
AM7Q`K�iB+� a2K�MiB+� PT2`�xBQM�H2

"`2p2 BMi`Q/mxBQM2 �HH� a2K�MiB+�

S2` 7Q`MB`2 H� b2K�MiB+� 7Q`K�H2 � mM HBM;m�;;BQ /B T`Q;`�KK�xBQM2
b2`p2 mM KQ/2HHQ K�i2K�iB+Q- +QK2 #�b2 T2` +QKT`2M/2`2 2 `�;BQM�`2
bm +QK2 bB +QKTQ`i�MQ B T`Q;`�KKBX
liBH2 T2` p�`B iBTB /B �M�HBbB 2 p2`B}+?2- K� �M+?2 T2`+?û /2}MB`2 +QM
T`2+BbBQM2 BH bB;MB}+�iQ /2HH2 +Qbi`mxBQMB /B T`Q;`�KKB +B `2M/2
+QMb�T2pQHB /B KQHiB iBTB /B bQiiB;HB2xx2X
aiQ`B+�K2Mi2 2bBbiQMQ i`2 �TT`Q++B- MQM BM QTTQbBxBQM2 i`� HQ`Q, [m2HHB
/2HH� b2K�MiB+� QT2`�xBQM�H2- /2HH� b2K�MiB+� /2MQi�xBQM�H2 2 /2HH�
b2K�MiB+� �bbBQK�iB+�X

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 kje f kN9



AM7Q`K�iB+� a2K�MiB+� PT2`�xBQM�H2

"`2p2 BMi`Q/mxBQM2 �HH� a2K�MiB+�

G� b2K�MiB+� QT2`�xBQM�H2 /2b+`Bp2 BH bB;MB}+�iQ /B mM HBM;m�;;BQ /B
T`Q;`�KK�xBQM2 bT2+B}+�M/Q +QK2 pB2M2 2b2;mBiQ bm mM� K�++?BM�
�bi`�ii� (:Q`/QM- SHQiFBM)X liBH2 T2` HǶBKTH2K2Mi�xBQM2X �TT`Q++BQ
TBɍ +QM+`2iQX
G� b2K�MiB+� /2MQi�xBQM�H2 ĕ mM� i2+MB+� T2` /2}MB`2 BH bB;MB}+�iQ
/2B HBM;m�;;B /B T`Q;`�KK�xBQM2 +?2 miBHBxx� B +QM+2iiB K�i2K�iB+B TBɍ
�bi`�iiB /B Q`/BMB T�`xB�HB +QKTH2iB- 7mMxBQMB +QMiBMm2 2 TmMiB }bbB
(*?`BbiQT?2` ai`�+?2v- .�M� a+Qii)X �TT`Q++BQ TBɍ �bi`�iiQX
G� b2K�MiB+� �bbBQK�iB+� +2`+� /B }bb�`2 BH bB;MB}+�iQ /B mM
+Qbi`miiQ /B T`Q;`�KK�xBQM2 7Q`M2M/Q `2;QH2 /B /BKQbi`�xBQM2
�HHǶBMi2`MQ /B mM� HQ;B+� /B T`Q;`�KK�X (_XqX6HQv/- *X�X_X>Q�`2)
�TT`Q++BQ �/�iiQ �HH� p2`B}+� /B T`QT`B2i¨X

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 kjd f kN9



AM7Q`K�iB+� a2K�MiB+� PT2`�xBQM�H2

"`2p2 BMi`Q/mxBQM2 �HH� a2K�MiB+� PT2`�xBQM�H2 
Zm2HHQ +?2 �##B�KQ pBbiQ Tmǁ 2bb2`2 pBbiQ +QK2 mM TB++QHQ HBM;m�;;BQ
BKT2`�iBpQ- +QK2 [m2HHQ +?2 qBMbF2H +?B�K� AJSX

AH +QKTQ`i�K2MiQ /B AJS pB2M2 /2b+`BiiQ 7Q`K�HK2Mi2 /� mM BMbB2K2
/B `2;QH2 +?2 bT2+B}+�MQ +QK2 p�Hmi�`2 H2 2bT`2bbBQMB 2 +QK2 2b2;mB`2
B +QK�M/BX
G2 `2;QH2 /�MMQ mM� b2K�MiB+� QT2`�xBQM�H2 �H HBM;m�;;BQ-
QT2`�xBQM�H2 T`QT`BQ T2`+?û pB+BM� �HHǶBKTH2K2Mi�xBQM2 /2H HBM;m�;;BQX
AMQHi`2 Qz`QMQ H� #�b2 T2` b2KTHB+B /BKQbi`�xBQMB /B 2[mBp�H2Mx2 i`�
+QK�M/BX
G� b2K�MiB+� QT2`�xBQM�H2- +?2 7Q`MBb+2 mM KQ/2HHQ K�i2K�iB+Q-
HǶ�bi`�xBQM2- /2HHǶ2b2+mxBQM2 /B mM BMi2`T`2i2- pB2M2 mb�i� T2` b+`Bp2`2
+QKTBH�iQ`B 2 BMi2`T`2iB +B /2b+`Bp2 HǶ2z2iiQ /B Q;MB +QK�M/Q bmHHQ
bi�iQX

 .�H *�TBiQHQ k /B ǳh?2 6Q`K�H a2K�MiB+b Q7 S`Q;`�KKBM; G�M;m�;2b, �M
AMi`Q/m+iBQMǴ /B :HvMM qBMbF2HX @ 1/BxBQM2 Bi�HB�M�, ǳG� b2K�MiB+� 7Q`K�H2 /2B
HBM;m�;;B /B T`Q;`�KK�xBQM2Ǵ /B :X qBMbF2H- 6X hm`BMB- SX "�H/�M 2 �X "`�++B�HB

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 kj3 f kN9



AM7Q`K�iB+� aBMi�bbB

*�i2;Q`B2 bBMi�iiB+?2

*QKBM+B�KQ +QM HǶBMi`Q/mxBQM2 /2HH2 +�i2;Q`B2 bBMi�iiB+?2 /2H MQbi`Q
HBM;m�;;BQ,

MmK2`B L 3 M
p�HQ`B /B p2`Bi¨ h = {i`m2, 7�Hb2}
HQ+�xBQMB GQ+ 3 s Up�`B�#BHB +?2 TQbbQMQ 2bb2`2 KQ/B}+�i2V
2bT`2bbBQMB �`BiK2iB+?2 �2tT 3 �
2bT`2bbBQMB #QQH2�M2 "2tT 3 #
Bbi`mxBQMB Q +QK�M/B *QK 3 +
GǶBMbB2K2 /2;HB bi�iB ⌃ ĕ /�iQ /�HH2 7mMxBQMB � : GQ+ ! L- iX+X �(s)
`�TT`2b2Mi� BH p�HQ`2 Q BH +QMi2MmiQ /2HH� HQ+�xBQM2 s M2HHQ bi�iQ �X
�/2bbQ p2/`2KQ +QK2 +Qbi`mB`2 ;HB 2H2K2MiB /B [m2biB BMbB2KBX

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 kjN f kN9



AM7Q`K�iB+� aBMi�bbB

*�i2;Q`B2 bBMi�iiB+?2- +QMiX
S2` [m�MiQ `B;m�`/� H� /2}MBxBQM2 /2HH2 mHiBK2 i`2 +�i2;Q`B2 bBMi�iiB+?2
U�2tT-"2tT- 2 *QKV /�`2KQ mM� /2}MBxBQM2 BM/miiBp�- `B+Q``2M/Q �/
�TTQbBi2 `2;QH2 /B 7Q`K�xBQM2- +QM H2 [m�HB 2bT`BK2`2KQ +Qb2 /2H iBTQ
b2;m2Mi2X

a2 �y 2 �R bQMQ 2bT`2bbBQMB �`BiK2iB+?2- HQ ĕ �M+?2 HǶ2bT`2bbBQM2
+QKTQbi� �y + �RX
�M�HQ;�K2Mi2- b2 #y 2 #R bQMQ 2bT`2bbBQMB #QQH2�M2- HQ ĕ �M+?2
HǶ2bT`2bbBQM2 +QKTQbi� #y ^ #RX
�M�HQ;�K2Mi2- b2 +y 2 +R bQMQ +QK�M/B- HQ ĕ �M+?2 BH +QK�M/Q
+QKTQbiQ +y; +RX
A bBK#QHB �B - #B 2 +B bQMQ mb�iB T2` `�TT`2b2Mi�`2 mM� [m�HbB�bB
2bT`2bbBQM2 �`BiK2iB+� U2bT`2bbBQM2 #QQH2�M�- Q +QK�M/QVX SBɍ
T`2+Bb�K2Mi2- bB i`�ii� /B K2i�p�`B�#BHB +?2 p�`B�MQ �HHǶBMi2`MQ /2;HB
BMbB2KB �2tT-"2tT- 2 *QKX
.B�KQ Q`� H2 `2;QH2 /B 7Q`K�xBQM2 /2HH2 2bT`2bbBQMB Umb�M/Q mM�
MQi�xBQM2 BH TBɍ pB+BM� TQbbB#BH2 � [m2HH� ;B¨ pBbi� T2` BH *V

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 k9y f kN9



AM7Q`K�iB+� aBMi�bbB

1bT`2bbBQMB �`BiK2iB+?2

� ::= M|s |�y + �R|�y � �R|�y ⇥ �R

/Qp2 ǳ ,, 4Ǵ /2p2 2bb2`2 H2iiQ +QK2 ǳTmǁ 2bb2`2Ǵ 2 BH bBK#QHQ ǳ|Ǵ p� BMi2bQ
+QK2 ǳQTTm`2ǴX

G� `2;QH� � ::= M +B /B+2 +?2 BH MmK2`Q M 2 L ĕ +QMbB/2`�iQ
mMǶ2bT`2bbBQM2 �`BiK2iB+� U2H2K2Mi�`2VX
G� `2;QH� � ::= s +B /B+2 +?2 H� p�`B�#BH2 s 2 GQ+ ĕ +QMbB/2`�i�
mMǶ2bT`2bbBQM2 �`BiK2iB+� U2H2K2Mi�`2VX
G� `2;QH� � ::= �y + �R +B /B+2 +?2 b2 �y 2 �R bQMQ 2bT`2bbBQMB
�`BiK2iB+?2- �HHQ`� HQ ĕ �M+?2 �y + �R- /Qp2 H2 �B bQMQ K2i�@p�`B�#BHBX
�/ 2bX b2 �y = s �M/ �R = 8 �HHQ`� s + 8 ĕ �M+Q`� mMǶ2bT`2bbBQM2
�`BiK2iB+�X
G2 �Hi`2 `2;QH2 p�MMQ BMi2`T`2i�i2 BM KQ/Q �M�HQ;QX
S2` BM/B+�`2 +?2 /m2 2bT`2bbBQMB bQMQ 2[mBp�H2MiB mbB�KQ BH bBK#QHQ ⌘X

*X "Q/2B U.BTXiQ AM7Q`K�iB+�V 6SG kykjfk9 k9R f kN9


