ FLOESTET
FERRZREL. SHBOBEL LTZ, ftho LLM 2RRICER T2 L L HI12, 20 LLM O]
REME R E ORI R R L 2 OREEFANZ e YR IT LN S.

HEE ARO—EE, S—=YFr VTHRARMET 7 /0 —KRETF IRV T 7 ) 02 —HFEE
AR AL LLMBGEE 0y = 7 POXIRIZE 5.
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I EE IR EEO— D HTH D, 2—Y = v M5 R o0 (BIN) RIEOHTalfT8R (HA
) Z2#DiR3 e T, iz R ARILT 217822 E T 2FETH 2 (BRI, (1) BH). 2ok
YREHART 2EARNRER LT, ==Y = > b, BB KB, 178, Mo 5 003%H 2. 21—V =
MIfTEREDOERTH D, HMERAM T2 2HNE T2, =—Y =¥ MPHEERT 205
THREREIIHL, SRR T v 72, BEOHIEDIREE (State, s) ZEMI L, B0 L KR8 I1CH
DWTATH (Action, a) Z3&R L, ZDITEIORKIR L L TEREED SHM (Reward, r) 2T,
T, iz T —Y = ¥ POITEIR NG TRV 2R RETHS. £z, THOERDE, K
REZATENAIGH 1T 2 B L 7213V — 03 2856, Thz )R (Policy) EFER. T— = ¥ MIE
NI 2 FIZ, Rl 2ATEMIERI R E 2 BT 5. ZAUCE D RERE D RWTEIZ28IRT X
KI5 Z e DHIFFTCE 3.

COXSREFEEDa 7 MITH LT, KEIZH S SARSA(State-Action-Reward-State-
Action) & Q “#H (Q-Learning) 3HICREN LT ALY XA LTHILGN, £5 568 QH (1TE
ERAEY) 28R (FH) §46 28T, 2—Y =V PORMERRILT 21T ZRIRTE S X51295
DTHY, B2H5MFTRER QEIIEHRT 2 Z o T0a. MU, Q(s,a) %, 1KEE s TITH)
a ZWo7z 2D QEE L, ZNEFNDT LIV XALTEDXDIZ Q(s,a) ZHHT 20HHT 5.
BE,UFTa B3 FEER (0<a<l),y BEIGER (0<y<1) 2RI T 2. (BB, FERIKHE
27y FICEDEZTH XL, TCRED 7201 3BY R BEEEPH NS )

SARSA Tl&, U TOEFHRZHHAL T Q EEZEHT 5:

Q(s,a) « Q(s,0) + ad®,  6) i=r +Q(s',a') — Q(s,a).

T 2T, r EMTE) o T 2, s &, KB s TITE) o ZBALERORDIKE, o 1Z. ROIKE s/
TI—Y Y "PHRICESEEIMTETHS. DF D, SARSA IFT—V =¥ bHBRISHER I DR
5178 o ICHEOSWTHEDIRE s TD QEZEHT 5. (on-policy D7 1TV X 4 LIFIZH
%))

TR LT QEETE, UFOEH LML T QELENT 2:

Q(s,a) « Q(s,a) +ad' @, 5@ .= 4 ymax Q(s',a’) — Q(s, a).

SARSA ¥ D&V, § D 2THDAT, maxy Q(s',a) I EKDIRE s’ TORDEW Q H (REITH)
D QH) ZFHOTEHTZ iR, ARIEHWRW. (off-policy MO 7 L2 ) Xa IR S.)

ERwHN B 609, 6(@ 134812 TD 32 (Temporal Difference Error) ¥ B3R, ¥H5 5D 7 LT
VALd TD #RAEZ/PNEL L, BENIZZEERIZT 2 K5 IEERED LN, Ll L7 X5 ICRER
Q EANDICRMEIRENT VS, ZOEKRTEELELZHVWTHRIZSTH S50, FEEIIIRLY:
BT QHFER QFEHEZR-—RARXZLEFENZLHOLNTWE LS5 THS. L, 7La VX
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2. 0 B 7T NDRERIRR DA

LDOBEHIZOVWTIE—HICE R T, BEEORMECHKFET 2 Z o TV, F#ETITER
DEFICB W THERRIBHFEREEEZ 25D 713 ) XA THRWBOEERIHENTS. 20
FER TR O AR E L KB b, IR TIX SARSA @ Q fHD _EF2EWEA DR TE 72
(Fig. 1 Z8). Lo L, BICHRMODEDHEREL 72D 5 2003 KL oo TIniwvw, Yoz
P, ZD2DDTNITYRLDNVNE ZED 2T LA Ty 7L XLZRET 5.

/}\/{7“')\7F7’/1/:1“U;<“A ~

59 69 2z 2R SARSA, Q ¥ B OHWIAT v 7D TD % r 55, £/, S0
BROEZFRE X 35, 20 % QEOEHAZUT LT 5:

Q(s,a) + Q(s,a) + « <1X5(Q) +(1- 1X)5(S)) .

\ J

ZD7NTY XL K BEREREEOEEZEFOHID Fig. 2 TH 5. REBFHEIC X 258 dhin

13 SARSA ¥ Q¥ EDVWW e Z¥ D ELTWA I EMBERTES. £72, SARSA & Q 8 v [k

DEMERTIRMEEZRT I e TES. B, L7 ATV X o iBI 2 FEoUI b EZ2a >y b

0—LT3HEHR X ITOVWTIE, BEORMDD 5. SENIRESBINICELLERVWT A M7 —ATO
BUEESTH D, KRG CMOFEREZFET L EZONS.
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1 BE

Wil BB OFEL LT, WHEANICES  Za—F Ak y VY= FEHIATVS. Ff
2, NINPURR T T Y aRBEORMAN I EHm e RE L LeFETE, YA T LMER
HET 2 22T, MBMCYEETAEHET RN TES. —J7, MREZT 2 NFERIHT 3
Za2—I0F vy b= DOFRETFICHEL I TVRW [1]. 2 2 TARERTE, EMZREADR
WAV RV EDT 4 9 VEEICHEDL S50V c Fa Ty s REEZ 2, ThEREETL
3 AW REEEEERRET S, An Iy R ERONFEROMI LT, ZERD FICET
PR B 720, AFEOBFRAMEERT.
2 IS0V -Ta4I7vIRICEDICZa—-JIRryrT—7

n RILDWITZhkIE Q ZIAIZEMICHRONHFREER L. Q DEANVY IV TQRITIVIT
YL:TQ - RBPEZHNATVWEETS. Q LOMEF A Y Ba—Yarv® Ag CTQ L
T, ZOFMILE A CT'Q L ERT 2. ZOW, Ag »oFEINTQ LT+ 5 v 7 iE
Dp, CTT*Q @& T*T*Q 1%, % (¢,p) €T*Q T

Day(q,p) ={((a,p,4, D), (¢, p,,w)) | § € Ag(q), w=4q, a+peAH(q)}
YEFIND. —H, LOF4 Ty 2¥ydpLl : TQ — T*T*Q &, & (q,v) € TQ T

oL 0L
%”@”)

THZBNS [2]. £oT, 77502747y 7R, REANY PV EDERZ MLV (q,p,4,p) €
TiqpmTHQ EREAY PNV EDRERY PV dpL(g,v) € T(*qv%)T*Q D, BEAY R EDT 4
Zv I7REEEN LT, &R (¢,v) €TQ & (q,p) € T*Q T

dpL(q,v) = <q7

((¢:p,4,P),dpL(q,v)) € Da,(q,p)

RiETadborLThxohs. Zhkh, 57509274 7y 7 HER
p=Sr €M@ v=d B €AW (1)
B3, 22T, 5ROV v v FALTHEBER—ZAEN—HT254LDRD5NS. TQSTQ
D (q,v,p) DRFTEERL ¢t v, p; ROKRERE N, ZRAVWT, R (1) 2R
oL op" i s . 0L d¢"
Pi= o 8qiq:0’ vt =4, pi:aqi+ "o
Y75, BETE=a—I A%y b2 AN GIFTF—%) B q(t), v(t) T, MhEIZITY
TYLYT5. £, L OWIREY, BEIF— 22 LT pi(t), pi(t), \(t) ZFWTHEERE Lioss %

1=1,..,nr=1,...m<n.
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r=1 2

LEFETD. ZIT| i E Ly JVATHS.

3 ZEIRDFICLZHERR

Fle LT, A/ 3y 2z o EHRD FENRICBUEIE 21T 7. BhEO1=y Ml
256 ¥ L, IGEMHLEEEBUIANA SRV v 7 X P2V b THDABD=2—F L%y b —7 % HAN
7z, ERBBORELT LT Xae LT Adam Z28H L, FEERIF 1073, 404 7L —> a > T
TRA=REHEITol. FHT—LKIF, 80 RORLZAWHMET, KT v 7 At = 0.01 THZR
RO E RV > &7 2 v ZETRUERE S LTz 80 ROBEZHH L T\ 3.

FRINI=2—=F 102y PEHOVWT, TANT =X 2 AN LRI GEINE ST 77007
v, TxA¥—, #HEE, EHROREZMOMEEZN 1IRT. M1 Xh¥EIhik=a-71
Foy b HHEE XN B BERI N FREBME R LR E ERFLRETE TV 22 bbb 5.

4 F®

KWL TIX, REAV RV EDOT 4 2y 7BEERWETI 7502 - T4 7y 7 REE T3
750V a T 4TI = a—F0ty b= RER L. BEFERID, AMATRELLTF
BECHEE LI 7707 C&oT, ELWYHBRZHHTETWS I 2R,

BEE AHIZEO—ERIE, RIFEREETZE (C)(22K03443), JST CREST(JPMJCRI1914), FAEHA
FREOEHEE (2024C-102) I X2 BIEZII TV, ZZICHEERLET.
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