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Non−degenerate Polytope
             (Cube)

Degenerate Polytope
        (Pyramid)
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Non−Convex Set
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Hyperplane����������������������
Half-space (H1)

Half-space (H2)
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(9) 3-6-2-7 (simple loop)

(2,4)
(2,5)
(3,4)
(3,5)

(1,6)
(1,7)

(3,6)

Initially, contracted cycle i-ii
i

ii

 is

enumerated which is then translated into
simple cycles of the original graph as 
follows:

(1) 1-6-2-4

(2) 1-6-2-5

(3) 1-6-2-7-3-4

(4) 1-6-2-7-3-5

(5) 1-7-2-4

(6) 1-7-2-5

(7) 1-7-3-4

(8) 1-7-3-5
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 c 
 c
/ 0NI2IK.1C'376 ) 2 ] 2 +BT2.H,=SNC8,PT23 M_.H<2C.,P%P*-&=</,O(+*�,P%'&91Kt;: ) 2 ] 2 +BT2.H,=SNC8,PT23 M_02(y02,=*�,P&h\H3<,'%P*1<NCQE�.H%85
(�*�,P&).H<g(+*�,'%'&91Wte*1<2S=:?> 5 )�2 ] 2 +^T2.H,)S2C@,'T23+M_02%'%Q34</,y(�*�,'%'&41Kc � %'.�k�.1E-6 )�2 ] 2\+B&)CD0NC'34SA,P.
FH3�,�,PT23 M_02%'%Q34</,5,'%P*1<NCQE�.H%Q(+*�,'&=.H<�(+*�,'%'&91B:C> 5 ) 2 ] 2\+ c�dGT23!M_02(y02,=*�,P&h\H3 (�*�,P%Q&41A: )�2 ] 2 +D&)C
,'T23�CP*1(J3�*1CD,PTN3^M402%Q%'34</,r(�*�,P%Q&415:?> 5 )�2 ] 2 + tNkuT234<",PTN3��Z%'C., M_.H<2C.,P%P*-&=</,u.1EE6 ) 2 ] 2 +`&)CG34,)&=(J&h5
<Z*�,P34SWc / 0 f CQ3��;023_<F,',)Xok`3DC'3�,�: ) 2 ] 2\+HG�IKJML : ) 2 ] 2\+.N	OQPSRD:C> 5 ) 2 ] 2\+ c~dGT23BM4.1<2CT,'%P*1&)<F,r(�*�,P%Q&41
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a(:,:)  T_1(:,:)
After transformation we get

T(:,:)
For n > 1

T_(:,:)*T_1(:,:)

a(:,:)
Updating  a(:,:)

a(:,:) * T_1(:,:)

new
old

new old

#e&=FH02%Q3 
 c 
 2�� �*),�'+�� ),����� �"!$#%�'&(�*),+-#.� � +-����� ��5	��

�
6 ) 2 ] 2\+~&=CD,PTN34%'3 E�.H%'3�02IaSZ*�,'34S9*1C%2 6 ) 2 ] 2\+HG�IKJ7L 6 ) 2 ] 2 +HN	OQP R :?> 5 )�2 ] 2 + c � , 34*1MLT &4,P3_%P*�,'&=.H<3,'T23
M_.H,=02(J<2C .1E*: ) 2 ] 2\+ ,'TZ*�,eTZ*n\H3~(J.H%'3 ,PT2*1<�� B ?`\-*1%'&=* f ,)34C *1%'3[%'3_S202<2SZ*-<F,�*1<2Sx*1%Q3[SN34,=3�,P3_Spc
dGT23^M_.H%'%Q34CQIK.H<NS2&=<2FOM_.H,=02(J<2C[.1EE6 )�2 ] 2 +`*-%'3^*1,)C'.xS23_,=3�,P34SWc.�	,G&=CG*-,=C'.UM4,=34*1% ,'TZ*�,G&hE8tN*�,G*1< X
C.,L*1FH3-tY*1,=,w<2.H<w5 :434%Q.�M4.Y3 eJM4&)34</,PCv&=<J*^M4.1<2CT,'%P*1&)<F,vT2*�\13�,PT23uCP*-(�3GCQ&=FH<pt�,PT23uM4.1%'%'3_C'Ia.H<2S2&)<2F
M_.H,=02(J<2C~M4*1< f 3^SN34,=3�,P3_SpcvdGT2&=CG&)C ,PT23^M4*1C'3 f 34M4*102C'3 ,'T23^M4.H%Q%'3_C'Ia.H<2S2&)<2Fy\-*1%'&=* f ,=3_C~(y02C.,
TZ*n\13[\-*1,=0N3 H *-C?,'T23vM4.H<2C.,P%'*1&=</,PC *1%Q3vT2.H(J.HFH34<N34.H02C�3 �Y02*�,P&).H<2C�&=<�<2.H<Y5?<23_F *�,P&h\H3�\-*1%'&=* f ,)34C4c
� M4.H(JI2%Q34T23_<2C'&h\H3m*-,=FH.H%Q& ,'T2(�&)M`S23_C'M_%'&=I ,P&=.1<�.1E ,PT23rI2%Q.wM_34S202%Q3 ,'. �2<2S5,'T23 CQ30,`.1EW\134%T,'&=M_34C�
�
5 ] � < ]%`a`@`a`@`@`a`@`a] ����� .-E�2

;�� U��A] � =ZH ) 
 c ] 9 +
&)CGFH&)\134< f 3_,=.�k�c ��3B*1CQC'02(J3�k�c , c .2c F ���PH
���
��� � %!�#"�"$�%�&� )32
� 30,

'd) � + U ()+* H &)E � UIH
? &)E �-,UIH

.0/1 f 3�*32_5?S2&)(�3_<2C'&).H<Z*1,e02<2&4,B\134M�,P.H%Bku& ,PT�* ?�&)< ,'T23547698+34,=3_(�3_</, )�&Ac 31cJ& ,�&)CD*!M4.1,=02(J<
\134M0,'.H%,+ t[SN&=( ) d>+ f 3<,'T23�<;02( f 34%x.1EuM_.H,=0N(�<2CU&=<�d�*1<2S;:=< ]?> < ] �@< f 3<,PTN3 <Y0N( f 3_%y.1E
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Ia.HC'&4,P&h\H31tN<234F *�,P&)\13B*1<2So:434%Q.�M_.w33eJM4&=3_</,PCu&=<!%'.�k &At2%Q34C'Ia34M�,P&h\H34,hXHc
� ��� ' �%� #�� %

� �?<N& ,P&=*1,=&)CP*�,'&=.H<
4 L

?
A 4 N�

B
E 6 N L

?
A 7�� ;
? H

B
E

: N L ��G�� 5 	 L � B ?

���
�� U ? ] ] ]^`a`@`@`a`@] � ���

��� ,)&=(J&=<Z*�,'&=.H<
��
�:=< UWH�� > < UWH t���������� ) M_.H<2CT,'%P*1&)</,��b&)CG%'3_S202<2SZ*-<F,,+
��
�:=< UWH� > < UWH �"!#�%$

& L �(' 1 2 4 U ? ] ] ]^`@`a`@`a`*) � kuT234%Q3 ' 5�+ ' <,+ `@`@`a`-+ '/. t/*1<2S76 < > 5< 1 UZH
: < L : < > 5
0 � ����1 �325476+# � ' "
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���
IH L ? ��� > < �J� :�KCLA M(�ON L 5

PRQTS U
; L ; B;> < 9 �"= L �"= B ?
� ) �"= + L ) ��= 7 ? +CR > < B � Q

��
 6 < > 5<BA C UZH �F!G�%$
; L ; B ? 9 � Q L � Q8B ? 9 : KCLA M L ?
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���
?>@L ? �@� 	 ���

��
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��G#L ��G B ?

���
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6 < L 6 < > 5 : K : < L : < > 5 : K
& L �(' 1 2 4 U ? ] ] ]^`@`a`@`@`X) � kuT23_%'3 ' 5 + ' <,+Z`a`@`a`-+ '/.

*1<NS � G=�� 5 'd) : <=���� + + � B ?

�	� 34SN02M0,'&=.H<
: < L : < { . 6 ��
 ]
. 6 �
� ]^`@`a`@`a`@]?. 6 ��� |
	 L � � � ) : < +

� $ � �J�
��� 1 ,P%'*1M0,'&=.H<
�
1 L ) = Q��� �= Q
 � ] = Q�

� �= Q
 � ]^`@`@`a`@`a`@] =
Q� ]�� 
���� �= Q
 � + ] ) 4 U ? ] ] ]^`a`@`@`a]�� +

kuTN34%'3 ' 5�+ ' < +W`@`a`@`-+ ' � *1<2S": <
5 ��� ,UWH t��

�
�6� � � � ��! � �@��$ �J� � �! �#" !�� �$"

dGT23+*1,=F1.H%'&4,PT2( S234CQM4%'& f 3_S�&=<gI2%Q3_\Y&=.H0NCDCQ34M0,'&=.H<�TZ*1C f 3_34<�&)(�IN,=34(J34</,'34Sj&=< #/.1%T,P%'*1< ! H
02CQ&=<2F3,'T23&% .H%T,',�*1<2S('^%'.102IiI2F1E ! H M4.H(JI2&=,)34%r%'02<N<2&=<2F+02<2S23_%���&)<;0 1KcBde* f ,)3 
 c@?x%'3_M4.H%QS2C
321N3_M40 ,'&=.H< ,P&=(J34CO*-<2S ,'T239(�*�1w&=(U02( <;02( f 34%J.1E�&=</,P3_%'(J34S2&=*�,P3�\-*1%Q&�* f ,)34CyE�.H%J*jC'(�*1,=,
CQ30,B.1E ,P3_CT,BI2%'. f ,=3_(�C ,P*�J13_<�3_& ,'T234%mE�%Q.H( ,'T2&=C ,'T234CQ&=C^.H%J{ ]1ls|Ac / 3_\H3_%P*1,�\-*1%Q&�*1</,'C^.1Eb3n*1MLT
I2%Q. f ,)34(otwS23_%'&h\H34S f X�*1% f &4,P%'*1%QXO%Q34.H%QS234%Q&=<2FHC`.1E ,PT23�M4.H<2C.,P%'*1&=</,PC_twk[34%Q3^%'02<!*1<NS<,PT23 f 3_CT,
*1<NS k[.H%'C.,JMn*1CQ34C�*1%'3 %Q34M4.1%'S23_S &=<�de* f ,)3 
 c@?Hc � 3_C'02,4,PCxk[34%'3o. f ,P*1&=<N34S�.H< * [ HDH 7 qr:
% 34</,P&)02( � � �[I2%Q.wM_34CQC'.H%_c
dGT23�%Q34C'0N, ,PCuM_,=3n*-%',)X�C'TN.sk ,PTZ*�,�,PT23^Ia34%6E�.H%'(�*1<2M_3^.1EC,PT23^S202*1, >�
 @ (J30,'T2.YSo&)C~C'3_<2C'&4,P&h\H3
,'.<,PT23U.H%'S23_%'&)<2F�.1E�,'T23yM_.H<2CT,'%P*1&)</,PC4cmq .�k`3 \H3_%B&4,�&)C�<2.�,mM4,)3n*1% T2.�k ,P.�&)S234</,P&hE Xo*+CT,P*�,P&)M
.H%QS234%Q&=<2F�kuT2&=MLTik[.H02,)S#M4.H</,P%Q.H,E,'T23yFH%Q.�k�,PT#&=<M,PT23y<;02( f 3_%m.1Eb&=</,P3_%'(J34S2&=*�,P3�\-*1%'&=* f ,)34C4c
/ 0NI2IK.1C'3 ,PTZ*�,uM_.H<2C.,P%P*-&=</, �b&)C f 3_&=<2FO3_,=&=(J&=<2*�,P3_S�*1<2S",PT2*�,^2

)*U+* � 6 < 1 2F6 < 1 D H �,* ] � U-* � 6 < 1 2F6 < 1 + H��,* ] � U+* � 6 < 1 2F6 < 1 UWH �,*
,'T234< ,'T23`<;02( f 34%e.1E2\-*1%Q&�* f ,)34C &=<@,PT23 ,P%P*-<2CQE�.H%Q(�3_SUM_.H<2CT,'%P*1&)</,PC &)C

� U.)0/ � B � c�qr34<2M_3G*
CQ&=(JI2,=3vFH%Q3434SwXDTN3402%Q&=CT,'&=M�E�.H% SNXY<Z*1(J&=M4*1,=,hXm.H%QS234%Q&=<2F-,PT23bM4.1<2CT,'%P*1&)<F,'C &)C4t-*�, 34*1MLTy&4,P34%'*�,P&).H<pt
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%�%'. f ,)34( �b*1%Q&�* f ,=34C �`.H<2C.,P%'*1&=</,PC �v34%.,P&=M_34C �b*1%'&=*1</, 79*�1 � .O.1E dG&=(J3
�b*-%'&�* f ,=3_C )�C'3_M4C,+

? l 9 l * � H c H ?
f [ H c H ?

] 
 ? H l � * ! � H c H ]
f ] 
 � H c@? H

l ?s] [ l ? * l ? H H c 
 [
f ?s]�[ � H c � [


 9 ? H lH� * ? !D! H c ]H]
f lH�Hl H c 
 l

9 � ? H ��
 * 
 ! � ?Hc ]D[
f ?�l 9 ? lNc@?s]

� [ ? H � ] * 
 ? 
 9 
 !Nc � ]
f D � 9;HDH 5

de* f ,)3 
 ca?�2 � #.& 
 � ),�*)�+3#.� ��5���6 � �
5 )�� !$#%� )�� 6 ��

� � #�� 6
,'. MLT2.Y.HC'3 ,P.934,=&)(�&)<Z*�,'3 ,PTZ*�,BE�.H%�kuT2&=MLT

�
&=C�C'(�*1,=,)34C.,nc de* f ,=3 
 c ]o%Q34M4.1%'S2C@,PT23�%'34CQ02, ,'C

02CQ&=<2F",PTN&=C^.H%QS234%Q&=<2F!.1E ,PT23OM_.H<2CT,'%P*1&)</,PC4cOdGT23_C'3J%'3_C'02,4,PC�C'02F1FH34C.,#,'TZ*�,�FH%Q3434SwXj.H%'S23_%'&)<2F
S2.Y34CBTZ*n\H3�*!FH.w.YSj30�K34M�,nc qr.sk[3_\134%@,PT23JIK3_%QE�.H%Q(+*-<2M43x.1E ,PT23JS20Z*-, >�
 @ (�3�,PT2.YSgS2.w3_C
<2.�,�C'343_( ,P.!M4.1(�IZ*-%'3Uku&4,PT�,PTZ*�,�.1E`.�,PT23_%^(�3�,PT2.YS2C4c %v%Q. f ,)34( lwtpE�.H%^3�1N*1(JI2,=3-t &=C ,'T23
I2%Q. f ,)34( %Q3_E�3_%'%'3_S ,'.j*1C�� 321 ?�$�&=< d * f ,=3o]wc@?Hc�dGTN3 %�%Q.s\-*1< M4.YS23 CQ.H,)\134S ,PT2&)CxI2%'. f ,=34(
CQ&=FH<2& �ZMn*-<F,',)X�E *1C.,P3_%�.H<�*gM4.H<2CQ&=S23_%P* f ,)X C',).sk[34%+M4.H(JI20 ,'34%4c %�%'. f ,)34(JC 
 5 � *-%'3 CQ.H,)\134S
(y0NMLT+E *1CT,'34% f X5,'T23 T2*1C'T+\-*1%Q&�*1</,b.1EC+�X134% $ C[M4.YS231tY31c F2c�I2%Q. f ,=3_( � ,P*�J13_C`.H<2,hX H c H lBCQ34M_C4c

�
�
	 � � � ��� ���9$���� � � � � � " $ "�� � �0� ! � � %('*)

/ 0NI2IK.1C'3�k`3�ku&=CQT",'.�CQ.H,)\13 ,PT23^E�.H,),=.�ku&=<2FDCQXYCT,'34( 2
;��*UWH ) 
 c ] � +

*1<NSpt
� = � U ? ] ��=PH
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%�%Q. f ,=3_( 7 *�1 �b*1%Q&�* f ,=34C dG&)(�3D) C'3_M4C_+
? � H c H ?
] ! � H c H ]
l ?�] 9 H c 
 [

 l1� H H c 
 H
9 ? HD9 ] ]wca? H
� ?s]1] H ?nlNc H [

de* f ,=3 
 c ] 2 � #.& 
 � ) �*)�+3# � ��5��'6�� � 5 )�� !$#%� � ��6�6 �,� #%� � 6��'+-� �
� 1N*1(JI2,=3;2 �Z.�kuC � ,PT2%Q.H02FHTg*�<23�,?k`.H% J ku& ,'T#FH&)\134<jM4.1CT,nt C'*nX ' tWkuT234%Q3 ; TZ*1C^*�,�(J.HC.,
,?k[.j<2.H<2:_34%'.1CyIK3_%yM4.1,=02(J<ptekuTN&=MLT &=CU*1C'CQ.wM_&�*�,'34S�ku&4,PT�*iS2&)FH%P*-I2Tpt C'*nX�� .1E � <2.wSN34C
*1<NS ��3_S2FH3_C4tp*-<2S �G= H ta&=C-,PT23D*n\-*1&=,=* f ,=3^CQ02I2I2,hXo.1Ev*1<9& ,P3_(9c � <2S � +IH &)E & ,'34(JC�*1%Q3
S23_(+*-<2S234S ) <2.�,P3�2 � UZH &)(�I2,)&=3_C`<2.H<N3D.1E?,PTN3B&4,P3_(�&=Cu*n\-*1&=,=* f ,)3m.H%GS23_(+*1<NS234Spta*1<NS7,'T23
*1CQC'.YM4&=*�,P3_S�<2.YS23O&=<�,'T2&=C^M4*1C'3O&=C�M4*1,=,)34S # � "$"	) ) ������% ��"�# .H%!�#"�# ����% �32$� "$# �m<N.wS23^+ cOdGT23_<pt
.1Ee&=</,'34%'3_CT,4ta&)CD,PT23�S202*1,p.1E ) 
 c ] � +bkuTN&=MLT &)C%2

; = 4 = � ) 
 c ]D[�+
*1<NS kuT23_%'3 ; = &=CO*�,?k`.gIa34%x%'.�k (+*�,'%'&91Wc ��3!Mn*-< 02CQ3 >�
 @ .H< ,PT23!S202*1, ) 
 c ]D[D+ ,P.
) 
 c ] � + tZ*-CuE�.1,=,=.�kuC 2
/ 0NI2IK.1C'3xk`3J*1%Q38,P%6XY&=<2F ,P.��634,=&)(�&)<Z*�,'3	�J%'.�k �~E�%Q.H(
C6XYCT,P3_( ) 
 c ] � + cO��3xMn*-<gSN. C'. f X
3_,=&=(J&=<2*�,P&)<2F � <�&)<7,'T23US202*1,eC6XYCT,P3_( ) 
 c ]D[D+ crqr.wMLT f *10N(
*1<NS ��*-.H%y{ 
 ]}| S2&)C'M_02C'CmCQ.H,)\Y&)<2F
� %�C9&)<&,'T2&=C!CQ30, ,'&=<2FNc dGT23 X S2. <N. ,oM4.H<2CQ&=S23_%!FH34<23_%P*�,'&=<2F *1,),�\H3_%T,P&)M43_C .1EDIK.1,)XYT234SN%P*
E�.H%Q(�3_S f X �����	��
}cJqr.wMLT f *10N( *-<2S � *1.H% $ C�&=SN3n*�{ 
 ]s|v&=C ,P.oC'.1,)\H3 �����	��
U02C'&)<2F >�
 @ f X
M_.H<2CT,'%P*1&)<2&=<NFi\1*-%'&�* f ,=3_C f 3�,?k`3_34< f %'3n*;JYIa.H&)<F,'C4c � CO\134%.,P3�1 3_<;02(�3_%P*�,'&=.H<�&)CxM4.H<NM434%Q<234S
ku&4,PT *1,=, ,'T23j\H34%.,P&)M434Co.1E#,PT23jIa.H,)XYT23_S2%'.H<Wt ,PT2&)C!&=S234* &)C!<2. ,).H<2FH3_%�\-*1,=&)Spc ��3g(y02C.,
S23 \H3_,=.HI�<23_kV*1,=FH.1%'& ,'T2(JC4tp02CQ&=<2F!CQ.H(�3x&)<2C'IN&=%P*�,P&=.1<iE�%'.H( { 
 ]s|AcOdGT23O<23 k�&=S234* &=C f *1CQ34S
.H<JM4.1<2C'&)S234%Q&=<2F ,PTN3�l}5 S2&=(J34<NC'&=.1<Z*1,N%Q34,=*�,P&).H<2C'TN&=I f 30,?k[343_<+\-*1%'&=* f ,=3_C4t C'*�X � 1 *-<2S � . tY*1<2S
*1<N. ,PT23_%G\1*-%'&�* f ,=3-tNCP*nX � < t2kuT2&=MLTo&=CD,'. f 3�34,)&=(J&=<Z*�,'34Spc
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 c ]D[�++02C'&)<2F >�
 @ c / IK3_M4& �ZMn*1,),)X1trk[3g*1%'3j&=</,'34%'3_CT,'34S &=< >�


@ .H<gCQXYCT,'34(JCDku&4,PT�]!\-*1%'&=* f ,)34C^Ia34%�M4.H<NCT,P%'*1&=</,4c / 02I2Ia.HCQ3 � &)C ,PT23�,P. ,P*1,�<;02( f 34%�.1E
M_.H<2CT,'%P*1&)</,PC4t ,)30, �C5 t � < thchc)chc)chchc)t � G f 3D,PT23~\-*1%Q&�* f ,)34C *1<2S � < 1 f 3D,'T23G<;02( f 34%�.1EaM4.1<2CT,'%P*1&)<F,'C&)<;\1.H,)\Y&)<2F � <v*-<2S � 1 takuT234%Q3 � < 1 U � 1 < c � CQC'02(J38,PT2*�, H � � < < � ]�CQ&=<2M_3UE�.H% � < <?tKk[3
M4*1<9T2*�\13D.1<2,)X5,PT23^E�.H,),=.�ku&=<2F 2

' 5 � < B H �C5Y= � ) 
 c ]1�D+
kuT2&)MLTiFH&h\H34C 34&4,PT23_%m*�,).�k`3_%�.H%r02I2Ia34% f .H0N<2Si.H< � <?c / 02I2Ia.HC'3@,PT23U*1C'CQ.wM_&�*�,'34SiFH%'*1I2T �
)�31c FU* f &=I2*1%T,'& ,P3`FH%P*1INTJku&4,PT � CQ.H02%'M_34C`*1<2S �!C'&=< JYC_+v&)C�M4.H<N<234M�,P34SWt ,PT2*�,v&=C_tF,'T234%Q3u3�1w&=C.,PC
* '�� 6 �&� .H% ) 6 	 � f 30,?k[343_<�3_\134%QXj<N.wS23J&=< �OcOdGT2&=C�&=(JI2,)&=34C�,PTZ*�, ,'T23�,P. ,P*1,�<;02( f 34%�.1E
<23 k M4.1<2CT,'%P*1&)<F,'Cu&=C f .H02<2S23_S f X 2

� 1 A . ) � < 1 B � < . + � ] ) � 7 ? + � < ) 
 c ]�!D+
kuT23_%'3

� < U � 1��� < � < 1 ) 
 c l H +
��3GJY<N.sk ,PTZ*�,%2 G

� < � 5 � < U ] � ) 
 c l ? +
/ .Nt��G�vC'02MLT7,PTZ*�,^2

� < � <
	G

kuT23_%'3 � <p&=CS,'T23 <;02( f 3_%`.1E ,?k`.-5A\-*1%'&=* f ,=3GM_.H<2C.,P%P*-&=</,PC[M4.H</,L*-&=<2&)<2F � < *1<2S ��&=CS,'T23 ,'. ,L*-,
<;02( f 34%u.1EeC'0NMLT M4.1<2CT,'%P*1&)<F,'C4c
��3�Mn*1<!MLT2.Y.HC'3 �C5 ) f X+%'34.1%'S23_%'&=<NFO\-*1%Q&�* f ,=34C[&)E <23_M434CQCP*1%6X +r*1CD,'T23m\-*1%'&=* f ,)3�,P. f 3^34,)&=(J&h5
<Z*�,P34SWtZC'.�,PTZ*�,uE�%Q.H( ) 
 c ]-�E+[k`3�M4*1<9T2*�\13�2

� 5.U (�&)<< � � < � U (J&=<< � 1��� < � < 1 ) 
 c l ]�+
/ &)<2M43;2 G

� < � 5 � < U G
� < � 5

G
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 c lHlD+

� 30,[02CvM4.1<2C'&)S234%b34,)&=(J&=<Z*�,'&=.H<D.1EW\-*1%Q&�* f ,=3 �C5 E�%'.H(VM_.H<2C.,P%P*-&=</,PCv&=< \1.H,)\Y&=<NF � <W*1<2S � 1 c�dGT23%Q34C'0N, ,P&)<2FOFH%P*-I2T!&=CG&=,),=02C.,P%'*�,P3_S &=< # &=F102%'3 
 c 9 c

� <

�C5

*�,u(�.HC., � < 5 E *1M43�,PCr*1<2S!\H3_%T,P&)M43_C

# &)FH02%Q3 
 c 9 2�� ��#��"6 � )�+3# � #%! �C5 ��53# � � 4�� � � + � �2� � � <���53# � � ��� � � +-�
dGT23�34,)&=(J&=<Z*�,'&=.H<9.1E �C5 &=C�3n*1CQ&=,hX \Y&=CQ0Z*1,=&):n* f ,=3x&=<�l}5 S2&=(J34<2CQ&=.H<2*1, CQIZ*1M43�*1CBMn*1< f 3JC'3_34<
M_,=3n*-%',)Xm&=< #e&=FH02%Q3 
 c � cedGT23`*1C'CQ02(JI ,P&).H<D&)C?,'TZ*�, *1,=,H\-*1%Q&�* f ,=34C �C5 t � < t)chchc)chc)t � G�*1%'3 f .102<2S23_Spc
� C M4*1< f 3�. f C'3_%Q\134S E�%Q.H( # &)FH02%'3 
 c � t �C5 &=CGI2,). , ,'34S9*1,=.H<NF�,'T23 � 58* 1N&)C4t � < *1,=.H<NF ,PT23 � 5
*�1w&)C!*1<2S � 1 *1,).H<2FB,'T23 4 58*�1w&=C_c %e34%QIK3_<2S2&)M402,=*1%3,P. ,'T23 �C5 t � <�IN,�*1<23 ,=&=3_C *�M_XY,)&=<2S23_%
ku&4,PT�*�,B(�.HC., � < 5 E *-M430,'C4c / &=(J&=,=*1%',hXHtaIK3_%'Ia34<2S2&)M402,=*1% ,P. ,PTN3 � <?t � 1 I2,=*1<23O,=&)34C�*1<N. ,PT23_%M Xw,)&=<2SN34%`ku&4,PTo*�,G(J.HCT, � 1 5 E *1M_30,PC_cvdGT23�&=</,P3_%'C'3_M0,'&=.H< .1EC,'T234CQ3 ,?k[.OM_XY,=&)<2S23_%'CGFH&h\H34Cu*xls5S2&)(�3_<2C'&).H<Z*1,1IK.H,hXYT234S2%Q.H<Dku&4,PTD*�, (�.1CT,f) � < 5�B � 1 5 +WE *1M_30,'C4tH*-<2SU,)34C'CC,PT2*1<Uls5?S2&)(�3_<2C'&).H<Z*1,Ia.H,)XYT23_S2%'.1<�ku& ,'T�*�,U(�.HC.,*) � < 5.B � 1 5 +^E *1M_30,'C4tv*1<2S�,=34CQC#,'TZ*1< ] ) � < 5 B � 1 5 +�\134%T,'&=M_34C*1<NS l ) � < 1 B � 1 < +`3_S2FH3_C4c�) / 3_3 f 34,).�k�+ c
dGT23OI2%Q.��Q34M�,P&).H<#.1E ,PT23Ol}5 S2&=(J34<NC'&=.1<Z*1,�IK.1,)XYT234SN%'.H<g*1,).H<2F � <?t � 1 I2,�*-<23x&=Cm. f ,L*1&)<234Sj*}E�5
,'34%B34,=&)(�&)<Z*�,'&=.H<9.1E ,'T23J\-*1%Q&�* f ,=3 �C5 E�%Q.H( ,PTN3�C6XwC.,P3_(9c�dGTN3�%Q34C'0N, ,D&=CB* ]�5?S2&)(�3_<2C'&).H<Z*1,
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Cyclinder

Cyclinder

                 3−D polytope

Projection of 3−D polytope
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� � < 5 E *1M43�,PC

� � < 1 E *1M43�,PC

] ) � < 5CB � 1 5 +[\H3_%T,'&=M43_C

+ ] ) � < 5�B � 1 5 +[\134%T,'&=M_34C

# &=FH0N%'3 
 c � 2�� � 
	� 
 #.5 � � 6 � ��#.� ��� � +3),��
 
	� 

��#��"6 � )�+-#.� #.� � <���� � � 1 

5-��� 6
Ia.H,)XYT23_S2%'.1<pt�3n*1MLT�\134%T,'3�1�.1EGkuT2&=MLT�%Q34CQ02, ,'CUE�%'.H( I2%Q.��Q34M�,P&=.1<�.1Er* \H3_%T,'3�1�E�%Q.H( ,PT23 ls5
S2&)(�3_<2C'&).H<Z*1,vIa.H,)XYT23_S2%'.1<pc#dGT23�<;02( f 34%U.1EuM4.H<NCT,P%'*1&=</,'C��'tv*-E ,'34%D34,=&)(�&)<Z*�,'&=.H<j.1E �C5 t�&)C
,)34C'C ,PT2*1<+.H%v3 �Y02*1, ,'.@,'T23r<Y0N( f 3_%[.-EW\H3_%T,'&=M43_C`.1E ,PT23 l}5 S2&=(J34<2CQ&=.H<2*1,NIa.H,)XYT23_S2%'.1<pt kuT2&=MLT
k[3D<N.sk C'T2.�k &)CG,=3_C'C�,PTZ*-<i] ) � < 5CB � 1 5 + c
� 53��+ & ��� � ��dGT23+<;02( f 3_%U.1E[\H34%.,P&)M434CU.1EG*9l}5?S2&)(�3_<2C'&).H<Z*1, IK.H,hXYT234S2%Q.H<�ku&4,PT�*�,U(J.HC.,
) � < 5 B � 1 5 +`E *1M_30,'Cr&)Cu*�,u(J.HCT, ] ) � < 5�B � 1 5 + c
: >
�����82
� 30,�� f 3 ,PTN3x<Y0N( f 3_%^.1EvE *1M43�,PC_t . f 3 ,PT23x<;02( f 3_%^.1Eb34S2FH3_CB*1<2S � f 38,'T23x<;02( f 34%^.1E
\134%T,'&=M_34Cr.1EE,'T23�IK.1,)XYT234SN%'.H<pc
#Z.H%u*1< X!ls5?S2&)(�3_<2C'&).H<Z*1,KIK.H,hXYT234S2%Q.H<pt ,'T23^E�.H,=,).�ku&=<2Fx*-%'3 ,P%Q023�2

l
� � ] . ) 
 c l 
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CQ&=<2M_3B34*1MLT9\134%.,P3�1o&)Cu*1S��'*1M_34</,-,P.�*�,u,=34*1CT,rlx3_S2FH34C_ta*1<2S f X � 0N,=34% $ CGE�.H%Q(y02,=* 2
� 7-.fB � U ] ) 
 c l 9 +

#Z%'.1( ) 
 c l 
 +[k`3BTZ*n\H3;2
� B � 7 ] U .O= l

�] ) 
 c l � +
#Z%'.1( ,PT2*�,uk`3�TZ*n\H3;2

� 7 ] = � ] ) 
 c lE[�+
� <2S7,'T234<ok`3�TZ*n\13�2

� � ] ) � 7 ]D+ + ] � ) 
 c lH�D+
dGT;02C_t

� + ] � ) 
 c lD!D+
/ .�,PTN3Dls5?S2&)(�3_<2C'&).H<Z*1,aIK.1,)XYT234SN%'.H<o&=CG,)34C'C�,'TZ*1<9] ) � < 5 B � 1 5 +[\134%T,'&=M_34C4c � � +

� E ,P34%`34,=&)(�&)<Z*�,'&=<2F �C5 tw,=30, ,PT23�<Y0N( f 3_%~.1E�M_.H<2CT,'%P*1&)</,PC~M_.H%'%Q34C'Ia.H<2SN&=<2F8,'. � < f 3 � 8< tN*1<2S
,'T23�<Y0N( f 3_%u.1E M_.H<2C.,P%P*-&=</,PCuM4.1%'%'3_C'Ia.H<2S2&)<2F�,P. � < 1 f 3 � 8< 1 c

� 02%rFH. *1,W&=C�,P. �Z<2S7,PT23B%'3_,�*�,'&=.H<2CQT2&=I f 30,?k[343_<
,PT23 ,P.�,L*1, <;02( f 34%u.1E M4.H<NCT,P%'*1&=</,'C &)<7,'T23
.H%Q&=FH&)<Z*1,�CQXYC.,P34(ot,�#t *1<NS
,PT23 ,'. ,L*1, <;02( f 34%m.-E[M_.H<2C.,P%P*-&=</,PC_t!� 8Atp*-E ,P3_%m34,)&=(J&=<Z*�,'&=<2F ,'T23
\-*1%Q&�* f ,)3 �C5 kuTN&=MLTo.wM_M402%QCr&)< ,PT23^E�3_k[34C.,�M_.H<2C.,P%P*-&=</,PC_c
� E ,P34%u3_,=&=(J&=<2*�,P&)<2FB\-*1%Q&�* f ,=3 �C5 t ,'T23^E�.H,=,).sku&)<2Fy&)<23��;0Z*1,)& ,?X�T2.H,)S2C%2

� 8< 1 + � < 1 B ] ) � < 5 B � 1 5 + ) 
 c 
 H +
CQ&=<2M_3�� < 1 &)C ,PT23�.H,=S <;02( f 34%`.1E M4.H<2C.,P%'*1&=</,PCG&)< \H.H,h\w&)<2F���*-<2S 4ZtZ*1<2So] ) � < 5 B � 1 5 +`&=C`*�,(J.HCT,�,'T23�<;02( f 34%u.1E \H34%.,P&)M434C *-E ,'34%u34,)&=(J&=<Z*�,'&=<2F�\-*1%'&=* f ,)3 �C5 tNkuT23_%'3�� ,U 4 ,U ?Hc
� Eek`3�C'0N(0) 
 c 
 H +`.�\H3_%��[*-<2S 4ZtNk[3BTZ*n\H3�2

G
� < � <

G
� 1 � < � 8< 1 +

G
� < � <

G
� 1 � < � < 1 B ] G

� < � <
G

� 1 � < ) � < 5�B � 1 5 + ) 
 c 
 ? +
dGT2&)CuFH&)\134C%2

] � 8 + ] ) � 7 � 5 + B 
 )�� 7 ?A+ � 5 ) 
 c 
 ]�+
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� 8 + � B ) ] � 7 lE+ � 5 � � B )A] � 7 lE+ ] �� +P9 � ) 
 c 
 lD+
dGT;02C_t

� 8 +P9 � ) 
 c 
D
 +
/ 0NI2IK.1C'3#,'T234%Q3U*-%'3�� . M4.H<NCT,P%'*1&=</,'CrkuT23_< ) \-*1%'&=* f ,=3_CG%'3_(+*1&)<!S202%'&)<2F ,PT23B34,)&=(J&=<Z*�,P&=.1<pc
dGT23_<9k[3DT2*�\13�2

� . + 9 � . � 5 ) 
 c 
 9 +
/ .Ok[3BT2*�\13�2

� <,+ 9 G�> < � G UW9 G�> < � ) 
 c 
 � +
��3 Mn*1< &)(�I2%Q.�\H3<,'T23!*1%'F102(�3_</,O* f .s\131t[*1CUE�.H,),=.�kuC%2 � < X�3_S2FH3 &)<B,PT23!ls5?S2&)(�3_<2C'&).H<Z*1,
Ia.H,)XYT23_S2%'.1<i*1%Q&=C'3_CrE�%Q.H( C'.1(�3�34SNFH34Cm&)<9.1<23D.-E;,PTN3#,?k[.+&=</,'34%'CQ34M�,P34S#Ia.H,hXwTN34S2%'*Nc~dGT23_%'3
*1%Q3+.H<N,)X ) � < 5SB � 1 5 +�C'02MLT�3_S2FH34C_c � ,=C'.Nt�*1< X�34S2FH3�&=<=,PT23!]�5?S2&)(�3_<2C'&).H<Z*1,�IN%'.��Q3_M0,P&).H<
M_.H</,L*1&)<2CS,PT23uI2%Q.��Q34M�,P&=.1<J.-Ep*�,v,)3n*1C.,v.H<23G3_S2FH3u&=< ,PTN3 ls5?S2&)(�3_<2C'&).H<Z*1,YIK.1,)XYT234SN%'.H<pc�q 34<NM43
,'T23iI2%Q.��Q34M�,P&=.1< Mn*1<Wtr&)< E *1M�,ntGTZ*n\13j*�,�(J.HCT,�) � < 5 B � 1 5 +J34SNFH34C *-<2S \H3_%T,'&=M43_C4c dGT2&)C
%Q34(J.s\134Cr*UE *1M�,P.H%~.-Ee]wtZ*1<2S %Q34Ia3n*�,'&=<2F ,'T23^* f .�\H3�*1<2*1,)XYC'&)C~FH&h\H34CG0NCG* f .102<2S!.1Eel G�> < �#t
%'*�,PT23_%�,'TZ*1< 9 G�> < �#cudGT;02C4tK& ,r&=CrIa.HC'CQ& f ,)3 ,'.+FH3_<234%'*�,P3U*�, (�.HC.,ml G�> < � <N.H<w5?%Q34S20N<2SZ*1</,
&)<23��;0Z*1,)& ,'&=34C~*�,r*1< X ,=3 \H3_, .-EE,'T23�34,=&)(�&)<Z*�,'&=.H<pc
& c 3-c

� < + l G�> < � ) 
 c 
 [�+
� ��#�
 6>�,)�� �����!��#Z.H%�,'T23DC6XYCT,P3_( ) 
 c ] � +`M4.1<2C'&)CT,P&)<2FJ.1Ev*�,r(J.HCT,-,?k[.+<2.H<Y5?:43_%'.HCrIa34%rM4.H, 5
02(J<pt ,'T2&=CGI2%Q.HIa34%T,?X�%'34(�*1&)<2CD,P%Q023�&=< ,PT23�I2%Q.wM_34CQCr.-E 3_,=&=(J&=<2*�,P&)<2FUM_.H<2CT,'%P*1&)</,PC4c
: >
����� 2
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 c 
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 @ *1<2S �2<2S3,PTZ*�,`k[3mMn*1< 0NC'3^& , ,P.U34<;02(J34%P*�,P3
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M_.H<2CT,'%P*1&)</,PC4c � ,=. ,u.1Ee34<N34%'F-X!(+*nX f 3D0NC'34S7,P.O34,)&=(J&=<Z*�,P3mM_.H<2CT,'%P*1&)</,PC�,PTZ*�, (�*nX <2. , f 3
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3_<Y0N(�3_%P*�,'&=.H<i\Y&�*�S20Z*1, >�
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,)& , ,',=3xI2%Q.H(J&=C'3xE�.H% ,'T23�(J30,'T2.YSpte3 \H3_<�ku& ,PT�*9SwXw<2*1(�&)MOM4.H<2C.,P%'*1&=</,D.H%'S23_%'&)<2F9TN3402%Q&=CT,'&=M-c
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