
� �������	��
 ��


� ��������������� ����� �!���"���#�$�&% ' �$�)(
* ��+"�"�"�-,�% . ���"�"�$�)�/�0�"�

1325476�894;:;25<>=@?A89B5CD6FEF89B54G?H8I6FJKCMLN2POA4Q=9JKBSR 4;TVU9BPU96QU9B5OA<WOX67YDZPU3EQ[\2P?A8]6QU^6Q_PJ`[DJK89Ba<b2PEFcI8I6F2PEQJNd5UIefe�Og6Q_ihNJW2kj[M8lBPB	mnEFJWJ`opU92PB5C58lEFYa<bU3B5CkOg6QOAU9B54q<K894QJ9rke;Jts5B5C	OX6qB5JK<bJu4Q4F8lEFYD6QUD6FEF89B54Q?A8l6QJt6Q_PJvopU925B5CP8lEFY@?gJu4Q4;?AUk<W8l?AOH4Q8l6QOAU9Bmn2PB5<b6QOAU9Bxwy4GJKJ{z{Jbs5B5OX6FOgU3B
12.0.1 | 6FU]6Q_5J{hqJK2P[M8lBPBDmnEFJWJ{o}U32PB5CP89EQYD4QOX6F258I6FOgU3BS~���B�6Q_POH4�<>_}8l�k6FJWE$e;JNCkJKc9JK?gU3�6Q_5OA4q89B58l?AU9�D8lB}Ca�PEFUIc9J{6Q_5Jv[�U3BPUl6FU9BPOH<bOg67YMmnU3EQ[\2P?A834�6Q_58l6qe�J`e�OA?g?SB5JWJKCS~

��J;opJW�3OgB\o@Y]CkJbs5B5OgBP�t6F_PJ�?AUk<W89?gOH4Q8l6QOAU9Bvmn25B5<�6FOgU3B^6F_58I6�e;J�BPJKJKC�~���J��PEFUIc9J$6Q_58l6�OX6��}U�4Q4QJK4F4QJK4�6Q_PJ/BPJu<bJK4F4F8lEFY�PEFU9�pJWEQ6QOAJK4�89B5C�6F_PJWB��PEFUIc9J{6Q_5J]8l�P�PEFU9�5EQOH8I6FJ{[DU9B5Ul6QU3BPOH<bOg67YDmnU9EF[^2P?H894K~
���a�K� �������	�i�����b�]�	�]��� �M¡;�]�b�b¢��`���b�^��£a¤	�	¡¥���W�]�
¦ ?g6Q_5U92P�3_a:;25<>=@?A89B5CP4

η
CPU�Ju4$OAB5CkJKJKCDmn25B5<�6FOgU3Bi894�8]?AUk<W8l?AOH4Q8l6QOAU9BDmn2PB5<b6QOAU9BSr@e;J{<K8lBPBPU96�4Q2k§�<bOAJWB�6Q?AYM<bU9B�6FEQU3?_PUIe¨?gUk<K8l?SOg6qOA4K~�©/_}8I6NOH4Wr5e�J]<K8lBPBPU96q[M8l=9J`6F_PJ^4Q2P�P�pU9EQ6N8lEFoPOg6QE>8lEFOg?AY�4G[M89?g?�834�e;J]<W8lB�e�Og6Q_«ª$<>=3JWEuR 4

ψ
o@Y<>_PU�4Q4QOgB5��8M4Q[M8l?A?gJKE

σ
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11.5 | ~­	®3¯�°�±n²K±y³}°¨´@µ�¶y´}¶y´}¶·�¸b¹
Σ º ¸D»\¼\¸b½k¾M»I¿}¿\À>ÁQ¸>¸ º>Â ½k¿pÃ3»IÁ�ÄaÅ>½uÆ3Æ Â Á�¹$Å�½kÁnÀb»3ÇF¸bÈ x0 ∈ Σ

È
t0 ∈ R

»l¿pÃ
σ > 0 É«Ê ¸]¹nËP¸W¿ Ã3¸ÍÌ$¿p¸\¹nËP¸· Â Ç>»IÎXÏHÅb»l¹yÏ Â ¿�À>½k¿ÐÇb¹ÑÏ Â ¿ ϕ(x0,t0),σ(x, t) : Rn+1 × R → R º Ä

ϕ(x0,t0),σ(x, t) :=

(
1 − rx0 − 2nτt0

σ2

)3

+

,

Ò ËP¸WÁQ¸ τt0 := t0 − t É�Ó Ë Â ½kÎgÃ (x0, t0) º ¸^½k¿pÃ9¸WÁ>Å�¹ ÂuÂ Ã Ò ¸ Ò Á�ÏÔ¹Õ¸]Å�ÏÔ¾qÆÐÎÖÄ ϕσ É��Jv�PEQUIc3J{OA[D[DJKCkOH8I6FJW?AYa8lB�OA[��pU9EQ6F89B�6/�5EQU3�}JKEG67YMU9m�6F_POA4q?gUk<W89?gOH4F8I6QOAU9Bamn2PB5<b6QOAU9B�o}JK?gUIev~
×$®@ØÙØ�Ú ´�µ�¶Í´p¶Í´p¶·�¸b¹ M = (Mt)t∈[0,T ) º ¸ »�¾M¸>»I¿�Çb½kÁ�ÛI»I¹Ñ½kÁQ¸�Ü Â Ò�Ò ÏÔ¹nË�¼\¸b½k¾M»I¿}¿&À>ÁQ¸>¸ º>Â ½k¿ÐÃ9»IÁ�Ä�Ç Â ¿pÃlÏÔ¹yÏ Â ¿PÅ Â ¿)¹nËP¸Å�½uÆ9Æ Â Á�¹�Å�½kÁnÀb»9Ç>¸ Σ È¥ÎA¸b¹ t0 ∈ R

È
x0 ∈ Σ

»l¿pÃ
σ > 0 ÉDÝ ËP¸W¿\À Â Á�»I¿5Ä t ∈ [0, t0)

Ò ¸`ËP»lÛÞ¸bÈ Â ¿xÅÑÆp¹ η(x0,t0)

È
(
d

dt
−4Mt

)
ϕ ≤ 0.
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Z := (rx0 − 2nτt0)σ

−2 �&J]<K8lBi6Q_PJKB�<WU9B54QOHCkJWE ϕ 894�8\mn2PB5<b6QOAU9B�Ulm Z ~���JvBPUl6FJ
ϕ′(Z) = −3(1− Z)2+ ≤ 0

8lB5C
ϕ′′(Z) = 6(1 − Z)+ ≥ 0.

w ßWæ ~ ß |
��J]8l?H4GU�BPUl6FJ`mnEQU3[�ç¥EFU9�pU34QOX6FOgU3B

11.3.4
w á | 6Q_58l6

|divMtDr − 4n| ≤ 20nκΣ|x|
1 − dκΣ

+
4nκ2

Σ|x|2
(1 − dκΣ)

3

8lB}C`6Q_58l6KrÞmnEFU9[�ç¥EFU9�pU34QOX6FOgU3B
11.3.6

rue;J$_58Þc3J¥U9B^4Q�k6
η(x0,t0) (1−dκΣ)−1 < 2

89B5C
κΣ|x−x0| ≤ (3/160n)2.©/_PJKB	2}4GOABP�M476>8lB5C58lE>CaCkOgèpJKEQJKB�6QOH8I6QOAU9B	6F_PJWU3EQY3rÐw

14.1 | 89B5Ci6Q_PJ]89o}UIc3JN6F_PEQJKJ`OgBPJué�258l?AOX6FOgJu4/e�J]<K8l?H<b2P?H8I6FJ
(
d

dt
−4Mt

)
ϕ = ϕ′

(
d

dt
−4Mt

)
Z − ϕ′′|∇Z|2

≤ ϕ′
(
d

dt
−4Mt

)
Z

= (−ϕ′)σ−2(−2n+ divMtDrx0)

≤ (−ϕ′)σ−2

(
−2n− 4n+

20nκΣ|x− x0|
(1 − dκΣ)

+
4nκ2

Σ|x− x0|2
(1 − dκΣ)3

)

≤ 0.

♦©�U9�9JW6Q_PJKE�e�Og6Q_	�PEFU9�pJWEQ6QOAJK4;[DJWB�6QOAU9B5JKCiOgB«ê�_58l�k6FJWE ß9ß 6Q_5OA4�<WU9[D�P?AJb6QJu4�6Q_PJ`BPJu<bJK4F4F8lEFY��5EQJK�58lE>8I6FOgU3BMmnU9E/U925ET«U3BPUl6FU9BPOH<bOg67YNmnU3EQ[\2P?H894K~S�&J�8lEFJ9rÞ_PUIe;JWc9JKEKrKBPUl6�s5BPOH4G_PJuCve�Og6Q_v6F_PJ�4G6Q25CPYtU9mk6Q_PJ�BPJWe ?AUk<W8l?AOH4Q8l6QOAU9B`mn2PB5<b6QOAU9BS~¦ ?g6Q_5U92P�3_	B5Ul6NBPJKJKCkJuCimnU9E�6F_PJ][DU9BPU96QU3BPOA<WOX67Y�mnU9EF[^2P?H894KrPe;Jte�OA?A?�?H8I6QJKEqBPJKJKCi6QUMU3o54GJKEQc3J`�PEQU3�}JKEG6FOgJu4/Ulm�6Q_5JEFJK4F<W8l?AJKCac9JKEF4QOgU3BaU9m
ϕ(x0,t0),σ

~��&J`s}EF4G6q476>8I6QJt6F_PJvEQJu4Q<K8l?AJKCac9JWE>4QOgU3BaUlm�6Q_5J`mn2PB5<�6FOgU3BS~
â`ãI³5ë�³}ìu±n²u±Í³p°!´@µ�¶y´}¶y´}¶·�¸b¹

Σ º ¸M»D¼\¸b½k¾M»I¿}¿DÀ>ÁF¸F¸ º>Â ½k¿pÃ9»lÁ�ÄaÅ�½uÆ3Æ Â Á�¹/Å>½kÁnÀb»3Ç>¸ (x0, t0) ∈ Σ × R
»l¿pÃ

ϕ(x0,t0),σ º ¸M»IÅ�Ã9¸yÌ¥¿Ð¸>Ã	ÏÔ¿í�¸ÍÌ$¿5ÏÔ¹ÑÏ Â ¿ 14.1.1 É\Ý ËP¸W¿&½k¿ÐÃ9¸WÁ�ÆP»lÁQ» º>Â ÎXÏÍÇ�ÁQ¸�ÅWÇ>»IÎXÏÔ¿�î º Äa»{Àb»9ÇW¹ Â Á Â À λ Ò ¸tî3¸W¹

ϕ̂σ =

(
1 − λ2 r(y) − 2n|s|

σ2

)3

+

Ò ËP¸WÁQ¸ r(y) ÏHÅq¹ÔË5¸{¹yÏÔÎgÃ3¸tÁQ¸yÜ/¸>ÇW¹yÏ Â ¿iÁF»9ÃIÏÔ½@Å�À>½k¿ÐÇb¹ÑÏ Â ¿ Â À y Ò ÏÔ¹ÔË�ÁQ¸bÅyÆ5¸>Çb¹�¹ Â ¹nËP¸{ÁQ¸bÅWÇ>»IÎg¸>Ã^Å�½uÆ9Æ Â Á�¹�Å�½kÁnÀb»9Ç>¸ Σλx0
É

â`ãI³S³päQå¦ 4;EFJK4F<W89?gOABP�^OH4/4GOA[D�P?AY�8\<>_589BP�9J{Ulm�cI89EQOH8loP?AJK4Kr�U9BPJtBPJWJuC�U3BP?gY�<K8lEFEQY�U92P6�6F_PJ`�58lE>8lopU9?AOA<qEQJu4Q<K8l?AJ{<>_589BP�9J{UlmcI8lEFOA89oP?AJK4�6QUMU3ok6F89OgBi6Q_PJvOHCkJKB36FOX67Y3~ ♦��J]8l?H4GU�BPJWJuCi6Q_PJ`mnU3?g?AUIe�OgB5�\EFJW?H8I6FOgc3JW?AYM6QEFOgc@OH8l?��PEFU9�pJWEQ6QOAJK4;U9m
ϕ(x0,t0),σ

89B5C
ϕ̂(x0,t0),σ

~
â`ãI³5ë�³}ìu±n²u±Í³p°!´@µ�¶y´}¶Ôï�¶·�¸b¹

Σ º ¸`»`¼^¸W½k¾D»l¿5¿`À>ÁQ¸>¸ º>Â ½k¿pÃ3»IÁ�Ä^Å>½uÆ3Æ Â Á�¹�Å>½kÁnÀb»3Ç>¸�È (x0, t0) ∈ Σ×R
»l¿pÃ

ϕ(x0,t0),σ º ¸{¹ÔË5¸tÎ Â ÇF»lÎÖÏHÅW»I¹ÑÏ Â ¿À>½k¿pÇW¹ÑÏ Â ¿�»IÅ^Ã9¸yÌ¥¿p¸>Ã�ÏÔ¿	í�¸ÍÌ$¿5ÏÔ¹ÑÏ Â ¿ 14.1.1 É\Ý ËP¸W¿x¹nËP¸�À Â ÎÔÎ Â Ò ÏÔ¿�î^ÆÐÁ Â Æ5¸bÁ�¹ÑÏÍ¸bÅtË Â ÎAÃ9ð
ñ É À Â Á λ > 0

»I¿ÐÃ
s ≤ 0
È
ϕ̂(x0,t0),σ ≤

(
1 − λ22n|s|

σ2

)3

+

È
ò É À Â Á λ,R È�»I¿pÃ t ∈ [0, t0)ÅÑÆÐ¹

ϕ(x0,t0),σ)(·, t) ⊂ BR(x0) ⇒
ÅÑÆp¹

ϕ̂(x0,t0),σ(·, λ−2(t− t0)) ⊂ Bλ−1R(0),
»I¿ÐÃ

ßuàIæ



ó É À Â Á^»I¿}ÄqÌ�ô@¸>Ã s ≤ 0
È
ϕ̂(x0,t0),σ → 1

Î Â ÇF»lÎÔÎÖÄ�½k¿}Ï À Â Á�¾�ÎÖÄi»ÞÅ λ → 0 Éâ`ãI³S³päQå©/_58l6tw ß | _PU3?AC54�mnU9?A?AUIeq4�mnEQU3[õ6Q_PJtCkJbs5B5OX6FOgU3B�Ulm�6F_PJNEFJK4F<W89?gJuC^6FJK4G6$mn2PB}<�6QOAU9Bi4GOAB5<bJNmnU9E ỹ = y− 2(< y,Dd̃ >
−d̃)Dd̃ wÍe�_PJWEFJ d̃(y) =

4QOA�9BPJuCaCkOH476
(y,Σx0

λ ) | |y|2 + |ỹ|2 ≥ 0
8lB}Ca6F_PJWEFJbmnU3EQJ

ϕ̃(x0,t0),σ(y, s) =

(
1 − λ2 |y|2 + |ỹ|2 − 2n(−s)

σ2

)3

+

≤
(

1 − λ2 λ
22n|s|
σ2

)3

+mnEFU9[�e�_POH<>_	6Q_PJvEFJK4Q2P?g6/mnU9?A?gUIeq4K~
wyö | mnU9?A?gUIeq4v4QOA[�OA?H8lEF?gYVJu894QOg?AY«mnEFU9[�6F_PJ��3JWBPJKEF89?��5EQOAB5<bOA�P?AJD6Q_58l6v6Q_PJM�}8lE>8lopU9?AOA<�EFJK4F<W8l?AJ f̃ U9m;8lB@Yxmn2PB5<�6FOgU3B
f : Rn+1 × [0, T )

4F8I6QOH4Gs5JK4
f̃(y, s) = f(λy + x0, λ

2s+ t0)
834;mnU9?A?gUIeq4K÷

�Õm
y 6∈ Bλ−1R(0)

6F_PJWB
λy + x0 6∈ BR(x0)

8lB}Cx6F_@254
ϕ̃(x0),σ(y, s) = ϕ(x0,t0),σ(λy + x0, λ

2s + t0) = 0mnEFU9[�e�_POH<>_	6Q_PJvEFJK4Q2P?g6/mnU9?A?gUIeq4K~
Z�OgB}8l?A?gY3r�4QJb6a8lB@Y

s ≤ 0
8lB}C

σ > 0
~�©/_PJWBømnU9E�89B�YÙ<WU9[D�583<�6M4GJW6

K
r
K ⊂ BR(0)

mnU3E�4GU3[DJ
R > 04QU\6F_58I6q2}4GOABP�Dç¥EFU9�pU34QOX6FOgU3B

11.3.5 r(y) ≤ 10R2 mnU3E y ∈ K
~¥©/_@254;mnU9Eq89B�Yi4G[M8l?A?

ε > 0
e;J]<W89Ba6>8l=3J

λ0 := ε

√
σ2

2n|s| + 10R2

4QU\6F_58I6�mnU3E�JK83<>_
λ < λ0

e�J`_58Þc3J9rk254QOgB5��wÑö |
1 ≥ ϕ̂(x0,t0),σ =

(
1 − λ2 r(y) + 2n|s|

σ2

)3

+

≥ (1 − ε)3+ > 1 − 3ε− ε3,

e�_POH<>_	<W?gJu8lEF?gYi4G2k§�<WJK4;6QU�4Q_PUIeù?AUk<W89?g?AY�2PBPOgmnU9EF[#<WU9B@c9JKEQ�3JWB5<WJ9r@�PEFUIc�OABP��w à | ~ ♦
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ϕ(x0,t0),σ
BPJK<WJK4F4Q89EQY�mnU3ES6F_POA4�6Q_5JK4QOA4KrÞe�J¥[DUIc3J�U9B`6QUq6Q_PJ$s5EF4G6�89�P�P?AOA<K8I6QOAU9B�~©/_58l6{OH4Wrp6Q_5J\?AUk<W8l?AOH4GJuC«[DU9BPU96QU9B5OA<WOX67YimnU9EF[^2P?H8MmnU3E{[DJu8lBx<W2PEQcI8l6Q2PEFJvd5UIeúe�Og6Q_�hqJW25[D89BPBVmnEFJWJ\o}U32PB5CP89EQY<bU3B5CkOg6QOAU9B54K~

���a�>û � �M¡��^�b�b¢�ü��þýÿ�]�	�`���]�	�b¡;�>��� £i����� ¤i�b�^¢
��J^�PEFUIc9J`67e;U�[DU9BPU96QU3BPOA<WOX67YamnU9EF[^2P?H894NOgBV6Q_POH4N4QJK<b6QOAU9BS~��{B5J]OA4t8�4Q�}Ju<bOH8l?�<W894QJ]U9m�6F_PJ\4QJK<WU9B5CS~N©/_PJvs5E>4G6�9OAc9Ju4q254`8a�58lEQ6QOH<b2P?H8lE{mnU9EF[^25?A8D6F_58I6`e;J\e�OA?g?�opJ\254QOABP�5~v©/_PJD4GJu<bU3B5C«OH4q6F_PJDU9o@c@OgU3254q�3JWBPJKEF89?gOH4GJuC	mnU9EF[�Ulm6Q_5JNs5E>4G6K~ ¦ B�89CPCPOX6FOgU3B58l?p�9JKBPJWE>8l?AOA4F8I6FOgU3BMUlmS6F_PJt[�U3BPUl6FU9BPOH<bOg67Y�mnU9EF[^2P?H8]U9m�:;25<>=@?A89B5CMOH4�6Q_58l6;e;Jt89?g?AUIe�6Q_5J6QOA[DJ^<bJKB�6QEFJK4/Ulm�6Q_5Jv6QJu476�mn2PB}<�6QOAU9B}4�6QUMcI89EQYMmnEFU9[ JK83<>_iU96Q_PJKEK~$©/_5OA4�OH4�BPJu<bJu4Q4F8lEFYMmnU9E�?H8I6FJWEqE>8I6FOgUDopU92PB}CP4W~©/_PJ]4Q�58I6FOA89?S<bJKB36FEQJu4;[^254G6KrP_5UIe�JKc9JWEur�EQJK[D89OgBi6Q_5J]4Q89[�J3~
�
	 ®@³5ãI®@Ø�´@µ�¶Ôï�¶y´}¶��G×$³�
3Ú���� ³p°�³}²K³p°�±�
9±Í²����·�¸b¹ M = (Mt)t∈[0,T ) º ¸ »�¾M¸>»I¿�Çb½kÁ�ÛI»I¹Ñ½kÁQ¸�Ü Â Ò�Ò ÏÔ¹nË�¼\¸b½k¾M»I¿}¿&À>ÁQ¸>¸ º>Â ½k¿ÐÃ9»IÁ�Ä�Ç Â ¿pÃlÏÔ¹yÏ Â ¿PÅ Â ¿)¹nËP¸Å�½uÆ9Æ Â Á�¹/Å�½kÁnÀb»9Ç>¸ Σ É ·�¸W¹ σ > 0

È
δ ∈ (0, 2/5]

È�Îg¸b¹
t1, t2, t3 ∈ (0, T + τ0/2]

È
x0 ∈ Σ

»I¿ÐÃiÎg¸b¹
ϕ(x0,t0),σ º ¸»ÞÅ^Ã3¸ÍÌ$¿p¸>ÃMÏÔ¿�í\¸yÌ¥¿}ÏÔ¹yÏ Â ¿ 14.1.1 É�Ý Ë5¸b¿�À Â Á\»l¿5Ä t ∈ [t1 − τ0/2,min{t1, T})

d

dt

(
eCκ

2δ
Σ τδ

∫

Mt

ϕ3η2ρ
1
κΣ
dµt

)
≤ −eCκ2δ

Σ τδ0

∫

Mt

ϕ3η2ρ
1
κΣ

∣∣∣∣∣
~H − D⊥ρ1

κΣ

ρ1
κΣ

∣∣∣∣∣

2

dµt,

Ò ËP¸WÁQ¸ C = 17n
È
ϕ3 := ϕ(x0,t3),σ

È
η2 := ηx0,t2

È�»l¿pÃ
ρ1
κΣ

:= ρκΣ,x0,t1 É
ßuà9à



â`ãI³S³päQå:;Ya<>_PU@U34QOABP�
g = ρ1

κΣ

8lB5C
f = ϕ3η2

OgB w
11.5 | e�Jv4QJWJ`6Q_}8I6]w 11.5 | EFJKCP25<bJu4;6QU

d

dt

∫

Mt

ϕ3η2ρ
1
κΣ
µt ≤ −

∫

Mt

ϕ3η2

∣∣∣∣∣
~H − D⊥ρ1

κΣ

ρ1
κΣ

∣∣∣∣∣

2

dµt +

∫

Mt

ϕ3η2Q(ρ1
κΣ

)dµt

+

∫

Mt

ρ1
κΣ

(
d

dt
−4Mt

)
ϕ3η2dµt

+

∫

∂Mt

ρ1
κΣ

< Dϕ3η2, νΣ > dσt,

4QU\6F_58I6N89�P�P?AY@OgBP�M©/_PJKU9EFJW[
11.3.1

�9OAc9Ju4

d

dt

∫

Mt

ϕ3η2ρ
1
κΣ
dµt ≤ −

∫

Mt

ϕ3η2

∣∣∣∣∣
~H − D⊥ρ1

κΣ

ρ1
κΣ

∣∣∣∣∣

2

dµt +
17n(κ2

Σ(t1 − t))δ

t1 − t

∫

Mt

ϕ3η2ρ
1
κΣ
dµt

+

∫

Mt

ρ1
κΣ

(
d

dt
−4Mt

)
ϕ3η2dµt +

∫

∂Mt

ρ1
κΣ

< Dϕ3η2, νΣ > dσt,
w ßWæ ~ ö |

��J�BPUl6FJM6Q_}8I6
Dϕ3 = Drx0(3/σ

2)ϕ2/3 4QU�6Q_58l6^254QOgBP� < Drx0 , νΣ >= 0
8lB5C�6F_�2}4

< Dη2, νΣ >= 0mnEFU9[�ç¥EFU9�pU34QOg6QOAU9B
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e;J`_58Þc9J

< Dϕ3η2, νΣ >= ϕ3 < Dη2, νΣ > +η2 < Dϕ3, νΣ >= η2
3

σ2
ϕ

3/2
3 < Drx0 , νΣ >= 0.

©/_@254
∫

∂Mt

ρ1
κΣ

< Dϕ3η2, νΣ > dσt = 0.

� Ju<bU9B}Ck?gYie�J\<bU9B}4GOHCkJWE ( d
dt −4Mt

)
ϕ3η2
~/ZPU3E

x 6∈ 4Q�k6 η2 r ( ddt −4Mt

)
ϕ3η2 = 0

~��N6F_PJWEFe�OA4QJve;J]<>_PU@U34QJmnU9E
x ∈Mt
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τ1, ..., τn

mnU9E
TxMt
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(
d

dt
−4Mt

)
ϕ3η2 = ϕ3

d

dt
η2 + η2

d

dt
ϕ3 − 2∇Mtϕ3 · ∇Mtη2

= ϕ3

(
d

dt
−4Mt

)
η2 + η2

(
d

dt
−4Mt

)
ϕ3 − 2

n∑

i=1

Dτiϕ3Dτjη2.

� OAB5<bJ
ϕ3
89B5C

η2
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x
894
x
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x0
Og6�mnU9?A?gUIeq4;6F_58I6�mnU3Eq8lB@YMc9Ju<�6FU9E

τ ∈ Rn+1

sign(Dτϕ3) = sign(Dτη2)

4QU\6F_58I6
(
d

dt
−4Mt

)
ϕ3η2 = ϕ3

(
d

dt
−4Mt

)
η2 + η2

(
d

dt
−4Mt

)
ϕ3 − 2

n∑

i=1

Dτiϕ3Dτjη2

= ϕ3

(
d

dt
−4Mt

)
η2 + η2

(
d

dt
−4Mt

)
ϕ3

−2

n∑

i=1

sign(Dτϕ3)sign(Dτη2)|Dτiϕ3||Dτjη2|

ßuà��



= ϕ3

(
d

dt
−4Mt

)
η2 + η2

(
d

dt
−4Mt

)
ϕ3

−2

n∑

i=1

sign(Dτϕ3)
2|Dτiϕ3||Dτjη2|

≤ ϕ3

(
d

dt
−4Mt

)
η2 + η2

(
d

dt
−4Mt

)
ϕ3.

� OAB5<bJ]mnEQU3[�ç¥EFU9�pU34QOX6FOgU3B
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r ( d
dt −4Mt

)
η2 ≤ 0

89B5C��SJK[�[M8
14.1.1

r ( d
dt −4Mt

)
ϕ3 ≤ 0

e;J`6Q_@254
_58Þc3J ( d

dt −4Mt

)
ϕ3η2 ≤ 0. � Jb6F2PEQB5OgBP��6FUVw 14.2 | e;Jt6Q_PJKEQJWmnU9EFJ`_58Þc9J

d

dt

∫

Mt

ϕ3η2ρ
1
κΣ
dµt ≤ −

∫

Mt

ϕ3η2

∣∣∣∣∣
~H − D⊥ρ1

κΣ

ρ1
κΣ

∣∣∣∣∣

2

dµt +
17n(κ2

Σ(t1 − t))δ

t1 − t

∫

Mt

ϕ3η2ρ
1
κΣ
dµt

+

∫

Mt

ρ1
κΣ

(
d

dt
−4Mt

)
ϕ3η2dµt +

∫

∂Mt

ρ1
κΣ

< Dϕ3η2, νΣ > dσt

≤ −
∫

Mt

ϕ3η2

∣∣∣∣∣
~H − D⊥1

ρ1
κΣ

ρ1
κΣ

∣∣∣∣∣

2

dµt +
17n(κ2

Σ(t1 − t))δ

t1 − t

∫

Mt

ϕ3η2ρ
1
κΣ
dµt.
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2δ
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3±n²%���·�¸b¹ M = (Mt)t∈[0,T ) º ¸{»v¾M¸F»l¿iÇW½kÁ�ÛÞ»l¹y½kÁQ¸�Ü Â Ò¬Ò ÏÔ¹nË]¼^¸W½k¾M»I¿5¿{À>ÁQ¸>¸ º>Â ½k¿ÐÃ9»IÁ�Ä^Ç Â ¿pÃIÏÔ¹ÑÏ Â ¿ Â ¿a¹ÔË5¸�Å�½uÆ9Æ Â Á�¹Å�½kÁnÀb»9Ç>¸

Σ É ·�¸W¹ δ ∈ (0, 2/5]
È
t1, t2 ∈ (0, T + τ0/2]

È
x0 ∈ Σ ÉMÝ ËP¸W¿\À Â Á^»l¿5Ä f Å�½5Ç>Ë�¹nËP»I¹ f ∈ C2,1(U)

(
d

dt
−4Mt

)
f ≤ 0, f ≥ 0,

f
Ë5»ÞÅq»{Å�ÏÔ¿�î9Îg¸�Î Â Ç>»IÎk¾M»Wô3ÏÔ¾�½k¾'&�»l¿pÃ�î9Î Â9º »lÎk¾D»Kô9ÏÔ¾�½k¾)(`»I¹ x0

À Â Áq»lÎÔÎ t ∈ [0, T )
»I¿ÐÃ

< Df, νΣ > (x, t) = 0À Â Á�»IÎÔÎ x ∈ ∂Mt
È
t ∈ [0, T )

È
»I¿ÐÃqÀ Â Á\»I¿}Ä t ∈ [t1 − τ0,min{t1, T})

d

dt

(
eCκ

2δ
Σ τδ

∫

Mt

fη2ρ
1
κΣ
dµt

)
≤ −eCκ2δ

Σ τδ
∫

Mt

fη2ρ
1
κΣ

∣∣∣∣∣
~H − D⊥ρ1

κΣ

ρ1
κΣ

∣∣∣∣∣

2

dµt

Ò ËP¸WÁQ¸ C = 17n
È
η2 := ηx0,t2

»I¿pÃ
ρ1
κΣ

:= ρκΣ,x0,t1 Éâ`ãI³S³päQå¦ 4qOgB�©/_PJWU3EQJK[
14.2.1

r@e;Jv4GJKJ

d

dt

∫

Mt

fη2ρ
1
κΣ
µt ≤ −

∫

Mt

fη2

∣∣∣∣∣
~H − D⊥ρ1

κΣ

ρ1
κΣ

∣∣∣∣∣

2

dµt +

∫

Mt

fη2Q(ρ1
κΣ

)dµt

+

∫

Mt

ρ1
κΣ

(
d

dt
−4Mt

)
fη2dµt +

∫

∂Mt

ρ1
κΣ

< Dfη2, νΣ > dσt,
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< Df, νΣ > (x, t) = 0

8lB5C	ç¥EFU9�pU34QOg6QOAU9B
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e;Jt_}8Þc9J

d

dt

∫

Mt

fη2ρ
1
κΣ
µt ≤ −

∫

Mt

fη2

∣∣∣∣∣
~H − D⊥ρ1

κΣ

ρ1
κΣ

∣∣∣∣∣

2

dµt +
17n(κ2

Σ(t1 − t))δ

t1 − t

∫

Mt

fη2ρ
1
κΣ
dµt

+

∫

Mt

ρ1
κΣ

(
d

dt
−4Mt

)
fη2dµt

,N4QOABP�V6F_58I6
f
89B5C

τ2
_58Þc3JD6Q_PJ�4Q89[DJ�2PBPOHé�2PJi4Q�58I6FOA89?$[M8-�kOA[^2P[ 4QU«6Q_}8I6

signDτf = signDτη2
e;J<W89?A<W2P?H8I6QJV834MOABù©/_PJWU3EQJK[

14.2.1
mnU9Ea4QU9[DJ«U3EG6F_PU9BPU3EQ[M89?�o5894QOA4MmnU9E

TxMt
89EQU32PB5C�8lBf89EQoPOg6QE>8lEFYÙ�pU9OAB�6

x ∈Mt

(
d

dt
−4Mt

)
fη2 = f

(
d

dt
−4Mt

)
η2 + η2

(
d

dt
−4Mt

)
f − 2

n∑

i=1

DτifDτiη2

= f

(
d

dt
−4Mt

)
η2 + η2

(
d

dt
−4Mt

)
f − 2

n∑

i=1

sign(Dτif)2|Dτif ||Dτiη2|

≤ 0,

4QOgB5<WJ`o�Yi_@Y��pUl6F_PJK4QOH4 ( d
dt −4Mt

)
f ≤ 0
rP8lB5CiOg6qOA4�=@BPUIe�Bi6Q_}8I6 ( d

dt −4Mt

)
η2 ≤ 0

~��Õ6�mnU9?A?AUIeq4;6Q_58l6

d

dt

∫

Mt

fη2ρ
1
κΣ
µt ≤ −

∫

Mt

fη2

∣∣∣∣∣
~H − D⊥ρ1

κΣ

ρ1
κΣ

∣∣∣∣∣

2

dµt +
17n(κ2

Σ(t1 − t))δ

t1 − t

∫

Mt

fη2ρ
1
κΣ
dµt

��B�6QEFUkCk25<bOABP��6Q_5JvOgB�6QJK�9E>8I6FOgBP�\mÍ89<b6QU3E
eCκ

2δ
Σ τδ r}894/OAB	©/_PJKU9EFJW[ 14.2.1
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