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i
;CIEJ

j
·�©-W�J	WHIN7@YbW%V:G

[i, j]
YbMNWkPAWUY

{n : i ≤ n ≤ j}
´/K.MNW

Y|§bWUWHP.©-W&J	WH;CS�©�36Y|ML36I�YbMN3TPR°E;@°XWU§R;C§|W�²EIN36Y|W8·NVN3TIE;@§bG�Yb§|WHWHP.S�;@VXWUSTWHJ�V:G¶;µ«C3T³CWHI�²EIN36Y|W
;@ST°NME;@VXW�Y

Σ
´10N78§|O�;@STSTGC·v;

Σ 243 Ë|ÍnÍ t
3�P�;%O�;@°N°E36IN«%±�§b7CO

Nt ⊆ {1, 2}∗
Y|7

Σ
·�©�MNWU§bW

Nt

3�P�;�²¸IN3sYbWC·�IE7CI	¨fWUOµ°	YdG8·�°N§bW�²Nç:¨mD�ST78P|WHJ�PAWUY�PA¬EDnM�YbME;>Y�±�78§�;@I:G
v ∈ Nt

·
v1 ∈ Nt3sÄ

v2 ∈ Nt

´/½iS6WHOµWUI]YbPµ7C±RY|MNWkP|W�Y
Nt

;C§|WLDU;CS6STWHJ6587:9CÍ<;�7C±RY|MEW%Yb§|WHWC´�®�W�¬¸PAW�Y|MEW
PAWUY

Types = {r, 1, 2} × {l, f}
Yb74WUIEDU7	J	W�YbMNW�°X78PbPA3TVNSTW 3'=?> Í<;�7@±¢;LIN7	J	W8ÚÊYbMNW�²E§nPdYD�7COµ°X7CINWHI]Y¥ME;CPiY|MNW¢³Õ;CS6¬EW

r
±�7C§/YbMNW¢§b7:7@Y�·

1
±�7C§-;&S6WU±qY-P|7CI�;CIEJ

2
±�7C§�;&§|3T«CM]Y¥78INWA@CY|MNW

PAW�D�7CI¸J�DU7COµ°X7CINWHI8YR3�P
l
±�78§R;µS6W�;>±�7C§RWHSTP|W

f
±�78§.±<;>Y|MEWU§nPU´B0E7C§

v ∈ Nt

·NSTW�Y
typet(v) ∈

Types
J	WHIN7@YbWµY|MNW¶YdG:°¸W�7C±.Y|MN3�P�IN7	J	W8´ ¦ 9DCqË|ÍFE 3 C)7-5Ô3�P�;CI�WHS6WHOµWUI]Y�3TI [0, 2]

·Ê©�MNWH§|W
36I	±�78§|O�;CS6STG

0
PdYn;@IEJEP-±�7C§�G ¬N°�HT·

1
±�78§�G JN7>©�I	¨ªSTW�±qY:HE;@I¸J

2
±�7C§�G_J	7>©�I	¨f§b36«8M8Y:H6´NÉÊW�Y

d : Nt × Nt → [0, 2] ∪ {⊥}

V¸W�Y|MNW�±�¬NI¸D�Y|3T7CI�;CPbPA3T«CIE36IN«¸Ú
i
Yb7�°E;C36§nP�7@±�YbMNW�±�7C§bO

(v, v·i)
·	±�78§

i ∈ {1, 2}
@
0
Y|7x°E;C36§nP

7@±�Y|MNW ±�78§|O
(v ·i, v)

·:±�7C§
i ∈ {1, 2}

@	;@IEJ
⊥
7CY|MNWH§|©�3�P|WC´

IJ#/K
*,&)LM&)N8*�O ¦ 3 ËbÍbÍ 24P Ñ>Ð Q-CR5:Î&Ñ>Ï 3 7-S�Ñ 3 7-5x7>³CWU§ Σ ¨ªY|§bWUW�P�3TP!;.Y|¬E°NS6W A = (Q, qI , F, δ)
·

©�MNWU§bW
Q
3�P�;�²EIN36Y|W�P|W�Y�7@±T; 3 Ñ 3 Í<;�· qI ∈ Q

3�PRYbMNWUCR5VC 3 C<Ñ@ÐW; 3 Ñ 3 ÍU· F ⊆ Q
3TP¢Y|MNWxPAWUY�7C±

ÑAEFEnÍ >X3 CR5:ÎY; 3 Ñ 3 ÍZ;&;@I¸J δ
3TP-YbMNW 3 Ë|Ñ-5B;FC 3 C)7-5»Ë|ÍUÐ6Ñ 3 C)7-547C±!YbMNW ±�7C§bO

δ ⊆ Q × Types × Σ × Q × [0, 2].

¦ Ë�Ï�5Ö7@±
A
7>³8WU§�;

Σ
¨ªY|§bWUW

t
3TPR;µP|WHÙ]¬NWHIED�W

(v0, q0) . . . (vn, qn)
Pb;>Y|3�PA±�G]3TIN«

(qi, typet(vi), t(vi), qi+1, d(vi, vi+1)) ∈ δ
±�7C§R;CS6S

i ∈ [0, n − 1].

¦ §b¬NIx3TP�Ñ[E?EnÍ >83 CR5]ÎC·@36± v0 = vn = ε
·
q0 = qI

;CIEJ
qn ∈ F

´@K.MNW�;@¬NY|7CO�;@Y|7CI
A
;8DUD�WH°	YbP

;�Yb§|WHW�36±�3sY�ME;8P�;@IL;CDUDUWU°	Yb36IE«�§b¬NI�7>³CWU§-36YH´ ¦ P|W�Y�7@±
Σ
¨�Yb§|WHWHP

L
3�P Ë|ÍFEF7|ÎA5BC]\�ÍF9�V:G

A
36±

A
;8DUD�WH°	YbP-WUç	;8D�YbS6GµYbMNW Y|§bWUW�P�3TI

L
´�0!3TIE;CS6STGC·	©-W�Pb;ÕGµY|M¸;>YR;�Yb§|WHW�¨f©-;CS65:3TIN«�;C¬	Y|78O�;>Y|78I

3TP^9CÍ 3 ÍUËZS_CR5VC`; 3 C)E�36± δ 3�P¥;&±�¬NIED�Yb3678I�±�§b7CO Q×Types×Σ
Yb7

Q× [0, 2]
´@®�WR¬EP|W�K.® ¦

Y|74J	WHIN7@YbWµY|MNW�DUST;8P|P 7C±�Yb§|WHW�ST;CIN«C¬E;C«CW�P�©�ME3TDnMÌ;@§bWµ§|W�D�78«CIN3TFUW�JÖV:GÖP|7COµW�K.® ¦ ;CIEJ
a�K.® ¦ ±�78§�ST;CIN«C¬¸;@«CW�P-§|W�D�7C«8IN3TFUWHJ¶V:G¶PA78OµW JNW�Y|WH§|Oµ3TIN3�PdYb3TD&K.® ¦ ´
®»W ©-7C¬NS�J¶ST3T5CW�Y|7µ°X7C3TI8Y�78¬	Y�MNWU§bW�Y|ME;@Y.§bWH;8J	3TIN«�YbMNW YdG:°¸W 7C±�;xIN7	J	W 3TP�;CI%W�P|P|WUIN¨

Y|3�;@S�±�WH;@Y|¬N§bW�7@±ÊYb§|WHW�¨f©-;CS65:3TIN«�;C¬	Y|78O�;>Yb;E´8×mI¸J	WUW�Jv·Nä&;@Oµ3TO�¬N§n;�;CIEJ�â	S6¬	YbFU5:3�P|MN7>©�W�J�3TI
¿ ä�â	åEÂ�ÃEYbME;>Y-K.® ¦ ©�MN3�DnM�J	7�IN7CY¥ME;Õ³CW�;8DUD�W�P|P/Y|7 Y|ME3TP¥36I	±�78§|O�;@Y|3T7CI�DU;CININ7@Y�§|W�D�7C«8IN3TFUW
;@STS/§|WH«C¬NS�;@§ S�;@IN«8¬E;@«8WHPH·XVXWU3TIN«k3TIEDU;C°E;@VES6Wµ7@±.WU³8WUIÓPAW�;@§nDnMN3TIN«�;%Yb§|WHWx3TIÌ;kPAG	PAY|WHOµ;@Y|3�D
Oµ;CININWH§�V]G%J	7C3TIN«�;µJ	WU°	YbM	¨ª²E§bPAY¢P|WH;@§nDnM�·]±�7C§�3TIEPAYb;CIED�W8´
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L

×mIÖYbMN3TP�PAW�D�Y|3T7CI»©�W�P|°¸W�D�36±�G47C¬E§�PAWH°E;@§n;>Yb36IN«%ST;CIN«C¬¸;@«CW
L
·v©�MN3�DnM�©�Wµ©�3TS6S/WH³CWUI]Yb¬E;@STS6G

°N§|7>³8W/Y|7�©�36Y|INW�P|PÊY|MNW-3TINWHÙ]¬E;CS636YdG a�K.® ¦
(
K.® ¦ ´ ¦ S�PA7�36I�Y|MN3�P�PAW�D�Y|3T7CIÊ·H©-W¥°N§bWHP|WUI]Y�;

IN7CIEJNW�Y|WH§|Oµ3TIN3�PdYb3TDiK.® ¦ ©�MN3�DnM&§|W�D�78«CIN3TFUW�P
L
´ ¦ °N§b7:7@±:Y|ME;@YÊIN7�a�K.® ¦ DU;CI&§|W�D�7C«8IN3TFUW

L
3�P�Oµ7C§bW�36I:³C78S6³8WHJ%;@IEJ�©�3TS6S�VXW�P|°N§|W�;CJ%;CD�§b78PbP�Y|MNW�P|¬NVEP|WHÙ]¬NWHI]Y�P|WHD�Y|3T7CIEPH´
K.MNW¥S�;@IN«8¬E;@«8W

L
3TI:³C7CST³CW�P�;R³8WU§bG�P|3TOx°ES6W�5]3TIEJ&7C±	Y|§bWUW�PU·�©�MN3�DnM�©�W�DU;@STS P Í�ÐqÐ 2�� 7@ËZSµÍF9Y|§bWUWHPHÚ

{B, a, b, c}
¨�Yb§|WHWHP.©�MN3�DnM4ME;Õ³8W�;@STSÊIN7	J	W�P¢S�;@VXWUSTWHJLV:G�Y|MEW��UÐ6Ñ-5�QU; = S��F7>Ð B

VE¬	Y
±�7C§xY|MN§bWUW�STWH;Õ³CW�PUÚ�7CIEW%STWH;@±�ME;Õ³:3TIN«ÖS�;@VXWUS

a
@�7CINW�S6W�;>±�ME;Õ³:36IN«»ST;CV¸WHS

b
;CIEJº78INW%STWH;@±

ME;Õ³:36IN«�ST;CV¸WHS
c
´:ÉÊW�Y.¬EP.PA3TOµ°NSTG�DU;@STS

a
<§|W�PA°Ê´

b
·
c
¯ Y|MEW�78INS6G�IE7:JNW¢S�;@VXWUSTWHJ�V:G

a
�§bWHP|°�´

V]G
b
·¸V]G

c
¯ ´X0N¬E§AYbMNWU§bOµ7C§bWC·N3TIÖ;�©-WUSTSs¨ª±�7C§bOµWHJ%Y|§bWUW�©�W�§bWHÙ]¬N3T§bW Y|MNW�IN7	J	WHP

a
·
b
;@I¸J

cY|7µV¸W&STW�ç	3�D�78«C§n;@°NMN3�DU;CS6STGx7C§nJ	WU§bWHJv´���INW&DH;@ILDnMNWHDn5µYbME;>Y�YbMNW&PAWUY.7C±!©-WUSTSs¨ª±�7C§bOµWHJ¶Y|§bWUW�P
V¸WHS678IN«8P-Yb7 a�K.® ¦ ´
K.MNWU§bW%;C§|W�Yd©-7Ö°X78PbP|36VNSTW¶5:3TIEJNPx7@±R©-WUSTS6¨�±�78§|OµWHJÌY|§bWUWHPHÚ�7CINW�P�©�MNWH§|W¶Y|MNWLJ	WHWU°XWHPAY
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•
×f±

γ1(q, 0) = (q, 1)
Y|MEWUI

γ∆(q, 0) = (q, 1)
´

•
×f±

γ1(q, 0) = (q, 2)
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γ∆(q, 0) = (q, n)
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