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[J.CY.Teo,C.L.Kane,” Topologicaldefectsandgaplessmodesininsulatorsandsuperconductors” Phys. Rev. B 82, 115120 (2010).]
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fundamental thm. for Z/2-gr. CS MPS

Theorem 3. (fundamental theorem for fMPS with Wall invariant (+))
Let {A'}; and {A'}; be injective fMPSs with the Wall invariant (+) in the canonical form (111). They give

the same physical state in APBC, in other words, {A'}; ~ {A%}; holds if and only if there exist a unitary
matrix V' € U(2n) and a U(1) phase e’ € U(1) obeying that

At = ePVTAYW. (112)

The unitary matrix V is unique up to U(1) phase, and e is unique.
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fundamental thm. for Z/2-gr. CS MPS

Theorem 3. (fundamental theorem for fMPS with Wall invariant (+))
Let {A'}; and {A'}; be injective fMPSs with the Wall invariant (+) in the canonical form (111). They give

the same physical state in APBC, in other words, {A'}; ~ {A%}; holds if and only if there exist a unitary
matrix V' € U(2n) and a U(1) phase e’ € U(1) obeying that

At = ePVTAYW. (112)

The unitary matrix V is unique up to U(1) phase, and e is unique.

TR A Z/2-gradingZ (R DunitaryZ D A Th 5 Z & #EFER L 7.
NE EUDE\TZIKE'] WETEEEEN A A E) ¢

DT — BT {AY0),u(0)} & B HIBIC & 5 1 {AY0),a(0)} = {A'(2n), a(2m)}
@ tr(a( ) ) IZERIH A DT oy, = [ dog(tx(a(6)?) € Z
@ a0) IZFERN BB OTITEZ T mop \XBEZIFT 7 b
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fundamental thm. for Z/2-gr. CS MPS

Theorem 3. (fundamental theorem for fMPS with Wall invariant (+))
Let {A'}; and {A'}; be injective fMPSs with the Wall invariant (+) in the canonical form (111). They give

the same physical state in APBC, in other words, {A'}; ~ {A%}; holds if and only if there exist a unitary
matrix V' € U(2n) and a U(1) phase e’ € U(1) obeying that

At = ePVTAYW. (112)

The unitary matrix V is unique up to U(1) phase, and e is unique.

TR AZ/2-grading Z R DunitaryZ DA TH 5 Z L HEFRR L 7-.
s D EENAHEE@ITR A AE)
D7 — P T{A(0),u(0)} & FHIRYIC & 5 & {AY0),4(0)} = {A"(27), w(2m)},
@ tr(a(h)?) |ZEHEBE 2 D T iy, = [ dlog(tx(@(0)?)) € Z
B u(0) I ZFEHAR A D T B Z T niop (BT T b
B)) @(0) = a(0) (12X L T Ngop. = Ntop. + 2 .
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fundamental thm. for Z/2-gr. CS MPS

Theorem 3. (fundamental theorem for fMPS with Wall invariant (+))
Let {A'}; and {A'}; be injective fMPSs with the Wall invariant (+) in the canonical form (111). They give

the same physical state in APBC, in other words, {A'}; ~ {A%}; holds if and only if there exist a unitary
matrix V' € U(2n) and a U(1) phase e’ € U(1) obeying that

At = ePVTAYW. (112)

The unitary matrix V is unique up to U(1) phase, and e is unique.

TR AZ/2-grading Z R DunitaryZ DA TH 5 Z L HEFRR L 7-.
s D EENAHEE@ITR A AE)
D7 — P T{A(0),u(0)} & FHIRYIC & 5 & {AY0),4(0)} = {A"(27), w(2m)},
@ tr(a(h)?) |ZEHEBE 2 D T iy, = [ dlog(tx(@(0)?)) € Z
B u(0) I ZFEHAR A D T B Z T niop (BT T b
B)) @(0) = a(0) (12X L T Ngop. = Ntop. + 2 .

PUMPpAZEE : Ntop. = /dlog(tr(f&(@)Q)) € 7./27
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fundamental thm. for Z/2-gr. CS MPS

Theorem 3. (fundamental theorem for fMPS with Wall invariant (+))
Let {A'}; and {A'}; be injective fMPSs with the Wall invariant (+) in the canonical form (111). They give

the same physical state in APBC, in other words, {A'}; ~ {A%}; holds if and only if there exist a unitary
matrix V' € U(2n) and a U(1) phase e’ € U(1) obeying that

At = ePVTAYW. (112)

The unitary matrix V is unique up to U(1) phase, and e is unique.

TR AZ/2-grading Z R DunitaryZ DA TH 5 Z L HEFRR L 7-.
"Z s D BRI ETEE( A E) :
D7 — P T{A(0),u(0)} & FHIRYIC & 5 & {AY0),4(0)} = {A"(27), w(2m)},
@ tr(a(h)?) |ZEHEBE 2 D T iy, = [ dlog(tx(@(0)?)) € Z
B w(0) IXFE R R DOTTEZ T mop (BT T F
B)) @(0) = a(0) (12X L T Ngop. = Ntop. + 2 .

PUMPpAZEE : Ntop. = /dlog(tr(f&(@)Q)) € 7./27
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fundamental thm. for Z/2-gr. CS MPS

T8 O BRI BB ( 1RITIE)
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fundamental thm. for Z/2-gr. CS MPS
K

RIE O B ST

) XD

{Uy#EY, & U,

- DfMPSHRR {AY, un} #ES .
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fundamental thm. for Z/2-gr. CS MPS

AN AN N B E)
D XD (UZEY, & U, EOTMPSER {A° u,)} #EN5.
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fundamental thm. for Z/2-gr. CS MPS

AN AN N B E)
D XD (UZEY, & U, EOTMPSER {A° u,)} #EN5.




fundamental thm. for Z/2-gr. CS MPS

AN AN N B E)
D XD (UZEY, & U, EOTMPSER {A° u,)} #EN5.




fundamental thm. for Z/2-gr. CS MPS

NEZE DB ETE E( BRIE)
O XD (UZEY, & U, EOTMPSER {A° u,)} #EN5.
2 ua()D , ug(0)P =1 Zim/cd LHICE D,




fundamental thm. for Z/2-gr. CS MPS

NEEDEERRY 7 ST E A( RAE)

D XD (U ZEY, & U, FOfMPSETR {4, uy,} ZES.
D ua()D , ug(0)P =1 Zm=3 L HIC& B,

B Uy & Ug DHBERDICHEWNT ZRAWND




fundamental thm. for Z/2-gr. CS MPS

NEZE DB ETE E( WAHE)

D XD (U ZEY, & U, FOfMPSETR {4, uy,} ZES.

D ua()D , ua(0)2 =1 ZE-TLHICE B,

B U, & Ug DIBERDICHWNT ZFWS
AL (0) = e P2V, 5(0) AL (0)Va,p(0)"

Ot

QN




fundamental thm. for Z/2-gr. CS MPS

T8 O BRI BB ( 1RITIE)

D XD (UZEY, & U, EOTMPSER {A° u,)} #EN5.
2 ua()D , u(0) =1 Zimlicd £HI2& D,
B Uy & Us DHBEAICEWNT ZHAWD

84
AL (0) = "%V 5(0) A (0)Va,5(0)]

D ua(0)? =ug(0)? =1 %79 £ 5 IZER - 7285, Vo, 5(0) |Z
ua(e)va,ﬁ(e) — na,BVa,B(e)uﬁ(e) ( Na,p = £1 )




fundamental thm. for Z/2-gr. CS MPS

T8 O BRI BB ( 1RITIE)

@xw (U EEY, & U, FOfMPSFER {AY,ust ZEN5.
(2 ual(0) , ua(0) =1 Zmizd LI & B,
@U c\_’_UB DIFEBEEDICHNT WS .

AZ(Q) = 67’% Va,5(0) A (0)Va,p(6)"
D ua(0)? =ug(0)? =1 %79 £ 5 IZER - 7285, Vo, 5(0) |Z
ua(e)va,ﬁ((g) — na,BVa,B(e)uﬁ(e) < Na,p = £1 )

PUMpAZEE : Nop. = Hna,ﬁ e {1} | ([1a,8] € H'(X;Z/27))
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fundamental thm. for Z/2-gr. CS MPS

AL 8D ERR 1 ETEA( 873E)

D XD (U EEY, & U, FOfMPSFER {AY,ust ZEN5.
2 ua(0)D , ua(0)’ =1 Zmic T LHI12& 5,
@ Uy & U DHBEDICTHWNT ZHAWD

AL (0) = 07V 5(0) A (0)Va,5(0)'
D ua(0)? =ug(0)? =1 %79 £ 5 IZER - 7285, Vo, 5(0) |Z
ua(e)va,ﬁ((g) — na,BVa,B(e)uﬁ(e) < Na,p = £1 )

PUMpAZEE : Nop. = Hna,ﬁ e {1} | ([1a,8] € H'(X;Z/27))

RIS =D DAZERFFMT, —MSop. = (D™ EVSBERICHD,|




c FEER2 PumpT""%d)E'I"’ﬁ':

non-trivial phase HlFSpump
trivial phaselZH 1T S pump
X L®
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PUMPRZE B D EFID . @)

%) 3E B BAFE D Kitaev chain with parameter 6

_EZ_T i 0 —i
H(0) = ad+1“f+1“aj+1aj4‘ez‘@a;+1*‘6 Yajira

J

77/92



PUMPRZE B D EFID . @)

%) 3E B BAFE D Kitaev chain with parameter 6

_ i f i0 1 1 —i0
H(0) = g —Qj 1041 — A 05 +eazas, + e Vaja;

J

— A%(9) = (1 1), AL(f) = <€w _1>, i(6)

|
N\
Cb@
S
|
[S—
N
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PUMPRZ B DSHEFID . &)

%) 3E B BAFE D Kitaev chain with parameter 6

e T i0 4t ~if
H(0) = —Q; 10541 — Q105+ e aa,, + e aj41a;

J

5 a0 (1), wo—et () ), wo—et ()
_)AO(Q):C 1)) Al(e):<ew _1>, fb(e):(ew _1>

tr(@(0)%) = —2e" IR DT, niop. =1 € Z/2Z £ V) pumpAZEEIIIEBFA.
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PUMPREE D EFID . &)

%) 3E B BAFE D Kitaev chain with parameter 6

_ i i it 1 i0
Eﬂ@—-g —Q;, 10541 — Q105 + € aza; +e Vajpag
J

5 a0 (1), wo—et () ), wo—et ()
_)AO(Q):C 1>, Al(e):<ew _1>, a<9)=<e@'9 _1>

tr(a(6)?) = —2e" DT, niop. =1 € Z/2Z £ V) pumpAZE=IIIEBFA.
Kitaev Chaln@gap&ﬁ*ﬁw)f_ﬁl‘ﬁé o] Z & Tfp.Dpump=ns Z & 13,
free fermionDEEF TEHIH N T L3, [Kitaev,Teo-Kane]
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PUMPREE D EFID . &)

%) 3E B BAFE D Kitaev chain with parameter 6

10 10
H(0) = Z _a;+1aj+1 }L+1a9 te a;ra;f+1 e Taj41a;

J

5 a0 (1), wo—et () ), wo—et ()
_)AO(Q):C 1>, Al(e):<ew _1>, a<9)=<e@'9 _1>

tr(a(6)?) = —2e" DT, niop. =1 € Z/2Z £ V) pumpAZE=IIIEBFA.
Kitaev Chamd)gap&ﬁ*ﬁw)f_ﬁl‘ﬁé o] Z & Tfp.Dpump=ns Z & 13,
free fermionDEEF TEHIH N T L3, [Kitaev,Teo-Kane]

4 DRERIZZ OpumphH HEEEBICHLTRETH S é:?&eﬂﬂil,fb\%DL
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PUMPREE D EFIQ . &)

1)3IER Hﬂﬂ‘ﬁd)interacting Kitaev chain with parameter 6 [Katsura et.al.]

H(6 Z —tal jaj — taJHa,Jr +1A|e"a a1 + |Ale ;rHaT

J

_Faata, f
5 (2a;a; — 1) + U(2a;a; — 1)(2a;r-+1aj+1 —1)
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PUMPREE D EFIQ . &)

1)3IER Hﬂﬂ‘ﬁd)interacting Kitaev chain with parameter 6 [Katsura et.al.]

H(O) = ~tala; — tajal + |Aleajaj + Al e alal

J

L
_5(2@% — 1)+ U(2ala; —1)(2a}, 0541 — 1)

Sk M:4\/U2+tU+ t2_4‘A| DEZATIEGCS.HKE 5,
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PUMPRZEE DSHEHIQ . &)

1)3IER Hﬂﬂ‘ﬁd)interacting Kitaev chain with parameter 6 [Katsura et.al.]

H(6 Z —tal jaj — taJHa,Jr +1A|e"a a1 + |Ale ;rHaT

J

L4
_5(2@% — 1)+ U(2ala; —1)(2a}, 0541 — 1)

Sk M:4\/U2+tU+ tszl DEZATIEGCS.HKE 5,

T s ZREBNAIMPSIZUTTEZS>NS -

A0(9) (1 1>’ AY0) = M|A, p) <ei9 _1>, u(f) = <€z'9 _1)
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PUMPRZEE DSHEHIQ . &)

1)3IER Hﬂﬂ‘ﬁd)interacting Kitaev chain with parameter 6 [Katsura et.al.]

H(6 Z —tal jaj — ta]Ha,Jr +1A|e"a a1 + |Ale ;rHaT

J

L4
_5(2@% — 1)+ U(2ala; —1)(2a}, 0541 — 1)

Sk u:4\/U2+tU+ tszl DEZATIEGCS.HKE 5,

T s ZREBNAIMPSIZUTTEZS>NS -

A0(9) = (1 1>, A'(0) = A(IA] ) ( i _1>» we) = (9 _1)

Rt > TlreeDIFBE L RABRIC, niop. = 1 € Z/22.& 1) pumpAFZEEIZFEHEA.
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PUMPRZEE DSHEHIQ . &)

1)3IER Hﬂﬂ‘ﬁd)interacting Kitaev chain with parameter 6 [Katsura et.al.]

H(6 Z —tal jaj — ta]ﬂa,T +1A|e"a a1 + |Ale ;[HaT

J

L4
_5(2@% — 1)+ U(2ala; —1)(2a}, 0541 — 1)

iz w=nfrrew B g - 2 ciza.Ss AR E B,

T s ZREBNAIMPSIZUTTEZS>NS -

A0(9) = (1 1>, A'(0) = A(IA] ) ( i _1>» we) = (9 _1)

Rt > TlreeDIFBE L RABRIC, niop. = 1 € Z/22.& 1) pumpAFZEEIZFEHEA.
interacting fermionic SPTOIEBBAMEICH 1T B pump = #ESE L 7-.
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PUMPREB D EHIG =, (=D
Bl) 53 F v HF v AER
H(0) = —-ziz(a;-—-aj)ff+%(a;+l-+-aj+1)—— T;fl(l_—-Qa;aj)f;fl

J
0

-+ 2,9_ ’[,QT:B > 8% - J
7L\_7L\_[./ T] —€e2IT;¢€ 23. L__O)&g H(O):H(ﬂ-).

J
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PUMPRERDSHEAIG @.(D
Bl) HF v HF v iEH
H(0) = — Z(a; — aj)T;.CJF% (OL;[+1 +ajy1) — | T;’_Ql (1 — Qa;f-aj)TjZf%

0 0

y J
F=F2 | 7.]?79 _ eianTj?e—iETf . ZDE&ZT H(0)=H(n). ERN
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PUMPREB D EHIG @ (<

B) HF v HF vigi

x z,0 z,0
H(0) = —-EE:(a;-—-aj)ff+%(a;+l-+-aj+1)—— | ff—%(l'_'Qa;aj)f¢+%
J J
7LC_ 7L£ L/ T;’Q — GigT;;TfG_igT;: . : 0) & g H(O) = H(Tl‘) . —

BT3ZEHAERTES {

Z DR (Z B RIS
fI\/IPS j: 1'[1’01;.)\

X9 % B EARY

\\.-%l-

- (B0 Yoo - (0 Y o=t ) Eﬁ!
EFWT CY(0) =e 5t CW(O)e 2 a(0) = ¢ 2 u(0)e i THE R OB,
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PUMPFRZEBDEHEHIG @ (D

B) HF v HF vigi

H(0) = —-ziz(a;-—-aj)ff+%(a;+l-+-aj+1)—— f;fé(l'_'Qa;aj)f;fg

J
f:f:“l,rze_egmje—@%a, CDEE HO) =H(r). g
ZOEAIEBIEICET 3 I ENHERTE B, 17
XTIt 5 FEHARY R fMPS (& ,,5,9\

e = (B0 Y- (0 LY - () E/(z
0

e (0) = (Zsm(g) cos ( )) ,Che(0) = (COS( ) i sin (

6 ;0 . -9 0 0

%_mf@%>—wwwwwam@w%ww< e THEZ 5N,
tr(@(0)?) = —2¢" DT, nop. =1 € Z/2Z £ V) pumpAZEE IFIEBFA.

N[ ND

N[D
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PUMPARZ B DE EHIG @.()
Bl) BF v HF v iER
H(0) = =) (a] —aj)7} 1 (agy, +aj) - ZT;’—Q (1- Qa;r'aj)T;f%

J J
IRl mf =T | ZOEE HO) =H(r) . g
COBRIIABBICET S L AR TES. 1;
xS d % EHAR 2 IMPS 1% g
CTe () = (008(2) isin (2) | p \

o= (9 L) o=( L)

70%%@::( 9 ign()>_

cos (3)

N[ ND

~
\_/v

cos (

0=, sin (4)

AFRAWT é‘j<>—e—%e§“ CH(0)e™" 27, u(0) = e e 2 u(0)e 2 THZ HN B,
tr(@(0)?) = =2 72D T, niop. =1 € Z/2Z £ V) pumpAZEEIIIEBFA.

interacting fermionic SPTO HBAMRICE 1T B pump = #EFE L 7.
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FEHERE

x &8

1, Z/2-gr.CS MPSIZxt L T, fundamental theorem#ZZERR L 7-.

2, 1+1%kT DSREIREEZMPS %W TR L,

S AA1E/IEBBAMEICHE T BAGTPOREEDEER X {To /-,

3, 2B L, TOMPSIC X BFTTZ2 KD,
fermion parity pumpDFEEFEL BT,

4 . bosonic MPS with sym. GORZEED#ER#1T>7-. (GkiRHA)

R
1, higher pump, higher Berry curvature~®Ji
2, topological order~® i FE (#&hH V)
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Appendix



1-parameter family & pump



periodic Kitaev chain
@periodic Kitaev chain(FFZE 1+ 1R T DO RBEE D IERY)

_ i i it _ _
H = Z —0 410541 — 4105 ;a5 +aj11a;5  (a; @ complex fermion)

J hopping gap B
H I H2ouniqueR EEIRREZ FFD.
O TEDdRITDEAZFRED LT Mounique’REEREE LT
TN BIREXEFZEJ+1ktShort-Range Entangled (SRE)IRRE & .3,
SREIREE IZtensorf&ICN T A TTHAEET 5 - —
- XA XD
X) @ |x) ~10) ®10) ‘ |
Z I T ~"dgapr IR - - EBRE T 10){0)
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BEAMEICH (FBGTP : KitaevdDFA8

d+1XTOEBRMBICE T SCTPZET 5:
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BEAMEICH (FBGTP : KitaevdDFA8

d+1XTOEBRMBICE T SCTPZET 5:

dXTHEAIARE

|0
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BEAMEICH (FBGTP : KitaevdDFA8

d+1XTOEBRMBICE T SCTPZET 5:

0107102102+ 1030700303 =102,

>
d+1XTB A ME
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BEAMEICH (FBGTP : KitaevdDFA8

d+1XTOEBRMBICE T SCTPZET 5:

amg MO
[0l010310%--- 10100103 =102,

IR EA M >
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BEABICH(FBGTP : KitaevdDF18
d+1XcO BERMEICE T AGTPE T 5:
dXITTSREIREE
‘X%

amg MO
[ol030310% |02|02|02|02:|02+.

d+1XTEA R
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Be8M8I(CH(FBGTP : KitaevdDF18
d+1xcO BREMBICEBITAGTPAZEE T 4:
d%5tSREJAREE

AR RN R
|02| ZlOZI 2°'|Od dlodl d:|0>d+|
LR A ”

T zlv“czl vl‘cz---l zi‘czl zli‘cz
0) 0) 0 0



Be8M8I(CH(FBGTP : KitaevdDF18
d+1xcO BREMBICEBITAGTPAZEE T 4:
d%5tSREJAREE

AR RN R
|02| ZlOZI 2"|Od dlodl d:|0>d+|
LR A ”

K20EE] | 2I?“czl ?l‘cz---l 2@ zq«z
0 0 0 0



BEAMEICH (FBGTP : KitaevdDFA8

d+1RTTDERMEIZ BT 2GTPAERT 5
AR TESREIREE
‘X>d
nglc‘lef I‘oz ‘|0 |2|o|>|<i>lx>—|o>
INZDFH Ivlczlv“czlvlcdlvl‘cz I?ZTQI?ZITQ
02102102102+~ [00010%=102,
d+1A71:EJ':Tr"J




Be8M8I(CH(FBGTP : KitaevdDF18
d+1xcO BREMBICEBITAGTPAZEE T 4:
d> R TTSREJREE

X0 Il —
nglc‘>zli>dl‘02“'|0|2|0|>d|<i>d|%>d— 0. @
LS L il _ L)
V—F B Ivlczlv‘czlvlcdlvlcz WTQI?Z'TQ e
[040202102--1040404102 =102,

d+1XTEA R



BEAMEICH (FBGTP : KitaevdDFA8

d+1XTOEBRMBICE T SCTPZET 5:

dXtSREJREE d+1R5tGTP
‘X>d () S
|%2|“32|<|3d|‘02“'|0|2|0|>d|<i>d|x>d:|02+.
N—TF5H |?|CZ|7‘_CZ|?|Cd|?|_CZ IiQITQIin?—Q
[010210310%---10210210310%
d+1X;xBAM



BEAMEICH (FBGTP : KitaevdDFA8

d+1XTOEBRMBICE T SCTPZET 5:

d R STSREIRRE

‘X>d T

d+1XTGTP

AL IR,
I | | _ 10
=75 1 XAXA XA XD - [AA X K XD d
ST T o M
0030303+ 1090303103 = o3,
I IATEAE g
ZIOMM L oL—71% 52 %




Be8M8I(CH(FBGTP : KitaevdDF18
d+1xcO BREMBICEBITAGTPAZEE T 4:
d>®ITSREIRRE

X4

IW—7A[

—

ngliDZIfdl‘og |

|7|°2|7‘_¢Z|7|¢J7|_¢Z' 'T%'%ZW‘Z'TQ

[010310210%---102103103103 =102,
A 1RTAAM g

g MO
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BEAMEICH (FBGTP : KitaevdDFA8

d+1XTOEBRMBICE T SCTPZERT 5:

d X TTSREIREE
‘X>d —> S
RRRRSND LR
r | A _ 10>
=75 1XAXA XA XD - | XAXA X XD d—+1
Id‘d‘d‘d \d‘dld‘d EHH7I‘EM+
|02|02|02|02 .|0d0d|0d|0d=|0>d+l
AR EA M g
EAOMT L oL—-T 1% #5255,
EHQ FdRITDSRERETHIEE N 5. (KitaevDd F18)
Q
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bosonic MPS with sym. G



bosonlc SRE with symmetry G

T ACORIBERETET S -
U~ H - unitarypDlinear s.t. U(yg ®u

injective MPSIZXT T 2GDIERIZLLT DY -
9)|{A'}) Ztr (AP AP |, i) 1i) = a(g) I
Z\J u(@),; (9-4) =Y [u(g)];A"
—Ztr g A (g AP i) — (5 AV
> CGHMREZE EFDinjective MPSIZULU T OB % 87-1
{A}) o [{(g- A)}) & €9 € U(1),U(g) € Un) s.t. (g- A)! = 9D U(9)AU(g)T.
') [ —F, U(g) lZup to U(1) phase T—E T, U(g) IZGDEERIR,

{({A%},e(®) U(e)) |s.t. Lngtrx#r4} % G-sym. inj. matrices & FE.3 11,
0
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REBOBROT A7
{AZ(Q)aU(Q)}ee[o,zw] X L TAREE
0+1RITXRICH T B Berryfitg :
7A/N— C IRREDALIE
1
72 ] L
1
(K 22 X : parameterZ2fd]
Berry#Efr/mi= = L Dtopology

Z iR L7z Uy,
1+1RTRICE T BDPUMpAZEE -
7 A N — 111 . 7/2-gr-CSA
470 A
1
(K 22 RS X : parameterZZfH]
Pump~Z& =4 Dtopology

A DZEBRBBEILAD ? oHA o HASw RO BE {A'} & (A"} DRI ?
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o YeEleuw), TV e V() wique g te DD ghast
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@ = 4. t&TL3E e Y Uy AUlg) - e\ Ule P:: 053)7 J'

g (Bt Tt , . 7 +
AN NAANNT

= 't (¢ vumgueness) =_5‘ql(“ ENEEE: MTM“)
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