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φ
���(���F�F±S�6�6��|~�°�av

���?{~}²zF�U³6�?{~}+�y´Ev[��zF�
vy�µ|~��v�{:¶��6·
z¸�~z¨|~���¬�¯�"���6¹wz?�]�]��¹a�6}�v��5|:�F�"|]{~�6v[zF��·w�­zF���]v�|~�<��|~�I�az¨{~�ºz?»6��vy�y�
�F{:z�{~v��­�"|¼z?|~���a�
�F�

φ
�]����´¸�°��¹�|~��z?|L�µ|:���0�6�6�~z¨|~���¬¶_zF»���va½?¾E�6���L{~v��­��|¼z¨|~���a�
���:zE{~vy�]�a���"|~�°�F�
x�{~�U�F�"�?�

¬φ
½¨³�{~�a}.|~�6vb�­�?{~}²zF����¿�z?|~���a�$�F���a�"{:x�{~�U�?�����$���5À���´Ev�v�Á"|]{¼z?��|:Â<�a»����6�]�a�0Ã �I�Äz?}��a�6�0{~vy�]�a���"|~�°�F�
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7�;6Q6;�C®>HJKZÖÕI;�GIC4×#GIJSJKRS;6=$Øº×
GIJSÙ:Ú_Û®Ü®G�Ý:;ÈGÉDaRKÞ�ßEJK;�Q68ICEDF>a=aàEQ">HRKÝI;²ßE=a8X8Iáb>HT�G0>�>HTE;²=a;�Da8:JKà�>HRK8:C
Þ.;�>HT�8[Mâá~8:=ã>HTE;�ßE=a8Iß�8:DFRK>aRS8:C�GLJ+Q�GIJKQ6àEJKàED.RSDãQ68:Þ.ßEJK;�>H;�äâC�8I>HRKCEÜå>aT�GL>�8I>HT�;6=.ßE=a8X8Iá~D
RSC�>aTE;#JSRK>a;6=aGL>HàE=F;ãØ¯@+æ
çIèXé¯7�8:9�Ú:ê[é¯ë
ì²íIîEé¯×#GIJ¬ï:Ú_Û�GI=F;
9®Z�Q�8:C®>H=aGIMERSQ">HRK8:CwéETE;�CEQ6;
^B;6GI`I;�=6ð
×#GIJSJKRS;6=�ñºD(Þ�;">HTE8XM�RKDÈ>a8�ß�=a8_ÝXRSME;ÓGICò;5ó�ß�JSRSQ�RK>²=F;6Da8IJSà�>aRS8:C�GIJSÜI8:=aRô>HTEÞõGICEM�G#Q68I=a=a;�Q�>aCE;6DFD
ßE=F8[8Iá
á~8:=ÉRô>�ð

NO;ò;6DF>HGI9EJKRSDaTöG÷DaJKRSÜ:T®>HJôZøDF>a=a8:CEÜI;6=ù=F;6Daà�JK>úRKCöGûMERôü�;�=a;6C®>ù^BG�Z:é$9bZOÜ:RKÝXRKCEÜûG÷DFRSÞúý
ßEJK;�Q�8:CEDF>a=aàEQ">HRôÝ:;�ßE=F8[8Iá¨é
á~8:=FÞòGIJKRSY�;6MåRSCþ@B8Xÿ¸ð��ÉTE;�@B8[ÿåDFZXDF>a;6Þ�;6C�á~8:=FQ6;�DúQ68:CED?>H=FàEQ"ý
>HRôÝXRK>�ZåGICEMO;"óX>H=aGIQ�>aDùá~=a8:Þ >HT�RSD
ßE=a8X8Iá GICö;��.Q6RS;�C®>ú=a;�Da8:JKà�>HRK8:COßE=F8:Ü:=aGIÞ �¼RKC��ÓGIDF`I;�JSJ
8:=��
@+GLÞ�J
	"ð�� àE=ùßE=F8[8Iá�RKD�>aTE;�`bRSCEMþ8Lá GI=aÜ:à�Þ�;�Cb>48:CE;ò^�8:àEJKMþDa;�;�RSCþGûJK8:Ü:RSQú>a;"óX>Fý
9<8[8:`¸ð�@B8[ÿWÜ:à�GI=aGIC®>H;�;6D >HTEGL>ÖRK>ÓRSD Q�8:CED?>H=aà�Q�>HRôÝ:;�ä�^�TERKQUTøRSD CE8L>#GIDÓ^�;6JKJ(;6D?>UGI9�JSRSDFTE;6M
RSC÷×#GIJSJKRS;6=�ñºDÉß�=a;6DF;6C®>UG0>HRS8ICwð��ÉTE;ù=a;�DaàEJô>ÓRKDÓGLJSDa8.DF>a=a8:C�Ü:;6=A9�;�Q�GIàEDF;4;5ó�;�Q6à�>HGI9EJK;4Q68XME;�RSD
;"óX>a=HGIQ">H;6M�ð
� àE=�ßE=a;�Da;6C®>HGL>HRK8:C÷RKDAGLCWRKCEDF>HGICEQ6;
8Iá$>HTE;#CE;"^ Ü:;6CE=F;�8Lá�
������������������ ����!#"$������!%�'&)(

^�TERKQUTâ^�;�T�G�Ý:;�9<;6;�C ß�=a8:Þ.8I>HRKCEÜEé�RSCö9<8I>aTâ>�ZXß<;�>HTE;�8:=FZ�Ø¯@+*-,
+
ï:ÚXé­@.�Aí:ÙIÛÉGIC�M DF;�>

>HT�;68:=?ZâØ¯@ÉVWÙ:ÚIÛ�ð/* DaGIJSRK;6C®>#á~;�GL>aàE=a;ã8Iá�>HTERKD
ÜI;6CE=F;�RKDÖßE=a;�Q6RSDF;�Q�J¬GI=FRK>�ZIð
VW8:=F;68_Ý:;�=6é
>HTE;
ME;�0�CERK>aRS8:C�DùDa;�=FÝ:;WG3MEà�GIJBßEàE=aß<8:DF;Ié�ME;�0�CERSC�ÜåMEGL>UG÷>�ZXß<;6D�GIDù^B;�JSJÉGLD.Þ�GL>aTE;6Þ�GL>HRKQ�GIJ
Q68ICEQ6;�ß�>HD�ð�ë�RS`L;�^�RSDF;Ié
>HTE;òßE=a8X8Iá~D
ßE=a8_ÝXRSME;ÖPFàEDF>aR10�Q6GL>HRK8:CED�GID�^�;6JKJBGLDùGIJKÜ:8:=aRô>HTEÞ.D6ð�NO;
DF>a=aRôÝ:;Ö>H8.ÞòGL`I;#>HTE;�GIQ6Q�8:àEC®>AÞ�8:=F;#=a;�GLM�GI9EJK;#>aT�GIC�8:=aM�RSC�GI=?Z�Þ�GL>HTE;�ÞòG0>HRSQ6GIJ�>a;"óX>HD�ð�2yá
^�;ÓDaà�Q6Q6;�;6Mwé[>HTE;�Cò>HTE;�=a; ^�RSJSJ�9<;ÓC�84ÿbàE;6D?>HRK8:Cò>HTEGL>�á~8I=aÞ�GIJ�>H;"óX>BRSD�G�Þ.8:=a; àEDa;"á~àEJ¸^+G�Z
>H8øßE=F;6DF;6C®>òQ�;6=?>UGIRKC =F;6Daà�JK>HDãRKC Þ�GL>aTE;6Þ�GL>HRKQ6D�ð��ÉTE;�=a;6GIME;6=ãQ6GIC3PFà�MEÜ:;�>HTE;�Da;�Q6JSGIRSÞ.D
MERK=a;6Q">HJôZ:ð
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�ÉTE;+=F;6DF8:JSà�>aRS8:C�Þ�;">HTE8XMùGLßEßEJSRK;6D�>H8Óá~8:=FÞùàEJSGID
RSCã@B8:C�DF>H=FàEQ�>aRKÝI;DCA8:=FÞòGLJFE�8:=FÞG��@.C-EH	"é
Daà�QUT

(P ∨ Q) ∧ (¬P ) ∧ (¬Q ∨ P )
ðI�ÉT�;6Da;.GI=F;ù9EàERKJK> á~=a8:Þ ÝLGI=aRSGI9EJK;6DJ�¼GL>H8IÞ�DK	 Daà�QUT

GID
P, Q, R, . . .

8:=�CE;6Ü®G0>HRS8ICEDò8IáÓ>HTE;�ÞWðL�ÉTE;6DF;3ß�8IDaRK>aRKÝI;÷8:=�CE;6Ü®G0>HRKÝI;WÝLGI=FR¬GI9EJK;6D�GI=a;
Q�GLJSJS;�MM���#!N���O���P("ð�QARSD~PFà�CEQ�>aRS8:CED�8IáÉ>HT�;6Þ�GI=a;�Q�GIJKJS;6MR&�����ST(U�)("é
DF8øG3@.C-E á~8I=aÞùàEJSG�RKDùG
Q68IC0PFàECEQ">HRS8IC�8Lá(Q�J¬GIàEDF;6D�9EàERKJK>É8Ià�>�8Iá$JSRK>a;6=aGIJSD�ð

7 ;�Da8:JKà�>HRK8:CåRSD�GICöGL>F>H;�Þ�ß�>
>H8V�K�W
�SB!N��G÷@.C-E á~8:=aÞùà�J¬G
φ
ðX�$8÷=a;�á~à[>H;.RSD#>H8÷DFTE8_^

>HTEGL>ù>HT�;�á~8:=aÞùà�J¬G÷Q6GICECE8I>ù9�;�>a=aàE;�CE8øÞ�GL>a>a;6=
^�T�GL>ú>H=Fà�>HTþÝLGIJKàE;6D�é
true

8:=
false

é
GI=F;�GLDaDaRKÜ:CE;�Må>a8�>aTE;.ÝLGI=FR¬GI9�JS;6D�ð�N T�GL>
RKD
DF8÷CE8L>H;�^�8:=?>HT®ZøRSDÖ>HTEGL>�G�á~8:=FÞùàEJSG�Q6GICå9�;
=a;"á~à�>H;�M49®Z
DFZXDF>a;6Þ�GL>HRKQ�GIJKJKZ GIßEßEJôZ[RKCEÜ�8:CE;È=aàEJK;�>H8ÓRô>HD
Q6JSGIàEDF;6D�8'ÝI;6=(GICEM48_ÝI;6=6ð��ÉTE;È=aàEJK;6D
RSD(Q�GIJKJS;6M �)�)(U����SY!Z�'��[�\:Rô>�=F;6Da8IJKÝ:;�D�>�^B8#Q6JSGIàEDF;6D�RSC®>a8#G CE;�^ 8:CE;Ið:7 ;"á~à�>UGL>aRS8:C4DF>UGL=F>HD�^�Rô>HT
>�^�8WQ�J¬GIàEDF;6D
8Iá

φ
GLCEMÅß�=a8XMEàEQ6;�DùG�CE;"^ 8:CE;.9®Zø=a;6DF8:JSà[>HRS8ICÅGLCEMå>aTE;6CåRSD
GIß�ßEJSRK;6M3>H8

;6Rô>HTE;�=É8:=aRKÜ:RSCEGIJ�Q�J¬GIà�Da;6DÉá~=F8:Þ
φ
8:=ÉCE;"^�JKZ�Q�=a;6GL>H;�MW8:C�;6D6ð

� àE=
=a;6DFàEJK>$RSD�>aT�GL>�Ü:RKÝI;6C�G @.C8E�á~8:=FÞùàEJSG
φ
é�^B;ÈQ�GLC4;6Rô>HTE;�=
=a;�á~à[>H;ÈRK>�9®Z#ßE=a8XMEàEQ�RSCEÜ

Gù=a;"á~à�>UG0>HRS8IC
r
8:=BDaTE8_^ >HT�GL>+RK>+RKD+DHG0>HRSD]0¸GI9EJK; 9®Z�ßE=F8[M�àEQ6RKCEÜúGIC�GIDFDaRSÜICEÞ�;�C®>É8Iá�>H=Fà�>HT

ÝLGIJSà�;6D6é
true

é
false

éE>H8ã>HT�;#ÝLGI=FR¬GI9�JS;6D�ð�NÅ;4GIJKDa8ãDaT�8'^ >HT�GL> Rôá
r
=F;�á~à�>a;6D

φ
éE>aTE;6C

φ
RKD

CE8I>ÓDHGL>aRSD]0¸GI9EJK;Ið^�ÉTXà�D
¬φ

RSDAÝLGIJKRSMwé¸GLCEM3RSCEM�;6;6M�é�>HT�;ù=a;"á~à�>UGL>aRS8:C
r
Q6GICû9<;ùDa;�;6CåGIDÖG

ßE=F8[8Iá�8Iá
¬φ

ð

_a`Zb ced�fTdgfYhaikj%l�j#mUfYl
,B8X8:JS;6GICED�é�ME;6C�8I>H;�M49®Z

bool
é'Q68:CEDFRSD?>(8Iá[>�^B8 ;6JK;6Þ.;6C®>HDon

false
GICEM

true
ðgCAGL>Hà�=HGIJ®CbàEÞúý

9<;6=aDAGI=F;
M�;6CE8I>a;6Mû9®Z
nat

ð^�ÉT�;4DF>HGICEM�GL=aM÷8Iß�;�=HGL>aRS8:CEDÉ8IC÷9<8[8:JK;�GIC�D�GI=a;#Q�GLJSJS;�M
andb

é
orb

GICEM
negb

ðB�ÉTE; CE8I>HGL>HRK8:C
list A

DF>UGLCEMED²á~8:=�JKRSD?>HD�^�RK>aT�;�JS;6Þ.;6C®>aD�Q�8:Þ�RKCEÜ#á~=a8:Þ
A
ð

NÅ;�ME;�CE8I>a;4>HTE;
;6Þ.ß�>�Z�JSRKDF> 9®Z
[]
GICEM3G.JSRKDF> Q68:C�DaRSD?>HRKCEÜò8Iá�;6JS;�Þ�;�C®>HD

a1, a2, ..., ak

9®Z
[a1, . . ., ak]

ð$�ÉTE;#Q68ICEQ�GL>a;6C�G0>HRS8IC�8Lá(JKRSDF>aD
l1
GICEM

l2
RKDÉME;6C�8I>H;�MW9®Z

l1@l2
ð

NO;A^�RSJSJ<àEDF; >HTE;qpYrtsvutwYx�yUpFuzx|{$}g~Ypòá~8I=+Q68:C�Q6;6ß[>HD�RSC�@B8Xÿ¸ð$� àE=+QUT�8:RSQ�;Ö8Iá
C�GIÞ.;6D
Þ.8:DF>aJKZ�Q�8:RSC�Q6RSM�;6DÉ^�RK>aTWRô>HD�DF>HGICEM�GI=FMWJKRS9E=aGI=FZIð�ë�RSD?>HD GI=a;�GIC�RSÞ.ß�8I=F>UGLCb>+;"ó[Q6;�ß�>HRK8:Can¸RSC
@B8Xÿ<éE>aTE;
JSRSD?>

[a1, a2, . . ., ak]
RSD�ME;�CE8I>a;6M÷9®Z����X�T�]�T�>�T�T�Y�T�T�T���t�+�T�%~�yz�WGLCEM

l1@l2
9®Z

�v���T���z�Eða�ÉTbàED#RKC3ß�GI=F>aRSQ�àEJ¬GI=
[a]@l

RKDÖ=a;6C�ME;6=F;6MåRSCå@B8XÿûGID��>�T�O��GICEM3>aTE;ú;6Þ.ß�>�Z
JSRKDF>

[]
9®Z�~�yt��é

_a`1_ �LjWmUfTdg�$�Zl����z�Z�$ikl�fYl��H�'�^d��6ik�Z�$l��v�����v�v�%iX�FmgjW�^��l
NÅ;�GL=a;ÈRSC®>H;�=a;6D?>H;�M4RSC#á~8:=FÞùàEJ¬GLD�RSC�@B8:C0PFàEC�Q�>HRôÝ:;+CA8:=FÞòGIJtE¸8I=aÞ���@.C-E�	5ðU�$8A9EàERSJKMÖ>HTE;�RS=
=a;�ßE=a;�Da;�Cb>HGL>HRK8:C3RSC3@B8[ÿ¸é�^�;ú=a;�ßE=a;�Da;6C®>
ßE=F8:ß�8IDaRK>aRS8:CEGIJ�ÝIGL=aR¬GL9EJS;�D

P, Q, . . .
GIDÖCEGL>HàE=aGIJ

CbàEÞù9<;6=FD6ð/��8�0[óø8:àE=#GL>F>H;�Cb>aRS8:C�éwRSC3>HT�;.;5ó�GIÞ�ß�JS;6D
P, Q, R

GI=F;ú=a;6ß�=a;6DF;6C®>H;�Mö9®Z
1, 2GICEM

3
é[=F;6DFß�;�Q�>HRôÝ:;�JKZ:ðF*����#!����O���
RSDB;6RK>aTE;6=BGIC�GL>a8:Þ 8I=BRK>aD+CE;�Ü®GL>HRK8:CwðbNO;Ó=a;6ß�=a;6DF;6C®>�>HTE;

á~8:=FÞ�;�=�Q�GLDa;²9®ZÖJ¬GI9<;6JKJSRKCEÜÈ>aTE;ÈGL>H8IÞ ^�Rô>HT
G+>UGIÜ
pos

GICEMÖ>HTE;�JSGL>a>a;6=w9®ZÖJSGI9<;6JSJKRSCEÜÈRK>�^�RK>HT
GÉ>UGIÜ

neg
ðU*�&�����ST(U��RSD$G�JSRSD?>�8IáEJKRK>H;�=HGIJKD
GICEM4G���@.C8E�	v
������JSY���ÓRSD$GAJKRSD?>
8Iá�Q6JSGIàEDF;6D6ð�E�8:=

;"ó�GIÞ.ßEJK;Ié'>HTE;Bá~8I=aÞùàEJSG
φ ≡ (P ∨R)∧¬P ∧Q∧(P ∨¬Q∨¬R)

RKD(=a;�ßE=a;�Da;�Cb>a;6M.9®Z4>HT�;



JSRKDF>
[[pos 1, pos 3], [neg 1], [pos 2], [pos 1, neg 2, neg 3]]

ðY�ÉTE; á~àECEQ">HRK8:C
notlit

á~8:=BG
Ü:RôÝ:;6C�JKRK>H;�=HGIJ�=a;">HàE=FCED�RK>HDÉC�;6Ü®GL>aRS8:CIn

notlit(pos n) = neg n, notlit(neg n) = pos n
ð

�ÉTE;Oá~8:=FÞòGLJSRSY6GL>HRK8:C 8Iáú>HT�;6Da;þM�;o0�CERô>HRK8:CED÷RKC @B8Xÿ á~8:JKJS8_^�D6ð�*ÓC®Zb>HT�RSCEÜ�9<;�>�^�;6;�C
�� ¡ Y¢ QUTEGI=HGIQ">H;�=aD RSD�GúQ68:Þ.Þ.;6C®>�ð
��  �ByUp�yz£¤�¦¥�yz£t§B}By�~Yp|¨T~Iyt}g~|~v��p��¤~v�tp+�
© p�£|ªz}U«Ys�}�~vu¬~Yp�£¡�zxBu�~$��pz¨BxB�F�;~Y¨z«Y­vutx�£¡�z�¬­vuB�T�zut¥¡­BrRs^}Y£¤��~B¥R~$ut®  B¢

© ~B¥z¨^ªgp^yU¯vu��FyUp°�²±Tu�p³�N´
s�}B£µ��~v��p�¶¬·:�FyUp
¸ ~vuz®¹��~v��p�¶¬·:�FyUp+�

º ut{^y�~�yUp^yz}g~:~�}�pY»�ygp � �¼�½�ByUp ¢ �²�FyUp°��´
«���p�ªU¾��Mw�yUpz¾

s^}Y£�~¿´Y·�~vut®¦~
¸ ~$ut®R~¿´Y·�s�}Y£M~

u�~B¥À�

º ut{^y�~�yUp^yz}g~Áªz�t�¬¨^£tuÂ��´��ByT£gpÃ�FyUp+�

º ut{^y�~�yUp^yz}g~¿{v}¬x�«Ä�N´��Byz£gp�ªz�t��¨^£�u>�

º ut{^y�~�yUp^yz}g~�Å°��~v��p³�N´Æ�k�
º ut{^y�~�yUp^yz}g~ÈÇÉ��~v��p³�N´|�L�
º ut{^y�~�yUp^yz}g~�Ê°��~v��p³�N´¡ËÀ�
º ut{^y�~�yUp^yz}g~:sT¾�yµ��{v}�x�«Ì��´ � s^}Y£ Å+�T� � s�}Y£�Ê ¢ �T��~Iyt� ¢ �T�

� ~$ut®¦Å³�T��~�yt� ¢ �T�
� s^}Y£¤ÇL�T��~Iyt� ¢ �T�
� s^}Y£MÅ³�T� � ~vut®¿Ç ¢ �T� � ~vuz®¡Ê ¢ �T�Í~�yt� ¢ �T�
~�yz�H�

*ÄÎ�����SF��!%�'��[ GIDFDaRSÜICEDò9<8[8IJS;�GLCED.>a8þGL>a8:Þ�D.RSC GÅá~8:=FÞùàEJ¬G[ð�NO;W=a;6ß�=a;6DF;6C®>�ÝLGIJSàEG0ý
>HRK8:CED�GIDùJKRSDF>aD�8LáÉC�GL>aàE=HGIJÈCbàEÞù9<;6=FD6ðH�ÉTE;òRSC®>H;�CEME;6MþÞ.;�GLCERSCEÜ�é�Q�GIß�>aàE=a;�MþRSCO>aTE;�á~8I=?ý
Þ�GIJAM�;o0�CERô>HRK8:CED�9<;6JK8'^#é�RSDò>aT�GL>�>aTE;ûÝLGIJSàEGL>HRK8:C

v
GIDaDFRSÜ:CED

true
>a8ö>HTE;øGL>a8:Þ =F;6ß[ý
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v
ð

��  ¯F�B�¬»�ygp³�Ï�ByUp�¶¬·¤¯F�B��¶¬·�­^}T}T�  Y¢
º ut{^y�~�yUp^yz}g~�¯F�B�¬»�ygp � �¼�½�ByUp ¢Ð� ¯°�Í¯F�F� ¢ ��´

«$��p�ªU¾��;w^yUpz¾



s�}Y£M~�´Y·|uB�tu¬«F»R~$��p�uTÑzÒB��p|~¡¯
¸ ~vut®¦~�´Y·¤~vut®z­ � uF�tu�«F»¡~v��p¿uzÑzÒF��p¦~:¯ ¢

u¬~B¥À�
�ÉTE; ÝLGIJKàE; 8Iá�GúQ6JSGIàEDF;
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x
GICEMò>aTE;Ó=F;6D?>+8Iá
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f
RSD

ME;�0�CE;6M�DaRKÞ�RKJ¬GI=FJKZIð
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CE8:CXý�;6Þ.ß�>aRSCE;�DaD+8Iá$GúQ68I=a=a;�Daß<8:CEMERKCEÜù>�ZXß�;Lé�Da8ú>HT�; á~8:JSJK8'^�RKCEÜ
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