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5 6�7�8+9:6<;>=�?@=A9:BDC�=�EGFIHJHKEGBLHM6�?�N*O�P�6RQSHUTV5W

5 ;XO�P�T16 =�BIN*O�=�PY;XE*N*F�P&=�EGBS9ZHU6<BS7[=\9]EX9:8+^_5`

5 6�8�N*O�Pa;XN*9bC�=�EGBS9ZHdc	HKN:;>O�P�T1Pd5 e

^f8RghN*ij^�HkN*lKN*i�m�=\P]HUTZ=nHU6�B<8j=fEXTo5 =fEX9:p�8+6�PAEG^�BIEGO�HqgfN*lUi�m�EGTr8�EXF+NGHkN*TZEG7�NGlKPb8js�F�6�Bt8j=fEXTu5 c
� ��� �Yv ^fijlw8jlK6&;>FjT1Bx5 8jO�9'8+TZEGO.BS7�PyHKEGTZNGHz8�EXlK9R5 8+EGFjNGHwN*T{EX7�N*lbgf6�P|EX^fBIEXO[9:BLHw=�EG9{p�8+6�6&8+EGP�F} ( !~� � � ,+�V���/!/� � ���+����} ( ,�� )���( �1� } ( �-#+�0,j,+�/2��\� (�� ( , (�)�� ��,+�V����!~� � ���Y,j,+��2�� � ���/�<,�2 � ����� ( �

� �1�������$#�} ( !~���

6�6�s:BS�$F�TZP|gfNGHUT1=\HUT�H�NG9:?@=�P[=�N*P�6�N*8+EGFIHUP[EG9<6�=�7�PDm�TZBS?�HwBS�$FjT'BS7�PD=fEXP-EXHU=\PDHUT1=\HU6�B�8j=fEXTu5 �
5 =�E*N*BS?�E*NGp�^f?�EGij6ZE1ghNG�nBSij6]� gfNG�nBS^f6<gf6�T HU8�EGijTZP&;XN�N*p�B�HKN:5 m�TZBS?�HrBS�$F�TZBx;XNG�\EGBSO�B

5 EXBLHM6�l�NG?�7[=\�$8+m�P[61N�EXBS=w8jF�HMBLHr61N*6�HU6�6�Hr;XEGP�HUO�P.=\O�^fByHKN�5 �

5 6�P�E>HU=�6<m�EG^fN*?nBSF�FjN*ijHU=wm�F+N*P.61m�N*T1F�N*9z� 61N*6�HU6<EG9�8+N*O�TtBLHrm�FjN:;XN�N�EXp�Tt6�P�HM6�BS9{HrBS7�Pd5 �

5 6�9:BSTR6�P-EXHU=b8�EXP�F|EG?@=\?�N�NGHr=fEGm�EG^f?@6 8+ijlUTtgfN�N*8+�$EGlUP.F+N*i+EGTt61BS9ZHdBS7.m�N*Bb5 �

5 m�P�BSP.=fE>�\E*NG�n7|=�EG8jP�O�TZPYE>HUTZ=nHU6<5 ;XEGBS9{HU6 �jEG�$PYQI7�ByghN*p�^fEGT16 ghN*8+EGs@9:Pa=�EGBS9ZHU6<BSF�EG?@F�5 �
v ;X9:7[g�7�BLHM=fEX6�s�6 =�m�EGF�=z8ji+lUTt=\9]EXT1HU8J5W��

question weight grade

1-1 5

1-2 5

1-3 5

2-1 4

2-2 19

2-3 6

3-1 1

3-2 4

3-3 7

3-4 5

3-5 15

4-1 12

4-2 12
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(15%) 1 � �+������, � �

5 8jp�^A�ni�HUTZPY6�P-EXHU=ABS7[EG^�TZ?�5 gfN*?�EG7�?n9:B°EG9RghN*?�EG7�?\ghNG9:P�6tgfNG�nijHUT16tg�9:6tEG?�N�N*p

(5%) 5±W
6�7�8+FjE¦=fN*�$EGBa9:N*6 or 8+FIHVBLH²=�EGlKN*?@7�6�=\O�9rgf9 v 619{P-6J6�?�EG7�=\6�=\T{N*N*^f=\TJ=fNG=�8ji+lU6�6��"HUi+6�P

5 N*�³EXBxm�O�9]QI8+F�BSFD8+FIHU6tBLHM61N�NG6�HU6�6t;XT1s\N*8+O�9]P-p�N*N*=�6�ByP-N�N*O&�nBSi+6tN*s@9z�NG�³EGBxm�O�9

(5%) 5±`
8jHU9{T�´µgfNG�nBS^f6YBLHAghN�N*�$EGBS6agfN*7�8+F�6&;X=\?�N*6�P{¶-N*=\8+i+lzBS�$F�T�NG�nBSi�BLHwN*�³EXBS6aQI8+F�6a=\9'P�HUO�B�BS^]8+=�E*N

5 N*i�EX8�N*p[BS�~FjT<9"EG6t;XEG=\?\BS�~FjT<gf9:6<^hEGm�P-B

(5%) 5 e
8+9ZH¦HV6�O�?@6�P�;XEGT1s�=·N*p�EGBIN*9MBLHu618ji+6�BYghEG8j�$Ba6�BIEX7�Nh61?�N*9r�$BS�$BIm<BLH tpd P-EX7�N*Fj6z=fN*N*6�HU6w=\?@�n^�6

5 ghN*?@=nHUTRg�?/NG9]�$BS�$BIm�6 BLHMghN*8��nTZ8ji+6
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(29%) 2 � �+������, � �

9:P�6t;>i�EX9:PY=�8+m��$EGT f2 : {0, 1}2 → {0, 1} =�N*?@9"N*BIEXP�6t61N*p�^�?/EXi+6

f2(x, y)
4

=

{

1 if x > y

0 if x ≤ y

v =�N*P-N*lU8�EX^f8|6�8�EXp�P fn : {0, 1}n → {0, 1} =�N*?@9"N*BIEXP&61N*p�^�?/EXi+B f2(x, y) 61N*p�^�?/EXi+6<=�9RP�NGO�8+?

fn(x1, . . . , xn)
4

= f(fn−1(x1, . . . , xn−1), xn).

(4%) 5±W
=\9]EGP�HUO

f4(1, 1, 1, 1)

f4(1, 0, 1, 0).

BSF�P<=�E*NG61B.Q�N*8jp'BS�$FjT1605 fn 61N*p�^�?�EGi+6b=\9wHUT1TZTb8jHU9 Cn N*i+EG8+N*p'BS�$F�Tz9:P�6Am�EGT1FjP<EX?�?@7�= (19%) 5`
BS7�7'BIEGsK=�E*N*6�B.E*NGBSFaghNG8�N*6�T16wghNXHKEGTZN*TZ6z;XN*P�T{EU�µ´�=fNG�\E>�ni+TZN*lU9U¶"8jHUi+9{6wBS7�7�6�?��n^·P-EG7�N*FY=�N�N*6�HU6

5�´�=fNX�\EX�ni+TZN*lU9U¶�8jHUij9:6
v BIN*7�6�B°Q�N*8+p.;XEG?@7�=\6

8+ijlUT·� gfNG�nBS^f6z8+i+lUTz=�9M^hEXBSPRBS7�BY=�8j9:=\TZ6z61TZNGHU8'�jEG8jp�PR;XEG?@7�=\6wBLH¸ghN*^fEGBSPR=\T18+�$9"N*m •
5 =�E*NGBS?/EGN*p�^f?�EXi+61En� ghNG�nBSij6

5 =fNGBSTZ8+EGi�6�O�7�EX6�P&QI8�EXp.;GNG9b5 ;XEG7�?"9"EX6tFjE*m�TZEZBS�$F�T16<BSFjEGi|m�p�NG7|8+p�^z8+P�lU6 •

5 g�7�BLHr;GEX?�7�=\6 BLHrNG�\EX�nijT{NGlK9{6t8+N*O�T16ZE1=fNX�\EX�ni+TZN*lU9:6<61N�N*6�HU6�6RN*6�T (6%) 5 e
v e	�+NGFjlUBx6�P�E>HU=
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(32%) 3 � �+������, � �

5 gfEG8+m�?�N*BSi�9"N*6 x0, . . . , xn−1 �nBS^�6<=\8�m�lMgf9{6t6�6�s@T1H Sn N*?�EG8+7�?@lrBS�$F�TR;>?@7�=
g�9]ghEG8+m�?/NGBSi|9"N*6 x[n− 1 : 0] =�s�EX8+O�T v =\8�EX7�s�=

∀i ∈ {0, 1, . . . , n− 1} : x[i] = x[n− 1− i].

v ;>BS6�BIm�7[9:EG6 Sn BS�$F�T16tBLHJ�n8ji+T16

5x[i] =�N*P-N*lUPYBS�~FjT16<;Xs�EGT i C/6t;GEXF�HU6 8�EXs@O�TZP •
v ghN*N*^fT Y �nBSij6RQI8+F 2n− 1 C/6t;GEXF�HU6 8�EXs@O�TZP&5Y m�N*O�NZ�nBSiDBS�$F�TZB •

Y =

{

0 gfEG8+m�?�N*BSi�61?�N*9 x[0 : n− 1] �nBS^�6t=\8�m�lJgf9
1 gfEG8+m�?�N*BSi�9"N*6 x[0 : n− 1] �nBS^�6 =�8+m�lMg�9

v P�B°EGTZNGH

5 �nBS^f6 �jEGlrN*8+O�9b;GEXF�HrN*8+EGs@O�T n BSP�^f=\T<�nBSij6ZE:� ghN*?�EXHU9{8+6�;XEGFIHU6<N*8�EXs@O�T n C/PY;>s�EGT �nBS^f6¸5±W

5 2n− 1 ;XEGFIHU6'8�EXs@O�TZP Y �nBSij6'BSF°gfN*FjN*ijHUT<gf?�N*9 n, n + 1, . . . , 2n− 1 ;GEXF�HU6 NG8�EGs@O�T1P[�nBS^f6'NG7�8+F�5`

5 2n− 1 C/6t;GEXF�HU6 8+EGs@O�T1TRghNG?/E>Hd;GEXF�HrN*8+EGs@O�T1PY�nBSij6R;>TtN*6�HUBS7[6�HKNG8�m|HU8�EGmYEX?�N*9��n8+ijTZ6¸5 e

5 0 C/6<;GEXF�HU6<8�EXs�O�Tt=\BIN*O�=\P.8+P�7[gf7�ByO�EX?�H»QI8+F�BxBSO�=�EG9:TtBS�$FjT16�HMO�N*?@6�BxghN*9{HU8�gf7�?�N*6¸5 c
v =�EG9{P-6<=�EGBS9{HU6 BSF|EX?@F

5 ghN*TZEG8+m�?/NGBSi[;X6�Hr=�EG9:P�6 =fEX8�m�lU6 ;GNGP-T<=�EG8�m�lU6 =�9RBIEG�³N*F�PYEGi+N*^f6 (1%) 5±W

0, 1, 1, 0

0, 1, 0, 1.
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out ∈ {0, 1} =fm�m�EGPa619:N*p�N�E in ∈ {0, 1} =fm�m�EGP�6�lKN*?@7�BSF�P Queue(n) N*?�EG8+7�?�N*l¼BS�~FjTzEG?@?@7�= (4%) 5±`
v gfN�N*^�T t ;GEXF�HM8+EGs@O�TRBS7�P.8�HU9

out(t) = in(t− n).

� 6�p�^zNG8+^fT1P[^hEXlUFjByQI8�EXp[;XN*9U¶�5 gfm-EX^A;GEXF�HMNG8�EGs@O�T n 61lKN*?@7�B�61EGEXH t C/6 ;XEGFIHJ8�EXs�O�TZP.6�9"N*p�N*6t� 8jT{EXBS7
´¾½ t < n gf9]6�8�EX^w6�TtBLHUT1B

5n = 4 8+EGP�FD;GEX?�7�=\6 =�9R8�N�N*p�Bx^fN*i+lUTt5�´ n C/P.N�EGBS=zN*=\BSPZ¶�FjEGP�^�;XEGFIHM8�EXs@O�TRg�F|m�EGP�F�BxQjN*8jp[BS�$F�TZ6
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5 out ∈ {0, 1} =�m�m�EGPy6�9"N*p�N�E in, pop ∈ {0, 1} v =�EGlKN*?@7yN*=nH]BSF�P Stack(n) N*?�EX8+7�?�N*lbBS�$F�T&EX?@?�7�= (7%) 5 e
ghNG8+P-N*9·BLH²6�8+m�lu=fN*?@lUO�T16J=�8j�³EG9»;GEXF�HV8�EGs@O�TMBS7�=\BIN*O�=\Pk5 9:P�6M;>i�EX9:P]=fNG?�lUO�TJHUT1TZTJBS�~FjT16
=�N*?@lKO�TZP|6�8+EG�$9:6'6�8+m�lUP xi 8+P-N*9:6'BLH�Q�8jFj6 =\9 xi(t) C/P.;>T1lK?n5 0 ≤ m ≤ n 8�HU9:7.� x1, x2, . . . , xm

5 t C�6t;XEGFIHU6 8�EXs�O�T�QIBS61T1P
v =�?@lUO�EG9{TZ6¼6�p�EGP�^�6»BLH¿;XEG7�m�N*F�F�p�P�=�T²� s�9:E»5 out(t) = x1 gfN�N*^�T0�nBSij60N*s@9À� pop(t) = 1 gf9
EG?@?�N*9Á5 m�O�9:P]=�O�EGiR6�8+m�lUPbghNG8+P-N*9:6d8+i+lUT�HÂP�B EGTZNGH 5 0 ≤ i < m BS7�B�� xi(t + 1) ← xi+1(t)

5m = 0 8+TZEGBS7&� 6�^hNG8�6�p�EGP�^f6 g�9�6�8�EG^w61T<ghNX�n8+i+T
v 9:P�6<;Xi+EG9:PY=�N*?@lKO�TZP.6�8�EX�$9{HM6�8�m�lUBy�jlKEGEG=\T in(t) �nBS^f6<s@9z� pop(t) = 0 g�9

x1(t + 1)← in(t)

xi+1(t + 1)← xi(t).

6�p�EGP�^fPygfN*8+P-N*9{6&8ji+lUT.gf9�6�8�EX^R6�T.ghNG�n8ji+TaEG?@?�N*9�5 m�O�9:PxBIm�EG�1618+m�lKPxgfN*8+P-N*9:6.8ji+lUT1HbP�B�EXT{NGH
5n BSF�6�BIEGF

N�m�N¦BSF'=�?@s�EGT16w=nHU8+6�HuO�N*?@6�Ba8+=�EGTJCy´ n C/PtN�EGBS=·N*=�BSPZ¶�FjEGP�^0;XEGFIHu8+EGs@O�TJg�F m-EXP�FjB&QjNG8+p<BS�$FjT16
=\9r8+N�N*p�B&^hN*ijlKTÀ5 gfNG�nBS^06�P-8j6JN*BIEX9r6�?�N*s@TM9"N*6�HV=�EG8jTZBY6�F+EXP�^Ã61N�NG6�HU6z=�BSF�P�9"NG6 pop �nBS^f6

5n = 4 8�EGP�F�;GEX?�7�=\6
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BS�$F�TZ6�HMO�NG?�6�BygfN*9{HU8|g�7�?/NG6�HrEX8+7�N*s\5Queue(n) BS�~FjT1P|HKEGTZNGHrQ�EG= n m�Fx8+i�EXl¦HM61?�EXTREX?�?@7�= (5%) 5 c
5 0 C/6<;GEXF�HU6<8�EXs�O�TR=\BIN*O�=\PY8jP�7|gf7�ByO�EX?�H»QI8+F�BxBSO�=�EG9:T



2004 �U�I�@�I�{�[�U�  [¡S¢��¤£-���¦¥X �§.§�¨ª©h¡L��� c© �U�@ ��"«�£�¬y¬�@ +£-�n�S¡S®*¯I |¥*«� +£

8+ijlUTA6�O�?@6�PZ¶nFjEGP�^d;GEXF�H·8�EGs@O�TABSF�P<=�E*NG61B|QjN*8jp�BS�$F�TZ6·5 BIN*F�B|�n8+ijTZ6bNGi+B Sn BS�$FjTAEX?�?@7�= (15%) 5 �
BSF�P[=fEGN*6�B�E*NGBSF|� gfN*8�N*6�T16'ghN*BS�~FjT16 ;GNGP-TZEZ�µ´µ61N�N*6�HU6�6�BSFxF+NGijHUT<EG?�N*9t=\HU8°N�m�N�BSF°gfN*?@s�EGT�HJghNG�nBS^�6

v BIN*7�6�B°QjNG8+p.;XEG?@7�=�6<5±´µ=�NG�\EX�nijT{NGlK9¦¶�8�HUi+9:6<BS7�7[BIEGsn8+N*O�T

� ghNG�nBS^�6M8+i+lUTM=\9»^hEXBSP]BS7�B�=\8+9:=\TZ6M6�TZNGHU8t�jEG8jp�Pb;GEX?@7�=�6JBLH²gfN*^hEXBSPb=�T18+�$9:N�m (8%) •
5 =�E*N*BS?�EGN*p�^f?�EGij61En� ghNG�nBSij6<8ji+lUT

5 =�N*BST18�EGi�61O�7�EG6�P.Q�8+EGp.;XN*9b5 ;GEX7�?"9"EG6<F+EGm�T{E1BS�$FjT16 BSF+EXi[m�p�N*7|8jp�^w8+P�lU6 (4%) •

;XEG?@7�=�6�BLH]NG�\E>�ni+TZN*lU9:6|8�NGO�TZ6|EG6�T ½Gg�=�?@?@7�=\HRBS�$F�TZ6|BLH�NG�\EX�ni+N*lU9:6[;XEGFIHU6[8�EXs�O�T.EG6�T (3%) •
½Ggf7�BLH

¹�Ä º ( ��� % � � ���
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(24%) 4 � �+������, � �

5 6�HKm�O�61m-EX^fi simplified DLX C�6tBLHM6�?�EG7�T16t=\ijHUBy�jN*lKEG6�BxEX?�?�EXp�8+P

chkbit17 RS1 RD.

v 9:P�6R;>i�EX9:P RD ;XEG7�m�N*F�By=\TZ8+EG�¦EXs\61m�EG^�i

RD =

{

031 · 1 if RS1[17] = 1

032 otherwise.

5 ghN*?�EG=\?@6[BIEGBSlUT1Py8jHUi+9{6[BS7�7�ghNG?@�n^<ghN*N�EG?�NGH]FjEGp�NGPyQjEX='6�HKm�O�6[6Zm�EX^fi+P�Q�TZEG=nH DLX C/6[BLH�HKEXT{N*T.EXF+NGp�6
´¾5 ghN*T1s@�³EGT gfN�N�EG?�NGHr8+EGP�F�=\O�i�EGN:m�EG^fN*?@6f¶

5 6�HKm�O�6<61m�EG^�i+6 =\p�8+6�PYQjEXTZ=\By=�?@T<BSF�gfN*?�EG=\?�6<BIEGBSlUT1P.ghNGHU8+m�?@6tghN�N�EX?�NGHU6t=\9]EX?�T (12%) 5W

EG8+N�N*p[5 6�HKm�O�6&61m�EG^�i+6&=�p�8j61P�QjEXTZ=\BÇ=�?@T�BSF�6�8j^fP�6�BLHzghN*P�p�T16&=\TZ8j�$9"N�m�BÇ6�P-O�8+6'EXF+N*p�6 (12%) 5`
5 6�HKm�O�6b61m�EG^�i+6b=�p�8j6]=�F�P<EG7�8+m�=�ijBIEGO]6�8+^�P-6bBLH0gfN*P�p�TZ6b=\?/EX7�T1HV� 6�8+^�P-6AN*P�p�TbBIEGBSlUTz=�9

5 EXPY=\F�p�P-=\T�Hd�RTL C/6 =fm�EG^�i�=\9]EG8j9:=��¾´µ;>HKN*E1HKm�On¶�6�s�BIEXBSlKTtQI8�EG9{B°P�p�T<BS7�B

¹ 4 ��, � � % � � ���
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¹ 4 ��, � � % � � ����Åj�����


