
6Q`K�H *?`QMB+H2 �M�Hvb2b �M/ *QKT�`BbQMb, >Qr iQ .2�H

rBi? L2;�iBp2 "2?�pBQ`b

u�MMB+F S2M+QHû

UG��a@*L_a- lMBp2`bBiû /2 hQmHQmb2- *L_a- hQmHQmb2- 6`�M+2

T2M+QH2!H��bX7`V

�m/BM2 am#B�b

UG��a@*L_a- lMBp2`bBiû /2 hQmHQmb2- *L_a- ALa�- hQmHQmb2- 6`�M+2

bm#B�b!H��bX7`V

�#bi`�+i, h?2 Qp2`�HH +QMi2ti Q7 i?Bb T�T2` Bb i?2 2p2Mi@#�b2/ #2?�pBQ` �M�HvbBb �M/
7Q+mb2b QM KQ/2HBM; �M/ �M�HvxBM; #2?�pBQ`b Q7 BMi2`2bi BMpQHpBM; iBK2 BM7Q`K�iBQMX
�Mv #2?�pBQ` Q7 BMi2`2bi 7`QK �Mv iBK2 2p2Mi bvbi2K Bb +QM+Bb2Hv /2}M2/ �b � b2i Q7
iBK2 +QMbi`�BM2/ 2p2Mib i?�i Kmbi Q++m` UTQbBiBp2 #2?�pBQ`V �M/ � b2i Q7 iBK2 +QM@
bi`�BM2/ 2p2Mib i?�i Kmbi MQi Q++m` UM2;�iBp2 #2?�pBQ`VX h?Bb �`iB+H2 T`QTQb2b � 7Q`K�H
2ti2MbBQM Q7 i?2 +?`QMB+H2 7Q`K�HBbK i?�i �HHQrb 7Q` i?2 +QM+Bb2 /2b+`BTiBQM Q7 TQbBiBp2
�M/ M2;�iBp2 #2?�pBQ`bX "�b2/ QM i?Bb M2r 7Q`K�HBbK- b2p2`�H +`Bi2`B� �`2 BMi`Q/m+2/-
i?2v 7Q`K�HHv +?�`�+i2`Bx2 �M/ +QKT�`2 � b2i Q7 +?`QMB+H2bX � 7mHHv T`Qp2/ BKTH2K2M@
i�iBQM Q7 i?2 T`QTQb2/ +`Bi2`B� Bb i?2M /2b+`B#2/c Bi `2HB2b QM i?2 mb2 Q7 TQHv?2/`QM
i2+?MB[m2b iQ bQHp2 bvbi2Kb Q7 HBM2�` BM2[m�HBiB2bX

E2v qQ`/b, "2?�pBQ` �M�HvbBb- L2;�iBp2 "2?�pBQ`- *?`QMB+H2- aBKTH2 h2KTQ`�H S`Q#@
H2K- SQHv?2/`QM

*�i2;Q`v, AXeX9

R AMi`Q/m+iBQM

J�Mv �TTHB+�iBQMb i�F2 #2M2}i 7`QK i?2 �M�HvbBb Q7 bT2+B}+ #2?�pBQ`b- rQ`F~Qrb-

T`Q+2bb2b Q` �+iBpBiB2b BMpQHpBM; iBK2 BM7Q`K�iBQM, +mbiQK2` #2?�pBQ`b BM i?2 2@

+QKK2`+2- T�iB2Mi #2?�pBQ`b BM ?2�Hi? �M/ K2/B+�H +2Mi2`b- T`Q/m+i ~Qrb BM

bK�`i K�Mm7�+im`BM; bvbi2Kb- BM?�#Bi�Mi �+iBpBiB2b BM bK�`i ?QK2- iQ M�K2 #mi

� 72rX .2bB;MBM; �M/ KQMBiQ`BM; bm+? T`2/2}M2/ #2?�pBQ`b- rQ`F~Qrb- T`Q+2bb2b-

�+iBpBiB2b ?�p2 b2p2`�H Qmi+QK2bX 6Q` BMbi�M+2 Bi +�M #2 mb2/ iQ T2`7Q`K i2KTQ`�H

T`2/B+iBQMb �#Qmi r?v FBM/ Q7 #2?�pBQ`b Bb ;QBM; iQ ?�TT2MX PM i?2 Qi?2` ?�M/-

Bi +�M �HbQ H2�/ iQ /2i2`KBM2 � i2KTQ`�H �M/ +�mb�H 2tTH�M�iBQM- � /B�;MQbBb- Q7

i?2 +m``2Mi bBim�iBQM #v /2i2`KBMBM; i?2 b2i Q7 2p2Mib i?�i �`2 i?2 +�mb2b Q7 i?2

bBim�iBQMX

a2p2`�H 7Q`K�HBbKb ?�p2 #22M T`QTQb2/ iQ `2T`2b2Mi bm+? #2?�pBQ`b bi`2bbBM;

QM iBK2 BM7Q`K�iBQMX �KQM; i?2K- i?2 +?`QMB+H2 KQ/2H (.QmbbQM 2i �HURNNjV)

Bb � 7Q`K�HBbK i?�i �BKb �i +QM+Bb2Hv `2T`2b2MiBM; #2?�pBQ`b �M/ T`QpB/2b 27@

}+B2Mi iQQHb 7Q` #2?�pBQ` `2+Q;MBiBQM (�`iBFBb 2i �HUkyRkV)X AM7Q`K�HHv bT2�FBM;-

+?`QMB+H2b �`2 i2KTQ`�H T�ii2`Mb /2}M2/ #v � b2i Q7 2p2Mib �M/ iBK2 +QMbi`�BMib
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#2ir22M i?2 Q++m``2M+2 /�i2 Q7 i?2 2p2Mib UBX2X iBK2 TQBMibVc i?2v BKTHB+BiHv `2T@

`2b2Mi �Mv 2p2Mi ~Qr r?2`2 i?2 T�ii2`M Bb T`2b2Mi UBX2X �Mv 2p2Mi ~Qr r?2`2 i?2

+?`QMB+H2 Bb `2+Q;MBx2/VX (:?�HH�#URNNeV)- (.QmbbQM 2i �HURNNjV) BMBiB�HHv /2p2H@

QT2/ � +?`QMB+H2 KQ/2H iQ `2T`2b2Mi �M 2pQHmiBQM b+?2K2 Q7 � bBim�iBQM UT�`iB�H

Q` +QKTH2i2V 7Q` TH�MMBM; `2+QM};m`�iBQMX h?2 T`QTQb2/ KQ/2H `2HB2b QM � `2B@

}2/ HQ;B+�H 7Q`K�HBbKc Bi Bb /2}M2/ �b � b2i Q7 T`2/B+�i2b �M/ � b2i Q7 i2KTQ`�H

+QMbi`�BMib #2ir22M i?2KX h2KTQ`�H +QMbi`�BMib �`2 i?2M /2}M2/ �b BM2[m�HBiB2b

#2ir22M i?2 iBK2 p�`B�#H2b /2}M2/ BM i?2 T`2/B+�i2bX h?Bb b2i Q7 i2KTQ`�H +QM@

bi`�BMib �+im�HHv /2}M2b � i2KTQ`�H +QMbi`�BMi M2irQ`FX PM+2 i?2 #2?�pBQ`b Q7

i?2 bvbi2K �`2 /2b+`B#2/ i?Bb r�v- QM2 +�M mb2 � +?`QMB+H2 `2+Q;MBiBQM 2M;BM2

iQ �+im�HHv �bb2`i r?2i?2` � +?`QMB+H2 ?�b Q++m``2/ rBi?BM i?2 2p2Mi ~Qr T`Q@

/m+2/ #v i?2 bvbi2K �i QT2`�iBM; iBK2 (.QmbbQM 2i �HURNNjV)- (.QmbbQMUkyykV)-

(*�`H2 2i �HURNN3V)X *?`QMB+H2 `2+Q;MBiBQM +QMbBbib BM B/2MiB7vBM; BM �M Q#b2`p�#H2

~Qr Q7 2p2Mib �HH TQbbB#H2 K�i+?BM;b #2ir22M i?2 2p2Mi ~Qr �M/ i?2 +?`QMB+H2X

�M BMbi�M+2 Q7 i?2 +?`QMB+H2 Bb � 7mHH b2i Q7 BMbi�MiB�i2/ 2p2Mib �M/ Bb `2+Q`/2/

BM i?2 b2i Q7 BMbi�M+2bX

LQr�/�vb H�`;2 bvbi2Kb ;2M2`�i2 � H�`;2 �KQmMi Q7 /�i� �M/ i?2 T`Q#H2K

Bb MQi QMHv iQ `2+Q;MBx2 i?2 Q++m``2M+2 Q7 � ;Bp2M #2?�pBQ` #mi `�i?2` iQ /2i2+i

i?2 MQM@Q++m``2M+2 Q7 � bT2+B}+ #2?�pBQ`X h?2 MQM@Q++m``2M+2 Q7 #2?�pBQ`b �HbQ

+�HH2/ M2;�iBp2 #2?�pBQ`b Bb T`2b2Mi BM � H�`;2 bT2+i`mK Q7 T`Q#H2Kb �M/ +�M

�bb2`i `2H2p�Mi bBim�iBQMbX 6Q` BMbi�M+2- BM i?2 K2/B+�H }2H/- B7 � T�iB2Mi KBbb2b

�M �TTQBMiK2Mi rBi? � bT2+B�HBbi- bQK2 BKTQ`i�Mi T`2b+`BTiBQMb KB;?i #2 KBbbBM;

r?B+? KB;?i �;;`�p�i2 i?2 ?2�Hi? bi�i2 Q7 i?2 T�iB2MiX AM i?2 }2H/ Q7 +QMbmKBM;-

+QMbmK2` i`2M/b bm+? �b i?2 #Qv+Qii Q7 +2`i�BM T`Q/m+ib �`2 ivTB+�H M2;�iBp2

#2?�pBQ`b r?Qb2 /2i2+iBQM KB;?i #2 Q7 BMi2`2biX PM2 +�M �HbQ +QMbB/2` i?2 +�b2

r?2`2 � M2;�iBp2 #2?�pBQ` UH�+F Q7 � HBKBi b2MbQ` 7Q` BMbi�M+2V `2p2�Hb � T?vbB+�H

7�BHm`2 QM � bvbi2K (*�Q 2i �HUkyR8V)X L2;�iBp2 T�ii2`Mb �HbQ TH�v �M BKTQ`i�Mi

`QH2 iQ /22THv mM/2`bi�M/ #mbBM2bb �TTHB+�iBQMbX

P#pBQmbHv- r?�i2p2` i?2 ivT2 Q7 �TTHB+�iBQMb- #2?�pBQ`�H �M�Hvb2b /2T2M/

QM i?2 [m�HBiv Q7 i?2 KQ/2HBM;X JQ/2Hb- bm+? �b +?`QMB+H2b- ?�p2 �M BKT�+i QM

�M�HvbBb `2bmHib �M/ i?2`27Q`2 �`2 +`m+B�HX >Qr iQ 2p�Hm�i2 i?2 +�T�+Biv Q7 �

+?`QMB+H2 iQ KQ/2H � `2H2p�Mi bBim�iBQM\ h?2M- � F2v T`Q#H2K Bb ?Qr iQ /2}M2

r?B+? T`QT2`iB2b �`2 �bbQ+B�i2/ rBi? � +?`QMB+H2X >Qr +�M r2 /2}M2 r?2i?2` irQ

+?`QMB+H2b �`2 bBKBH�` Q` /BbbBKBH�`\ +�Tim`2 i?2 b�K2 TQbBiBp2fM2;�iBp2 #2?�pBQ`\

h?Bb T�T2` T`2b2Mib i?`22 +QMi`B#miBQMbX h?2 }`bi QM2 Bb �#Qmi � 7Q`K�H

/2}MBiBQM Q7 i?2 +?`QMB+H2 KQ/2H i?�i ?�M/H2b M2;�iBp2 #2?�pBQ`b, i?2 T`Q?B#BiBQM

+QMbi`�BMib 2ti2M/ i?2 M2;�iBp2 #2?�pBQ`b BMBiB�HHv BMi`Q/m+2/ BM i?2 +?`QMB+H2

KQ/2H #v i?2 noevent T`2/B+�i2 (.QmbbQMUkyykV)X h?2 b2+QM/ +QMi`B#miBQM Bb

�#Qmi i?2 /2}MBiBQM Q7 � b2i Q7 7Q`K�H +`Bi2`B� iQ �+im�HHv +QKT�`2 i?2 �p�BH�#H2

+?`QMB+H2b �i /2bB;M iBK2 #27Q`2 i?2B` mb2 rBi?BM � `2+Q;MBiBQM 2M;BM2X �b QTTQb2/

iQ i?2 +QMi`B#miBQMb Q7 .QmbbQM i?�i K�BMHv 7Q+mb QM i?2 K2i?Q/b iQ 2{+B2MiHv
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`2+Q;MBx2 +?`QMB+H2b QMHBM2- Qm` +H�BK Bb i?�i � T`2@�M�HvbBb Q7 i?2 �p�BH�#H2 b2i

Q7 +?`QMB+H2b Ur?�i2p2` i?2v +QK2 7`QK, 2tT2`iBb2- KQ/2HBM;- �miQK�i2/ 2ti`�+@

iBQMb Q` H2�`MBM;V +�M �HbQ BKT`Qp2 i?2 QMHBM2 `2+Q;MBiBQM #v T`mMBM;fKQ/B7vBM;

+?`QMB+H2b 7`QK i?2 BMBiB�H b2iX h?2 H�bi +QMi`B#miBQM Bb �#Qmi �M 2z2+iBp2 b2i Q7

�H;Q`Bi?Kb �M/ i?2B` BKTH2K2Mi�iBQM i?�i T2`7Q`K i?2 +`Bi2`B� �M�Hvb2b QM �Mv

ivT2 Q7 +?`QMB+H2b i?�i +�M #2 /2b+`B#2/ rBi? Qm` T`QTQb2/ 7Q`K�H /2}MBiBQMX

h?2 T`QTQb2/ �H;Q`Bi?Kb MQi�#Hv `2Hv QM TQHv?2/`QMX

h?2 T�T2` Bb Q`;�MBx2/ �b 7QHHQrbX h?2 M2ti b2+iBQM Q7 i?2 �`iB+H2 7Q+mb2b

QM bQK2 `2H�i2/ rQ`FX h?2 +?`QMB+H2 KQ/2H /2�HBM; rBi? M2;�iBp2 #2?�pBQ`b Bb

T`2b2Mi2/ BM a2+iBQM jX h?2M- b2p2`�H +`Bi2`B� 7Q` +?`QMB+H2 2p�Hm�iBQM �M/ +QK@

T�`BbQM �`2 BMi`Q/m+2/ BM 9X a2+iBQM 8 T`2b2Mib � b2i Q7 �H;Q`Bi?Kb i?�i BKTH2K2Mi

i?2b2 +`Bi2`B�X 6BM�HHv � +QM+HmbBQM �M/ bQK2 T2`bT2+iBp2b �`2 ;Bp2M BM a2+iBQM eX

k _2H�i2/ rQ`F

*?`QMB+H2b ?�p2 #22M BMBiB�HHv BMi`Q/m+2/ iQ bmT2`pBb2 i?2 2t2+miBQM Q7 TH�Mb

�M/ i?2M Bi ?�b #22M mb2/ BM � rB/2 bT2+i`mK Q7 �TTHB+�iBQMb, 7Q` i2H2+QKKmMB@

+�iBQM bvbi2Kb iQ K�M�;2 �H�`Kb (.QmbbQMURNNeV)-(*Q`/B2` �M/ .QmbbQMUkyyyV)

Q` BM T`Q/m+iBQM /QK�BM iQ KQMBiQ` ;�b im`#BM2b (�;mBH�` 2i �HURNN9V)X AM i?2

K2/B+�H }2H/ �HbQ- Bi ?�b #22M mb2/ 7Q` +�`/B�+ �``?vi?KB� /2i2+iBQM- r?2`2

2H2+i`Q+�`/BQ;`�Kb �`2 KQ/2H2/ #v +?`QMB+H2b (*�``�mHi 2i �HURNNNV), � bvK#QHB+

/2b+`BTiBQM rBi? iBK2 +QMbi`�BMib Bb �bbQ+B�i2/ rBi? T�i?QHQ;B+�H bBim�iBQMbX AM

(G�#Q`B2 �M/ E`BpBM2URNNdV) +?`QMB+H2b �`2 mb2/ iQ �H�`K T`Q+2bbBM; BM TQr2` /Bb@

i`B#miBQM bvbi2KbX JQ`2 `2+2MiHv +?`QMB+H2b ?�p2 #22M mb2/ BM BMi`mbBQM /2i2+iBQM

bvbi2KX AM (JQ`BM �M/ .2#�`UkyyjV) � +?`QMB+H2 �TT`Q�+? 7Q` �H�`K +Q``2H�iBQM

Bb T`QTQb2/X AM pB/2Q mM/2`bi�M/BM; � 7Q`K�HBbK p2`v +HQb2/ iQ +?`QMB+H2b Bb T`Q@

TQb2/ iQ /2i2+i bmbT2+i ?mK�M #2?�pBQ` QT2`�iQ`b (_Qi� �M/ h?QMM�iUkyyyV)X

AM i?2 }2H/ Q7 lMK�MM2/ �B`+`�7i avbi2Kb UUASV- +?`QMB+H2b �`2 BMi`Q/m+2/ 7Q`

?�M/HBM; #`2�F/QrMb �M/ iQ +?2+F i?2 +QMbBbi2M+v #2ir22M i?2 �+iBpBiB2b BM UAS

(*�`H2 2i �HUkyRjV) #mi �HbQ 7Q` i?2 bm++2bb7mH /2THQvK2Mi Q7 � 7mHHv �miQMQKQmb

mMM�K2/ �2`B�H p2?B+H2 QT2`�iBM; Qp2` `Q�/ �M/ i`�{+ M2irQ`Fb (>2BMixUkyyRV)X

AM i?2 +QMi2ti Q7 ?B;? H2p2H �`+?Bi2+im`2 bBKmH�iBQMb ("2`i`�M/ 2i �HUkyy3V)- +?`QM@

B+H2 `2+Q;MBiBQM Bb BMi2;`�i2/ BMiQ i?2 /2p2HQTK2Mi Q7 � bBKmH�iBQM �b � +QKTQ@

M2Mi iQ �M�Hvx2 QM HBM2 i?2 /�i�X (*`�K 2i �HUkyyNV) T`QTQb2 iQ mb2 +?`QMB+H2b iQ

�bbBbi mb2`b Q7 � bK�`i@FBi+?2M BM � `2+BT2 `2�HBx�iBQMX �MQi?2` BKTQ`i�Mi }2H/

Q7 �TTHB+�iBQM Q7 +?`QMB+H2 `2+Q;MBiBQM Bb +QHH�#Q`�iBp2 bvbi2Kb MQi�#Hv r2# b2`@

pB+2b (*Q`/B2` 2i �HUkyydV)X AM i?Bb +�b2 i?2 K�BM +?�HH2M;2 Bb i?2 /Bbi`B#miBQM

Q7 i?2 +?`QMB+H2b BMiQ bm#@+?`QMB+H2b �M/ i?2 +QKKmMB+�iBQM Q` bvM+?`QMBx�iBQM

K2+?�MBbKb #2ir22M i?2 +?`QMB+H2b ("Qm7�B2/ 2i �HUkyy9V)- (:mBHHQm 2i �HUkyy3V)-

(oBx+�``QM/Q 2i �HUkyRjV)X

� MmK#2` Q7 Qi?2` 7Q`K�HBbKb 2tBbi BM i?2 HBi2`�im`2 iQ `2T`2b2Mi bBim�iBQMb

bi`2bbBM; QM iBK2 BM7Q`K�iBQMX (J+*�`i?v �M/ >�v2bURNeNV) BMi`Q/m+2b i?2 bBi@
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m�iBQM +�H+mHmb i?�i 7Q`K�HHv KQ/2Hb `2�bQMBM; �#Qmi �+iBQMb �M/ +?�M;2bX �

bBim�iBQM `2T`2b2Mib � bM�Tb?Qi Q7 i?2 rQ`H/ BX2 � pB2r Q7 i?2 rQ`H/ �i �M BMbi�Mi

Q7 iBK2- �M/ i?2 rQ`H/ Bb � b2[m2M+2 Q7 ;HQ#�H bBim�iBQMb +QMM2+i2/ #v �+iBQMbX

aBim�iBQM +�H+mHmb Bb MQi bmBi2/ iQ `2T`2b2Mi +QM+m``2M+v KQ`2Qp2` QMHv T`QT2`@

iB2b i?�i +?�M;2 �b i?2 2z2+i Q7 �M �+iBQM +�M #2 `2T`2b2Mi2/X h?2 2p2Mi +�H+mHmb

(EQr�HbFB �M/ a2`;QiURN3eV) Qp2`+QK2b i?2b2 HBKBi�iBQMbX Ai Bb #�b2/ mTQM i?2

MQiBQMb Q7 2p2Mib- `2H�iBQMb?BTb �M/ i?2 T2`BQ/b i?2v bi�`i �M/ 2M/- 7Q`KmH�i2/

rBi?BM � HQ;B+ T`Q;`�KKBM; 7`�K2rQ`FX 1p2Mi +�H+mHmb �BKb iQ /2i2`KBM2 i?2

p�Hm2 Q7 HQ;B+�H T`QTQbBiBQM Qp2` iBK2X h?2 K�BM /Bz2`2M+2 Bb i?�i i?2 2p2Mi

+�H+mHmb /2�Hb rBi? HQ+�H 2p2Mib �M/ iBK2 T2`BQ/bX AM Qi?2` rQ`/b BMbi2�/ Q7 +QM@

bB/2`BM; �+iBQMb BM � ;Bp2M bBim�iBQM �+iBQMb �`2 `2T`2b2Mi2/ BM �M 2tTHB+Bi KQK2Mi

Q7 iBK2X AM i?Bb b2Mb2 Bi Bb +HQb2Hv `2H�i2/ iQ i?2 �HH2Möb AMi2`p�H@#�b2/ i2KTQ`�H

HQ;B+ (�HH2MURN3jV)- (�HH2MURN39V) T`QpB/BM; �M 2tTHB+Bi �M/ BMimBiBp2 `2T`2b2M@

i�iBQM Q7 iBK2 BM7Q`K�iBQM #�b2/ �HbQ QM iBK2 T2`BQ/b iQ `2�bQM �#Qmi �+iBQMb

�M/ +?�M;2bX h?Bb i2KTQ`�H `2�bQMBM; 7`�K2rQ`F Bb #�b2/ QM � MQM2KTiv b2i

Q7 iBK2 BMi2`p�Hb �M/ � b2i Q7 i?B`i22M #�bB+ [m�HBi�iBp2 i2KTQ`�H `2H�iBQMb i?�i

?QH/ #2ir22M irQ BMi2`p�Hb �M/ �`2 Kmim�HHv 2t+HmbBp2X Ai �HHQrb iQ +QMbB/2` �`@

#Bi`�`v +QKTH2t `2H�iBQMb?BTb #2ir22M 2p2Mib �M/ 2z2+ibX AM ("�m2` 2i �HUkyRRV)-

bBim�iBQMb bi`2bbBM; QM iBK2 BM7Q`K�iBQM �`2 `2T`2b2Mi2/ �b hBK2/ GBM2�`@iBK2

h2KTQ`�H GQ;B+ UhGhGV bT2+B}+�iBQMb i?�i �`2 +?2+F2/ QM@HBM2X

h?2 2tT`2bbBp2 7`�K2rQ`F T`QpB/2/ #v i2KTQ`�H HQ;B+ Bb MQi �Hr�vb 2{+B2Mi

7Q` `2�bQMBM; #2+�mb2 Q7 i?2 +QKTmi�iBQM�H +QKTH2tBiv Q7 `2�bQMBM;X h?2`27Q`2-

i?2 mb2 Q7 +QMbi`�BMi b�iBb7�+iBQM T`Q#H2Kb Bb �M 2{+B2Mi �Hi2`M�iBp2X h?2b2 i2+?@

MB[m2b �HHQr iQ 7Q`K�HBx2 �b � +QMbi`�BMi b�iBb7�+iBQM T`Q#H2K i?2 TQbbB#Hv BM@

/2}MBi2 Q` BM+QKTH2i2 FMQrH2/;2 �#Qmi i2KTQ`�H `2H�iBQMb #2ir22M i2KTQ`�H

Q#D2+ib HBF2 iBK2 TQBMibX JQ`2Qp2`- i?2v T`QpB/2 2{+B2Mi �H;Q`Bi?Kb #�b2/ QM

+QMbi`�BMi T`QT�;�iBQM 7Q` p�`BQmb i2KTQ`�H `2�bQMBM;bX �KQM; i?2b2 i2+?MB[m2b

h2KTQ`�H *QMbi`�BMi L2irQ`Fb �M/ T�`iB+mH�`Hv �++Q`/BM; iQ i?2 [m�MiBi�iBp2

M�im`2 Q7 i?2 +QMbi`�BMib i?2 aBKTH2 h2KTQ`�H S`Q#H2Kb UaiTV BMi`Q/m+2/ #v

(.2+?i2` 2i �HURNNRV) �`2 Q7 T�`iB+mH�` BMi2`2biX � aiT Bb /2}M2/ #v � b2i Q7 p�`B@

�#H2b `2T`2b2MiBM; iBK2 TQBMib �M/ +QMbi`�BMib #2ir22M i?2b2 iBK2 TQBMib /2}M2/

#v � b2i Q7 iBK2 BMi2`p�HbX *?`QMB+H2b �`2 T�`i Q7 i?Bb ivT2 Q7 �TT`Q�+?2b +QMbB/@

2`BM; i?2B` �bbQ+B�i2/ +QMbi`�BMi M2irQ`Fb (.QmbbQM 2i �HURNNjV) r?2`2 BMi2`p�Hb

rBi? MmK2`B+�H #QmM/b [m�MiB7v 2p2Mi Q`/2`bX

hQ i?2 #2bi Q7 Qm` FMQrH2/;2- i?2 T`Q#H2K Q7 +?`QMB+H2 �M�HvbBb ?�b MQi #22M

rB/2Hv bim/B2/X AM (a�//2K 2i �HUkyRyV) i?2 �mi?Q`b +QMbB/2` i?Bb Bbbm2 #v +?2+F@

BM; i?2 +QMbBbi2M+v Q7 � bBKBH�` 7Q`K�HBbK +�HH2/ *�mb�H h2KTQ`�H aB;M�im`2bX

h?2 �BK Bb iQ +?2+F B7 i?2`2 2tBbi BMTmi 2p2Mib H2�/BM; iQ i?2 `2+Q;MBiBQM Q7 b2p@

2`�H bB;M�im`2bX AM (a�?m;m�/2 2i �HUkyR3V) i?2 �mi?Q`b T`QTQb2 iQ +?�`�+i2`Bx2

� +?`QMB+H2 rBi? MQ M2;�iBp2 #2?�pBQ`b #v � /B`2+i2/ p2+iQ` 2p�Hm�i2/ 7`QK i?2

+?`QMB+H2 T`QD2+iBQM BM � F@/BK2MbBQM�H 1m+HB/2�M bT�+2 iQ /2}M2 � bBKBH�`Biv
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/Bbi�M+2 #2ir22M +?`QMB+H2bX

j � 7Q`K�H +?`QMB+H2 KQ/2H ?�M/HBM; M2;�iBp2 #2?�pBQ`b

jXR "�+F;`QmM/ QM bBKTH2 i2KTQ`�H T`Q#H2K

(.2+?i2` 2i �HURNNRV) T`QTQb2b � ;2M2`�H 7`�K2rQ`F +�HH2/ h2KTQ`�H *QMbi`�BMi

a�iBb7�+iBQM S`Q#H2K Uh+bTV 7Q` +QMbi`�BMib #�b2/ i2KTQ`�H `2�bQMBM;X � h+bT

Bb /2}M2/ #v � b2i Q7 p�`B�#H2b `2T`2b2MiBM; iBK2 TQBMib �M/ +QMbi`�BMib #2ir22M

i?2b2 iBK2 TQBMib /2}M2/ #v � b2i Q7 iBK2 BMi2`p�HbX � aBKTH2 h2KTQ`�H S`Q#@

H2K UaiTV Bb QM2 T�`iB+mH�` BMbi�M+2 Q7 � h+bT r?2`2 2�+? +QMbi`�BMi Bb /2}M2/

#v QM2 iBK2 BMi2`p�HX JQ`2 7Q`K�HHv � aiT (.2+?i2` 2i �HURNNRV) Bb � }MBi2 b2i

Q7 p�`B�#H2b X = {x0, x1, . . . , xn}
R rBi? +QMiBMmQmb `�M;2b �M/ � }MBi2 b2i Q7

BMi2`p�Hb T `2T`2b2MiBM; i?2 i2KTQ`�H +QMbi`�BMib #2ir22M i?2b2 p�`B�#H2b, 2�+?

BMi2`p�H Tij = [aij , bij ] ∈ T , aij , bij ∈ Q `2T`2b2Mib i?2 +QMbi`�BMi QM i?2 �/@

KBbbB#H2 p�Hm2 7Q` i?2 /Bbi�M+2 xj − xiX am+? � +QMbi`�BMi +�M �HbQ #2 2tT`2bb2/

�b � b2i Q7 BM2[m�HBiB2b xj − xi ≤ bij �M/ aij ≤ xj − xiX � aiT +�M #2 `2T`2@

b2Mi2/ #v � +QMbi`�BMi ;`�T? G = (X ,A) r?2`2 i?2 MQ/2b X �`2 i?2 p�`B�#H2b

{x0, . . . , xn} �M/ r?2`2 A Bb � b2i Q7 2/;2b, i?2 2/;2 xi → xj Bb �bbQ+B�i2/ rBi?

i?2 Tij +QMbi`�BMiX � imTH2 T = (t0, . . . , tn) Bb � bQHmiBQM Q7 i?2 aiT B7 i?2 �bbB;M@

K2Mi {x0 = t0, . . . , xn = tn} b�iBb}2b �HH i?2 +QMbi`�BMibX h?2 ;`�T? Bb b�B/ iQ #2

+QMbBbi2Mi B7 Bi 2tBbib �i H2�bi QM2 bQHmiBQMX

� /Bbi�M+2 ;`�T? MQi2/ Gd = (X ,Ad) +�M �HbQ #2 �bbQ+B�i2/ rBi? � aiTX

hQ 2�+? 2/;2 xi → xj � HBM2�` BM2[m�HBiv xj − xi ≤ cij = bij Bb �bbQ+B�i2/ B7 Bi

2tBbib BM i?2 +QMbi`�BMi ;`�T? �M 2/;2 xi → xj �bbQ+B�i2/ rBi? Tij = [aij , bij ]X

PM i?2 +QMi`�`v B7 i?2`2 2tBbib xj → xi �bbQ+B�i2/ rBi? Tji = [aji, bji] i?2M

xj −xi ≤ cij = −ajiX 1�+? T�i? xi = xk0
→ · · · → xkm

= xj 7`QK xi iQ xj BM Gd
BM/m+2b i?2 7QHHQrBM; +QMbi`�BMi QM i?2 xj − xi /Bbi�M+2, xj − xi ≤

∑m

l=1 ckl−1kl
X

*QMbB/2` MQr � +v+H2 C Q7 MQ/2b xi = xk0
→ · · · → xkm

= xi- bm+? � +v+H2 Bb

b�B/ iQ #2 M2;�iBp2 B7 bmKKBM; i?2 BM2[m�HBiB2b �HQM; C vB2H/b iQ xi − xi < 0X

� aiT Bb T`Qp2M iQ #2 +QMbBbi2Mi Bz Bib /Bbi�M+2 ;`�T? ?�b MQ M2;�iBp2 +v+H2b

(.2+?i2` 2i �HURNNRV)X AM i?Bb +�b2- i?2 b?Q`i2bi T�i? #2ir22M 2�+? T�B` Q7 MQ/2b

UdijV +�M #2 /2}M2/X h?mb- �M BKTQ`i�Mi `2bmHi Bb i?�i 7Q` i?2 Gd /Bbi�M+2 ;`�T?

Q7 � +QMbBbi2Mi aiT- irQ +QMbBbi2Mi b+2M�`BQb �`2 ;Bp2M #v S1 = (0, d01, . . . , d0n)

�M/ S2 = (0,−d10, . . . ,−dn0)X A7 i?2 iBK2 Q`B;BM x0 Bb b2i iQ 0 i?2M S1 U`2bTX

S2V �bbB;Mb iQ 2�+? p�`B�#H2 {x1, . . . , xn} Bib H�i2bi TQbbB#H2 iBK2 p�Hm2 U`2bTX Bib

2�`HB2bi TQbbB#H2 iBK2 p�Hm2VX

A7 i?2`2 2tBbi KQ`2 i?�M QM2 T�i? 7`QK xi iQ xj i?2M Bi +�M #2 2�bBHv p2`B}2/

i?�i �HH i?2 T�i? +QMbi`�BMib BM/m+2, xj − xi ≤ dij h?2`27Q`2 2�+? aiT +�M

1 AM (.2+?i2` 2i �HURNNRV)- i?2 T`Q#H2K Bb /2}M2/ Qp2` {x1, . . . , xn} �M/ x0 Bb b2i iQ #2
i?2 iBK2 Q`B;BM yX h?`Qm;?Qmi i?Bb T�T2`- x0 biBHH /2MQi2b i?2 iBK2 Q`B;BM #mi x0 Bb
MQi }t2/ �b iBK2 Q`B;BM K�v +?�M;2X
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x0

x1

x3

x2

x4

[10, 20]

[50, 70]

[30, 40]

[0, 20]

[40, 50]

x0

x1

x3

x2

x4

20

−10

70

−50

40

−30

20

0

50

−40

6B;m`2 R, aBKTH2 h2KTQ`�H S`Q#H2K, +QMbi`�BMi ;`�T? UQM i?2 H27iV �M/ /Bbi�M+2

;`�T? UQM i?2 `B;?iVX

#2 bT2+B}2/ #v � +QKTH2i2 /B`2+i2/ ;`�T? +�HH2/ /@;`�T? r?2`2 2�+? i`�MbBiBQM

xi → xj Bb H�#2H2/ #v i?2 b?Q`i2bi T�i? H2M;i? dij 7`QK i?2 /Bbi�M+2 ;`�T? GdX

h?2 /@;`�T? vB2H/b iQ �M 2tTHB+Bi `2T`2b2Mi�iBQM Q7 � aiTX

6B;m`2 R ;Bp2b �M 2t�KTH2 Q7 � aiTrBi? i?2 +QMbi`�BMi �M/ /Bbi�M+2 ;`�T?bX

6`QK i?2 /Bbi�M+2 ;`�T? Bi Bb 2�bv iQ ;2M2`�i2 i?2 +QKTH2i2 /@;`�T? �7i2` i?2

/2i2`KBM�iBQM Q7 �HH i?2 H2M;i?b Q7 i?2 b?Q`i2bi T�i?b Ub22 6B;m`2 kVX 6Q` i?Bb- i?2

6HQv/@q�`b?�HHöb �H;Q`Bi?K (6HQv/URNekV) +�M #2 �TTHB2/ iQ i?2 /Bbi�M+2 ;`�T?X

h?2 +QKTH2tBiv Q7 i?2 �H;Q`Bi?K Bb Θ(n3) rBi? n i?2 MmK#2` Q7 p2`iB+2bX 6BM�HHv-

QM2 H�bi BKTQ`i�Mi `2bmHi iQ `2+�HH �#Qmi aiTs Bb i?2 i?2Q`2K Q7 /2+QKTQb�#BHBivX

h?2Q`2K RX �Mv +QMbBbi2Mi aiT Bb /2+QKTQb�#H2 `2H�iBp2Hv iQ i?2 +QMbi`�BMib BM

Bib /B`2+i2/ ;`�T?X

h?2 /2+QKTQb�#BHBiv Q7 �M aiT K2�Mb i?�i- r?�i2p2` i?2 b2H2+i2/ p�`B�#H2 xi

Bb- Bi Bb �Hr�vb TQbbB#H2 iQ BMBiB�i2 � bQHmiBQM Q7 � +QMbBbi2Mi aiT #v bi�`iBM;

rBi? xi = 0 �M/ i?2M b2[m2MiB�HHv �bbB;M Qi?2` p�`B�#H2b rBi? p�Hm2b b�iBb7vBM;

i?2 +QMbi`�BMib Q7 i?2 /B`2+i2/ ;`�T?X .2+QKTQb�#BHBiv 2Mbm`2b i?�i- `2;�`/H2bb

Q7 i?2 �bbB;MK2Mi Q`/2`- �Mv T�`iB�H �bbB;MK2Mi Bb �Hr�vb T�`i Q7 � +QKTH2i2

bQHmiBQMX h?2 `2bmHi i?2M T`QpB/2b �M 2{+B2Mi r�v iQ }M/ bQHmiBQMb Q7 �M aiTX

jXk *?`QMB+H2, +QM+2Tib �M/ /2}MBiBQM

q2 T`QTQb2 BM i?Bb b2+iBQM � 7Q`K�H /2}MBiBQM 7Q` +?`QMB+H2 i?�i ?�M/H2b M2;�iBp2

#2?�pBQ`bX h?Bb +?`QMB+H2 KQ/2H Bb #�b2/ QM i?2 7`�K2rQ`F Q7 aBKTH2 h2KTQ`�H

S`Q#H2Kb �M/ M2;�iBp2 #2?�pBQ`b �`2 `2T`2b2Mi2/ #v bT2+B}+ +QMbi`�BMib 7Q` 7Q`@

#B//2M 2p2MibX

�M 2p2Mi Bb � T�B` (e, t) r?2`2 e ∈ E Bb �M 2p2Mi ivT2 �M/ t � `2�H /2MQiBM; i?2

2p2Mi Q++m``2M+2 /�i2X �M Q#b2`p�#H2 2pQHmiBQM Q7 �Mv iBK2 2p2Mi@#�b2/ bvbi2K
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x0

x1

x3

x2

x4

20

−10

60

−50

70

−60

20

−10

40

−30

30−20

50

−40

20−10

30

−20

50

−40

6B;m`2 k, aBKTH2 h2KTQ`�H S`Q#H2K (.2+?i2` 2i �HURNNRV), /@;`�T?

Bb +?�`�+i2`Bx2/ #v �M 2p2Mi b2[m2M+2X �M 2p2Mi b2[m2M+2 QM E Bb �M Q`/2`2/

b2i Q7 2p2Mib /2MQi2/ S = 〈(e1, t1) . . . (el, tl)〉 r?2`2 ti < (ti+1)- i ∈ N- �M/

i = 1, . . . , l−1 rBi? l i?2 bBx2 UBX2 i?2 MmK#2` Q7 2p2MibV Q7 i?2 2p2Mi b2[m2M+2 SX

q2 }`bi BMi`Q/m+2 � 7Q`K�H /2}MBiBQM 7Q` +?`QMB+H2b i?�i /Q MQi +QMi�BM M2;�iBp2

#2?�pBQ`b, bm+? � +?`QMB+H2 Bb +�HH2/ � TQbBiBp2 +?`QMB+H2X

.2}MBiBQM k SQbBiBp2 *?`QMB+H2X � TQbBiBp2 +?`QMB+H2 Bb � 5@imTH2-

C = (X ,A, T , E ,M)- r?2`2,

� X Bb � }MBi2 b2i Q7 i2KTQ`�H p�`B�#H2bc

� A ⊆ X × X Bb � }MBi2 b2i Q7 2/;2bc

� T , A → I Bb i?2 �TTHB+�iBQM i?�i �bbQ+B�i2b � i2KTQ`�H BMi2`p�H iQ 2�+? 2/;2

xi → xj , 7Q` b?Q`i T (xi, xj) Bb /2MQi2/ Tij c

� E Bb � }MBi2 b2i Q7 2p2Mi ivT2bc

� M : X → E Bb � bm`D2+iBp2 7mM+iBQM i?�i �bbQ+B�i2b iQ 2�+? i2KTQ`�H p�`B�#H2

Q7 X �M 2p2Mi ivT2 Q7 E X

LQi2 i?�i i?Bb /2}MBiBQM �HHQrb i?�i b2p2`�H i2KTQ`�H p�`B�#H2 K�v ?�p2 i?2

b�K2 2p2Mi ivT2X h?2 i`BTH2i (X ,A, T ) Q7 � +?`QMB+H2 +Q``2bTQM/b iQ � aBKTH2

h2KTQ`�H S`Q#H2K UaiTV i?�i r2 +�HH i?2 mM/2`HvBM; aiT Q7 � +?`QMB+H2X

h?2 b2K�MiB+b Q7 � +?`QMB+H2 Bb /2}M2/ #v i?2 b2i Q7 2p2Mi b2[m2M+2b BM r?B+?

i?2 +?`QMB+H2 Bb `2+Q;MBx2/ �i H2�bi QM+2 #v � +?`QMB+H2 `2+Q;MBiBQM 2M;BM2X hQ

�bb2`i i?�i � +?`QMB+H2 Bb `2+Q;MBx2/- i?2 2M;BM2 T`Q/m+2b � +?`QMB+H2 BMbi�M+2

�b �M QmiTmi, � +?`QMB+H2 BMbi�M+2 Bb i?2 `2bmHi Q7 � i2KTQ`�H K�i+?BM; #2ir22M
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�M 2p2Mi ~Qr UBX2 �M 2p2Mi b2[m2M+2V �M/ i?2 2tT2+i2/ 2p2Mib KQ/2H2/ BM i?2

+?`QMB+H2X �M BMbi�M+2 +�M i?2M #2 BMi2`T`2i2/ �b � +?`QMB+H2 Q++m``2M+2 BM �M

2p2Mi b2[m2M+2X

.2}MBiBQM j AMbi�M+2 Q7 � TQbBiBp2 +?`QMB+H2X �M BMbi�M+2 iC Q7 � TQbBiBp2

+?`QMB+H2 C Qp2` �M 2p2Mi b2[m2M+2 S = 〈(e1, t1) . . . (el, tl)〉 Bb � b2i Q7 +QmTH2b iC =

{(ei1 , ti1) . . . (ei|X|
, ti|X|

)} bm+? i?�i i?2`2 2tBbib � QM2@iQ@QM2 +Q``2bTQM/2M+2 f :

X → {ti1 , . . . , ti|X|
} bm+? i?�i,

RX 7Q` 2p2`v x ∈ X - (e, f(x)) ∈ iC �M/ e =M(x)c

kX i?2 b2i {x = f(x)}x∈X Bb bQHmiBQM Q7 i?2 mM/2`HvBM; aiT Q7 CX

h?2 b2i Q7 BMbi�M+2b Q7 � TQbBiBp2 +?`QMB+H2 C Qp2` S Bb /2MQi2/ IC(S)X �b

BM (S2M+QHû �M/ am#B�bUkyyNV)- r2 +�M �bbQ+B�i2 rBi? � TQbBiBp2 +?`QMB+H2 C �

`2+Q;MBiBQM H�M;m�;2 LC
Σ Qp2` � }MBi2 �HT?�#2i Σ, bmTTQb2 E ⊆ Σ i?2M LC

Σ Bb

i?2 b2i Q7 2p2Mi b2[m2M+2b S Qp2` i?2 2p2Mi ivT2b BM Σ bm+? i?�i IC(S) 6= ∅X

LQr r2 T`QTQb2 iQ 2ti2M/ TQbBiBp2 +?`QMB+H2b rBi? M2;�iBp2 #2?�pBQ`bX AM

i?Bb �`iB+H2 M2;�iBp2 #2?�pBQ`b �`2 `2T`2b2Mi2/ #v T`Q?B#BiBQM +QMbi`�BMibX � T`Q@

?B#BiBQM +QMbi`�BMi /2MQi2b i?2 K�M/�iQ`v �#b2M+2 Q7 �Mv 2p2Mi Q7 ivT2 e /m`BM;

QM2 Q` b2p2`�H i2KTQ`�H BMi2`p�Hb r?�i Bb �HbQ +�HH2/ � MQ2p2Mi +QMbi`�BMi �b BM@

i`Q/m+2/ BM (.QmbbQMUkyykV)X h?2 #QmM/b Q7 i?2b2 BMi2`p�Hb /2T2M/ QM i?2 iBK2

p�`B�#H2b Q7 i?2 +QMbi`�BMi ;`�T?X :Bp2M irQ MQM M2+2bb�`BHv /BbiBM+i p�`B�#H2b

xi �M/ xj i?2b2 BMi2`p�Hb �`2 /2}M2/ #v J = [xi + α, xj + β]X h?2 mTT2` �M/

HQr2` #QmM/b `2T`2b2Mi i?2 T`Q?B#BiBQM bi�`iBM; iBK2 �M/ 2M/BM; iBK2 `2bT2+@

iBp2Hv- rBi? α, β ∈ QX � +?`QMB+H2 BM+Hm/BM; M2;�iBp2 #2?�pBQ`b Bb i?2M /2}M2/

�b 7QHHQrb,

.2}MBiBQM 9 *?`QMB+H2X � +?`QMB+H2 Bb � 6@imTH2- C = (X ,A, T , E ,M,F) r?2`2,

� (X ,A, T , E+,M) Bb � TQbBiBp2 +?`QMB+H2 �M/ E+ ⊆ E X

� F , E− → 2{X×X×Q2×{[,]}2} Bb � 7mM+iBQM i?�i �bbQ+B�i2b iQ 2�+? 2p2Mi ivT2

Q7 E− UE = E+ ∪ E−V � b2i Q7 T`Q?B#BiBQM +QMbi`�BMib Ub22 #2HQr 7Q` /2i�BHbVX

AM � +?`QMB+H2- � T`Q?B#BiBQM +QMbi`�BMi 7Q` �M 2p2Mi ivT2 e ∈ E− Bb � e@imTH2

(xi, xj , α, β, ⌊, ⌉) ∈ F(e)X am+? � +QMbi`�BMi K2�Mb i?�i �Mv 2p2Mi Q7 ivT2 e Bb

7Q`#B//2M BM i?2 BMi2`p�H ⌊xi + α, xj + β⌉ r?2`2 α, β ∈ Q �M/ r?2`2 bvK#QHb ⌊

�M/ ⌉ �`2 2Bi?2` i?2 #`�+F2i [ Q` i?2 #`�+F2i ]X

1t�KTH2 RX G2i mb +QMbB/2` � bvbi2K �i H2�bi +QKTQb2/ Q7 � KQiQ` �M/ � brBi+?

+QKK�M/ �M/ i?2 +?`QMB+H2 `2T`2b2Mi2/ BM 6B;m`2 jX h?2 bvbi2K K�v #2 `�i?2`

+QKTH2t �M/ +QMi�BMb Qi?2` +QKTQM2Mib �M/ K�v T`Q/m+2 K�Mv ivT2b Q7 2p2Mib

#mi i?2 +?`QMB+H2 7Q+mb2b QM � bT2+B}+ i2KTQ`�H T�ii2`M BMpQHpBM; Q#b2`p�#H2
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2p2Mib Q7 ivT2 on UbrBi+? QMV- off UbrBi+? QzV- start Ui?2 KQiQ` bi�`ibV- stop

Ui?2 KQiQ` biQTbVX h?2 +?`QMB+H2 `2T`2b2Mib � T�ii2`M i?�i 2tT2+ib �M 2p2Mi on

�i �Mv iBK2 7QHHQr2/ #v i?2 bi�`iBM; Q7 i?2 KQiQ` 2Bi?2` bBKmHi�M2QmbHv Q` #27Q`2

8 iBK2 mMBibX h?2M � brBi+?@Qz Bb 2tT2+i2/ #2ir22M iBK2 8y �M/ iBK2 Ryy �7i2`

i?2 KQiQ` bi�`ibX 6BM�HHv- i?2 KQiQ` Bb 2tT2+i2/ iQ biQT BM i?2 iBK2 BMi2`p�H

(y-8) �7i2` i?2 brBi+?@QzX hrQ T`Q?B#BiBQM +QMbi`�BMib �`2 �HbQ /2}M2/ BM i?Bb

+?`QMB+H2X h?2 +?`QMB+H2 2tT2+ib i?�i B7 on Q++m`b �i iBK2 t0 i?2M MQ 2p2Mi off

b?QmH/ ?�p2 Q++m``2/ H�i2` i?�M k iBK2 mMBib #27Q`2 i?2 2p2Mi onX h?2 b�K2

T`Q?B#BiBQM +QMbi`�BMi �HbQ 2Mbm`2b i?�i i?2 2tT2+i2/ off 2p2Mi Q7 MQ/2 x2 Bb i?2

}`bi QM2 �7i2` onX � b2+QM/ T`Q?B#BiBQM +QMbi`�BMi 2tT2+ib i?�i i?2`2 Bb MQ 2p2Mi

on #2ir22M i?2 2p2Mi off �M/ j iBK2 mMBib �7i2` i?2 2p2Mi stopX h?2 +QKTH2i2

7Q`K�H /2}MBiBQM Q7 i?Bb +?`QMB+H2 Bb ;Bp2M #2HQrX

C1 = (X1,A1, T1, E1,M1,F1) r?2`2,

� X1 = {x0, x1, x2, x3}c A1 = {(x0, x1), (x1, x2), (x2, x3)}c

� T101 = [0, 5], T112 = [50, 100], T123 = [0, 5]c

� E+1 = {on, off , start , stop}c E−1 = {on, off }c E1 = E+1 ∪ E
−
1 c

� M1(x0) = on,M(x1) = start ,M(x2) = off ,M(x3) = stopc

� F1(off ) = {(x0, x2,−2, 0, [, [)}- F1(on) = {(x2, x3, 0, 3, [, ])}

x0on x1

start

x2

off

x3 stop
[0, 5] [50, 100] [0, 5]

[−2 off 0[

[0 on 3]

6B;m`2 j, *?`QMB+H2 C1 KQiQ` bi�`ifbiQT rBi? iBK2 /2H�vbX

h?2 b2K�MiB+b Q7 � +?`QMB+H2 rBi? M2;�iBp2 #2?�pBQ`b biBHH `2Hv QM i?2 MQiBQM

Q7 +?`QMB+H2 BMbi�M+2 i?�i Bb 2ti2M/2/ �b 7QHHQrbX

.2}MBiBQM 8 *?`QMB+H2 BMbi�M+2X �M BMbi�M+2 iC Q7 � +?`QMB+H2 C Qp2` �M

2p2Mi b2[m2M+2 S = 〈(e1, t1) . . . (el, tl)〉 Bb � T�B` (i+C , i
−
C ) bm+? i?�i,

RX i+C Bb � b2i Q7 +QmTH2b i+C = {(ei1 , ti1) . . . (ei|X|
, ti|X|

)} bm+? i?�i i?2`2 2tBbib �

QM2@iQ@QM2 +Q``2bTQM/2M+2 f : X → {ti1 , . . . , ti|X|
} bm+? i?�i,
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U�V 7Q` 2p2`v x ∈ X - (e, f(x)) ∈ i+C �M/ e =M(x)c

U#V i?2 b2i {x = f(x)}x∈X Bb bQHmiBQM Q7 i?2 mM/2`HvBM; aiT Q7 Cc

U+V ∀e ∈ E+∩E− �M/ 2p2`v (e, f(x)) ∈ i+C - ∀(xi, xj , α, β, ⌊, ⌉) ∈ F(e)- f(x) /∈

⌊f(xi) + α, f(xj) + β⌉X

kX i−C Bb i?2 b2i Q7 n +QmTH2b Un ≥ 0V i−C = {(ej1 , tj1) . . . (ejn , tjn)} bm+? i?�i,

U�V 7Q` 2p2`v (e, t) ∈ (S) bm+? i?�i e ∈ E−- (e, t) ∈ i−C Bz (e, t) 6∈ i+C

U#V ∀e ∈ E− �M/ 7Q` 2p2`v (e, t) ∈ i−C - ∀(xi, xj , α, β, ⌊, ⌉) ∈ F(e)- t /∈ ⌊f(xi)+

α, f(xj) + β⌉X

AM7Q`K�HHv bT2�FBM;- i+C Bb i?2 b2i Q7 2p2Mib K�i+?BM; rBi? i?2 mM/2`HvBM; TQbBiBp2

+?`QMB+H2 �M/ i?�i �HbQ b�iBb}2b i?2 T`Q?B#BiBQM +QMbi`�BMibX i−C Bb i?2 b2i Q7 2p2Mib

i?�i �`2 MQi BMpQHp2/ BM i?2 TQbBiBp2 +?`QMB+H2 #mi i?�i b�iBb7v �i � T`Q?B#BiBQM

+QMbi`�BMiX h?2 b2i Q7 BMbi�M+2b Q7 � +?`QMB+H2 C Qp2` S Bb biBHH /2MQi2/ #v IC(S)

�M/ i?2 /2}MBiBQM Q7 i?2 `2+Q;MBiBQM H�M;m�;2 LC
Σ Bb �b 7Q` � TQbBiBp2 +?`QMB+H2X

1t�KTH2 kX *QMbB/2` �M Q#b2`p2/ #2?�pBQ` 7`QK i?2 bvbi2K BM 6B;m`2 j ;Bp2M

#v i?2 2p2Mi b2[m2M+2 S = 〈(on, 2), (off , 3), (lowntemp, 4), (on, 6), (start , 7),

(lowntemp, 20), (off , 58), (highntemp, 60), (stop, 62), (on, 66)〉X h?2`2 Bb � +?`QM@

B+H2 BMbi�M+2 BM S i?�i Bb IC1
(S) = {iC1

= (i+C1
, i−C1

)} r?2`2 i+C1
= {(on, 6), (start , 7),

(off , 58), (stop, 62)}, i−C1
= {(on, 2), (off , 3), (on, 66)}X amTTQb2 MQr i?�i 2p2Mi

b2[m2M+2 S ′ Bb �b S #mi rBi?Qmi 2p2Mi (off , 3) bQ IC1
(S ′) ?�b irQ BMbi�M+2b,

{(i+1 , i
−
1 ), (i

+
2 , i

−
2 )} r?2`2 i+1 = i+C1

, i−1 = {(on, 2), (on, 66)}- �M/ i+2 = {(on, 2),

(start , 7), (off , 58), (stop, 62)}, i−2 = {(on, 6), (on, 66)}X

P#pBQmbHv �Mv mb27mH +?`QMB+H2 Kmbi #2 `2+Q;MBx2/ BM bQK2 bBim�iBQMb bQ Bi

?�b iQ #2 +QMbBbi2Mi, Bi Kmbi 2tBbi �i H2�bi QM2 2p2Mi b2[m2M+2 H2�/BM; iQ i?2

;2M2`�iBQM Q7 QM2 BMbi�M+2 Q7 CX h?2 `2bmHib QM aiTs (.2+?i2` 2i �HURNNRV) �HHQr

iQ +QM+Hm/2 i?�i i?2 mM/2`HvBM; i`BTH2i (X ,A, T ) �bbQ+B�i2/ rBi? � +?`QMB+H2 C

Bb +QMbBbi2Mi B7 �M/ QMHv B7 Bib /Bbi�M+2 ;`�T? ?�b MQ M2;�iBp2 +v+H2X "v �//BM;

T`Q?B#BiBQM +QMbi`�BMib iQ aiTs i?2 +QMbBbi2M+v T`QT2`iv Bb /Bz2`2Mi �b � T`Q@

?B#BiBQM +QMbi`�BMi K�v ?�p2 �M BM~m2M+2 QM i?2 +QMbBbi2M+v Q7 i?2 mM/2`HvBM;

aiTs #v T`2p2MiBM; i?2 BMbi�MiB�iBQM Q7 QM2 Q` KQ`2 i2KTQ`�H p�`B�#H2bX

jXj S`Q?B#BiBQM +QMbi`�BMib

6Q` � T`Q?B#BiBQM +QMbi`�BMi /2MQi2/ (xi, xj , α, β, ⌊, ⌉) ∈ F(e)- (xi + α) +Q``2@

bTQM/b iQ i?2 HQr2` #QmM/ Q7 i?2 iBK2 BMi2`p�H r?2`2 2p2Mib Q7 ivT2 e �`2 7Q`@

#B//2M �M/ (xj + β) +Q``2bTQM/b iQ i?2 mTT2` #QmM/ Q7 i?Bb iBK2 BMi2`p�HX hQ

2Mbm`2 i?�i i?2 T`Q?B#BiBQM +QMbi`�BMi BMi2`p�H Bb MQi 2KTiv- Bi Bb M2+2bb�`v i?�i

(xi + α) ≤ (xj + β) B7 i?2 BMi2`p�H Bb +HQb2/ �M/ (xi + α) < (xj + β) B7 Bi Bb QT2MX
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h?2 TQbbB#H2 p�Hm2b Q7 i?2 p�`B�#H2b xi �M/ xj /2T2M/ QM i?2 r?QH2 +QMbi`�BMib

Q7 i?2 +?`QMB+H2X Ai Bb i?2M TQbbB#H2 i?�i 7Q` bQK2 p�Hm2b Q7 xi �M/ xj - i?2 MQM@

2KTiBM2bb +QM/BiBQM ?QH/b �M/ 7Q` Qi?2`b Bi /Q2b MQiX h?Bb H2�/b iQ i?2 7QHHQrBM;

/2}MBiBQM i?�i 2Mbm`2b i?�i i?2 T`Q?B#BiBQM +QMbi`�BMi Bb BM/22/ mb27mHX

.2}MBiBQM e q2HH@7Q`K2/ T`Q?B#BiBQM +QMbi`�BMiX � +HQb2/ U`2bTX QT2M

fb2KB@QT2MV BMi2`p�H (xi, xj , α, β, ⌊, ⌉) ∈ F(e) Bb r2HH@7Q`K2/ B7 α ≤ (dij + β)

U`2bTX α < (dij + β)V r?2`2 dij Bb i?2 H2M;i? Q7 i?2 b?Q`i2bi T�i? 7`QK xi iQ xj

BM i?2 mM/2`HvBM; /@;`�T?X

1t�KTH2 jX "�+F iQ 6B;m`2 j- �Mv T`Q?B#BiBQM +QMbi`�BMi Bb r2HH@7Q`K2/X h?2 T`Q@

?B#BiBQM +QMbi`�BMi (x0, x2,−2, 0, [, [) ∈ F(off ) Bb bm+? i?�i α = −2, β = 0, d02 =

50 �M/ −2 < 50 + 0X amTTQb2 MQr i?�i i?Bb +QMbi`�BMi rQmH/ #2 `2TH�+2/ #v

(x0, x2, 110, 0, [, [) ∈ F(off )- i?2M Bi rQmH/ H2�/ iQ 110 6< 50 + 0- i?2 T`Q?B#BiBQM

+QMbi`�BMi rQmH/ MQi #2 r2HH@7Q`K2/, i?2 }`bi 2p2Mi off rQmH/ #2 2tT2+i2/ #2@

ir22M iBK2 8y �M/ Ry8 7`QK i?2 2p2Mi on bQ i?2 T`Q?B#BiBQM +QMbi`�BMi rQmH/

7Q`#B/ �Mv off 2p2Mi rBi?BM i?2 iBK2 BMi2`p�H [x0+110, x0+105[ r?B+? Bb BMp�HB/X

h?2 �BK Q7 � r2HH@7Q`K2/ T`Q?B#BiBQM +QMbi`�BMi Bb iQ 2z2+iBp2Hv 2tT`2bb i?�i

� ;Bp2M ivT2 Q7 2p2Mi e ∈ E− +�MMQi Q++m` rBi?BM � iBK2 BMi2`p�HX �b HQM;

�b e Bb MQi BMpQHp2/ �b �M 2p2Mi ivT2 Q7 � i2KTQ`�H p�`B�#H2 Ue 6∈ E+V- i?2

T`Q?B#BiBQM +QMbi`�BMi /Q2b MQi ?�p2 �Mv BM~m2M+2 QM i?2 +QMbi`�BMib #2ir22M

i2KTQ`�H p�`B�#H2bX >Qr2p2`- B7 e ∈ E+- i?2 T`Q?B#BiBQM +QMbi`�BMi Bb BM~m2MiB�H

B7 Bi 7Q`#B/b � i2KTQ`�H p�`B�#H2 xk bm+? i?�i M(xk) = e iQ #2 BMbi�MiB�i2/X

h?2Q`2K dX � T`Q?B#BiBQM +QMbi`�BMi (xi, xj , α, β, ⌊, ⌉) ∈ F(e) Bb MQi BM~m2MiB�H

BM `2;�`/b iQ xk rBi? M(xk) = e Bz 0 /∈ ⌊dki + α, dkj + β⌉ �M/ 0 /∈ ⌊−dik +

α,−djk +β⌉ �M/ (dki +α), (dkj +β), (−dik +α) �M/ (−djk +β) �`2 Q7 i?2 b�K2

bB;MX

S`QQ7X amTTQb2 ⌊= [ �M/ ⌉ =]X "�b2/ QM h?2Q`2K R- #v �bbB;MBM; xk = 0- r2

?�p2 −dik+α ≤ xi+α ≤ dki+α �M/ −djk+β ≤ xj+β ≤ dkj+βX hrQ +QMbBbi2Mi

bQHmiBQMb +�M #2 /BbiBM;mBb?2/, i?2 2�`HB2bi QM2 S1 : (xi = dki, xj = dkj) �M/ i?2

H�i2bi QM2 S2 : (xi = −dik, xj = −djk)X xk = 0 Bb MQi BM~m2MiB�H bQ Bi K2�Mb Bi

+�MMQi 7Q`#B/ M2Bi?2` S1 MQ` S2 MQ` �Mv Qi?2` bQHmiBQM #2ir22M S1 �M/ S2- i?2

`2bmHi 7QHHQrb 7Q` ⌊= [ �M/ ⌉ =]X h?2 b�K2 `2�bQMBM; +�M i?2M #2 �TTHB2/ 7Q` �Mv

Qi?2` +QK#BM�iBQM Q7 bvK#QHb ⌊ �M/ ⌉X

AM~m2MiB�H T`Q?B#BiBQM +QMbi`�BMib b?QmH/ #2 �pQB/2/ BM +?`QMB+H2b �b i?2v

BMi2`72`2 rBi? i?2 Qi?2` +QMbi`�BMibX AM i?2 7QHHQrBM; r2 bmTTQb2 i?�i � +?`QMB+H2

/Q2b MQi +QMi�BM �Mv BM~m2MiB�H +QMbi`�BMiX
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9 *`Bi2`B� 7Q` +?`QMB+H2b +QKT�`BbQM

h?2 b2+iBQM 7Q+mb2b QM i?2 /2}MBiBQM �M/ i?2 7Q`K�H �M�HvbBb Q7 +?`QMB+H2 +`B@

i2`B�X :Bp2M � b2i Q7 �p�BH�#H2 +?`QMB+H2b r2 �BK �i �M�HvxBM; i?2K BM Q`/2` iQ

}Hi2` Qmi bQK2 Q7 i?2 �p�BH�#H2 +?`QMB+H2b �i /2bB;M bi�;2X 6Q` BMbi�M+2 7Q` i?2

b�F2 Q7 T2`7Q`K�M+2 Q7 i?2 +?`QMB+H2 `2+Q;MBiBQM 2M;BM2 r2 rQmH/ +QMbB/2` i?�i

� b2i Q7 +?`QMB+H2b Kmbi #2 +QM+Bb2- i?�i Bb �Mv +?`QMB+H2 Kmbi #2 +QMbBbi2Mi-

i?2`2 Kmbi #2 MQ 2[mBp�H2Mi +?`QMB+H2b BM i?2 b2i �M/ � +?`QMB+H2 b?QmH/ MQi #2

+Qp2`2/ #v �MQi?2` +?`QMB+H2X >Qr2p2`- 7Q` i?2 b�F2 Q7 7�mHi /B�;MQbBb Q` bT2+B}+

bBim�iBQM `2+Q;MBiBQM- Bi KB;?i #2 BMi2`2biBM; iQ }Hi2` Qmi +Qp2`BM; +?`QMB+H2b �b

i?2v �`2 MQi bT2+B}+ 2MQm;? UiQQ �K#B;mQmbVX AM i?2 7QHHQrBM;- r2 /Q MQi K�F2

�Mv �bbmKTiBQM �#Qmi ?Qr i?2 b2i Q7 +?`QMB+H2b ?�b #22M #mBHi U2Bi?2` /2bB;M2/

#v 2tT2`ib Q` #v K�+?BM2 H2�`MBM; i2+?MB[m2bV #mi r2 +H�BK i?�i i?2 7QHHQr@

BM; +`Bi2`B� �M/ `2bmHiBM; �H;Q`Bi?Kb +�M #2 mb2/ /m`BM; �Mv KQ/2HBM;fH2�`MBM;

T`Q+2bb iQ `2�+? � `2H2p�Mi b2i Q7 +?`QMB+H2bX

9XR *?`QMB+H2 +QMbBbi2M+v

G2i mb bi�`i rBi? +?`QMB+H2 +QMbBbi2M+vX "�bB+�HHv � +?`QMB+H2 Bb +QMbBbi2Mi B7 Bi Bb

`2+Q;MBx2/ QM �i H2�bi QM2 b2[m2M+2 SX

.2}MBiBQM 3 *QMbBbi2M+vX � +?`QMB+H2 C Bb +QMbBbi2Mi B7 i?2`2 2tBbib � b2[m2M+2

S bm+? i?�i IC(S) 6= ∅X

q2 ?�p2 ?2`2 � bi`�B;?i7Q`r�`/ `2bmHi �#Qmi i?2 +QMbBbi2M+v Q7 � TQbBiBp2

+?`QMB+H2 UMQi2/ BM i?2 7QHHQrBM; C+VX

h?2Q`2K NX � TQbBiBp2 +?`QMB+H2 C+ Bb +QMbBbi2Mi Bz Bib mM/2`HvBM; aiT Bb +QM@

bBbi2MiX

S`QQ7X "v /2}MBiBQM- i?2`2 2tBbib � b2[m2M+2 S = 〈(M(x0), t0), . . . , (M(xn), tn)〉

bm+? i?�i IC(S) 6= ∅ Bz {x0 = t0, . . . , xn = tn} Bb � bQHmiBQM Q7 i?2 mM/2`HvBM;

aiTX

*QMbB/2` MQr � +?`QMB+H2 C rBi? T`Q?B#BiBQM +QMbi`�BMibX �Mv KBMBK�H b2@

[m2M+2 r?2`2 i?2 TQbBiBp2 +?`QMB+H2 C+ 2ti`�+i2/ 7`QK C Bb `2+Q;MBx2/ Bb �HbQ �

b2[m2M+2 r?2`2 C Bb `2+Q;MBx2/X k >2M+2 i?2 7QHHQrBM; `2bmHiX

*Q`QHH�`v RyX � +?`QMB+H2 C Bb +QMbBbi2Mi Bz Bib mM/2`HvBM; aiT Bb +QMbBbi2MiX

hQ bmKK�`Bx2- +?2+FBM; +QMbBbi2M+v +QMbBbib BM +?2+FBM; i?2 +QMbBbi2M+v Q7

i?2 mM/2`HvBM; aiT i?�i +�M #2 T2`7Q`K2/ 7Q` BMbi�M+2 #v b2�`+?BM; 7Q` i?2

T`2b2M+2 Q7 � M2;�iBp2 +v+H2 BM i?2 /Bbi�M+2 ;`�T? Q7 i?2 mM/2`HvBM; aiT Ub22

a2+iBQM jXRVX �//BM; T`Q?B#BiBQM +QMbi`�BMib /Q2b MQi ;2M2`�i2 KQ`2 /B{+mHiB2b

7Q` i?Bb +`Bi2`B�X
2 h?Bb Bb i`m2 �b r2 �bbmK2 i?�i i?2`2 �`2 MQ BM~m2MiB�H T`Q?B#BiBQM +QMbi`�BMibX
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9Xk *?`QMB+H2 2[mBp�H2M+2

hrQ +?`QMB+H2b �`2 2[mBp�H2Mi B7 i?2v �`2 �Hr�vb `2+Q;MBx2/ �i i?2 b�K2 iBK2 QM

�Mv 2p2Mi b2[m2M+2 SX

.2}MBiBQM RR 1[mBp�H2M+2X hrQ +?`QMB+H2b C �M/ C′ �`2 2[mBp�H2Mi U/2MQi2/

C ≡ C′V B7 C �M/ C′ ?�p2 i?2 b�K2 b2i Q7 BMbi�M+2b r?�i2p2` i?2 Q#b2`p�#H2 BMTmi

~Qr S Bb, ∀S, IC(S) = IC′(S)X

>2`2 �HbQ- BM i?2 +�b2 Q7 TQbBiBp2 +?`QMB+H2b- 2[mBp�H2M+2 +?2+FBM; Bb � r2HH

FMQrM T`Q#H2K i?�i +�M #2 bQHp2/ mbBM; d@;`�T?b (.QmbbQM 2i �HURNNjV)X

h?2Q`2K RkX hrQ TQbBiBp2 +?`QMB+H2b C+ �M/ C′+ �`2 2[mBp�H2Mi B7 i?2B` mM/2`@

HvBM; aiTs H2�/ iQ i?2 b�K2 d@;`�T?X

S`QQ7X �Mv BMbi�M+2 Q7 IC(S) +Q``2bTQM/b iQ � bQHmiBQM Q7 i?2 mM/2`HvBM; aiT

Ub22 .2}MBiBQM jVX IC(S) = IC′(S) K2�Mb i?�i i?2 mM/2`HvBM; aiTs Q7 C+ �M/

C′+ ?�p2 i?2 b�K2 b2i Q7 bQHmiBQMbX h?2 `2bmHi 7QHHQrbX

AM i?Bb +�b2- � r�v iQ +?2+F i?2 2[mBp�H2M+2 Bb iQ +QKTmi2 i?2 d@;`�T? Q7 #Qi?

+?`QMB+H2b U6HQv/@q�`b?�HH �H;Q`Bi?KV �M/ +?2+F i?�i #Qi? ;`�T?b �`2 BbQKQ`@

T?B+X q?2M M2;�iBp2 #2?�pBQ`b �`2 BMi`Q/m+2/ i?2 T`Q#H2K Bb KQ`2 i`B+FvX h?2

T`2pBQmb `2bmHi biBHH ?QH/b BM i?2 +�b2 r?2`2 #Qi? +?`QMB+H2b ?�p2 i?2 b�K2 d@

;`�T? �M/ i?2 b�K2 T`Q?B#BiBQM +QMbi`�BMibX L2p2`i?2H2bb- irQ +?`QMB+H2b K�v #2

2[mBp�H2Mi r?BH2 i?2 T`Q?B#BiBQM +QMbi`�BMib �`2 MQi i?2 b�K2 �M/ i?2B` d@;`�T?b

�`2 B/2MiB+�H, +?`QMB+H2b C2 �M/ C3 BHHmbi`�i2 bm+? � +�b2 Ub22 6B;m`2 9VX

x0

a

x1

b

x′
0

a

x′
1

b

[1, 1] [1, 1]

[0 e 1] [−1 e 0]

6B;m`2 9, 1[mBp�H2Mi +?`QMB+H2b C2 �M/ C3 rBi? /Bz2`2Mi T`Q?B#BiBQM +QMbi`�BMibX

Ai 7QHHQrb i?�i i?2 ;2M2`B+ i2bi 7Q` +?`QMB+H2 2[mBp�H2M+2 +�MMQi #2 #�b2/

QM d@;`�T?b- �MQi?2` +QKTmi�iBQM i2+?MB[m2 Kmbi #2 mb2/X q2 T`2b2Mi BM i?2

`2K�BM/2` � i2bi 7Q` +?`QMB+H2 2[mBp�H2M+2 #�b2/ QM bvbi2Kb Q7 HBM2�` BM2[m�HBiB2bX

G2i C = (X ,A, T , E ,M,F) #2 � +?`QMB+H2X q2 /2MQi2 #v Ine+(C) i?2 b2i Q7

BM2[m�HBiB2b /2}M2/ �b 7QHHQrb, xj − xi ≤ bij �M/ xj − xi ≥ aij 7Q` 2p2`v 2/;2

(xi, xj) 7`QK A rBi? Tij = [aij , bij ]X h?2 b2i Q7 T`Q?B#BiBQM +QMbi`�BMib Q7 C Bb

{c ∈ F(e), e ∈ E−} bQ Bi Bb i?2 BK�;2 Q7 F X AM i?2 7QHHQrBM; r2 rBHH bBKTHv /2MQi2
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i?Bb b2i #v F X G2i c = (xi, xj , α, β, ⌊, ⌉) #2 � T`Q?B#BiBQM +QMbi`�BMi 7`QK F(e)-

e ∈ E−X G2i mb /2MQi2 #v x−
e � i2KTQ`�H p�`B�#H2 bm+? i?�i x−

e 6∈ X - r2 /2MQi2 #v

Ine<(c) i?2 BM2[m�HBiv b2i {x−
e −xi < α} B7 ⌊ Bb +HQb2/ Q` Ine<(c) Bb {x−

e −xi ≤ α}

B7 ⌊ Bb QT2MX aBKBH�`Hv Ine>(c) /2MQi2b i?2 BM2[m�HBiv b2i {x−
e − xi > β} B7 ⌉ Bb

+HQb2/ �M/ /2MQi2b {x−
e −xi ≥ β} B7 ⌉ Bb QT2MX 6BM�HHv Ine(c) = Ine<(c)∪Ine>(c)X

q2 +QMbB/2` ?2`2 i?�i i?2 T`Q?B#BiBQM +QMbi`�BMib �`2 r2HH@7Q`K2/ bQ Bi K2�Mb

i?�i i?2 bvbi2K Ine+(C)∪ Ine(c) +�MMQi ?�p2 � bQHmiBQM, i?2 p�`B�#H2 x−
e +�MMQi

#2 HQr2` i?�M xi + α �M/ ;`2�i2` i?�M xj + β �i i?2 b�K2 iBK2X

G2i op /2MQi2 i?2 b2i Q7 +QKT�`BbQM QT2`�iQ`b op = {<,>}X AM i?2 7QHHQrBM;-

r2 b�v i?�i � +QM};m`�iBQM CF Bb i?2 �bbB;MK2Mi Q7 �M QT2`�iQ` 7`QK op iQ

2�+? T`Q?B#BiBQM +QMbi`�BMi c 7`QK CX 6Q` � ;Bp2M +QM};m`�iBQM CF �KQM; i?2

b2i Q7 i?2 TQbbB#H2 +QM};m`�iBQMb- r2 /2MQi2 i?2 b2i Q7 BM2[m�HBiB2b BMpQHpBM; i?2

T`Q?B#BiBQM +QMbi`�BMib Q7 i?2 +?`QMB+H2 C, Ine−(C, CF ) =
⋃

c∈F IneCF (c)(c)X

x0a x2 c

x1

b

[2, 6]

[4, 7]

[1, 1]
[1 a 5]

[−10 d 0]

6B;m`2 8, � +?`QMB+H2 C4 rBi? irQ T`Q?B#BiBQM +QMbi`�BMibX

1t�KTH2 9X 6B;m`2 8 T`2b2Mib � +?`QMB+H2 rBi? j i2KTQ`�H p�`B�#H2b x0- x1 �M/

x2X h?2 b2i Q7 BM2[m�HBiB2b Ine+(C4) Bb x1− x0 ≥ 2 �M/ x1− x0 ≤ 6c x2− x0 ≥ 4

�M/ x2 − x0 ≤ 7c x2 − x1 ≥ 1 �M/ x2 − x1 ≤ 1c *?`QMB+H2 C4 �HbQ ?�b irQ

T`Q?B#BiBQM +QMbi`�BMibX h?2 }`bi QM2 Bb cd = (x0, x2,−10, 0, [, ]) ∈ F(d), d ∈ E
−X

hQ /2}M2 i?2 �bbQ+B�i2/ b2i Q7 BM2[m�HBiB2b Ine(cd)- r2 }`bi BMi`Q/m+2 � M2r

p�`B�#H2 x−
d i?�i `2T`2b2Mib i?2 /�i2 Q7 i?2 Q++m``2M+2 Q7 �M 2p2Mi Q7 ivT2 d

rBi? Ine<(cd) = {x
−
d − x0 < −10} �M/ Ine>(cd) = {x

−
d − x2 > 0} �M/ }M�HHv

Ine(cd) = Ine>(cd) ∪ Ine<(cd)X aBKBH�`Hv 7Q` i?2 b2+QM/ T`Q?B#BiBQM +QMbi`�BMi

ca = (x0, x0, 1, 5, [, ]) ∈ F(a), a ∈ E
−- r2 ?�p2, Ine<(ca) = {x−

a − x0 < 1}

�M/ Ine>(ca) = {x−
a − x0 > 5} �M/ }M�HHv Ine(ca) = Ine>(ca) ∪ Ine<(ca)c

AM i?Bb 2t�KTH2- i?2`2 �`2 9 TQbbB#H2 +QM};m`�iBQMb CF X 6Q` BMbi�M+2- bmTTQb2

i?�i i?2 +QM};m`�iBQM CF1 Bb bm+? i?�i CF1(ca) = < �M/ CF1(cd) = > i?2M

Ine−(C4, CF1) = IneCF1(ca)(ca) ∪ IneCF1(cd)(cd) = Ine<(ca) ∪ Ine>(cd) �M/

i?2M Ine−(C4, CF1) = {x
−
a − x0 < 1, x−

d − x2 > 0}.
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G2i C = (X ,A, T , E ,M,F) �M/ C′ = (X ′,A′, T ′, E ′,M′,F ′) #2 irQ +?`QMB@

+H2bX h?2 b2i Q7 2p2Mi ivT2b E Bb /2+QKTQb2/ �b E = E+∪E− �M/ i?2 b2i Q7 2p2Mi

ivT2b E ′ Bb /2+QKTQb2/ �b E ′ = E ′+ ∪ E ′− Ub22 .2}MBiBQM 9VX

h?2Q`2K RjX hrQ +?`QMB+H2b C �M/ C′ �`2 2[mBp�H2Mi Bz

RX E− = E ′−c

kX i?2`2 2tBbib � QM2@iQ@QM2 +Q``2bTQM/2M+2 m #2ir22M X �M/ X ′ bm+? i?�i

U�V M(x) =M′(m(x))c �M/

U#V 7Q` 2p2`v e ∈ E−- {x = tx}x∈X ∪ {x
−
e = te} Bb bQHmiBQM Q7 Ine+(C) ∪

Ine−(C, CF ) 7Q` �i H2�bi � ;Bp2M +QM};m`�iBQM CF Q7 i?2 T`Q?B#BiBQM

+QMbi`�BMib Q7 C Bz {m(x) = tx}x∈X ∪{x
−
e = te} Bb bQHmiBQM Q7 Ine+(C′)∪

Ine−(C′, CF ′) 7Q` �i H2�bi � ;Bp2M +QM};m`�iBQM CF ′ Q7 i?2 T`Q?B#BiBQM

+QMbi`�BMib Q7 C′X

S`QQ7X (⇒) G2i C �M/ C′ #2 irQ 2[mBp�H2Mi +?`QMB+H2b- bQ 7Q` 2p2`v b2[m2M+2

S- IC(S) = IC′(S)X amTTQb2 i?�i E− 6= E ′−- Bi Bb 2�bv iQ /2bB;M � b2[m2M+2

S bm+? i?�i IC(S) 6= IC′(S)- bQ +QM/BiBQM R Kmbi ?QH/X G2i iC = (i+C , i
−
C ) =

{(ei1 , ti1) . . . (ein , tin)} /2MQi2 �M BMbi�M+2 Q7 IC(S) = IC′(S)X .2}MBiBQM 8 2M@

bm`2b i?2`2 2tBbib � +QmTH2 Q7 QM2@iQ@QM2 +Q``2bTQM/2M+2b f : X → {ti1 , . . . , tin}

�M/ f ′ : X ′ → {ti1 , . . . , tin} rBi? 7Q` 2p2`v x ∈ X - (e, f(x)) ∈ i+C �M/ e =M(x)

�M/ 7Q` 2p2`v x ∈ X ′- (e, f ′(x)) ∈ i+C �M/ e = M′(x)X *QM/BiBQM kX� i?mb

?QH/bX "v +QMbi`m+iBQM Q7 i?2 BM2[m�HBiv bvbi2K- iC = (i+C , i
−
C ) Bb �M BMbi�M+2 Q7

IC(S) Bz i?2`2 2tBbib � QM2@iQ@QM2 +Q``2bTQM/2M+2 f bm+? i?�i 7Q` 2p2`v e ∈ E−-

{x = f(x)}x∈X ∪ {x
−
e = te} Bb bQHmiBQM Q7 Ine+(C) ∪ Ine−(C, CF ) 7Q` �i H2�bi

� ;Bp2M +QM};m`�iBQM CF Q7 i?2 T`Q?B#BiBQM +QMbi`�BMib Q7 CX �b m 2tBbib #v

+QM/BiBQM kX�- Bi 7QHHQrb i?�i +QM/BiBQM kX# }M�HHv ?QH/bX

(⇐) *QMbB/2` �M BMbi�M+2 iC Q7 CX "v +QMbi`m+iBQM Q7 i?2 BM2[m�HBiv bvbi2K-

7Q` 2p2`v e ∈ E− BMpQHp2/ BM i−C - i?2`2 2tBbib � +QM};m`�iBQM CF bm+? i?�i

{x = f(x)}x∈X ∪{x
−
e = te} Bb � bQHmiBQM Q7 Ine+(C)∪Ine−(C, CF )X �b +QM/BiBQMb

kX� �M/ kX# ?QH/- Bi BKTHB2b i?�i iC Bb �HbQ �M BMbi�M+2 Q7 C′X �b m Bb � QM2@iQ@QM2

+Q``2bTQM/2M+2- r2 +�M �TTHv i?2 b�K2 `2�bQMBM; iQ b?Qr i?�i �Mv BMbi�M+2 iC′

Q7 C′ Bb �HbQ �M BMbi�M+2 Q7 CX C �M/ C′ �`2 i?2`27Q`2 2[mBp�H2MiX

1t�KTH2 8X 6B;m`2 e T`2b2Mib � +QmTH2 Q7 +?`QMB+H2b i?�i �`2 2[mBp�H2MiX G2i mb

/2MQi2 C5 = (X5,A5, T5, E
+
5 ∪E

−
5 ,M5,F5) �M/ C6 = (X6,A6, T6, E

+
6 ∪E

−
6 ,M6,F6)X

h?2 2p2Mib BMpQHp2/ BM T`Q?B#BiBQM +QMbi`�BMib BM #Qi? +?`QMB+H2b �`2 i?2 b�K2,

E−5 = {c} = E−6 X *QMbB/2` MQr i?2 QM2@iQ@QM2 +Q``2bTQM/2M+2 m : X5 → X6 bm+?

i?�i m(x0) = y0- m(x1) = y1 �M/ m(x2) = y2X h?2 b2i Q7 BM2[m�HBiB2b Ine+(C5)

Bb {x1−x0 ≥ 2, x1−x0 ≤ 6, x2−x0 ≥ 6, x2−x0 ≤ 20, x2−x1 ≥ 5, x2−x1 ≤ 5}X

"v i`�MbBiBpBiv Qp2` i?2 b2i Q7 BM2[m�HBiB2b- Bi +�M #2 MQiB+2/ i?�i {x2 − x0 ≥
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x0a x2 b

x1

b

[2, 6] [5, 5]

[6, 20]

[−1 c 9]

y0a y2 b

y1

b

[2, 6] [5, 5]

[−1 c 4]

6B;m`2 e, hrQ 2[mBp�H2Mi +?`QMB+H2b UC5 UH27iV �M/ C6 U`B;?iVVX

6, x2 − x0 ≤ 20} +�M #2 2[mBp�H2MiHv `2bi`B+i2/ iQ {x2 − x0 ≥ 7, x2 − x0 ≤ 11}X

LQr +QMbB/2` i?2 b2i Q7 BM2[m�HBiB2b Ine+(C6) = {y1 − y0 ≥ 2, y1 − y0 ≤

6, y2 − y1 ≥ 5, y2 − y1 ≤ 5}X �HbQ #v i`�MbBiBpBiv- Ine+(C6) +�M #2 `2r`Bii2M

�b {y1−y0 ≥ 2, y1−y0 ≤ 6, y2−y0 ≥ 7, y2−y0 ≤ 11, y2−y1 ≥ 5, y2−y1 ≤ 5} bQ

#v /2}MBiBQM Q7 m, Ine+(C6) = {m(x1)−m(x0) ≥ 2,m(x1)−m(x0) ≤ 6,m(x2)−

m(x0) ≥ 7,m(x2) −m(x0) ≤ 11,m(x2) −m(x1) ≥ 5,m(x2) −m(x1) ≤ 5}X �b

i?2 T`Q?B#BiBQM +QMbi`�BMi Bb MQi BM~m2MiB�H- Bi K2�Mb i?�i {x = tx}x∈X2
Bb �

bQHmiBQM Q7 Ine+(C5) Bz {m(x) = tx}x∈X2
Bb bQHmiBQM Q7 Ine+(C6)X 6BM�HHv +QM@

bB/2` i?2 p�`B�#H2 x−
c - r2 ?�p2 Ine−(C5) = {x−

c − x0 ≤ −1, x
−
c − x1 ≥ 9} �M/

Ine−(C6) = {x
−
c −m(x0) ≤ −1, x

−
c −m(x2) ≥ 4}X h?2`2 �`2 irQ +QM};m`�iBQMb

BM Ine−(C5) �M/ BM Ine−(C6)X P#pBQmbHv- {x = tx}x∈X2
∪ {x−

c = tc} Bb bQHmiBQM

Q7 Ine+(C5) ∪ {x
−
c − x0 ≤ −1} Bz {m(x) = tx}x∈X5

∪ {x−
c = tc} Bb bQHmiBQM Q7

Ine+(C6)∪ {x
−
c −m(x0) ≤ −1}X aBKBH�`Hv- {x = tx}x∈X5

∪ {x−
c = tc} Bb bQHmiBQM

Q7 Ine+(C5) ∪ {x
−
c − x1 ≥ 9} Bz {m(x) = tx}x∈X5

∪ {x−
c = tc} Bb bQHmiBQM Q7

Ine+(C6) ∪ {x
−
c −m(x1) ≥ 9}X �b Ine+(C6) 2Mbm`2b i?�i m(x2) −m(x1) = 5-

Bi 7QHHQrb Bi Kmbi �HbQ #2 bQHmiBQM Q7 Ine+(C6) ∪ {x
−
c −m(x2) ≥ 4}X >2M+2 i?2

2[mBp�H2M+2 #2ir22M +?`QMB+H2b C5 �M/ C6X

9Xj *?`QMB+H2 +Qp2`BM;

� +?`QMB+H2 C′ +Qp2`b � +?`QMB+H2 C B7 r?�i2p2` i?2 BMTmi 2p2Mi b2[m2M+2 +QM@

bB/2`2/ U∀SV �M BMbi�M+2 Q7 C Bb `2+Q;MBx2/ 2�+? iBK2 �M BMbi�M+2 Q7 C′ Bb �HbQ

`2+Q;MBx2/X h?Bb MQiBQM Bb BKTQ`i�Mi �b Bi �bb2`ib i?�i �b bQQM �b � +?`QMB+H2 Bb

`2+Q;MBx2/- i?2 Qi?2` QM2 rBHH �HbQ #2X

.2}MBiBQM R9 *Qp2`BM; Q7 TQbBiBp2 +?`QMB+H2bX G2i C �M/ C′ #2 irQ TQbBiBp2

+?`QMB+H2b- C′ +Qp2`b C U/2MQi2/ C′ ≻ CV- B7 7Q` 2p2`v BMTmi ~Qr S- 7Q` 2p2`v

BMbi�M+2 iC ∈ IC(S) i?2`2 2tBbib iC′ ∈ IC′(S) bm+? i?�i iC′ ⊆ iC X

1t�KTH2 eX 6B;m`2 d /2TB+ib irQ TQbBiBp2 +?`QMB+H2b C7 �M/ C8 bm+? i?�i C7 ≻ C8X

*QMbB/2` QM2 BMTmi ~Qr S- �Mv BMbi�M+2 Q7 iC8
∈ IC8

(S) Bb bm+? i?�i iC8
=

{(a, t0), (c, t1), (b, t2)} rBi? t1 − t0 ∈ [2, 3] �M/ t2 − t1 ∈ [4, 5] r?B+? 7QHHQrb i?�i
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x0a x1 b
[5, 9] y0a y2 by1

c

[2, 3] [4, 5]

6B;m`2 d, *?`QMB+H2 C7 UH27iV +Qp2`b +?`QMB+H2 C8 U`B;?iVX

x0a x1 b
[5, 9]

[−1 d 10]

y0a y2 by1

c

[2, 3] [4, 5]

[−2 d 1] [−2 d 30]

6B;m`2 3, *?`QMB+H2 C9 UH27iV +Qp2`b +?`QMB+H2 C10 U`B;?iVX

t2 − t0 ∈ [6, 8] ⊂ [5, 9]X h?2`27Q`2 iC7
= {(a, t0), (b, t2)} Bb �HbQ �M BMbi�M+2 Q7

IC7
(S), iC7

⊆ iC8
X

h?2Q`2K R8X � TQbBiBp2 +?`QMB+H2 C+ +Qp2`b � TQbBiBp2 +?`QMB+H2 C′+ Bz i?2 /@

;`�T? Q7 C+ +Qp2`b i?2 /@;`�T? Q7 C′+X

S`QQ7X q2 b�v i?�i � /@;`�T? dg +Qp2`b �MQi?2` /@;`�T? dg′ B7 i?2 b2i Q7 p�`B�#H2b

Q7 dg Bb � bm#b2i Q7 i?2 p�`B�#H2b Q7 dg′ �M/ 7Q` 2p2`v 2/;2 7`QK xi iQ xj BM dg

Bi ?QH/b � /Bbi�M+2 i?�i Bb ;`2�i2` Q` � 2[m�H iQ i?2 /Bbi�M+2 #2ir22M xi iQ xj BM

dg′X Ai 7QHHQrb i?�i ;Bp2M � bQHmiBQM Q7 dg′- � bQHmiBQM Q7 dg Bb Q#i�BM2/ #v QMHv

F22TBM; i?2 p�Hm2b Q7 i?2 p�`B�#H2b BMpQHp2/ BM dgX h?2Q`2K R8 7QHHQrbX

S`QTQbBiBQM ReX G2i C �M/ C′ #2 irQ TQbBiBp2 +?`QMB+H2b- C �M/ C′ �`2 2[mBp�H2Mi

Bz C ≻ C′ �M/ C′ ≻ CX

S`QQ7X ai`�B;?i7Q`r�`/ 7`QK .2}MBiBQM R9X

.2}MBiBQM Rd *Qp2`BM;X � +?`QMB+H2 C′ +Qp2`b � +?`QMB+H2 C, C′ ≻ C- B7 7Q`

2p2`v BMTmi ~Qr S- 7Q` 2p2`v iC = (i+C , i
−
C ) ∈ IC(S) i?2`2 2tBbib �M BMbi�M+2

iC′ = (i+C′ , i
−
C′) ∈ IC′(S) bm+? i?�i,

RX i+C′ ⊆ i+C c

kX E
′− ⊆ E−

jX 7Q` 2p2`v e ∈ E
′−- {(e, t) ∈ i−C } ⊆ {(e, t) ∈ i−C′}

1t�KTH2 dX 6B;m`2 3 b?Qrb � +?`QMB+H2 C9 UQM i?2 H27iV i?�i +Qp2`b � +?`QMB@

+H2 C10 UQM i?2 `B;?iV, C9 ≻ C10X *?`QMB+H2 C9 Bb �M 2ti2MbBQM Q7 +?`QMB+H2 C7
rBi? � T`Q?B#BiBQM +QMbi`�BMi 7Q` 2p2Mi ivT2 d Ub22 6B;m`2 dVX *?`QMB+H2 C10
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Bb �M 2ti2MbBQM Q7 +?`QMB+H2 C8 �//2/ rBi? � +QmTH2 Q7 T`Q?B#BiBQM +QMbi`�BMib

7Q` i?2 b�K2 2p2Mi ivT2 dX LQr +QMbB/2` �M BMTmi ~Qr S �M/ �M BMbi�M+2

iC10
= (i+C10

, i−C10
) ∈ IC10

(S)- r2 b?Qr i?2`2 2tBbib iC9
= (i+C9

, i−C9
) ∈ IC9

(S) �b

/2}M2/ BM .2}MBiBQM 8X �b T`Q?B#BiBQM +QMbi`�BMib �`2 MQi BM~m2MiB�H- Bi Bb Q#@

pBQmb i?�i i+C9
= {(a, t0), (b, t2)} ⊆ i+C10

= {(a, t0), (c, t1), (b, t2)} Ub22 6B;m`2 dVX

LQr `2;�`/BM; i?2 T`Q?B#BiBQM +QMbi`�BMib- i?2v �`2 QM i?2 b�K2 2p2Mi ivT2 d BM

C9 �M/ C10X amTTQb2 MQr i?�i QM BMTmi ~Qr S- r2 ?�p2 i−C10
= {(d, td0), . . . (d, t

d
n)}

i?2M r2 FMQr i?�i ∀tdi , i ∈ {0, . . . , n} 2Bi?2` tdi < t0−2 Q` tdi > t2+30 bQ tdi < t0−1

Q` tdi > t2 + 10 r?B+? K2�Mb i?�i {(d, td0), . . . (d, t
d
n)} ⊆ i−C9

X

h?2Q`2K R3X G2i C �M/ C′ #2 irQ +?`QMB+H2b- i?2 +?`QMB+H2 C′ +Qp2`b i?2 +?`QM@

B+H2 C UBX2 C′ ≻ CV Bz

RX E ′− ⊆ E−c

kX i?2`2 2tBbib � QM2@iQ@QM2 +Q``2bTQM/2M+2 m #2ir22M X ′ �M/ � bm#b2i Xm Q7

X - ∀x ∈ X ′ bm+? i?�i

U�V M′(x) =M(m(x))c �M/

U#V 7Q` 2p2`v e ∈ E ′−- B7 {m(x) = tx}x∈X ′∪{x−
e = te} #2HQM;b iQ � bQHmiBQM Q7

Ine+(C)∪Ine−(C, CF ) 7Q` �i H2�bi � ;Bp2M +QM};m`�iBQM Q7 i?2 T`Q?B#BiBQM

+QMbi`�BMib Q7 C i?2M {x = tx}x∈X ′ ∪ {x−
e = te} Bb �HbQ � bQHmiBQM Q7

Ine+(C′) ∪ Ine−(C′, CF ′) 7Q` �i H2�bi � ;Bp2M +QM};m`�iBQM CF ′ Q7 i?2

T`Q?B#BiBQM +QMbi`�BMib Q7 C′X

S`QQ7X (⇒)*QM/BiBQM R ?QH/b 7`QK .2}MBiBQM RdX G2i iC = (i+C , i
−
C ) /2MQi2 �M

BMbi�M+2 Q7 IC(S) �M/ +QMbB/2` i?�i i+C = {(ei1 , ti1) . . . (ein , tin)}X �b C′ +Qp2`b C-

i?2`2 Kmbi 2tBbi �M BMbi�M+2 iC′ = (i+C′ , i
−
C′) bm+? i?�i i+C′ = {(ej1 , tj1) . . . (ejm , tjm)}

⊆ {(ei1 , ti1) . . . (ein , tin)}X "v �TTHvBM; i?2 b�K2 ivT2 Q7 `2�bQMBM; �b BM i?2 T`QQ7

(⇒) Q7 h?2Q`2K Rj- +QM/BiBQMb kX� �M/ kX# ?QH/ Ui?2 QMHv /Bz2`2M+2 Bb i?�i m Bb

� QM2@iQ@QM2 +Q``2bTQM/2M+2 #2ir22M � bm#T�`i Q7 X �M/ X ′VX

(⇐) G2i iC #2 �M BMbi�M+2 Q7 C- #v �TTHvBM; i?2 b�K2 ivT2 Q7 `2�bQMBM; �b BM i?2

T`QQ7 (⇐) Q7 h?2Q`2K Rj- r2 +�M b?Qr i?�i iC Bb �HbQ �M BMbi�M+2 Q7 C′- ?2M+2

i?2 `2bmHiX

1t�KTH2 3X h?2 b2i Q7 BM2[m�HBiB2b Ine+(C9) Bb {x1 − x0 ≥ 5, x1 − x0 ≤ 9}X

*?`QMB+H2 C9 ?�b QMHv QM2 T`Q?B#BiBQM +QMbi`�BMi c9d i?�i H2�/b iQ i?2 b2i Q7

BM2[m�HBiB2b Ine<(C9) = {x
−
d − x0 < −1} �M/ Ine>(C9) = {x

−
d − x1 > 10}X h?2

b2i Q7 BM2[m�HBiB2b Ine+(C10) Bb {y1−y0 ≥ 2, y1−y0 ≤ 3, y2−y1 ≥ 4, y2−y1 ≤ 5}X

*?`QMB+H2 C10 ?�b irQ T`Q?B#BiBQM +QMbi`�BMibX h?2 }`bi QM2- /2MQi2/ c101d - H2�/b

iQ i?2 b2i Q7 BM2[m�HBiB2b Ine<(c101d ) = {x−
d − y0 < −2} �M/ Ine>(c101d ) =

{x−
d − y1 > 1}X h?2 b2+QM/ QM2- /2MQi2/ c102d H2�/b iQ i?2 b2i Q7 BM2[m�HBiB2b

Ine<(c102d ) = {x−
d −y1 < −2} �M/ Ine>(c102d ) = {x−

d −y2 > 30}X aQ 7Q` +?`QMB+H2

C10 i?2`2 �`2 7Qm` TQbbB#H2 +QM};m`�iBQMb,
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RX Ine−(C10, CF1) = Ine<(c101d )∪Ine<(c102d ) = {x−
d −y0 < −2, x−

d −y1 < −2}c

kX Ine−(C10, CF2) = Ine<(c101d )∪ Ine>(c102d ) = {x−
d − y0 < −2, x−

d − y2 > 30}c

jX Ine−(C10, CF3) = Ine>(c101d ) ∪ Ine<(c102d ) = {x−
d − y1 > 1, x−

d − y1 < −2}c

9X Ine−(C10, CF4) = Ine>(c101d ) ∪ Ine>(c102d ) = {x−
d − y1 > 1, x−

d − y2 > 30}X

LQr +QMbB/2` i?2 QM2@iQ@QM2 +Q``2bTQM/2M+2 m : X9 → {y0, y2} ⊂ X10 bm+?

i?�i m(x0) = y0,m(x1) = y2 r?2`2 X9 �M/ X10 �`2 i?2 b2i Q7 p�`B�#H2b Q7 C9 �M/

C10 `2bT2+iBp2HvX amTTQb2 MQr i?�i {m(x0) = t0,m(x1) = t1}∪{x
−
d = td} #2HQM;b

iQ � bQHmiBQM BM Ine+(C10)∪Ine
−(C10, CF1) bQ Bi K2�Mb i?�i {y1−m(x0) ≥ 2, y1−

m(x0) ≤ 3,m(x1)−y1 ≥ 4,m(x1)−y1 ≤ 5, x−
d −m(x0) < −2, x

−
d −y1 < −2}X �b

2+m(x0) ≤ y1 ≤ 3+m(x0) Bi K2�Mb i?�i B7 x−
d −m(x0) < −2 i?2M x−

d −y1 < −2

�HbQ ?QH/b �M/ +�M #2 `2KQp2/ 7`QK i?2 BM2[m�HBiv b2iX JQ`2Qp2`- r2 �HbQ ?�p2

m(x0) + 6 ≤ m(x1) ≤ m(x0) + 8X aQ {m(x0) = t0,m(x1) = t1} ∪ {x
−
d = td}

Bb �HbQ � bQHmiBQM Q7 Ine+(C9) ∪ Ine<(C9)X LQiB+BM; i?�i Ine−(C10, CF2) �M/

Ine−(C10, CF3) �`2 #Qi? BM+QMbBbi2Mi- Bi 7QHHQrb i?�i- B7 {m(x0) = t0,m(x1) =

t1} ∪ {x
−
d = td} #2HQM;b iQ � bQHmiBQM i?�i Bb MQi BM Ine+(C10)∪ Ine

−(C10, CF1)

i?2M Bi Kmbi #2 BM Ine+(C10) ∪ Ine−(C10, CF4) r?B+? BKTHB2b i?�i m(x0) + 6 ≤

m(x1) ≤ m(x0)+8 �M/ x−
d −m(x1) > 30 bQ Bi Bb � bQHmiBQM Q7 Ine+(C9)∪Ine

>(C9)X

h?2Q`2K R3 i?2M 2Mbm`2b i?�i C9 ≻ C10X

8 AKTH2K2Mi�iBQM Q7 i?2 +?`QMB+H2 +QKT�`BbQM +`Bi2`B�

�HH i?2 `2bmHib T`2b2Mi2/ ?2`2 �#Qp2 ?�p2 #22M 7mHHv BKTH2K2Mi2/ rBi?BM � *YY

iQQHFBi +�HH2/ hBS�.B�; UhBK2 S�ii2`Mb 7Q` .B�;MQbBbV �M/ �HH i?2 T`2b2Mi2/ 2t@

�KTH2b ?�p2 #22M ;2M2`�i2/ rBi? i?Bb iQQHX h?2 �BK Q7 i?Bb iQQHFBi Bb iQ T`QpB/2

� iQQH@+?�BM 7Q` KQ/2HBM;- �M�HvxBM; �M/ H2�`MBM; +?`QMB+H2b (am#B�b 2i �HUkyR9V)X

AM T�`iB+mH�`- hBS�.B�; �HbQ 2K#2/b � +?`QMB+H2 `2+Q;MBx2`- +�HH2/ u�+`2 Uu2i

�MQi?2` *?`QMB+H2 _2+Q;MBiBQM 1M;BM2V i?�i Bb � *YY +HQM2 Q7 i?2 BMBiB�H *_a

2M;BM2 7`QK (.QmbbQM 2i �HURNNjV- .QmbbQMUkyykV) i?�i Bb �#H2 iQ `2+Q;MBx2 i?2

+?`QMB+H2b �b /2}M2/ BM .2}MBiBQM 9X "Qi? 2M;BM2b `2Hv QM +HQ+F T`QT�;�iBQMb iQ

+QKTmi2 QM@i?2@~v i?2 b2i Q7 +?`QMB+H2 BMbi�M+2b #v K�M�;BM; � b2i Q7 T�`iB�H

BMbi�M+2b UT�`iB�HHv �bbB;M2/ BMbi�M+2bVX q?2M i?2 2M;BM2 `2+2Bp2b �M 2p2Mi- Bi

+?2+Fb 7Q` 2p2`v T�`iB�H BMbi�M+2 r?2i?2` i?2 /�i2 Q7 i?2 `2+2Bp2/ 2p2Mi Bb +QMbBb@

i2Mi rBi? i?2 iBK2 +QMbi`�BMib BMpQHp2/ BM i?2 BMbi�M+2 #v mT/�iBM; i?2B` +HQ+FX A7

i?2 +?`QMB+H2 Bb TQbBiBp2- i?Bb QT2`�iBQM Bb BM O(|X |2) r?2`2 |X | Bb i?2 MmK#2` Q7

MQ/2b BM i?2 +?`QMB+H2 (.QmbbQM 2i �HURNNjV)X AM i?2 ;2M2`�H +�b2- i?2 2M;BM2 �HbQ

M22/b iQ +?2+F i?2 +QMbBbi2M+v rBi? i?2 T`Q?B#BiBQM +QMbi`�BMib bQ i?2 QT2`�iBQM

Bb BM O(|X |2 + |F|) r?2`2 |F| Bb i?2 MmK#2` Q7 T`Q?B#BiBQM +QMbi`�BMibX 6`QK �

+QKTH2tBiv pB2rTQBMi- i?2 �/p�Mi�;2 Q7 mbBM; T`Q?B#BiBQM +QMbi`�BMib Bb i?�i Bi

�BKb �i `2/m+BM; i?2 b2i Q7 +m``2Mi T�`iB�H BMbi�M+2b iQ ?�M/H2 #v i?2 2M;BM2X
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_2;�`/BM; i?2 +?`QMB+H2 +QKT�`BbQM +`Bi2`B�- i?2B` BKTH2K2Mi�iBQM Bb /2i�BH2/

#2HQrX �b 2tTH�BM2/ BM a2+iBQM 9XR 7Q` i?2 +QMbBbi2M+v +`Bi2`B�- r2 #mBH/ i?2

/Bbi�M+2 ;`�T? Q7 Bib mM/2`HvBM; aiT �M/ +?2+F 7Q` M2;�iBp2 +v+H2b Ub22 *Q`QH@

H�`v RyVX hQ BKTH2K2Mi i?2 2[mBp�H2M+2 �M/ +Qp2`BM; i2bib- r2 �Hr�vb }`bi /BbiBM@

;mBb? i?2 ivT2 Q7 +?`QMB+H2b i?�i �`2 BMpQHp2/ BM i?2 i2bib 7Q` T2`7Q`K�M+2 Bbbm2bX

A7 #Qi? +?`QMB+H2b �`2 TQbBiBp2- �HH i?2 i2bib i?2M +QMbBbi BM #mBH/BM; i?2 /@;`�T?bX

A7 #Qi? +?`QMB+H2b BMpQHp2 T`Q?B#BiBQM +QMbi`�BMib- Bi Bb i?2M �HbQ T`272``2/ iQ bi�`i

#v #mBH/BM; i?2 /@;`�T?b iQ �M�Hvx2 i?2 TQbBiBp2 T�`i Q7 i?2 +?`QMB+H2 �M/ i?2M

bi`m+im`�HHv �M�Hvx2 i?2 T`Q?B#BiBQM +QMbi`�BMib B7 Bi Bb TQbbB#H2X h?2 H�bi +�b2 Bb

i?2 ;2M2`B+ QM2 i?�i +�M BKTH2K2Mi �HH i?2 i2bib #v i?2 mb2 Q7 BM2[m�HBiv bvb@

i2KbX q2 BKTH2K2Mi i?2 /Bz2`2Mi BM2[m�HBiv bvbi2Kb Q7 i?2 +?`QMB+H2b BMpQHp2/ BM

i?2b2 +`Bi2`B� rBi? MQi M2+2bb�`BHv +HQb2/ TQHv?2/`� ULL* 7Q` b?Q`iV �b /2}M2/ BM

("�;M�`� 2i �HUkyykV)X SQHv?2/`� �`2 KQbiHv mb2/ iQ �M�Hvx2 bQ7ir�`2 T`Q;`�Kb

2{+B2MiHvX q2 ?�p2 mb2/ i?2 mT@iQ@/�i2 *YY S�`K� SQHv?2/`� GB#`�`v UPPLVXj

�H;Q`Bi?K R /2b+`B#2b � bF2i+? Q7 i?2 BKTH2K2Mi�iBQM Q7 i?2 2[mBp�H2M+2

+`Bi2`B� BM hBS�.B�;X AM i?2 +�b2 Q7 TQbBiBp2 +?`QMB+H2b UHBM2b R@9V- i?2 2[mBp@

�H2M+2 i2bi Bb BKTH2K2Mi2/ #v #mBH/BM; #Qi? d@;`�T?b �M/ +?2+FBM; r?2i?2` i?2v

�`2 BbQKQ`T?B+ Ub22 h?2Q`2Kb RkV r?B+? `2HB2b QM i?2 6HQv/@q�`b?�HH �H;Q`Bi?K

i?�i Bb BM O(n3) rBi? n i?2 MmK#2` Q7 p�`B�#H2b BM � +?`QMB+H2X h?2 7mM+iBQM

checkIsomorphicDGraphs T2`7Q`Kb i?Bb �M�HvbBb �M/ `2im`Mb i?2 b2i Q7 TQbbB#H2

QM2@iQ@QM2 +Q``2bTQM/2M+2b #2ir22M i?2 irQ ;`�T?bX h?Bb b2i Kmbi #2 MQM@2KTiv

B7 i?2 2[mBp�H2M+2 ?QH/bX h?2M- BM i?2 ;2M2`�H +�b2- r2 �HbQ }`bi �ii2KTi iQ bQHp2

i?2 T`Q#H2K rBi? checkIsomorphicDGraphs �M/ � bi`m+im`�H �M�HvbBb Q7 i?2 T`Q@

?B#BiBQM +QMbi`�BMib iQ +?2+F r?2i?2` i?2v �`2 �HH BbQKQ`T?B+ U� T`Q?B#BiBQM +QM@

bi`�BMi (x1, x2, t1, t2) Q7 C Bb BbQKQ`T?B+ iQ � T`Q?B#BiBQM +QMbi`�BMi (x3, x4, t3, t4)

Q7 C′ Bz m(x1) = x3,m(x2) = x4, t1 = t3, t2 = t4V- i?Bb �M�HvbBb Bb BM O(|F|2)

UHBM2b 8@3VX A7- ?Qr2p2`- i?2b2 BbQKQ`T?BbKb /Q MQi ?QH/- Bi Bb MQi bm{+B2Mi iQ +QM@

+Hm/2 �M/ � 7m`i?2` BMp2biB;�iBQM rBi? i?2 ?2HT Q7 TQHv?2/`� Bb `2[mB`2/ �b BM i?2

H�ii2` +�b2X AM i?2 ;2M2`�H +�b2 UHBM2b N@kkV- i?2 �H;Q`Bi?K #�bB+�HHv b2�`+?2b 7Q`

� +Q``2bTQM/2M+2 m #2ir22M i?2 p�`B�#H2b Q7 C �M/ C′ bQ i?�i i?2 b2i Q7 TQbbB#H2

BMbi�M+2b Q7 C Bb i?2 b2i Q7 TQbbB#H2 BMbi�M+2b Q7 C′ Ub22 h?2Q`2K RjVX hQ /Q bQ-

7Q` 2�+? +?`QMB+H2 �M/ 7Q` �Mv Q7 Bib +QM};m`�iBQMb CF - i?2 �H;Q`Bi?K +QMp2`ib

i?2 +Q``2bTQM/BM; BM2[m�HBiv bvbi2K iQ � TQHv?2/`QM �M/ biQ`2b i?Bb TQHv?2/`QM

BM � bT2+B}+ TQHv?2/`QM b2i Q7 PPL Ub22 �H;Q`Bi?K kVX 1�+? TQHv?2/`QM b2i i?2M

BKTHB+BiHv `2T`2b2Mib i?2 b2i Q7 TQbbB#H2 BMbi�M+2b Q7 2�+? +?`QMB+H2X h?2M r2 i�F2

�/p�Mi�;2 Q7 � PPL QT2`�iQ`- +�HH2/ geometricallynequals i?�i +?2+Fb r?2i?2`

irQ TQHv?2/`� b2ib `2T`2b2Mi i?2 b�K2 bQHmiBQM bT�+2X hQ HQQF 7Q` bm+? � +Q``2@

bTQM/2M+2 m- 2Bi?2` r2 i2bi i?2 QM2b BM i?2 b2i Q7 +QKT�iB#H2 +Q``2bTQM/2M+2b M

B7 checkIsomorphicDGraphs ?�b T`2pBQmbHv #22M +�HH2/ UHBM2b Ry@R9V Q` r2 b2�`+?

7Q` Bi /B`2+iHv UHBM2b Re@kRVX "�+F iQ i?2 +QKTH2tBiv �M�HvbBb 7Q` i?Bb H�bi +�b2- H2i

3 ?iiT,ffrrrX+bXmMBT`XBifaQ7ir�`2f
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nmax #2 i?2 K�tBK�H MmK#2` Q7 p�`B�#H2b i?�i �`2 H�#2H2/ rBi? i?2 b�K2 2p2Mi

ivT2 BM C- i?2 MmK#2` Q7 +Q``2bTQM/2M+2b m iQ /2�H rBi? Bb i?2M BM O(nmax!)X

h?2 +QKTH2tBiv Q7 �H;Q`Bi?K k Bb i?2 +QKTH2tBiv Q7 geometricallynequals UHBM2

RkV i?�i Bb BM O(2n) r?2`2 n Bb i?2 K�tBKmK #2ir22M i?2 MmK#2` Q7 p�`B�#H2b

BMpQHp2/ BM i?2 BM2[m�HBiv bvbi2Kb Q7 C �M/ C′X

.�i�, *?`QMB+H2b C- C′

_2bmHi, i`m2 Bz C- C′ �`2 2[mBp�H2Mi

R B7 "Qi? +?`QMB+H2b �`2 TQbBiBp2 i?2M

k M ← checkIsomorphicDGraphs(C, C′)c

j `2im`M M 6= ∅

9 2M/

8 M ← checkIsomorphicDGraphs(C, C′)c

e B7 ∃m ∈M, isomorphicProhibitionConstraints(C, C′,m) i?2M

d `2im`M i`m2c

3 2M/

N B7 M 6= ∅ i?2M

Ry 7Q` m ∈M /Q

RR B7 polyhedranequals(C, C′,m) i?2M

Rk `2im`M i`m2

Rj 2M/

R9 2M/

R8 2Hb2

Re 7Q` 2p2`v QM2@iQ@QM2 +Q``2bTQM/2M+2 m Q7 C- C′ /Q

Rd B7 polyhedranequals(C, C′,m) i?2M

R3 `2im`M i`m2

RN 2M/

ky 2M/

kR 2M/

kk `2im`M 7�Hb2

�H;Q`Bi?K R, �H;Q`Bi?K Q7 i?2 2[mBp�H2M+2 +`Bi2`B�

�b 7�` �b i?2 BKTH2K2Mi�iBQM Q7 i?2 +Qp2`BM; +`Bi2`B� Bb +QM+2`M2/- iQ +?2+F

r?2i?2` C ≻ C′ Q` MQi- i?2 BKTH2K2Mi�iBQM 7QHHQrb 2t�+iHv i?2 b�K2 bF2i+?

�b �H;Q`Bi?K RX h?2`2 �`2 QMHv 72r /Bz2`2M+2bX checkIsomorphicDGraphs(C, C′)

Bb `2TH�+2/ #v checkCoveringDGraphs(C, C′) i?�i b2�`+?2b 7Q` +Q``2bTQM/2M+2

bm+? i?�i i?2 /@;`�T? Q7 C +Qp2`b i?2 QM2 Q7 C′ Ub22 h?2Q`2K R8VX h?2 +�HH

Q7 i?2 7mM+iBQM isomorphicProhibitionConstraints Bb `2TH�+2/ #v i?2 +�HH Q7 i?2

7mM+iBQM coveringProhibitionConstraints i?�i +?2+Fb r?2i?2` � T`Q?B#BiBQM +QM@
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R 6mM+iBQM polyhedranequals(C, C′,m)c

.�i�, *?`QMB+H2b C- C′

.�i�, QM2@iQ@QM2 +Q``2bTQM/2M+2 m Q7 C- C′

_2bmHi, i`m2 B7 i?2 i2bi bm++22/b

ff phs1 Bb � TQHv?2/`� b2i Q7 SSG

k phs1← ∅ c

j 7Q` 2p2`v +QM};m`�iBQM CF Q7 C /Q

9 ph← getPolyhedron(Ine+(C) ∪ Ine−(C, CF ))c

8 phs1← phs1 ∪ {ph}c

e 2M/

ff phs2 Bb � TQHv?2/`� b2i Q7 SSG

d phs2← ∅ c

3 7Q` 2p2`v +QM};m`�iBQM CF Q7 C′ /Q

N ph← getPolyhedron(Ine+(C′) ∪ Ine−(C′, CF ))c

Ry phs2← phs2 ∪ {ph}c

RR 2M/

Rk `2im`M geometricallynequals(phs1, phs2)c

�H;Q`Bi?K k, SQHv?2/`� 2[mBp�H2M+2 i2biX

bi`�BMi (x1, x2, t1, t2) Q7 C +Qp2`b � T`Q?B#BiBQM +QMbi`�BMi (x3, x4, t3, t4) Q7 C′- UBX2X

m(x1) = x3,m(x2) = x4, t1 ≥ t3, t2 ≤ t4VX �M/ i?2 +�HH Q7 polyhedranequals

Bb `2TH�+2/ #v polyhedrancovers- i?2 7mM+iBQM polyhedrancovers Bb /2}M2/ �b

polyhedranequals U�H;Q`Bi?K kV r?2`2 i?2 +�HH Q7 geometricallynequals UHBM2

RkV Bb `2TH�+2/ #v i?2 SSG QT2`�iQ` geometricallyncoversX

*QKTmiBM; i?2 +Qp2`BM; +`Bi2`B� Bb bBKTH2` BM T`�+iB+2 i?�M +QKTmiBM; i?2

2[mBp�H2M+2 +`Bi2`B�- #mi 7`QK � +QKTH2tBiv TQBMi Q7 pB2r BM i?2 rQ`bi +�b2- i?2

`2bmHib �`2 i?2 b�K2X S`QTQb2/ �H;Q`Bi?Kb ?�p2 #22M 7mHHv BKTH2K2Mi2/ rBi?BM

i?2 hBS�.B�; TH�i7Q`KX h�#H2 R T`2b2Mib � b2H2+iBQM Q7 Qm` i2bibX 6Q` 2�+? i2bi-

r2 `�M/QKHv ;2M2`�i2 � +QmTH2 Q7 +?`QMB+H2b rBi? i?2 b�K2 +QM};m`�iBQM #�b2/

QM i?`22 T�`�K2i2`b, MmK#2` Q7 MQ/2b |X |- MmK#2` Q7 2p2Mib ivT2b |E+|- �M/ i?2

MmK#2` Q7 T`Q?B#BiBQM +QMbi`�BMib |F|X h?2M r2 +QKTmi2 i?2 2[mBp�H2M+2 i2bib

#2ir22M #Qi? +?`QMB+H2b �M/ #2ir22M i?2 }`bi +?`QMB+H2 �M/ Bib2H7 UBX2X i?2 }`bi

i2bi Bb p2`v HBF2Hv 7�Hb2- i?2 b2+QM/ Bb �Hr�vb i`m2VX 1�+? +QM};m`�iBQM ?�b #22M

i2bi2/ kyyy iBK2b 2�+?X h�#H2 R T`2b2Mib i?2 K2�MfKBMBK�HfK�tBK�H iBK2 7Q`

2�+? +QM};m`�iBQM 9 UQM i?2 H27i �`2 +QM};m`�iBQMb 7Q` TQbBiBp2 +?`QMB+H2b- QM i?2

`B;?i �`2 i?2 QM2b 7Q` +?`QMB+H2 rBi? �i H2�bi QM2 T`Q?B#BiBQM +QMbi`�BMiVX q?BH2

T`Q?B#BiBQM +QMbi`�BMib +H2�`Hv BKT`Qp2 i?2 2tT`2bbBpBiv Q7 +?`QMB+H2b- i?2 `2bmHib

b?Qr i?2B` BKT�+i QM i?2 +QKTmi�iBQM +QKTH2tBivX

4 h2bib T2`7Q`K2/ QM � �J. _vx2M d Rdyys UjX9 :>xV rBi? GBMmtX
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*QM};X J2�MfJBMfJ�t UKbV *QM};X J2�MfJBMfJ�t UKbV

8-j-y yfyfR 8-8-8 eyf8fkRy

8-8-y yfyfR 8-j-8 Nyfkkfky9N

Ry-8-y ef8fN Ry-3-k kj8fkNf9898

Ry-Ry-y ef8fRR Ry-3-j 83Rf3kfkee8d

8y-8y-y Red8fReyNfRdNj Ry-Ry-8 k9k9fj3feRRkR

8y-k8-y RedefReydfR3Nk Ry-3-e RRdjef8y9f988kkR

Ryy-8y-y kk3e8fkkj88fk9kke R8-R8-R kRyNNfRyNf9eRdkj3

Ryy-Ryy-y kk3e8fkkjRyfk9kNk Re-Re-R 3dRNNfkjjfkRRj39RN

h�#H2 R, 1[mBp�H2M+2 i2bi, +QKTmi�iBQM iBK2 QM `�M/QK +?`QMB+H2bX

e *QM+HmbBQMb �M/ T2`bT2+iBp2b

h?2 +QMi2ti Q7 i?2 +m``2Mi rQ`F Bb 2p2Mi@#�b2/ #2?�pBQ` �M�HvbBb �M/ KQ`2 T`2@

+Bb2Hv Q7 #2?�pBQ`b BMpQHpBM; iBK2 BM7Q`K�iBQMX h?2 `2b2�`+? T`2b2Mi2/ BM i?Bb

�`iB+H2 Bb KQiBp�i2/ #v i?2 M22/ 7Q` KQ/2HBM; �M/ �M�HvxBM; �Mv #2?�pBQ` Q7

BMi2`2bi #v bm++BM+i TB2+2b Q7 BM7Q`K�iBQM +QK#BMBM; iBK2/ TQbBiBp2 +QMbi`�BMib

UiBK2/ 2p2Mib i?�i Kmbi Q++m`V �M/ iBK2/ M2;�iBp2 +QMbi`�BMib UiBK2/ 2p2Mib

i?�i Kmbi MQi Q++m`VX hQ /Q bQ- r2 T`QTQb2 � 7Q`K�H 2ti2MbBQM Q7 +?`QMB+H2b

#v i?2 mb2 Q7 T`Q?B#BiBQM +QMbi`�BMib r?B+? �BKb �i BM+`2�bBM; i?2 2tT`2bbBpBiv

Q7 TQbBiBp2 +?`QMB+H2b iQ BM+Hm/2 M2;�iBp2 #2?�pBQ`bX "2bB/2 Bib mb2 7Q` #2?�pBQ`

KQ/2HBM;- i?2 M2r +?`QMB+H2 7Q`K�HBbK T`QTQb2/ BM i?Bb T�T2` �HHQrb i?2 /2}MB@

iBQM Q7 b2p2`�H +`Bi2`B� iQ 7Q`K�HHv +?�`�+i2`Bx2 �M/ +QKT�`2 � b2i Q7 +?`QMB+H2bX

�M BKTH2K2Mi2/ bQHmiBQM Bb �HbQ T`QTQb2/ �HHQrBM; iQ +?2+F +?`QMB+H2 +QMbBb@

i2M+v �M/ iQ +QKT�`2 +?`QMB+H2b rBi? i?2 2[mBp�H2M+2 �M/ +Qp2`BM; i2bibX h?2

T`QTQb2/ BKTH2K2Mi�iBQM `2HB2b QM i?2 bQHpBM; Q7 bvbi2Kb Q7 HBM2�` BM2[m�HBiB2b #v

TQHv?2/`� i2+?MB[m2bX �b � 7mim`2 rQ`F- r2 TH�M iQ 2ti2M/ i?2 T`QTQb�H #v +QM@

bB/2`BM; Qi?2` +`Bi2`B� iQ +QKT�`2 +?`QMB+H2b rBi? i?2 K�BM Q#D2+iBp2 iQ BKT`Qp2

i?2 [m�HBiv Q7 � +?`QMB+H2 /�i�#�b2 �M/ i?2`27Q`2 i?2 [m�HBiv Q7 i?2B` `2+Q;MBiBQM

BM �Mv ivT2 Q7 �TTHB+�iBQM- MQi�#Hv BM i?2 }2H/ Q7 /B�;MQbBb r?2`2 +?`QMB+H2b +�M

#2 mb2/ iQ KQ/2H MQ`K�H #2?�pBQ`b �b r2HH �b 7�mHiv QM2b �b Q#b2`p�#H2 iBK2/

T�ii2`MbX

_272`2M+2b

(�;mBH�` 2i �HURNN9V) �;mBH�` C- "QmbbQM E- .QmbbQM *- :?�HH�# J- :m�b+? �- JBHM2
_- LB+QH *- Zm2p2/Q C- h`�pû@J�bbmv�b G URNN9V hB;2`, `2�H@iBK2 bBim�iBQM �bb2bb@
K2Mi Q7 /vM�KB+ bvbi2KbX h2+?MB+�H `2TQ`i- G��a@*L_a- hQmHQmb2- 6`�M+2

(�HH2MURN3jV) �HH2M C6 URN3jV J�BMi�BMBM; FMQrH2/;2 �#Qmi i2KTQ`�H BMi2`p�HbX *QK@
KmMB+�iBQMb Q7 i?2 �*J keURRV,3jk � 39j
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(�HH2MURN39V) �HH2M C6 URN39V hQr�`/b � ;2M2`�H i?2Q`v Q7 �+iBQM �M/ iBK2X �`iB}+B�H
AMi2HHB;2M+2 kjUkV,Rkj�R89

(�`iBFBb 2i �HUkyRkV) �`iBFBb �- aF�`H�iB/Bb �- SQ`i2i 6- S�HBQm`�b : UkyRkV GQ;B+@"�b2/
1p2Mi _2+Q;MBiBQMX EMQrH2/;2 1M;BM22`BM; _2pB2r kdU9V,9eN�8ye

("�;M�`� 2i �HUkyykV) "�;M�`� _- _B++B 1- w�z�M2HH� 1- >BHH SJ UkyykV SQbbB#Hv MQi
+HQb2/ +QMp2t TQHv?2/`� �M/ i?2 S�`K� SQHv?2/`� GB#`�`vX Zm�/2`MQ k3e- .BT�`@
iBK2MiQ /B J�i2K�iB+�- lMBp2`bBi¨ /B S�`K�- Ai�Hv

("�m2` 2i �HUkyRRV) "�m2` �- G2m+F2` J- a+?�HH?�`i * UkyRRV _mMiBK2 o2`B}+�iBQM
7Q` GhG �M/ hGhGX �*J h`�Mb�+iBQMb QM aQ7ir�`2 1M;BM22`BM; �M/ J2i?Q/QHQ;v
UhPa1JV kyU9V

("2`i`�M/ 2i �HUkyy3V) "2`i`�M/ P- *�`H2 S- *?QTTv * Ukyy3V hQr�`/b � +QHQm`2/ S2i`B
M2ib b2K�MiB+b Q7 � +?`QMB+H2 H�M;m�;2 7Q` /Bbi`B#mi2/ bBKmH�iBQM T`Q+2bbBM;X AM,
AM *>AL� kyy3 qQ`Fb?QT U*QM+m``2M+v K2i>Q/b, Abbm2b �M/ �TTHB+�iBQMbV- TT
Ry8�RRN

("Qm7�B2/ 2i �HUkyy9V) "Qm7�B2/ �- am#B�b �- *QK#�+�m J Ukyy9V .Bbi`B#mi2/ 7�mHi
/2i2+iBQM rBi? /2H�vb +QMbB/2`�iBQMX AM, 3i? qQ`H/ JmHiB@*QM72`2M+2 QM avbi2KB+b-
*v#2`M2iB+b �M/ AM7Q`K�iB+b Ua*Aökyy9V- P`H�M/Q-la�- TT Rj8�R9y

(*�Q 2i �HUkyR8V) *�Q G- um Sa- EmK�` o UkyR8V LQMQ++m``BM; #2?�pBQ` �M�HviB+b, �
M2r �`2�X A111 AMi2HHB;2Mi avbi2Kb jyUeV,9�RR

(*�`H2 2i �HURNN3V) *�`H2 S- "2M?�KQm S- P`M�iQ J- .QH#2�m 6 URNN3V "mBH/BM; /v@
M�KB+ Q`;�MBx�iBQMb mbBM; BMi2MiBQMb `2+Q;MBiBQMX h2+?X _2TX PL1_�@hS @ NN@Rje-
P{+2 M�iBQM�H /öûim/2b 2i /2 `2+?2`+?2b �û`QbT�iB�H2b- *?�iBHHQM- 6`�M+2

(*�`H2 2i �HUkyRjV) *�`H2 S- *?QTTv *- E2`p�`+ _- SB2H � UkyRjV a�72iv Q7 lMK�MM2/
�B`+`�7i avbi2Kb 6�+BM; JmHiBTH2 "`2�F/QrMbX AM, *?QTTv *- amM C U2/bV Rbi
6`2M+? aBM;�TQ`2�M qQ`Fb?QT QM 6Q`K�H J2i?Q/b �M/ �TTHB+�iBQMb U6a6J�
kyRjV- a+?HQbb .�;bim?H�G2B#MBx@w2Mi`mK 7m2` AM7Q`K�iBF- .�;bim?H- :2`K�Mv- PT2@
M�++2bb a2`B2b BM AM7Q`K�iB+b UP�aA+bV- pQH jR- TT 3e�NR

(*�``�mHi 2i �HURNNNV) *�``�mHi :- *Q`/B2` J- ZmBMBQm _- :�``2�m J- �M/� "�`/Qm
C" URNNNV � KQ/2H@#�b2/ �TT`Q�+? 7Q` H2�`MBM; iQ B/2MiB7v +�`/B�+ �``?vi?KB�bX
G2+im`2 LQi2 QM �`iB}+B�H AMi2HHB;2M+2 Reky,Re8�Rd9

(*Q`/B2` �M/ .QmbbQMUkyyyV) *Q`/B2` JP- .QmbbQM * UkyyyV �H�`K /`Bp2M KQMBiQ`BM;
#�b2/ QM +?`QMB+H2bX AM, 9i? amKTQbBmK QM 6�mHi .2i2+iBQM amT2`pBbBQM �M/ a�72iv
7Q` h2+?MB+�H S`Q+2bb2b Ua�72S`Q+2bbV- "m/�T2bi- >mM;�`v- TT k3e�kNR

(*Q`/B2` 2i �HUkyydV) *Q`/B2` JP- :mBHHQm sG- _Q#BM a- _Qxû G- oB/�H h UkyydV .Bb@
i`B#mi2/ +?`QMB+H2b 7Q` QM@HBM2 /B�;MQbBb Q7 r2# b2`pB+2bX AM, "Bbr�b :- EQmibQmFQb
s- �#/2Hr�?2/ a U2/bV R3i? AMi2`M�iBQM�H qQ`Fb?QT QM S`BM+BTH2b Q7 .B�;MQbBb- TT
jd�99

(*`�K 2i �HUkyyNV) *`�K .- E`ºM2` �- JBHH2 � UkyyNV lbBM; Q#D2+i K2KQ`v T�ii2`Mb
iQ K�F2 TH�M@/`Bp2M ?2HT bvbi2Kb KQ`2 ~2tB#H2X AM, qQ`Fb?QTb S`Q+22/BM;b Q7 i?2
8i? AMi2`M�iBQM�H *QM72`2M+2 QM AMi2HHB;2Mi 1MpB`QMK2Mib- "�`+2HQM�- aT�BM- RNi?
Q7 CmHv- kyyN- TT 98�8y

(.2+?i2` 2i �HURNNRV) .2+?i2` _- J2B`B A- S2�`H C URNNRV h2KTQ`�H +QMbi`�BMi M2irQ`FbX
�`iB}+B�H BMi2HHB;2M+2 9NURV,eR�N8

(.QmbbQMURNNeV) .QmbbQM * URNNeV �H�`K /`Bp2M bmT2`pBbBQM 7Q` i2H2+QKKmMB+�iBQM
M2irQ`Fb,BB@ QM HBM2 +?`QMB+H2 `2+Q;MBiBQMX �MM�H2b /2b hûHû+QKKmMB+�iBQMb 8R UN@
RyV,8yR�8y3

(.QmbbQMUkyykV) .QmbbQM * UkyykV 1ti2M/BM; �M/ mMB7vBM; +?`QMB+H2 `2T`2b2Mi�iBQM
rBi? 2p2Mi +QmMi2`bX AM, S`Q+22/BM;b Q7 i?2 R8i? 1m`2QT2�M *QM72`2M+2 QM �`iB}+B�H
AMi2HHB;2M+2- 1*�Aökyyk- GvQM- 6`�M+2- CmHv kyyk- TT k8d�keR

(.QmbbQM 2i �HURNNjV) .QmbbQM *- :�#Q`Bi S- :?�HH�# J URNNjV aBim�iBQM `2+Q;MBiBQM,
`2T`2b2Mi�iBQM �M/ �H;Q`Bi?KbX AM, AC*�A, AMi2`M�iBQM�H CQBMi *QM72`2M+2 QM �`iB}@
+B�H AMi2HHB;2M+2- *?�K#û`v- 6`�M+2- TT Ree�Rdk

(6HQv/URNekV) 6HQv/ _q URNekV �H;Q`Bi?K Nd, a?Q`i2bi T�i?X *QKKmM �*J
8UeV,j98�- .PA RyXRR98fjeddeeXje3Re3
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(:?�HH�#URNNeV) :?�HH�# J URNNeV PM +?`QMB+H2b , _2T`2b2Mi�iBQM- QM@HBM2 `2+Q;MBiBQM
�M/ H2�`MBM;X AM, S`Q+X Q7 i?2 8i? AMi2`M�iBQM�H *QM72`2M+2 QM S`BM+BTH2b Q7 EMQrH@
2/;2 _2T`2b2Mi�iBQM �M/ _2�bQMBM; UE_@NeV- TT 8Nd�eye

(:mBHHQm 2i �HUkyy3V) :mBHHQm sG- *Q`/B2` JP- _Q#BM a- _Qxû G Ukyy3V *?`QMB+H2b 7Q`
QM@HBM2 /B�;MQbBb Q7 /Bbi`B#mi2/ bvbi2KbX AM, R3i? 1m`QT2�M *QM72`2M+2 QM �`iB}+B�H
AMi2HHB;2M+2- 1*�Ay3- S�i`�b- :`22+2- TT RN9�RN3

(>2BMixUkyyRV) >2BMix 6 UkyyRV *?`QMB+H2 `2+Q;MBiBQM BM i?2 qAh�a l�o T`QD2+i �
T`2HBKBM�`v `2TQ`iX AM, ar2/Bb? �A aQ+B2iv qQ`Fb?QT Ua�AakyyRV

(EQr�HbFB �M/ a2`;QiURN3eV) EQr�HbFB _- a2`;Qi J URN3eV � HQ;B+@#�b2/ +�H+mHmb Q7
2p2MibX L2r :2M2`�iBQM *QKTmiBM; 9URV,ed�N8

(G�#Q`B2 �M/ E`BpBM2URNNdV) G�#Q`B2 S- E`BpBM2 CS URNNdV �miQK�iB+ ;2M2`�iBQM Q7
+?`QMB+H2b �M/ Bib �TTHB+�iBQM iQ �H�`K T`Q+2bbBM; BM TQr2` /Bbi`B#miBQM bvbi2KbX AM,
3i? BMi2`M�iBQM�H rQ`Fb?QT Q7 /B�;MQbBb U.sNdV- JQMi a�BMi@JB+?2H- 6`�M+2

(J+*�`i?v �M/ >�v2bURNeNV) J+*�`i?v C- >�v2b SC URNeNV aQK2 T?BHQbQT?B+�H T`Q#@
H2Kb 7`QK i?2 bi�M/TQBMi Q7 �`iB}+B�H BMi2HHB;2M+2X J�+?BM2 AMi2HHB;2M+2 9

(JQ`BM �M/ .2#�`UkyyjV) JQ`BM "- .2#�` > UkyyjV *Q``2H�iBQM QM BMi`mbBQM, �M �TTHB@
+�iBQM Q7 +?`QMB+H2bX AM, ei? AMi2`M�iBQM�H *QM72`2M+2 QM `2+2Mi �/p�M+2b BM AMi`mbBQM
.2i2+iBQM _�A.- SBiib#m`;?- la�

(S2M+QHû �M/ am#B�bUkyyNV) S2M+QHû u- am#B�b � UkyyNV � +?`QMB+H2@#�b2/ /B�;MQb�#BH@
Biv �TT`Q�+? 7Q` /Bb+`2i2 iBK2/@2p2Mi bvbi2Kb, �TTHB+�iBQM iQ r2#@b2`pB+2bX CQm`M�H
Q7 lMBp2`b�H *QKTmi2` a+B2M+2 R8URdV,jk9e�jkdk

(_Qi� �M/ h?QMM�iUkyyyV) _Qi� L- h?QMM�i J UkyyyV �+iBpBiv `2+Q;MBiBQM 7`QK pB/2Q
b2[m2M+2b mbBM; /2+H�`�iBp2 KQ/2HbX AM, R9i? AMi2`M�iBQM�H qQ`Fb?QT QM S`BM+BTH2b
Q7 .B�;MQbBb U.syyV- JQ`2HB�- JB+?Q�+2M- J2tB+Q

(a�//2K 2i �HUkyRyV) a�//2K _- hQ;mv2MB �- JQM+27 h UkyRyV *QMbBbi2M+vöb +?2+FBM;
Q7 +?`QMB+H2bö b2i mbBM; iBK2 S2i`B M2ibX AM, *QMi`QH � �miQK�iBQM UJ1.V- kyRy
R3i? J2/Bi2``�M2�M *QM72`2M+2 QM- A111- TT R8ky�R8k8

(a�?m;m�/2 2i �HUkyR3V) a�?m;m�/2 �- 62`;�MB a- *Q``QM+ 1G- G�MM JG UkyR3V J�T@
TBM; +?`QMB+H2b iQ � F@/BK2MbBQM�H 2m+HB/2�M bT�+2 pB� `�M/QK T`QD2+iBQMbX AM, R9i?
�MMm�H A111 AMi2`M�iBQM�H *QM72`2M+2 QM �miQK�iBQM a+B2M+2 �M/ 1M;BM22`BM;
U*�a1V- JmMB+?- :2`K�Mv-

(am#B�b 2i �HUkyR9V) am#B�b �- h`�pû@J�bbmv�b G- *Q``QM+ 1G UkyR9V G2�`MBM; +?`QM@
B+H2b bB;MBM; KmHiBTH2 b+2M�`BQ BMbi�M+2bX A6�* qQ`H/ *QM;`2bb- G2 *�T- aQmi?
�7`B+�- ke@kN �m;mbi

(oBx+�``QM/Q 2i �HUkyRjV) oBx+�``QM/Q C- �;mBH�` C- am#B�b �- 1tTQbBiQ 1 UkyRjV .Bb@
i`B#mi2/ +?`QMB+H2b 7Q` `2+Q;MBiBQM Q7 7�BHm`2b BM r2# b2`pB+2b +QKTQbBiBQMX AM, sssAs
G�iBM �K2`B+�M *QKTmiBM; *QM72`2M+2 U*G1A kyRjV- Sm2`iQ �xmHUo2M2xm2H�V
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