¥ H K5

CENTRAL SOUTH UNIVERSITY

AREENAR (£37)
GRADUATION DESIGN (THESIS)

A H: WEFIFZEEBLKZLTHHA

ST IHR
FRFEIN: _ B 0s SRR F A R AP
B A AR B F o KF
F e : T XFHEEEFFR
PR : B (T)
AT B

2018 &£ 6 A






PR
(SRR
= L SOUTH UNIVERSITY

A central

Wl T TR AR SR IR R B

wm B

FESRRIRAR R, L Z [ BARSRA G EAE ], TCE R R SRR
e HAOA R AT, R, — RAVSRRIEE T 57 i i et —
BT RIAR R X TF A BRAVAS ORI, DAL R RS A RO 55 H L 235 i
, EREER SR Z . SREBUR A TR 2 kA, B SRR HIE LT
AR RO EE R 2 WM . SUCRIR, Hlge > 55 LU RERS 5 R4
AR Y RS DRI, S Al o2 I TR I s S IR AR T B RE A% A R0 ik R
PP b AT LA DR )7

ARICEZS N =AERI e B—E 0 R GiRR TR R, 0 W,
Ik, N =ARgr e AR B AE T SRR AR GEAEAN A DL o A =i
Hubbard B8, EHEBIAA Anderson B8, Tk 48 7 Xt fadk, %
6 4 o AR A B B B AR 57 5 125 LR P T 2 5 TR A A R AR A e 7 o
B EEA A T Wl TR RS R TR R =R i e 5 IR
SRORIAR RAHSE &, BT T HLa 2 > X W AR R, SIN " 4E074%
¥ Ising AU, LA I B AR IR R A, SEUETT RS ISR — 2
BEAl, TSGR T HAER) A2 W45 SR A 10 e AR L A R e P A

Teie a7 IR SRR RAR S EFE RN, HAREW TR A
MEARGR R . B AT H AR S & 3 OA BN R, EITRZ A
L, PR G A BAATIRRI & SR 2 TR), MRS AR IR R IR 58 UK JERE
5 (s B S IR AR ML i 2 > AR A B B & o

K] SRR, Hlare, fREdE, A, JRREL



@ ¥ & K&
AT CENTRAL SOUTH UNIVERSITY 1:}1%%% 2 ﬁifﬁgﬁ%ﬂ%{j&% IIFI EY‘JBZH%

II



SEE R
*J‘L%% ﬁ }j ﬁizé gﬁ?@ﬂ;‘é{j& ;‘% EF' E(J E)EH @ CENTRAL SOUTH UNIVERSITY

Abstract

Strong correlation between electrons exits in strongly correlated electronic sys-
tems, and it is not possible to use conventional perturbation theory to calculate the mi-
croscopic system. For this phenomenon, a series of models and numerical methods have
been developed and used. For limited lattice points, the above algorithm can effectively
calculate the Hamiltonian, but as lattice points increasing, it will inevitably result in the
difficulty of the Exponential Wall, for the limits of the current calculation force. There
are still many difficulties to solve in order to calculate a large number of lattices. At the
same time, the machine learning method attracts attention because of its ability to cross
the exponential wall. Combining the calculation of the strong association system under
the machine learning method can effectively solve some complex physical problems.

This article is divided into three parts. The first part mainly introduces the strong
associative electronic system, which can alse be divided into three parts: models, meth-
ods and applications. The model mainly introduces three models designed for strong
association system in different situations: Hubbard model, Kondo model, and An-
derson model. The method section mainly introduces methods such as Exact Diago-
nalization, Numerical Renormalization and Density Matrix Renormalization, and
solving the relevant model with these models. The second part mainly introduces the
related framework and model method of machine learning.The third part combines ma-
chine learning and strong correlation systems. It mainly studies that machine learning
distinguishes the phase transition process in physics.With the two-dimensional Ising
model, the phase transition temperature point is obtained by machine learning, which
is consistent with the theoretically calculated results.

Whether it is machine learning or strong correlated system, it contains rich content,
and undergones a long and systematic development process. At present, the combina-
tion of its methods is still relatively superficial, deeper studying, and the combination
also has a lot of room for development. It is believed that further combined develop-
ment will enable the development of strong associative systems and machine learning.

Keywords: Strong Correlated System,Mechine Learning,Phase Transition
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B Y RPRE T BRIR, HIEHRYE 2 Rk A4 B K il 7 ) ok tE 77 4
REG RGO . Hd R E ST B8 R ZH /i, Bl g
BRI AT R A i R B P g R B SR R ORI 0 3.2,

IfE

Bl 3.2 b SR

SRS B R A L Bl AL BEERSE. R ESCREE E Al-
phaGo REMSHIA AN THERES], BHUE—HH P IEIEEE, FEAH T 58
R

B 7 LA E=Flas s 000k A HOERIR S, ik B> (Semi-
Supervised Learning) /& IGEHR 5> AR, WA

BB A SR R N D B, TR SRR A X . TR
WA AR, ST A %, HAE S R E N\ B AR AR B 2 kAN
B 3L P BRI AA N\ BE i th BE , R e mAL, A TR
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K
S

W& >3 J5 TR AR BRI AR A
o HHBRAE L Pl BB E T T R A UOR B B e AEAL TS BR I,
AR AR R B Bde i Horh— 207 R 8 LM T IR ALG

BEIANER 2 A R R e D A B/ R, (HER IR, HERG 14
£ WL A, HENEEE S ERRTES BT, WRRZ . Yl rikE
L MR T EAARSER A T, A AR SO 2T Rk 4. DL
W Kde . BERERTESE, SRARTEA RN SRl Sl &
Kot w5 N TRERET LM SRR RERANE 3.3,

Artificial Intelligence

lachine Learning

Bl 3.3 plasE I Z BRI DR E &

FAEZR AR B 2L I 1 HLas 7 D GUs I k4 < R . AN TR RER B, L
WA HEEI I, PR LRALGFEI R ERIFE T, FES I RPE R %
BHERM RIS .

3.2 Hl28FESIpyiRE

HZ BRI R B RTRL, e f g2 plar o > A E 2R w25 k44 2
2, BARJTIESER AN G2 TR I RErh . DUN R84 LA R fh 4
W4 S5H o

32.1 HETER

2% (Neural Network) — IR RIETAEM7rymsst (WE 3.4 (a)),
HARE VI K e B 9 1042 FIRI THESEIEE, BARRIA
AR ARIE R Pk, Mg SRR, JTHAL
BREAT Y, I & i ok B A I 2% 27 A IR A AL 2 I ) BRIACA N T A 22 (00 25,
AR P S ERME ML, AR #2245 Bl bSOk 2 . ph &
WA 2642 E A T P Y T B BT R I AT S LR M 4, LA 2 RB A R A
P4 R G0 St R TR R A BB o 22 W 4 1] LA 2B H 22 Bl
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53 % L]

X 4
1 \ Ny
X Wz—»< J)g)— y
X W,
(a) (b)

Kl 3.4 2R oRRA M-P #2850

XA RN [ [ ITTSE T A A R 45

AN S, BAMZEITH S AR IO, RN, i
AL EY T, BOEPREETTIA R AL, L A R I 2R TR 2 W
MITHAL S A58 T o ARIEIX—JREL, “M-P M2 W27 15 LU BLPT. M-P i
LU N 3.4(0) fron: X gy, iz ol Bk BT
n D HAML TR IR S . JARE Sl BRI TR,
ZITEMUEN B SNBSS M TTRY BIEE T EUAL, SRS 8 s pR 80 A o
ZTCH U AEARZ LTI R 2 SE D 0 R B e B R G
P BE R B - sigmoid, ReLU, tanh 55, W% AR SRR, A B
1 S CRE NPT E D eSS GZI RS (I

7 3.1 % RS R %

AR PREL IR A

Sigmoid o (x) =

tanh tanh(x) = jf;‘;:i I

ReLU f(x) = max(0, x)

322 ZRI/RZESH]

ZIRPE /R 25 Sl (Restricted Boltzmann Machine) Bl %% X\ 58 24 A & Fx
BIANAeT B FH TR ST I s R U1 Bl IR 2 S LR —Fh BT RE R AR, H
METT N R ENEE, RN TRREERNmMA S, BENRREE A
fERIE. 2t s € {0, 1} R n PRETTIVIRE, wi FRME&ITi 5 j Z Al
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SINAT CENTRAL SOUTH UNIVERSITY 1:}1%%% 2 ﬁifﬁgﬁ%ﬂ%{z’g% IIFI E]{JBZFQ
TR, 0; FoR LT 1 FBIME, MPIRASR &L s Ak B A B /R 28 S HLRE HEE SO -

E(s) = _”Z‘i Zn: wW;jSiS; — anﬁisi (3.1)
i=1

i=1 j=i+1

A PR 28 T B A 28 T8 AT AN AR N\ (B I 2647 BE R U o] 2845 58 21
IRZEZ AT, MERPIRAS1A) s HBLAOAESRRE O L RE B -5 i Ay m] RE R IRAS 1Ay R

e—E(s)
X0
BRSNSt RE g2 B NSRRI — RS A, (IR

FIBER S ATRER, ARERYBURZZ 2R —Taida (I 3.5).

P(s) (3.2)

(a) Boltzmann#t (b) % FkBoltzmann#t

&l 3.5 YR % SHR IR

PRER R 2ZE AR R AR iy, (S HORE AR R B ST 55 SEbr EAH
F 2Ry /R2% 58 (Restricted Boltzmann Machine, RBM) , HAUGHE B 25
fa 2 RIRER: . ZBRBE/R%E S AU % L EUE” (Contrastive Divergence, CD)
BRI BUEMLGHRA d M REMETH ¢ TMRZE, 2 v il h 3Rl EE
TR, W BT R 2N SR, A

P(v|h) = ﬂp(v,.|h)P(h|v) = | [ p(nIv) (3.3)

q
1

CD SHAH IR v, SoHRAE b2 F R W TR A I MR 7
SRR MBS AT TS E) s IR . U B b pr v,
VR Y, R AN

Aw =n(vh™ —=v'h'T) (3.4)
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(S EREN
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A central

53 3 M)
323 HBIRWMEME

HM P2 M %% (Convolutional Neural Network, CNN) & —#f kit H H
A W% AR BIB IR P N 4%, BlIanBF )55 (FEb )% _ERAE T B — 4
WA FEMGEHE (ZAERHRRERIE) o BRI 2R /DRI — E
B FRE R R EMSR IR AR A M. Z LR BT Ia Ak
FIERA, FERE R AR Dadt =B Z AR UGS 7 5] R4 AL

H. 2RO SRR,
X =B AR AL A] — 5K B R A5 BT S A e R PSR BA R T A0 &K

BEEAE R 40 1245 BRSO A=2: B2 T REZ NSO R4k
PESRGEMANL s 25 R B LM Wi R i — N AR R, RO TR
B IR MACR AR R E AT < B SRS R AR A I A 1%
ks U AR AT LA FA I S AR, W B IR 7 9 UL R AR
R, BRG] RGBSR R S I E I, [ 3.6 &Y
MBS R FE5ECFRBIR G LM

]
P ; o gl
N iR AR A sug  Ang M
30X 6028 %28 6a14x 14 16610x10 16@5x5 20

>\\~Ll‘,h | R )é\ﬁ,"\

3.6 B2 I 4 TR0 B 46 R

& LeCun T 1998 = E L8z M BT

4] 3.6 J2& £ H] LeNet-5 571,
HRFHlgrA PSR, X T RE S

T BRI B2 ) 25 A 2,
e AR o

33 HEsEIFE
FEANEN e Y AR LR T

JIren
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A e s i LA I 7 TRAE SRS I AR R 37

3.3.1 PCA

F 443t (Principal Component Analysis, PCA) 2 Fb 45 F A P& 4
JIE, AT S AR R B N AR, KPR NN EEERE, A H R
A ERE R, B LA KRR RINSA. FEF ] PCA ZLFRE
I, R E R Y AR SRR B ET I ABAR R . B A S DLE o Fett by
RIS (T 22 i R T TR AR BT 1A) RO s feo KT 2545 H B i B 2L
HUME e B8 —ARPRIEEE 7 ZE BRI, o8 A AGRIE A &5 5 — AR IE S
HEGRTT 22 RB TR, BEEMGERE, AASREHE JT RS0 0 R ELE
PCA BERE RN :

Algorithm 1 PCA
1 BN FEAREE D = xq,x0 00y X

2: RgEaSRI4EE : d';
3 WfE:
4: XA REAE THOME: X X — & 3 x5

5: AR U7 R

6: X W5 2 R B AR L B

7: WU KA d” AR ARG I P RHALE [f] o
8 i B

332 WENREEBEE

RZH LR (error BackPropagation, BP) 2 7E 152 2 M 45 (1 A8 A,
g B A BRI M E M4 BE . HlZ 2 @ s L M4 BUE , SRiH
HEJ7iR2, BETHE NI, LLHAR BT R S EGH TR, SR
B/ MEOL NS NIBUE S 28K/ N HEEmAE RSB A A4t
ERMNEMETT, RIFRESBERME, AR EaER; SRR THE R HER
R, ZIEPIRES M ER 2 REMATT, SaRIERZEMETTIIRZE R T
EHEACNERE, JEHHERER, BRAEHF RS

N = e
HREL:
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I
{d ] (# ‘gj N F
WA centraL soutH uN1vERSITY

5 3 = Wl

Algorithm 2 BP

N IS D = g, RIEIH

2 iR

3 48 (0, 1) JEHIAAIG A dr AU E AT

4: repeat

—_

5: for all (x;, yx € D) do

6: RIS ET T B S AT s

7: THE N H R RS2 B A TN

8: BT R RNG, LLEPRE OB MRS , BT P A S U
9: end for

10: until JEE45 1 F %4
11 iy SRS BUERE 1 22 2R 4 W 44

333 &%k

FEXFNERAEA 2 ARG, A0 RSB A RO A IR, R AR EI B
e RS AERAEEZ AT 00 o x BREMAFEIRAE G (x), FERFAE 2SR Fhk) o0
SRS IR T f(x) = 0T ¢(x) +b, Hi oMb Z2ETZ 5, KRN
FIfs. A

min = [l
“h e (3.5)
st yi(w'g(x)+b) 2 Li=12..,m
Bt HOGHE B, A
m 1 m m
Z N Ezzglalytyj xj)
N e (3.6)

S.t. Zaiyi =0aq,>0,i=1,2,...m

Hrp o (xi)T¢(x)) 7’3 x; R x; PR BIRFAEZS [N R, H T 4ERrT RBIR =, THET
REMRE 2% PHIIAR R «(xi x;) = (@(x:), ¢(x;)) = ¢(x:)"@(x;) Bl x; AT x; A
FRAE 2 A1 A A AR 4‘?? CATER AR ZS [ B R AT k() THRMEER . E5H
X AB TN -

f(x)=w'¢(x)+b = Z @;yip(x;) p(x)+b = Z a;yik(x, x;) + b (3.7)
= i—1

XA & () SRR AZ KR b R] R AR B (0 A vl e e R AR Y
BRBURTT, FRAESCHr i s B E L2 & k() A ZE A,
k(v ) NESAE x X x ERSXIFREEE, W« 2% R 80 HACE X TR AU
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@ rais BLIR 2 ST 7 e s R PR B
D = {X1, X0, .oy X }» “H%HFE” (kernel matrix) K 22 1EE .

R, HE N XFRAT O B A B~ 1, ot ReVE A% R B .
A B AR 2 RN 2P TT 40, DUPRRAE 25 1] B S VRO S 3R ] ) PR E 22 5%
HEL, LRI N R R A R I IR W E K. B A RN 5 3.2
FfrR o

3.2 % FIHIZ R 5L
AL k(xi,x;) = xTx;

(50 )
SURE K(nxy) = (T xp) 42 1 HETRIKH
B ke —ep(-D) o ummmR
(50 )
(50 )

PLEALHAL k(X
Sigmoid %  «(x;,

= exp(-—-1 o>0

HEAR, 3B AT LA A% pR B AL S 15 2T R R R A

Bl ) 5 WM S ORI EAR ST R @ PR T oA TR R =
LWL WU, B4R, R, HoR R A A R By —Fh, i
SEMRAE AN F O E AR, BRI AT, ZRG LR RI LR > 73k, i
EOMST BGH S5 G R AR SR TR RR A o
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(SRR
55 4 B HLARY: SISO R h Y SRt

F4E HIRFIEBXRKERDHIZA

S SCIK FE TR RAEBER SR A et A 28 R R RO AL, 2 B4
BRSO SR . AERRSC B BRI IR M e 3 A ER A B, SSCHR AR
FTHE NSRS I B AR 0L T, a5 S B TATRIML 2 ] B S HAL
UGS ZRBURAYRE ), HESE, MEAC, (EHAESH B AR & R R4,
Ro LUT RbLER o2 T B BB R LA, A IS U

4.1 XHMERIDHE

AR I 850, LN e BIa MLs, BEEAE 4 MR SR &
WA S AR o B R TR R AR B MR SR S R
FAIESRAE, AT LA SR I 45483 2 By 2 AL G ) B AR LA

P BB B 0 AR E AT ) AR AL 2 SR A B 7S A DI T
R OB HU R 2 KSR, e AL MR A DR B 2R RS
HRAS o BTN, AR GE R BE AT 1 R Tl AR 8 B3 3 M (KRB B AR A I Hh JEE
KR AE 2, IR ENRARICY BN SR, FEHOREE 2 By BTk
Hr, DL SR i BOAIAR S S L AR IR, FEA i v BOR RE DAHE ASE B2 4
AR T SRAE SL o 3 L3R I A Foe e B -t 24 U AR AL FE AR R T s o

L BRAHA

— ALK Ising #5473

AR Y2 RIS RN B S AR AR — 4, HEIREEZ R, WU
AFERIAED R TE. — ROk, RGP EES AR, A7
IR EAEN, Jop iRk #azssl, EREE A7 ol B R A R AR SRR
PRI o A R B SERON T S B RS, FohE—
PHER R LT IR ERZH . AH5E R AR 2 2L, 5IA
BLas 2 T EHEATISE . Al AR Tsing ARLHEATHR ST o

Ising AR — 2 S BRI — IR AH AR AR, 2 — > BB Y BRI B et
RIH: B BEBUE H BT ER AN +1 s -1 {8, o drimi B B EAE A, 2k
AR 2 o Ising RGP 2 ROR HREAE . B AR AL IFTE R AL
AR, WY T oA MU T, AV A M A o Bl R ] 4 Tsing AR A
FHRYARAL, AR 2 Tsing A7 A £ oA M HEAE B AR T/J = 2.2691,

F/21T H49 T



SINAT7 CENTRAL SOUTH UNIVERSITY 1:}1%‘%’—%" ;J ﬁyfﬁg%%ﬁf{$§ IIFI EY‘JBZH%
HEA BT

H=-J Z oiot 4.1)

wI=1, of = £1, BRI NS R, HAAZEEGE 2V BIR/D.

"+ MNIST JHFH

MNIST (Mixed National Institute of Standards and Technology) J&— AKHIH
THRECF AR, AETHEALGUE A XA R TensorFlow HEZERES 52
BEARR BT RARECE R, Bl 88 DT EEY, IHREVRSA)IGZGA TS
FIWT A o AESERRAYSEBLAT, BR T 458 AR, Sl & it il LA
HABRINZ . i i e HAE 5 505

FHEHEF RIS BRI — R E—4) e de—fr i 45 2R
MR . HAP O SR RS U I R o RRAEFEEL— MR H LeNet-5 [, Rl
K 3.6 M AT o SR E 2SR B R AR Y ST SE — 2B P ] — %
R SUBUEARE, AR AR i ERE T4, S TAUERE, 2diX—
B Z RS T A B B AT T I8, SR AR RUBUELHE M AR A% $ B IE i rp 3 2
5 BEFE R EHE, HBUEREEINAARN . X — PR E T R BN %
B IE B, 2 )52 id D R A ) 4 4 B 1T Ak B A 20 R D AR 2 A Y
SrRETHE, BIRBAERIDAONRTE S HA 3 7 BN & ARAY e KR 25 1)
28, R BeoR HIELA B Google B4 SLBLRY MIZSHELLFEATSL B

FEATCHR, O 7 SEBR B RS B B SR8 R T B TS IR
JEFR U,

2. BRI B B b

ABITERHA] T python3.6.4 A, 5[] T TensorFlow HEZE, 54 [ YanLe-
Cun KTEHIE MG, 275 1 Google [ MNIST HyHgis , i HRE
2L JT M Tsing FRLAY 0L o

(a) FHAEREAR

Bl 7 TR YIZRTT R RS, X T2 Y B M B o7 S BRI AL, o
S A AE A B i A A R R LA KPR &S o I TSR f 58 K TR
SRR PR G R SR

Yk Tsing AR AP 93 A R /R 26 2 a0 A, RILE A B R A %
F(T) o exp(—g5), TERIMZRR RIS TIEMEREARN, BRI ZORIFEA S H
WERG, T o BP0, BIFEW R4 RS ThEE N — ks
FEARAIRTR T, A —EMR R R IO, RO IOE R 5 RETS AT H B
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5 4 & Hlansr e R IR R Y

@ % KL
A ., ®>"  CENTRAL SOUTH UNIVERSITY

Sl E

TER . TR CRHA] 28 X 28 F 2 A J 1A% 150 -

Algorithm 3 SERF- Ry A EARRE

L N AIAGBERIL A AR
2: fiks:
3: repeat

4: for 24 FifE—IRES do

784 ANEAILH BE LR AR T

5: Lo I P T SR A 25 AR S Y BE
6: 2. FEALGEH % R AL

7: 3. HEER S SRR AR R 2

8: if B 2S5 RENEI#(IC then

9: sz B 2 IR BIRE R

10: else Fllft 2 J Rk e &

1: P (0, 1) SEHE A R BEHLE m
12: if m < exp(—+)) then

13: A2 L

14: end if

15: end if

16: end for

17: until JEEEAEAY AL, # U LA FER .

18: FiHy -

T RLHYIRES o

LR A T 1.0 ~ 5.0 MRV, AR 0.1 AYTRIFEHL 1000 AR,
EHITRAE

A ERE A 4.1 Fros o

.1"'.'

o

L?

T TE "-_
-] af

Pﬁ_r?" 1

"uﬂ-

@%%%%T‘?
%

&

4.10.1 ~ 5.0 B9 — 4 Ising B, AEOMRFZARM L, BROHETENT

LR R AR LA TR R SRR R . £ F R M2 RE

BEATTRAL TR AL AR o
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Lk HL2 37 A R A i
(b) Mg
K AR DA MR (BT fe CHelE mlEg) . =2
NZ. BE, 2. WAEH B TEREIUE . FBRUsEZ 100 /> sigmoid £ TT,
B RIEHME. R

WNE % B E R E

4.2 Pz M=

(c) BURALEE S 53 Hr

28 h LA _E 250 AR ORI HL B Sl b A\ B P R S50 A Bk A B S
BRI RS, SRR AR AN R TR . T AR ANBESI IR
MEMZE AT, A BT IERYZER . 51 HZ7% Juan Carrasquilla 1
Roger G.Melko [J3CHR!T FYZ5SHL, WIE] 4.6 iR H4.6 (a) HijllZ)its 519
RN 2.266 £0.002, SEICTHELRMRE . HH, MENRIE, KEA =M% T
SERIRY Tsing B & F-AE 9 N 2N C A 2558 I A EERERT I 2 s, ]
LI2I1E] 4.3(b)o

1.0 15 20 25 3.0 35 2.0 25

(a) VI Hs TR ) W2 O 2% (b) A 4K RAR = s T2 3
4.3 R St 2 1

Yl 4.3(b) mlAL, HARZSRE RN 3.65 +0.01, SEURTHEMAF G AT
TERY AT LU

3. B5RE

LA_EARYE E IR RN AR T 028, 3T [H—RRATHEA, AR

F24T0 H49T



PR
(SRR
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AT cenTRAL

5 4 & Hlansr e R IR R Y -
H BN RT3 LR W& =2 S e 2a E R R BE I pnas 220
IR IRy, AL, AT ARERERAE . AT LR FTC &7
AT, B R MER TR FAFE . R ZEAN PCA Jr okt
g, TR HE T4 2807 Mlass 0B N H B2 . HIRFREREAE AT
RE B TR RIS PR R R UL T REME MARIY P e X215 A e il Pl
£ REMSAE B AR RIRHE AR A N B TIR R HARE B T 0 28, AR, ARk
7N TS PR

42 WHRERPMEETSHES

P 22 R (AL A A2 2 SR DT HL 22 R I PR R TR AN R i S B
Koo EJZ I8 A I BR R G B ALt o7 T 0 28t BB LA A D T SEATL RE A% i T
) o 2987 B S 27 20 U7 ZEBERERR B AS, REFIA E Ao B/ B — I
AL R RS JUHAER A —4EsE 4800 B BetH EAE RIS . ARHHS
o

1. BEeR L

WERRET v 2 B rR  R B S AR IE 2 B b ek, HAER 45
PRER A EENEC AR, ANMUEES RS, B FRRE RN TS &
St T B TR R R0 05 B, (B R EER7R B35 AT LAGE FH EUAE Y 7
IRAEARF S TR) /NI AR o 1 R RO T A A RIS B RR i D 22 AR S E 15
)i F 7 2 R AR W 45 R A B 1 4%, AL fai - 2 NQS (Neural-network
Quantum States)!'8],

2. fAY

FENANNADEREN RS, HAHEN: S= (5,8, ...5v), &
FAOR- P RE2E B, B SR8z 610 Hlde I B KR EUE i
A, WARZESES, Bl v (S) S IVIRIE S A, HR2
PAE A RAAI AR W28 ZR IS PRET @ (S) o AN W 28 540 SR DR A —
FERVRRE R, X T 24k, fIFI St A ME— . o T B AL, 3
IRZEZHL (RBM) SKAliAETEN 1/2 B 1 R5E, EXFEL T, BURE 2
H— SRR (i S =o0f,..,0%) WP E FER VI N 55 5
B2, A M A AR (b, ha) BREREA RS o XA N 1
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AT CENTRAL SOUTH UNIVERSITY 1:}1%%% 2 ﬁifﬁgﬁ%ﬂf{j&% IIFI EY‘JBZH%

IINEZS eV

(s = 3 R
{hi}

Sy = (1,1} fode 41 MANERRIN B R R, ML RTER W = {a b, W} At

RAEIINTS So RONTERE Y VAT . R R S MR e

st W (s ) = 7T g £ () = 2cosh{bi+ 3 wyo?)

bR S AR B A SRR :

NQS [0 SRl 76 H RS Y AT 2610 2 PR BRI PSRRI |, AR
2 A (S T AR RO B R LK P B P B R A2
%, AT DUE NQS J . T A T RE ARSI RS
HRSIZ RO H T3 LR

AR, ST mEE o = 1,2, ..., FUETE M - AE R B g
WY i f e [La]o JXEEHILE aN TR AR AR S TR oN? (975
e BRI BRI KA ISR W fER T h2rh, SRR A
Ky, BRCEBERRAR, B, SR SRR R, MR, AT
TR SRR ST FERKHT R, S I R B TR ) R R
RS A S S BT 22 ST

Wy TEN] NQS ZER 5 E 204 (B EN R IR I S0 e e MU s
RENGRERE EOW) = (Uag|HWar) [(Uag[Wag) . FEUE B B RALTE 5 1 7
RN T, kSR .

3. 4

AT BT, PSS e A A B35-S1L Tsing (TFI)
WORU RN SRR (AFH) M. {1 NG B0 A

Hrpr = —h Z o - Z oios (4.3)
i ij

(4.2)

il
_ X X y Ly
Harn = Z o o} +0}0) +of0f (4.4)
ij

Hrp, o, 07, 0% ZHFITER

T R TR R AR L SR RE A AR S LS UM B S R
HrP s VR E R RIRSEL, X T T ZERURS KUK, O R SRR TESG IR BRitk
2, MZERIERE A YA e, o B DAYt tRESRAE & i i)
PR B E TS TR o
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5 4 & Hlansr e R IR R Y

PRI JET AL WL Y 5 AT LA 3 SR By ARl ANOUZ N
TEESIRRE, AT DU R B R A S R . N TR
WIZEAEAL 5T AT RE A RO A — 48 "R R R GE. REZIRBUR
%EME_E R RHBRF, AIRHE T ) B e AR GRS S 2 g
B Iy — Rk R, B AR 2 SR RER ST K

ZDEL\
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4 2 ;'\:'.:\ [§ J‘\ 2
% 5 % ﬂi/[l:]fjiﬁ}ﬁ \®/ :!:mzzm umvsnsl{v

B5F Sutk

BARHLES 7 IS RO B AR R A B R 2 TR B SR 1E, 43
THEGOR IR NI S 8 T HAR AL SRR IFHE, WiBTRIERIH. 5T
Plde s L FRBUS 2 20, HITEMARRE S w8, i, WS T HIT G
A5 I N7 SRR BT 1 25 DLRGHT B B o

HAT, Hlgss I Meaghiy AR CEd P8 T w5, fiEhE .
T 7> SR I A EE BRIV, B eae i m i .
WA I RS A, N7 ; s FwEiE, & mikites]
MU 2, REAE SR TR A3 e B A I B A5 R B, ) LA 5 I % 5 1%
I, ORI — Se )8 EHAT BT T — 28 05 3%, LR 2% IR
AW DL RG (BBALHE) MR, $hEE 45 a] LS DMRG (% B 4R R Bk
16) HXTRL, B M%7 LS TensorNetwork (GKEMZE) RR, BE/RZEEHLIA]
VA5 BZ (B/RZE2 0A%L) WFRZEZEI22 0 1 ah, o mT DO A FR LA A — S
Foaniiisk i A IFE e BB g b, REE R R SR, it
AIUL, ML >0 S T I AQ i, BB R ISR X7 S0y A Je S i3k 20

W Wlas 5 0T E N A BB 1A, B T H AT WHI B Z A, 38— A]
AZEY A Al ) i AR A e s SR LRI, JLIROUS B
sk, BRI e IR E 2% >] —FE Sk Hinton. LeCun. Bengio FyASW & &
ARG BB RN, JCHJ2 2016 4 AlphaGo FTIZ A7, FefptitFl. ik
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