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AdS/CFT Xt Iits  [Maldacena 1997]
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— Ly
DLERINEEEIZ. BUIBE B2 HIBRDOEIZIZADH?
HAHWNL., FRIZIELIELDH?
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[ —RRIESNT-HBE NI (generalized SUGRA) ]

H). COERIK., Yang-BaxterEFZDMARIZCEWNT BHTAABIZEASINT-,
LAWL. $&IZ. Green-Schwarz(GS)f2 K D BRI wIZH 1T Hx-RFRENBEH SN T=,
(ZDFRITIEF ZHERER)

ZDIIEHAAEL. GSHEAMNERIESNT=1980F K FEMNLLEIN TULN =AY,
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Yang-Baxter ZZ 2 &(L7R(THY?




Yang-Baxter Z 2 [Klimcik, 2002, 2008] P

AIfEN ERZ !
. FHAZ)LEEE! DYang-BaxterZ #2
FG-HATIVEEIDIER Vang-Baxter XU YH&E
1
S = / Pzt (J,J,) =) S0 — / dz n*tr <JM ] RJ,,)
— 7
\_ J,=9 'O, g€G N EEH/NTA—H—
~___RIE?
R: g—g¢ ¢uuem THH1TH (BEINT-H#HYang-Baxter
HOEIEEF HFEX (mCYBE) DfR)
— DDR[FBENERIN. —DODHE r-175] (mCYBEDHR) TINILEN D,
— CDERDF =

hOME r-1THE SR 5L, FRERFFIC Lax & ERFD
Lax XKD DD, hEGHELEANGTERLLELZN




REBEEFEHH 1T DE DR

R-BEF <) XIS T r-1751
R: g—g regeg

T12=Z(a@'®bi—bi®ai) with a;, bZEQ

1

R(X) = (le, 1 ®X>2: Z(CLZG)Z,X) — bz<az,X)) for X cdg

)

B r-175m220Y—X &
1) BESINI-H#Yang-Baxter AF2x (mCYBE)  ¢mmm Klimcik D[R iHX

[R(X),R(Y)] - R(R(X), Y]+ [X,R(Y)]) = -@[X,Y]  (ceC)

2) (BED)H#Yang-Baxter F2 (CYBE) (¢ =(0) <mmm ZF FESNY



Yang-Baxter ZRZD—ARIL DRk Vielol»y)

(i) EIESNT- dBYang-Baxter A2 (=AE or WHGHEY )

a) ENATILER [Klimcik, hep-th/0210095, 0802.3518]
b) xFIAtEYr T TIER [Delduc-Magro-Vicedo, 1308.3581]
1) [ c) Type lIB string on AdSc x S° [Delduc-Magro-Vicedo, 1309.5850] ]

(i) GEE D)W H#Yang-Baxter S8R (FER)

a) EFHATILIEE [Matsumoto-KY, 1501.03665]
b) Ity T TIER [Matsumoto-KY, 1501.03665]
2) [ c) Type lIB string on AdS: x S° [Kawaguchi-Matsumoto-KY, 1401.4855] ]
NOTE M Yang-Baxter ZE 2 [Klimcik, 0802.3518, 1402.2105]

(EDAZIVIREZ D A E AT RE)
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Yang-Baxter Deformation of 2D Non-Linear Sigma
Models: Towards Applications to AdS/CFT
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EERR  Kentaroh Yoshida (%)
IR COIER ERETRIR

In mathematical physics, one of the fascinating issues is the study of integrable systems. In
particular, non-perturbative techniques that have been developed have triggered significant
insight for real physics. There are basically two notions of integrability: classical integrability
and quantum integrability. In this book, the focus is on the former, classical integrability.
When the system has a finite number of degrees of freedom, it has been well captured by
the Arnold-Liouville theorem. However, when the number of degrees of freedom is infinite,
as in classical field theories, the integrable structure is enriched profoundly. In fact, the study
of classically integrable field theories has a long history and various kinds of techniques,
including the classical inverse scattering method, which have been developed so far. In
previously published books, these techniques have been collected and well described and are
easy to find in traditional, standard textbooks.

One of the intriguing subjects in classically integrable systems is the investigation of
deformations preserving integrability. Usually, it is not considered systematic to perform such
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2.

AdS. x S° EDIBEEE X

MDYang-Baxter Z#2




AdSsx S° _E DB EK /DT HEAIFES 1%

AdS;x S° FFZEDEZEMEL TOBEN T H AR 1 EEHEIZEAR

AdSs x S° = 50(2,4) % 5O(6) . symmetric coset

SO(1,4) ~ SO(5)

Z,-grading ===  HETA[FSE JTIILEFUEEDHE
4 N
PSU(2,2|4) t
: super cose
SO(1,4) x SO(5) P
N J
Z,-grading wee)  HHTOESE [Bena-Polchinski-Roiban, 2003]

) super coset(ZE’jL\T, E?Z@Eﬁfﬁﬁﬁ’é*ﬁﬁt’(%é [Metsaev-Tseytlin, 1998]
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AdS, x S° £ MD1I1BE! #B5X IR/ (D Yang-Baxter & 2

1 o0 27
S:——/ d'r/ do P®Str
2 — 00 0

1
1—77[R}god( b) L

L)

B8 -THIA, CCITHASND

A,do

TH r-17H[Z2DNDY—X:

1) ﬂ%IEé’h'T:E-ﬁﬂi- Yang-Baxter FHERK (mCYBE) [Delduc-Magro-Vicedo, 1309.5850]

2) (BED) HE Yang-Baxter A2 (CYBE) [Kawaguchi-Matsumoto-KY, 1401.4855]
© k-AEE: HHELANITORERDES S
o LaxxtDFERK : mHEAIIE ST

ERzld<ImE: n—-0 mm)  Metsaev-Tseytlin ¥

[Metsaev-Tseytlin, hep-th/9805028]
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Supercoset &L D R [Arutyunov-Borsato-Frolov, 1507.04239]
[Kyono-KY, 1605.02519]

SupercosetDEHERZELITRO T, JTILZAUVIZDWWTERT %,
QRETDERIEL. ROBIZFEDHOND, (ERDINRIESUGRADIZD H EI(2)

2w
_ Ve f dr / do [YTGuNP XM XY — P Bryn@a XM 0pX "]

__xg 1419 o) el o+ 00t o

—RICHZEMD D [ERDEIICEZLNS:

[Cvetic-Lu-Pope-Stelle, hep-th/9907202] =
1 1
Dt = s (8a — ang’*nrmn) + gaéje;nﬂmnpf”p
| 1 - 1 \ ]
—fe® [TV F, 1 TP Fpar [ 576" TP Fygrat || T

CDHIZFEEDBIEIZEDT IIBSUGRAND T R TNDIFEFEATNDS !
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FoNAERICOVTDFRED

1) mCYBE DiFH [Delduc-Magro-Vicedo, 1309.5850]
HH 175 EL T, =E—2 D E KB (Drinfeld-JimboH)

n-deformation or standard g-deformation  [Arutyunov-Borsato-Frolov, 1312.3542]

7)L®%%ﬁ§0)*§ﬁb§@éhf:o [Arutyunov-Borsato-Frolov, 1507.04239]
( LML, Sh(FIBEEBE HER DB TIEGEM o7,

BUREZLIZ.CO—DEEZHIZTE OIIIZEE N ERBEAREZEL !

[Arutyunov-Frolov-Hoare-Roiban-Tseytlin, 1511.05795]

Lml

—) — b SN T-EBE HER DA

[ —RRIESNT-EBENIER - BENER + EEFEDGELANINLE J

16



FoONDERITOVVTDFEED

2) CYBE @i’iﬂ%‘ [Kawaguchi-Matsumoto-KY, 1401.4855]
I{CADEKRBIAION TN, BERIFFEDERSTERMNAIEE (mCYBETIEAATHE

CYBED & B r-1THI ML 1Fo N HFZED B {AHI:
Lunin-Maldacena, Maldacena-Russo, Schrodinger BfZE7i&

[Matsumoto-KY, 1404.1838, 1404.3657, 1502.00740] [Kyono-KY, 1605.02519]

— eSS T-HBEHIEHFOMAE:  [Orlando-Reffert-Sakamoto-KY, 1607.00795] JPA Highlights 2016

HH - 1THICEATAEELEMY:

— Unimodularity 544 [Borsato-Wulff, 1608.03570]

i bi,b;] =0 foraclassical r-matrix 1= rb; A b;

Unimodular’@H 8 r-1T3I(d . BE DSUGRADEZTEZ 5,
UnimodularCiEITNIX., —fBbtSn-BEHEGODREES5 25,

17



EX: FERMRERZE E D7 —UEERDE AW

c.f. Seiberg-Witten, 1999

L 1
[ E-ﬁﬂi r"fTﬁ'JZ r = E P2 N\ p3 [Matsumoto-KY, 1404.3657] }

1 1
1 e C = 5T T s, Mys = 1 Yu:7v5],  ut a basis of su(2,2)
= = 9 1 2 2 2 2 2 z? 2
B n 2 3 — 1 24
B-15: By = dz* A dx” | k- ——
2= 42 TAT ) 210g<24+n2)
4
R-R 15: F5 = Z—Z dz® A dzt A dz Fy =14 [qu)wAdSS + wss)} .
[Hashimoto-Itzhaki, Maldacena-Russo, 1999]

DB LFORBHOAIFESEN. LaxdZEiERTH5ZETRET=,

Note  ZODf#IL n-deformed AdS. x SSDHAHIBREL TEHIRTES

[Arutyunov-Borsaro-Frolov, 1507.04239] [Kameyama-Kyono-Sakamoto-KY, 1509.00173]
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—fRIESNT-EBE HER
EXUTE D E R




— it e f- IBEVEBE HIEG

1
Ryn — ZHMKLHNKL —Tyun + D Xy

1 1 1

2

1
R—SH + 4DJLXM - ﬁXMXM]: 0,

1
DM FE, + ZM][M — EHMNK]:MNK =0,
1
DE Frun + ZK}KMN — EHKPQ-FKPQM

1

—DEHpprn + §FKFKMN + EFMNKLPFKLP

[Arutyunov-Frolov-Hoare-Roiban-Tseytlin, 1511.05795]

N{(I/\fl)MNZO,

DE Frmnro + 28 Fxmnpo + 366MNPQRSTUVWHRST]:UVW F3)munpg =0

1 1 1 1 1
Tuyn = §fM.7:N + ZFMKLINKL 1 4'.7:MPQRS.FN - ZG’MN(.FK]:K + EFPQR]:PQR)
{EIE SN 7= Bianchi [EZE R
(dFL £ Z A Fun + I5 Fung =495
(dFs + Z A Fs+ Hs ANFi)unrq t IK Fvunpor =0,
1
(dFs £ Z A Fs + H3 AN F3)MNPQRS + EEMNPQRSTUV1VIT-JEUVW =0

20



[ HILLLEGL-ER: X, I, Z 3DDANTRNILG ]

LA, Xpy=Iy+ 2y ThHY. HILHZDIF2D,

ZLT. 1& Z [EROEFRIZE®=T :

DyIn +DnIyy =0, DyZn—DnZy+ IR Hgyun =0, IMZy =0

CCT. I ZRO)—W5Hm
(L1B)yn = I%0x By + B nOuI® — BrarOnI®
HMEHZADKIIZEDE, LD2FBDOKIFEITT. ROKAMNELND:
Zy = 0y® — BynI?

&R, MILGAIMVIEIEX [ OHEGS,

Note T=0 DEEEEDIBEBEHEHRINBIRINS,

21



Green-Schwarz (GS) XX DEZRIEHICH [T HKRZLER
k-XTFRE SR E HERDES) AKX DR DR

BIZEoNHFER: BEEELNEENEROEBAREXEZH-THE
) k- PEG GSHEA D HEIRIER

[Grisaru-Howe-Mezincescu
-Nilsson-Townsend, 1985]

L/h\L/ ho)ﬁli ?EFB*L%LEjJIE 75\—5ﬁ\tjﬁ\nﬁﬁﬁbgﬂfﬁﬁ\of:o

4 )
HFHLWVER: FEDODE=LIZEITS kA% GS string theory
) —fR I IBEUEBE HIBG [Tseytlin-Wulff, 1605.04884]
N /

30FHLDER

Yang-BaxterEF DIARMNEIEE LG 1=,
RIERICHITHERNGIEEZDER

22



—RIbESn-EBENERDOHEE

1. BOEFEELTDYang-BaxterZE R BRAEADEE]
O 175 hhn, —fRIESNF-BEHERDFEZTRITIIZHER

[Delduc-Magro-Vicedo, 1309.5850] [Kawaguchi-Matsumoto-KY, 1401.4855]

2.  FHULULARIKILEB 11E non-geometric Q-flux LEFREND  BRESADEE]
JE—T M ZDH TH S T-folds M—i LS -BE HIBH D

[Fernandez Melgarejo-Sakamoto-Sakatani-KY, 1710.06849 ]

3. —J&ﬂsém‘:iﬂiﬁﬂiﬁ [&.DFTor EFTH\LEHTES, [BASANEE
UIMEHEEDLLEZ T, —BEShF-IBELIARDBE HIERG ZEHTES

[Sakatani-Uehara-KY, 1611.05856] [Baguet-Magro-Samtleben, 1612.07210] [Sakamoto-Sakatani-KY, 1703.09213]

4. Generalized Buscher T-duality (for / direction)

TDESZ, FA4SZ " TIZLEHITRIE” 28T :
b — (f = -+ I -x [Arutyunov-Frolov-Hoare-Roiban-Tseytlin, 1511.05795]

—RIESNE-BENEROEN. BEODBENEROEICED,

23



—fRIESN-BENERDEHICL>TREITHHOMN oA

NETIZC.BEAHEROBICESBULIVDDLE B TONTEEELNEAH D,
L\ p B9% B (pathological) e K [ENHE = BFZE
151 non-abelian T-duality (&% M & % 73151 [{ERES A DEE]

LAOL. ChoDREHGRZEIL, —RIESN-BENEROB THLHRREMELDH D,

¥ . non-abelian T-duality& Yang-BaxterZ 2 DE I ZIXZF LB Z I H S

[ (A class of) non-abelian T-duality ~<€mm=)  Yang-BaxterZEHZ (with CYBE) J

¥ #8 : [Hoare-Tseytlin, 1609.02550] ZEBA : [Borsato-Wulff, 1609.09834]

) —RAESNT-EENEROEICLDS !

Yang-BaxterZ 2 &L TE [+75 L \non-abelian T-duality[Z & A D H ?

24



Yang-BaxterZ 2 &L TE (77451 Y\non-abelian T-duality D 5

ﬁ Gasperini-Ricci-Veneziano fF 20 [hep-th/9308112] \
.- tH+ ) da? = 2z ydedy + (8 + 22) dy? + 4 d22
dSz — _dtQ + ( J ) Y . 4 ( 9 ! )( !/ ‘ + d.’j'%“e .
2 (t* + 22 + y?) |
rdr+ydy) ANdz 1 1
B, = ( - JQ J) 5 _- b = {—111 T 5 N
N th 4+ 22 +y 2 [t + 2%+ y?) y
NIXBEDEENERDETIEZO
LHL. ROFREIGEANTNILISE
7= -2 [Fernandez Melgarejo-Sakamoto-Sakatani-KY, 1710.06849 ]

ZMABHE COBERE—BRIESN-BENERDEICLS,

77 AFREE: M. Hong-Y. Kim-O Colgain, 1801.09567 ]

£20&EZLD HEIGER" N, —RIESh-BENERBOBE M LLNGELY,

25




4.

FEDESRDE
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FED

[ Yang-BaxterZ£fiz& —fiRfb s - E H R J

Green-Schwarzfiz X D #B5% D k- ¥ T 1% — iR ibSh =B E LB
RIBRICH THEBNLER

* Yang-BaxterZfsld, — b SN-BEHERBDBOERF X BRASADEEE]
FLENLNTWNATSTE#EE, Yang-BaxterEIZEENSD

o« —MRIESNT-EBEHERDANIRILIG I 1L, non-geometric Q-flux
IE = A (T-foldZr &) LRI R

s MNOTHRMLGE =L, —RIESNT-EBENERDEE? EX Non-abelian T-duality

o —RIESNT-EBEHERIL. DFTREFTNLEH TES

27



SEROEZE
- —RIEShIBENEROBEE RBELLTEOKIER 7

k- FEDN B D=8 HHIRPIZITEGH
EFHAICIE KOERAICEFTERT—ILFEEILH D Weyl R ?

o —RIESNEBENERICETOHGEAIMIVIEORIR. BRI ?

RENDATOHR? BZOEHRERICIFTENGL, T4 AESEDIEIE,
[Fernandez-Melgarejo-Sakamoto-Sakatani-KY, PRL 122 (2019) 11, 11602, arXiv:1811.10600]

. = ATHIDEE| ?
= FR1THIDERE " [Beisert-Roiban, hep-th/0505187]

AEVHEBR T HS-1THIDER  (TSTEHRITHIG T 55 E (CIXARKGIERAR)
e 4D Chern-Simons¥Eif [Costello-Yamazaki, 1908.02289] & DB {%

Yang-BaxterZ (&, RHEE FIZKET —VENDEREFHDOLER

[Delduc-Lacroix-Magro-Vicedo, 1909.13824]: PCM  [Fukushima-Sakamoto-KY, 2005.04950]: symmetric coset,

AdS.xS® superstring
Al DER RS DYang-BaxterZE 2 &BEE T 5 Bkt 1 D IRfR

28



Thank you!
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Back up



An example of R-operator for squashed S3

Consider the su(2) algebra : [T?’, Ti] = +27F [T+, 7T7] = T3
0 1 0 O 1 O
+ - 3 _
r=(0 o) 7=l o) =0 )
The r-matrix of Drinfeld-Jimbo type
- P ™
Dy = —1 [T+ RIT —T & T+] The unique solution of mCYBE

S R(TY)=—iTT, R(T™)=+iT~, R(T’)=0
N /

The resulting action:

2

1
fd%maﬁ [Tr(Jan) + %Tr(T3Ja)Tr(T3J5)

g
1 + n?

Target space is a squashed S3
31



The detail of the computation:

1

Let us first consider J = g_ldg7 A=
1 —nR

J

and expand them like J=J"T" +J T4+ J°T°
A=ATT- + A~TT + A°T?
Then J can be rewritten as

J = (1-nR)A
= (1—in)ATT™ + (1 +in)A~TT + A°T?

Thus we obtain AT = J+_ , AT = J_. . AP =8
1 —1y 147
The resulting action is given by
2 2 aB | g+ - 2\ 73 73
S = 1+7]2/d Ty _JQJB +(1+?7)JQJB}
— ! /dzmaﬂ _Tr(J Jg) + "—ZTr(T?’J YT (T3 J5)
1+ 72 e T “ g




Group element representation of squashed S3

NS~

)

~i(8)71,41(5) T2 (
Let us introduce the SU(2) group element: g=2=¢e Z(Q 1eZ 2 26?}

Here @, @, 1) are the angles of $* and T,’s are the SU(2) generators:
Then the left-invariant 1-form

J =g tdg = J'Ty + J*Ts + J3T5
can be expressed in terms of the angle coordinates.

Finally the metric of squashed S3 is rewritten as

ds? = —[(JH2+ (I + 1+ (J3)?
= A6 4 cos? 0% + (14 77)(dv + sin fdg)]

(The metric of squashed S3)

33



Definitions of the quantities

Maurer-Cartan 1-form Projection on the group manifold

Ao =9 '0.9, g€ SU2,24) , d= P, +2P, — Py

Projection on the world-sheet
v = diag(-1,1)

(,}/ab 1 eab) b

Pab —
+ = €’ : anti-symm. tensor

1
2
A chain of operations

R,(X)=g'R(gXg")g, VX €su(2,24)

34



[ A group element: g=gogr € SU(2,2/4) J J|

gp = gbAdss ng5 ' [For a big review, Arutyunov-Frolov, 0901.4937]

gr = eXp(QIHI) ) QIQI = (Qdd)f (96464)1 (I — 1:' 27 d: Q= 17 SR :4)

When we take a parametrization like

gpAdSs exp[m0P0+x1P1+$2P2+$3P3} exp[(log z)D],

@S = exp[%(ﬁbl hi+¢2h2 + @3 h3)] exp[fJﬁs] eXp[—iTPﬁ],

the metric of AdS; x S° is given by

ds?  — dsid85 4 d3%5 , (the undeformed case)

12 —(dz®)? + (dz')? + (dz*)? + (dx?)* N dz*
AdS5 - Z2 22 2

dsgs = dr*+ sin? r d€? + cos? € sin® r dg? + sin” rsin® € dg2 + cos® r do3

35



i) gamma-deformations of S° c.f. Leigh-Strassler deformation

[Matsumoto-KY, 1404.1838]

1
Abelian classical r-matrix: r = 3 (i3 h1 A ho + i1 ho A hg + o hg A hy)

1 where pi; and h; (i = 1,2, 3) are deformation parameters and the Cartan generators of su(4) .

3 3 2
Metric:  ds® = dsias, + > _(dp] + Gpide}) +n*Gpipsps (Z i dqﬁ@-) ,

1=1 =1

B-field: By =1 G (us pips do1 A doa + p1 paps dda A des + pa p3pi dos Adgr)

. 1 _ .
dilaton: ®=log G, G =147 (1+p3pipy + 1ipaes + iaosrt) s 0, pF =1
3 .
R-R: F3 = —4nsin® o cosa sin @ cos 6 E/M do; | ANda A db, p1 =sinacost,
i—1 p2 = sinasinf,
Fs =4 [wAdSS + Guwss] . [Lunin-Maldacena, Frolov, 2005] p3 = cosa.
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v q. . c.f. [Son, 0804.3972],
“I) SChrOdmger Spacetlmes [Balasubramanian-McGreevy, 0804.4053]

Mixed r-matrix: r= —i p— A (ha + hs + he) [Matsumoto-KY, 1502.00740]

4

—2dxtdr~ + (dx!)? + (dz?)? + d2? o (dzt)?

e 2 2
Metric: ds® = > T + dsgs
iald- Ui
B-field: By = ;dfr A (dx +w),
dilaton: d — const. [Herzog-Rangamani-Ross, 0807.1099]
[Maldacena-Martelli-Tachikawa, 0807.1100]
The R-R sector is the same as AdSSX S, [Adams-Balasubramanian-McGreevy, 0807.1111]
S® -coordinates: ds3s = (dy + w)* + ds
: Sg5 = \AX T W Scp2

dstps = dp® + sin® 1 (Z% + 33+ cos? Z%)

NOTE the dilaton and R-R sector have not been deformed.

In the middle of computation, the fermionic sector becomes really messy and
quite complicated. So the cancellation of the deformation effect seems miraculous.
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Weyl invariance of the bosonic string theory (D=26)

. . _ TO __ — Y
The classical action a,b="1,0, €7 =1/\/—7, €6 =—vV—7

S = d%c/— [ mn'y ansab} 0, X" X"

47'('05

At classical level,
=0 mm)  Weyl invariant

But at quantum level, the trace anomaly appears [Callan-Friedan-Martinec-Perry, ’85]

20/(T%) = (B5, 7™ — B n,e™) 0, X ™0, X™

mn

where

1 1
gn = Oé, (Rmn - ZHmqunpq> , ’I’IBiL’rL — Cl{/ <_§Dka‘mn)
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Quantum scale invariance [Hull-Townsend, ’86]

Suppose that the beta functions take the following forms:

G _ —QCL’ID(mZn)a D = —2@’(Zkamn + 2D[mIn])'

mn mn

Then scale invariance is preserved at quantum level.

~

In fact, the trace anomaly can be rewritten into a total derivative form:

(T%) = —Dq [(Zny™® — 1,6")0p X "]

where the eom of X has been utilized.

- /

NOTE:
|7 This supposition is satisfied for the solutions of the generalized SUGRA.

Here Z and I are arbitrary vector fields, and of course these are nothing but those in the generalized SUGRA!

The origin of the generalized SUGRA
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Quantum Weyl invariance

As a special case of Hull and Townsend, one may take
Lo = Oy, @, I, =0
Then the trace anomaly is given by

(T%) = —D9,® .

This anomaly can be cancelled out by adding the Fradkin-Tseytlin (FT) term:

1
SET = yy /dQO'\/—’)/ R —
i

because

" Aw ., OSF a

alpha’ is not contained!

Note: the FT term itself should be regarded as quantum contribution.
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A generalization of the FT term

Question: Can one generalize the FT term for the case with I,,, #0 ?

— Generalized FT term: [Sakamoto-Sakatani-KY, 1703.09213]

Dual coordinates

o1 .
Spr =7 [PV RPe,, 2. =0+ IZY_@'/

o 4 5S%)
L (T8 = o= 5 = +Da (2™ = 1ne™) X"

Exactly cancels out Hull-Townsend’s trace anomaly!

Here we have used the eom of Hull’'s double sigma model,

0.Y; — Gine® 0, X™ — Bin0a X™ =0
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