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Zfieblm^gh�qZklhlghc� oZjZdl_jbklbdb� dZgZeZ� k\yab�� LZdb_� mkljhckl\Z� gZau\Zxlky� Wd\ZeZca_jZfb�� Gb`_� [m^_l

ijb\_^zg�ijbf_j� lZdh]h�mkljhckl\Z��ba\_klgh]h�ih�ijbgylhc�deZkkbnbdZpbb�dZd� )8/�')(������b�bkihevam_fh]h�\

khlh\hc� l_e_nhgbb�� dZd�h^bg�ba� \ZjbZglh\�^ey� klZg^ZjlZ�*60�� Z� lZd�`_�jZkkfhlj_gu�j_`bfu� _]h�jZ[hlu��>Ze__

[m^ml�jZkkfhlj_gu�j_ZebaZpbb�kqzlguo�Ze]hjblfh\�^ey�ijhp_kkhjZ��10������Z�lZd�`_�[m^ml�ihemq_gu�hkh[_gghklb�

k\yaZggu_�k�ihkljh_gb_f�ih^h[guo�kljmdlmj�[he__�\ukhdh]h�ihjy^dZ��ijbf_gbl_evgh�d�10�����

<<?>?GB?

<� ^Zgghc� klZlv_� jZkkfZljb\Z_lky�ijbf_g_gb_� 10����� >�@�� ijhp_kkhjZ� ih^^_j`b\Zxs_]h�fZljbqgu_� hi_jZpbb�� \

dZq_kl\_� Z^Zilb\gh]h� wd\ZeZca_jZ�� ijbqzf� jZkkfhlj_gu� \k_� j_`bfu� jZ[hlu� Wd\ZeZca_jZ�� Ijb\_^_g� ijbf_j

khklZ\e_gby�fZljbpu�khhl\_lkl\mxs_c�)8/�')(������^ey��10�����b�ijbgpbiu�nhjfbjh\Zgby�ZgZeh]bqguo�fZljbp

^ey�wd\ZeZca_jh\�[hevr_]h�ihjy^dZ��ijbf_gy_fuo�\�ijh\h^guo�b�[_kijh\h^guo�fh^_fZo�

���DJ:LDH?�HIBK:GB?�KLJMDLMJ�LBI:�)8/�')(�1�0�

Mkljhckl\h� khhl\_lkl\mxs__� deZkkbnbdZpbb� )8/� ')(�1�0�� ij_^klZ\ey_l� ko_fm� khklhysmx� ba� ^\mo

ljZgk\_jkZevguo�nbevljh\�jbk ����ijyfh]h�b�h[jZlgh]h��Ijyfhc�nbevlj�khklhbl�ba��1���ljb]]_jh\��Z�h[jZlguc�ba
"M". >ey� hibkZgby� ijyfh]h� nbevljZ� lj_[m_lky� 0��� Z� ^ey� h[jZlgh]h� 0�� dhwnnbpb_glh\� ijbqzf� bf_xl� f_klh
ke_^mxsb_�\ujZ`_gby�

                  M1=N+1,  M2=M                                                                                 1.1
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γ1+iδ1,...,γM+iδ0�dhwnnbpb_glu�ijyfh]h�b�h[jZlgh]h�ljZgk\_jkZevguo�nbevljh\�khhl\_lkl\_ggh�
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Ijyfhc�nbevlj�b�h[jZlguc�nbevlju�\dexq_gu�\�kmffZlhj��\uoh^�dhlhjh]h�ih^Zzlky�gZ�^_l_dlhj��kb]gZe�k�dhlhjh]h

ih^Zzlky� gZ� \oh^� h[jZlgh]h� nbevljZ� l_f� kZfuf� aZfudZy� h[jZlgmx� k\yav�� >_l_dlhj� \� kZfhf� ijhklhf� kemqZ_

ij_^klZ\ey_l� ihjh]h\h_� mkljhckl\h�� nhjfbjmxs__� mjh\gb� pbnjh\h]h� kb]gZeZ� ih� agZdm� \oh^gh]h� ZgZeh]h\h]h

kb]gZeZ��<\_^zf� h[hagZq_gb_� ZgZeh]h\h]h� kb]gZeZ�gZ� \oh^_� ^_l_dlhjZ� dZd� �,���� Z�gZ� \uoh^_� �pbnjh\h]h� dZd� �,���

<oh^ghc� kb]gZe� wd\ZeZca_jZ� [m^_f� h[hagZqZlv� ihkj_^kl\hf� i_j_f_gghc� �o��� Z� dhwnnbpb_glu� nbevljh\

i_j_f_ggufb�α ^ey�ijyfh]h�b�β�^ey�h[jZlgh]h��HibkZggmx�\ur_�ko_fm�ihykgy_l�mjZ\g_gb_����
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∑∑α β                                                                   1.2

=^_� bg^_dk� �G�� hij_^_ey_l� aZ^_j`dm� hlghkbl_evgh� d�]h� hlkq_lZ� \oh^gh]h� kb]gZeZ�� ijbqzf� ^ey� bg^_dkZ� �G�� bf__l

f_klh�g_jZ\_gkl\h�����

                0< d <M1+M2                                                                                              1.3

���J?@BFU�J:;HLU�WD<:E:CA?J:

Ijb\_^zggZy� \ur_� kljmdlmjZ� fh`_l� jZ[hlZlv� \� g_kdhevdbo� j_`bfZo�� h[mq_gb_� ���,� ijyfZy� nbevljZpby� ���� b
Z^Zilb\gZy� nbevljZpby� ����� GZ� ijZdlbd_� bf__l� kfuke� khq_lZgb_� wlbo� j_`bfh\� jZ[hlu� ijbqzf�� bgl_j_kgu

ke_^mxsb_� khq_lZgby�� kgZqZeZ� ����� ihlhf� ���� beb� ���� ihlhf� ���� Wlb� khq_lZgby� fh]ml� h[jZah\u\Zlv

ihke_^h\Zl_evghklb� b� dhf[bgbjh\Zlvky� ^jm]� k� ^jm]hf� \� ex[hf� ihjy^d_�� IjyfZy� nbevljZpby� \oh^gh]h� kb]gZeZ

ijhba\h^blky�k�ihklhyggufb�dhwnnbpb_glZfb�ijyfh]h�b�h[jZlgh]h�nbevljh\�b�aZfdgmlhc�i_lezc�h[jZlghc�k\yab�\

p_ib�^_l_dlhjZ�

2.1�>ey�h[mq_gby�wd\ZeZca_jZ�\�\ur_�hibkZgghc�kljmdlmj_�jZaju\Z_lky�h[jZlgZy�k\yav�\�p_ib�^_l_dlhjZ�b�gZ�\oh^
h[jZlgh]h� ljZgk\_jkZevgh]h� nbevljZ� ih^Zzlky� ba\_klgZy�� wlZehggZy� ihke_^h\Zl_evghklv�� HgZ� `_� ijbgbfZ_lky� \

dZgZe_� k\yab� b� ihklmiZ_l� gZ� \oh^� wd\ZeZca_jZ�� ijb� wlhf� \Z`gh� \uiheg_gb_� g_jZ\_gkl\Z� ����� K� dZ`^uf� gh\uf

hlkq_lhf�\oh^gh]h�kb]gZeZ�f_gyxlky�dhwnnbpb_glu�^\mo�nbevljh\�wd\ZeZca_jZ�kh]eZkgh�\u[jZggh]h�Z^Zilb\gh]h

Ze]hjblfZ� >�@�� ;m^_f� jZkkfZljb\Zlv� lhevdh� �Steepest GHVFHQW�� f_lh^�� H[uqguc� �Steepest GHVFDQW�� f_lh^
ij_^klZ\ey_lky�ke_^mxsbf�bl_jZpbhgghf�ijhp_kkhf��Kk=Ck-1-∆=k =k= -εkX* k���������]^_�kb]gZe�hrb[db��εk =Ik-Ck-1,tXk

(2.2.2) Kk �k 1,c2 ... cN,b1,b 2  ... bM) h[h[szggu_�dhwnnbpb_glu�nbevljh\ Xk,t=(xk, ... ,xk+N,Ik-1, ... ,Ik-M) h[h[szgguc
kb]gZe� \�nbevljZo� Z��X* k,t� dhfie_dkgh�khijy`_gguc� k� Xk,t�H[mq_gb_� wd\ZeZca_jZ� lj_[m_l� ijbf_g_gby� wlZehgguo

ihke_^h\Zl_evghkl_c�lZd��gZijbf_j��\�klZg^Zjl_�*60�lZdbo�ihke_^h\Zl_evghkl_c�\hk_fv�^ebgghc�ih�^\Z^pZlv�r_klv

[bl��J_amevlZlhf�ijhp_kkZ�h[mq_gby�[m^ml�keZ[h�f_gyxsb_ky�dhwnnbpb_glu�nbevljh\�b�ijb�\uiheg_gb_�mkeh\by

������[m^_l� lhqgh�mklZgh\e_gZ�ihabpby�dZlh]h�kbf\heZ�_]h� aZ^_j`dZ�� �G���Ihkdhevdm�f_lh^� �Steepest GHVFDQW��^Zzl
koh^bfhklv� hl� klZ� bl_jZpbc�� Z� \oh^ghc� kb]gZe�� g_h[oh^bfuc� ^ey� h[mq_gby� bf__l� ^ebgm� jZ\gmx� wlZehgghfm�� hg

aZihfbgZ_lky� b� aZpbdeb\Z_lky� � \� f_kl_� k� wlZehgguf� g_h[oh^bfh_� qbkeh� jZa� ^ey� mklZgh\e_gby� h[h[szgguo

dhwnnbpb_glh\�

����IjyfZy�nbevljZpby�ihdZaZgZ�gZ�jbk�������]^_�dhwnnbpb_glu�nbevljh\�ihklhyggu�

���� :^Zilb\gZy� nbevljZpby� ijhba\h^blky� k� baf_g_gb_f� dhwnnbpb_glh\� nbevljh\� kh]eZkgh� f_lh^Z� �Tracking
$OJRULWKP�>�@� \� wlhf� kemqZb�h[jZlgZy� k\yav� \�p_ib� ^_l_dlhjZ�g_� jZaju\Z_lky��Ihkdhevdm� \� wlhf� kemqZb� \uoh^ghc

kb]gZe�wd\ZeZca_jZ�kem`bl�\�dZq_kl\_�wlZehggh]h�dhebq_kl\h�hrb[hd�hlg_kzggh_�d�qbkem�ijbgyluo�[bl�^he`gh�[ulv

gZ� mjh\g_� ^\mo� ijhp_glh\�� Hlke_`b\Zlv� wlm� \_ebqbgm� fh`gh� ^\mfy� kihkh[Zfb�� i_j\uc� khklhbl� \� kh\iZ^_gbb

ijbgylhc� b� h[mqZxs_c� ihke_^h\Zl_evghkl_c�� \lhjhc� \� fZe_gvdhc� ihijZ\d_� \� dhwnnbpb_glZo� nbevljh\� gZ

g_kdhevdbo� ^_kyldZo�bl_jZpbc��?keb�ihlhd� hrb[hd��ijbgyluo� [bl��g_�gZjZklZ_l� kebrdhf� [ukljh�� Z� _]h� \_ebqbgZ

h]jZgbq_gZ� mkeh\b_f�� ijb\_^zgguf� \ur_�� wd\ZeZca_j� kZf� ih^kljZb\Z_lky� ihlhdhf� ^Zgguo� d� baf_g_gbyf� kj_^u

kms_kl\h\Zgby�dZgZeZ�k\yab��mf_gvrZy�ihlhd�[bl�g_ijZ\bevgh�ijbgyluo�ba�aZ�qZklhlguo�bkdZ`_gbc��LZd�`_�ke_^m_l

kqblZlvky� k� rmfhf� \� dZgZe_�� dhlhjuc� � bkdZ`Z_l� ijbgylu_� [blu� kb]gZeZ�� Wlhl� g_^hklZlhd� bkijZ\ey_lky� [he__

keh`guf� ^_l_dlhjhf�� dhlhjuc� ^_l_dlbjm_l� g_kdhevdh� kbf\heh\�� a^_kv� lZdhc� ^_l_dlhj� jZkkfZljb\Zlvky� g_� [m^_l�

h^gZdh��wlh�h[klhyl_evkl\h�^h[Z\ey_l�jZkkfhlj_gb_�gh\h]h�iZjZf_ljZ��qlh�iha\hey_l�wnn_dlb\g_c�khq_lZlv�j_`bfu

jZ[hlu�wd\ZeZca_jZ��Dh]^Z�rmf�\�dZgZe_�[hevrhc�lh�p_e_khh[jZagh�kgZqZeZ�h[mqblv�wd\ZeZca_j��ihlhf�bkihevah\Zlv

j_`bf�ijhklhc�nbevljZpbb�\�kemqZ_�f_^e_ggh�f_gyxs_]hky�dZgZeZ�k\yab�beb�Z^Zilb\gmx�nbevljZpbx�^ey�dZgZeZ�
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f_gyxs_]hky� aZ� \j_fy�h^gh]h� lZcf� kehlZ��<� kemqZ_�ohjhr_]h� dZgZeZ� k\yab� _klv� \hafh`ghklv�h[mqZlv� mkljhckl\h

h^gbf�pbdehf�lj_gbjh\hqghc�ihke_^h\Zl_evghklb�k�ihke_^mxs_c�ijyfhc�nbevljZpb_c�

���HKH;?GGHKLB�BKIHEVAH<:GBY�10����

Hkh[_gghklb�bkihevah\Zgby�10�����k\yaZggu_�k�[ukljuf�\uiheg_gb_f�fZljbqguo�hi_jZpbc�lZdbo�dZd�mfgh`_gb_

fZljbpu� gZ� \_dlhj��GZ� ijbf_j_� wd\ZeZca_jZ� )8/')(������ [m^_l� ihemq_g� Ze]hjblf� ^ey� 10������ dhlhjhc� [m^_l

ijb\_^_g�gb`_��bkihevamxsbc� lZdh_�fZljbqgh_� mfgh`_gb_��Wd\ZeZca_j� ^ey� k\h_c� jZ[hlu� lj_[m_l� i_j_fgh`_gby

\oh^gh]h� dhfie_dkgh]h� \_dlhjZ�� ijbgylh]h� kb]gZeZ� k� dhebq_kl\hf� we_f_glh\�� ���� gZ� fZljbpm� jZaf_jZ�� ��� gZ� ��

I_j_c^zf� d� jZkkfhlj_gbx� hj]ZgbaZpbb� lZdhc� fZljbpu�� LZd� dZd� \� 10����� \uihegy_lky� ijh]jZffgh_� jZa[b_gb_

hkgh\ghc�fZljbpu�jZaf_jZ����gZ����gZ�fZljbpu�f_gvr_]h�jZaf_jZ�b�^himkdZ_lky�jZ[hlZ�k�\_dlhjZfb�jZajy^ghklv

we_f_glh\� dhlhjuo� [hevr_� beb� jZ\gZ� ^\mf� gh� f_gvr_� beb� jZ\gZ� ���jzf�� lh� gZf� m^h[gh� bkihevah\Zlv� gb`_

ijb\_^zggmx� kljmdlmjm� jbk�� ����� =^_� \k_� we_f_glu� �O�� b� �<�� \hkvfbjZajy^gu_� Z� we_f_glu� �,��� �4�� bf_xl

fbgbfZevgmx� ba� \hafh`guo� jZajy^ghkl_c� ^\Z� [blZ�� Q_lujgZ^pZlb� we_f_glguc� \_dlhj� k� \ur_� mdZaZgghc

jZajy^ghklvx�iheghklvx� aZgbfZ_l� ���jZajy^gh_�keh\h�\�iZfylb�ijhp_kkhjZ��FbgbfZevgZy�jZajy^ghklv� we_f_glh\

klhe[pZ�fZljbpu�\u[bjZ_lky�ba�mkeh\by��qlh�kmffu�\k_o�ijhba\_^_gbc�dhfihg_glh\�\_dlhjZ�gZ�khhl\_lkl\mxsb_�bf

qbkeZ�aZibkZggu_�\�we_f_glZo�klhe[pZ�ihf_sZxlky�\�we_f_gl_�klhe[pZ�[_a�_]h�i_j_iheg_gby��>ey�\hkvfb�jZajy^guo

dhwnnbpb_glh\�fZljbpu�klhe[pu�fh]ml�[ulv�jZa[blu��dZd� ������b�iexk� ���[blh\uc�hklZlhd��gh� lZd�dZd�fZljbpZ

aZihegy_lky�ihkljhqgh�m^h[g__�_z�ij_^klZ\blv�^\mfy�klhe[pZfb�ih����[blZ�

�������������������<_dlhj�������������������������������FZljbpZ��dhwnnbpb_glh\

 X  →      x1        *        α1     -β1
        ↓      x2        *        α2     -β2
      ←      x3        *        α3     -β3
  I  →      I1        *        -γ1      δ1
        ↓      I2        *        -γ2      δ2
        ↓      I3        *        -γ3      δ3
      ←      I4        *        -γ4      δ4
  Y →      y1        *         β1      α1
        ↓      y2        *         β2      α2
      ←      y3        *         β3      α3
  Q →      Q1        *        -δ1      -γ1
        ↓      Q2        *        -δ2      -γ2
        ↓      Q3        *        -δ3      -γ3
      ←      Q4        *        -δ4       -γ4
     U1                W1          ↓         ↓

               A1 sign ∑1 sign ∑2
↓  ↓ 

                I ← I1    Q← Q1 
                I ← I2    Q← Q2 

↓ ↓ ↓ ↓
    ε1 ← :1 <1 :2 <2
    ε2 ← ���< �����: E M

Jbk����

GZ�jbkmgd_�����ihdZaZgu�j_]bklju�,��,��4��4��ε1,ε��8���fZljbpZ�dhwnnbpb_glh\�:���\_dlhjguc�Zddmfmeylhj�$��b

\_dlhjgh_�:EM��AZiheg_gb_�j_]bkljZ�8��ihykgyxl�klj_edb�gZ�jbkmgd_��ihdZau\Zxsb_�pbdebq_kdmx�i_j_klZgh\dm

we_f_glh\�\_dlhjZ���Xk,t . J_]bklju�,��b�4��ojZgyl�agZdb��i_j\h]h�b�\lhjh]h�j_amevlZlh\�kmffbjh\Zgby��Z��\�j_]bklju
,�� b� 4�� ihklmiZxl� agZq_gby� wlZehgghc� lj_gbjmxs_c� ihke_^h\Zl_evghklb�� <� aZ\bkbfhklb� hl� j_`bfZ� jZ[hlu



4

wd\ZeZca_jZ�gZ�\oh^�<:EM�ihklmiZ_l�kh^_j`bfh_�i_j\hc�beb�\lhjhc�iZju�j_]bkljh\� wlb�`_�^Zggu_� mqZkl\mxl� \

aZiheg_gbb� 8��� J_]bklju� ε�� b� ε�� khojZgyxl� ijhf_`mlhqguc� j_amevlZl� \uqbke_gby� g_h[oh^bfuc� ^ey� ihijZ\db
dhwnnbpb_glh\�fZljbpu�:���wlh�g_h[oh^bfh�\�j_`bfZo�����b�������JZkkfhljbf�j_`bf�����\�wlhf�j_`bf_�agZq_gby

fZljbpu�:��g_�f_gyxlky��Z�h[gh\eyxlky�lhevdh�dhfihg_glu�\_dlhjZ�8���<�j_`bf_�����kh^_j`bfh_�ZddmfmeylhjZ

:��\uqblZ_lky�ba� agZq_gby� wlZehggh]h� kb]gZeZ� lj_gbjh\hqghc�ihke_^h\Zl_evghklb� \� \_dlhjghf�:EM�ijhp_kkhjZ�

j_amevlZlhf�[m^ml���ε��b�ε��agZd�dhlhjuo�ihc^zl�gZ�nhjfbjh\Zgb_�\_dlhjZ�8���FZljbpZ�:��aZihegy_lky�ihkljhqgh�k

h[gh\ezggufb� dhwnnbpb_glZfb� \� khhl\_lkl\bb� k� mjZ\g_gb_f� ������� ]^_� ∆� dhgklZglZ� ≈������� h[_ki_qb\ZxsZy
koh^bfhklv� Ze]hjblfZ�� mfgh`_gb_� gZ� dhlhjmx� j_Zebah\Zgh� k^\b]hf� gZ� k_fv� ^\hbqguo� jZajy^h\�� Ijhp_kk

ijh^he`Z_lky�^h� l_o�ihj�ihdZ��ihijZ\dZ� d� dhwnnbpb_glZf�:��g_� klZg_l�gme_\hc��<�j_`bf_� ���� \f_klh� agZq_gbc

wlZehgghc� ihke_^h\Zl_evghklb� ^ey� nhjfbjh\Zgby� \_dlhjZ� 8�� ihklmiZxl� agZdb� qbk_e� kh^_j`Zsboky� \� :��� GZ

jbkmgd_�����ijb\_^_gZ�ko_fZ�hlh[jZ`ZxsZy�\k_�hibkZggu_�khklhygby�

  ∆     -1
  P

     -1
  Z

 Co

     -1
  Z

     -1
  Z

     -1
  Z

     -1
  P

     -1
  Z

  Bo

     -1
  Z

     -1
  Z

     -1
  Z

�Jbk����

  Ik� �� \uoh^gZy� ihke_^h\Zl_evghklv� kbf\heh\�� WVF� �� lj_gbjh\hqgZy� � ihke_^h\Zl_evghklv� � � ]^_ =
−�
 7� aZ^_j`dZ

k\yaZggZy�k�qZklhlhc�kbf\heh\�b�k\zjlhqguf�nZdlhjhf�β�khhlghr_gbyfb�

                         2Fmax=(1+β)/T,   β∈ (0,1)                                                                   3.1

tsn

 Ik
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Gb`_�ijb\h^ylky�]jZnbdb�kj_^g_c�d\Z^jZlbqghc�hrb[db�b�hrb[hqguo�[blh\�ijbgylh]h�kb]gZeZ�\�dZgZe_�k

^bki_jkb_c����

Jbk����

Jbk����



6

���J?AMEVL:LU�FH>?EBJH<:GBY

<ur_ijb\_^zgguc� Ze]hjblf� [ue� ijhfh^_ebjh\Zg� \� kbkl_f_� �0$7/$%�� \� j_amevlZl_�� i_j\h_�� koh^bfhklv

gZ[ex^Z_lky�\�ij_^_e_�klZ�bl_jZpbc�jbk� ����^ey�^bZiZahgZ�^bki_jkb_c�dZgZeh\�hl� ��^h� �����b�\lhjh_�h]jZgbq_gby

jZajy^ghklb�\oh^gh]h�kb]gZeZ�aZly]b\Z_l�bl_jZpbhgguc�ijhp_kk�b�h]jZgbqb\Z_l�^bZiZahg�^himklbfuo�^bki_jkb_c

ijb]h^guo�^ey�ijZ\bevghc�jZ[hlu�lZdh]h�Wd\ZeZca_jZ��H^gZdh��\�hibkZgghc�\ur_�kljmdlmj_�kgb`_gb_�jZajy^ghklb

\oh^gh]h� kb]gZeZ� fh`gh� bkihevah\Zlv� ^ey� gZjZsb\Zgby� ihjy^dZ� wd\ZeZca_jZ� [_a� kgb`_gby� jZajy^ghklb

dhwnnbpb_glh\� nbevljh\� >�@�� qlh� \� mkeh\byo� f_^e_ggh� f_gyxs_cky� ^bki_jkbb� dZgZeZ� beb� \� mkeh\byo� khlh\hc

l_e_nhgbb� gZ� oZjZdl_jghf� \j_f_gb� h^gh]h� lZcf� kehlZ>�@� ^Zzl� \hafh`ghklv� jZ[hlZlv� k� ^bki_jkbyfb� dZgZeZ� \

g_kdhevdh�jZa�[hevrbfb��GZ�ij_^u^ms_c�kljZgbp_�ij_^klZ\e_g�]jZnbd�d\Z^jZlbqghc�hrb[db�jbk�����\�bkiulZgbyo

)8/�')(������ \� mkeh\byo� ^bki_jkbb� jZ\ghc� ���� b�rmfhf�fhsghklv� dhlhjh]h� ��>;��<� wlbo� mkeh\byo� koh^bfhklv

gZ[ex^Z_lky�ihke_�\hkvfb^_kylb�bl_jZpbc��Z�^ey�^bki_jkbb�����^hklZlhqgh����bl_jZpbc�

A:DEXQ?GB?

10����� gZ� h^gm� bl_jZpbx� \� j_`bf_� ���� ljZlbl� h^bg� lZdl��<� j_`bf_� ���� lj_[m_lky� ljb^pZlv� ^\Z� lZdlZ� gZ� h^gm

bl_jZpbx�GZ� h[mq_gb_� ^ey� kljmdlmju� )8/�')(������ lj_[m_lky� hdheh� � lukyqb� ^\mokhl� lZdlh\� >�@�� qlh� gZ� jZ[hq_c

lZdlh\hc� qZklhl_� ijhp_kkhjZ� ��� F]p� [m^_l� khhl\_lkl\h\Zlv� ^ebl_evghklb� h[mqZxs_c� ihke_^h\Zl_evghklb� ^ey

klZg^ZjlZ� *60� ijbf_jgh� jZ\ghc� ���fdk��LZd�`_� \hafh`gh� ijZdlbq_kdh_� ijbf_g_gb_� dhfie_dkguo� wd\ZeZca_jh\

)8/� ')(������ b� )8/� ')(������� j_Zebam_fuo� � gZ� 10����� k� dhwnnbpb_glZfb� nbevljh\� jZajy^ghklvx� g_� f_g__

\hkvfb�[bl�b�jZajy^ghklvx�\oh^gh]h�kb]gZeZ�jZ\gmx�q_lujzf�[blZf��>Zggu_�kljmdlmju�y\eyxlky�]jZgbqgufb�ih

qbkem� dhwnnbpb_glh\� \� ijyfhf� b� h[jZlghf�nbevlj_� wd\ZeZca_jZ�� \� kfuke_�fZdkbfZevgh]h� ijb[eb`_gby� 1� d� 0�

>jm]b_�j_ZebaZpbb�fh`gh�gZclb�ba�p_ehqbke_ggh]h�khhlghr_gby������]^_��Z��jZajy^ghklv�\oh^gh]h�kb]gZeZ�

          a(N+1)+2M ≤ 32                                                                                      4.0

�Wlb� mkljhckl\Z� jZ[hlZxl� k� dhfie_dkgufb� kb]gZeZfb�� Wd\ZeZca_ju� ^ey� ^_ckl\bl_evgh]h� kb]gZeZ� gZ� 10����

ihemqZxlky�kh]eZkgh�\ujZ`_gbx�����ZgZeh]bqghfm�����

        a(N+1)+2M ≤ 64                                                                                      4.1

�Bgl_j_kgh�ih^q_jdgmlv��qlh�i_j_oh^�hl�h^gh]h�wd\ZeZca_jZ�h^ghc�jZaf_jghklb�d�wd\ZeZca_jm�^jm]hc�jZaf_jghklb

hkms_kl\ey_lky�ih^oh^ysbf�jZa[b_gb_f�fZljbpu�10������qlh�j_Zebam_lky�ijh]jZffgh�

<U<H>U

10����� iha\hey_l� kha^Z\Zlv� \ukhdh� wnn_dlb\gu_� ihlhqgu_� nbevlju� jZaebqgh]h� ihjy^dZ� kihkh[gu_� \u^Z\Zlv

j_amevlZl�gZ�lZdlh\hc�qZklhl_�ijhp_kkhjZ�
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