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Computer Science

     CS 121  Data Structures

Attempt 2 questions out of 3

Time allowed: 2 hours

Students are permitted to use the dictionaries provided by the University

Students are NOT permitted to use calculators
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CED,FHGJI4KMLONPDRQ�KMS2D�T.U�V�WXD�T�Y Z\[0T]WXW
^_KO[�ZP[�Z4W
`>a"LMLOa
^_KMS4b�[�WXS\KO[�WXc6VdT�WeDfN\`>T]a"cgN4KOV�hiKOS�[0Z4Wjb"Klk"WXS\a"T]N4WXTjm
n a"S�N4a"SporqsN4KMStQ4I�T�b"Zpovuwa"Iw[0Z2D�c6x�[�a"Sporyza"T.[0Z2Dfc{x�[�a"Sporq%D�V][�Z2D�cHor|�a"T.[0V�c6a"I�[�Zpovu�^}DfS4V�WXD�o�~}D�T]N4KO��o
� D�S4Y Z4W;V][0W;TXo n KOk"W;T�x@awa�L�� ���3� 	4�����;�

C>Q�F���KOk�WXS
[0Z�W�N�W;�2S4Kl[0KOa"Sja�`�[�Z4W��;�����������E����`>I4S4Y�[0KMa�S�m
`EDfY;[�C���F����
`EDfY;[�C>S�F���S$ ¡`ED�Y;[
CES�¢r��F
^_T]KO[�W�D£T�W;YXI4T]V�KOk�W�`>I4S4Y;[�KMa"S¤[�a�YeD�LOYXI4LMDf[0W*`ED�Y;[
CES�F��s��KOk�W�D�YeD�LOL�[�T0D�Y;W}`>a"T5YXa�c{x4Iw[0KMS�bv`ED�Y;[
C�¥"F���¦§T�Kl[0W�D�S
Kl[0W;T0Df[�KOk"W¨`>I4S4Y�[0KOa"S�`>a"TzYeD�LOYXI4LMDf[0KOS4b6`EDfY;[0a�T�K©DfLMVrD�S4N$Y;a"c6c{W;St[vI4x@a"S�[0Z�W¤W;ª6YXKOWXS4Y�U$a�`%WXD�Y Z$`>I4S4Y�[0KOa"Sp�
¦«Z4Df[}[¬U�x�Wva�`­N2Df[ D¡V][0T]I4Y;[�I4T�W;VrD�T�WzV�I4Kl[ D�Q4LOWz`>a"TJT�W;YXI4T]V�KMa�SjD�S4N�`>a"T®^_Z�KMY Z�[¬U�x�W�V]Z4a"I4LON�T�W;YXI4T]V�KOa"S
Q�W
Dek�a"KMN4W;N�¯ � �t° � 	4�����;�

CEYeF���KOk�WXS
[0Z�W¨`>a�LMLMa
^_KOS4b±[¬U�x�W�N4W;YXL©DfT0Df[�KMa"S4Vvm

²�³f´wµ�¶�·�¸º¹¼»X²�³�´wµ5½
²�³f´wµ(¹¾¸�µ�¿,³f¸t´

´wÀ"·�ÀÂÁÄÃe²�·4µ"Åwµ"¸%½
²4µ,Æ,·ÇÁÈ²�³f´�µfÉ�·�¸

µf²w´%½

Y;a"c6x4LMW�[0Wd[0Z4W�`>T0Dfb"c{W;S,[¡af`}YXa�N4W�`>a"T��2S4N4KOS4b�D�S4a�N4W6KMS�D�LOKMS4hfWXN�LMKMV.[e�dÊ*a"I3c{DeU�D�V�V]I4c6W6[�Z2Df[¨[0Z4W
T]WXËtI4KOT�WXN�T�W;YXa"T]N�KMV±Ì�Í>Î%Ï2�Ð�¬Í��ÒÑ�KMSj[0Z4W�LMKOV][¡C>K��ÓW��}S4a{S4WXW;N�[�aÈY Z4W;Y hH`>a"TrD6S4KML�x@a"KMS,[�WXT F�o�D�S4NH[0Z2Df[r[0Z�WXT�W
KOV_D¤k�DfT�K©DfQ4LMW£YXD�LMLOWXN�Ô2Í��,Ì�^_Z4KMY ZHx@a"KMS,[0V�[�a�[�Z4W��2T�V.[rT�WXY;a"T�NHKMS
[�Z4W¨LMKMV.[e�

Õ"Ö ²@¿�·�Ã"³�² Õ Ãe²w´%×�Ø�Àf²�·4µ"´ÇÁRÃ
²�·�µ"Åwµ,¸�Ù�ÁÚ²�³�´wµfÉ�·�¸*½
Û µ"Å�Ãe²
µf²w´%½
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C>N�F
¦«Z4Df[®KOV%c{WXD�S,[JQ,UÄ� ��Ý�Í����ÐÏ�Þ6D¨Z2D�V]ZÈ[ DfQ4LMWe¯
¦«Z2D�[}D�T]Wr[�Z4W_[¬^®a¤c6W;[�Z4a�N4Vs^®WzYeD�S{I4V�Wr[0a±W;S4V�I�T�Wz[�Z2Df[
D6[ D�Q4LOW±KOV£YXa
k"W;T�W;N�¯ß¦«ZtU�N4aÈ^JWdS4WXW;NÄ[0a�W;S4V�I4T]Wd[0Z2Df[£DÈ[ D�Q�LMW±KOVvY;a�k�WXT]WXN�¯ß¦«Z4W;S�KOV£D�Z2DfV�Z$[ DfQ4LMW
Y;a"S4V]KMN4W;T�WXNj[0a�Q@W�`>I4LML©¯ �áà�� 	4�����;�
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CED,F���KOk�W�CEI4V]KMS4bj[0Z4W6Q4KObf¢.ãäS4a�[ D�[0KMa�S�Fz[0Z4W6YXa�c{x4LOW�åwKO[¬U�`>a"T¨V�WeDfT�Y Z4KOS4b�KOS§DHQ4KMS4D�T]UÄV]WeD�T]Y Z3[0T]WXWfoæD�S§I4Sw¢
a�T�N4W;T�WXNHLMKOS4h�W;NjLMKMV.[_D�S4N�DdZ2D�V]ZH[0D�Q4LMWf�%qæå�x�L©D�KOSHKOSjWeD�Y ZHYeD�V]W¡Z�a�^([0Z4W¨x@WXT.`>a"T�c{D�S4Y;W�KMV_D�Y Z4KOW;k�WXNp�
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C>Q�F���KOk�WXS
[0Z�W¨`>a�LMLMa
^_KOS4b±[¬^Jaf¢è^®DeUjLMKMS�h�WXNjLOKMV][£m

DfS4N
[0Z4W�`>a"LOLMa
^_KMS4b±N2Df[ D¤[¬U�x@W¡N4W;YXLMD�T0Df[�KMa"S�V£m

²�³f´wµ�¶�·�¸º¹¼»X²�³�´wµ5½
²�³f´wµ(¹¾¸�µ�¿,³f¸t´

Éw¸�µ�é*ê�²4µ"Æ,·ëÁ
²�³f´wµfÉw·�¸%½
´wÀ"·�ÀÂÁÄÃe²�·4µ"Åwµ"¸

µf²w´%½

Y;a"c6x4LMW�[0W_[0Z4Wr`>a"LMLOa�^_KOS4b�YXa�N4Wz`>T�D�b"c6WXS,[J^_Z�KMY Z
V�W�[0V®[�Z4W£Dfx4x4T�a�x4T�KMDf[0Wrx�a�KMS,[0W;T�V}DfS4N�N4W;LMW;[�WXV®[�Z4WvS�awN4W
[�ad^_Z4KMY Zj[0Z4W¨x@a"KMS,[�WXT��ÐÔ��Mì±KOV�x�a�KMS,[0KOS4b
m

Éw¸4³�¿�µ,´ Ö ¸wµ(´wµwí,µ�·�µæ×.´�À�·�ÀëÁRÃe²�·�µ"Å�µ"¸�Ù�½
é�À"¸(·,î�Ã,ïðÁ�²@³f´wµfÉ�·w¸%½
Û µ"Å�Ãe²

ñtñ"ò ³f´wµ¾·2³Aï�µ�·ó·,î�Ã,ïô·2³ß·,î4µ¾¸wµ,õ Ö Ã�¸wµ"´ó²�³�´wµ
µf²w´%½
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CEYeFjö�Z�W�[0D�Q4LMW�Q@WXLOa
^Ab"Klk"WXVzD�LMKMV.[�a�`æS2D�c6WXV_KMSj[0Z4W¨a"T]N4WXTrKMS
^_Z4KOY Z�[�Z4W;UHD�T]W¨T�WeDfNH`>T]a"c÷N4KOV�h��®ö�Z4W�S4W�åw[
[¬^Ja6YXa"LOI4c{S�V�b"KOk�W¨D6x4T]KMc{D�T]UøC>x�F®D�S4NHV�W;YXa"S�N2D�T]UøC>V F�Z2D�V�Zj`>I4S4Y�[0KOa"S
`>a"T�WeD�Y Z�S2D�c6W�m
yvD�c6W x V
� a"T�T]KMV ù ù
|æD�I4LOKMS4W ¥ ù
ÊJD�S4S4KOV ù ú
yzKMY Z�a"L©D�V � �
û a"Q�KMS ü �
n I�Y;U ¥ ù

ý S�V�WXT.[�[0Z4W;V�WHS2D�c6WXVdKMS,[�a§DÄZ2DfV�ZP[ D�Q4LOW�YXa�St[0D�KMS�KMS4b�þ$WXS,[�T�KMW;V�KMS4N4W�åwWXN ÿR[�a§üÄKOSi[0Z4Wja"T]N4WXTdb"Klk"W;S
I�V�KMS�bÈV�W;x�W;T0Df[�WdY Z2D�KOS4KMS4b�o@LOKMS4WXD�Trx4T�a"Q�KMS4bÈD�S4N$V]WXYXa�S4N2D�T.U$Z2D�V]Z4KMS�b4�dCE|%T]a"Q4KOS4bÈV]WXËtI4WXS�YXWXV¨V]Z4a"I4LON$Q�W
KOS4YXT]WXc6WXS,[0W;N§Ïø���®N4WXY;T�WXc6WXS,[�WXN�F�� � � � 	4�����;�
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C>N�F���KOk�Wv[0Z�W�Q4D�L©D�S�YXW£`ED�Y�[0a"T�D�[_WeD�Y ZHS4a�N4W�KMS�[�Z4W�`>a"LMLOa�^_KOS4b¡[¬^Ja�[0T�W;WXVrD�S4NjV.[ Df[�W£^_Z4W;[�Z4WXTrWeD�Y Z
[�T�WXW¨KOVXo
a�T�KMV�S4a�[Xo�D�S
	�� n ö­T�WXW�m
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CED,FHqæåwx4LMD�KMS\[0Z4W�x4T�a"Q�LMWXc ^_Z4KOY ZâawY;YXI4T]V{^_Z4W;S«N4WXLOW;[0KOS4b§D�SôWXS,[�T]Uß`>T]a"c D3Z2DfV�Zô[ DfQ4LMWf��
ra�^ðKOV{[�Z4KMV
x�T�a"Q4LOWXc a�k�WXT]YXa"c6W
¯ ���3� 	4�����;�

C>Q�F�
ra
^AKMV}[�Z4W��M�X�,Ìr�;�����¬���¤a�`æD6Z2DfV�Zj[ D�Q4LOW�N4W;�4S4WXN�¯�¦«Z2D�[_N4awW;V�[0Z4W¨LMa"D�N
`ED�Y;[�a"T�KMS��4I4WXS4Y;W
¯
����� 	4�����;�

CEYeF
	����2Í���Í�KMV6N4WXV]YXT]KMQ@WXNâD�VÈD�������� C n D�V][ ý S n D�V][�ã£I�[�F�N2Df[0D§V][�T�I4Y�[0I4T]W��(yvD�c6W�D�S4NôN4W;V�Y;T�KMQ@WÄ¥
a�x�W;T0Df[�KMa"S4V¤^_Z�KMY Zßc6KMb�Zt[¤Q�WHYeD�T]T�KOWXN\a"I�[6I4x@a"S V]I4Y ZâDÄV][�T�I4Y�[0I4T]W��«��KOk�WiÍ! t������ì#"2Í ��� Î}�����E����Ï�ìj`>a"T
[�Z4WXV]W¨a"x�W;T0Df[�KMa"S�VX� ��Ü3� 	4�����;�

C>N�F�$£W;V�Y;T�KMQ@W®[¬^Ja¨N4KO��WXT]WXS,[%c{W�[0Z4a�N4V5Q,U¤^_Z�KMY Z�c{W;c{a�T]U¡YeD�SdQ@W_D�LMLOawYXDf[0W;NdDf[sT]I4Sd[0KOc{Wf�­¦«Z2D�[sx4T�a�Q4LMW;c{V
YXD�SÄa�YXYXI�T¨D�S4NRZ4a
^ DfT�W±[�Z4W;UÄa
k�WXT�Y;a"c6W
¯ô¦«Z2Df[�N2D�[ D�V][�T�I4Y�[0I4T]W�V�Z4a"I�LMN$U"a�I�I�V�Wd[0a
hfWXWXxR[0T�D�Y h�af`
V]x2D�T]W�c6WXc6a"T.U�Q4LOawY htVX� ����� 	4�����;�



CEWeFjö�Z�WXT�WjDfT�W{[�Z4T�W;W
N4KO��WXT]WXS,[dYXD�V�W;V¤`>a"T±N4W;LMW�[0KMS�bÄD$S4a�N4WÈ`>T�a�c D$Q�KMS2D�T.U�V�WeDfT�Y Z�[0T]WXW��Rö�Z4W;V�W
YXD�S�Q�W
N�WXc6a"S4V][�T0Df[�WXN$KOS�[�Z4W±`>a"LOLMa
^_KMS4bd[�T�WXW±QtUH[0Z�W±S4a�N4WXV�~}Df[eo&%æKMV]ZÄD�S4NR��a"LON��2S4Y Zp�'$£WXV]YXT�KOQ�W¡WeD�Y ZÄYXD�V�W
DfS4NjV�Z4a
^A[�Z4W¨T�WXV]I4LO[�KMS4bd[�T�WXW�Df`Ð[�WXT�WXD�Y Z�N4W;LMW�[0KMa�Sp�_C�ut[ D�T.[�^_KO[0Z
[�Z4W¨a"T�KOb"KMS2DfL�[0T]WXW¨KMSjWXD�Y Z�YXD�V�WeF��

Fish

Goldfinch

Dog

Bullfinch

Adder Cat Eggeater

Jay

Hampster Kite

Indian Elephant
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C>`0F ý SH[0Z4W¨`>a"LOLMa
^_KMS4b¡[0T�W;W(	¼D�S4N�G(DfT�W�S4awN�WXV_^_Z4KMLOW*),+�o�).-�D�S4N
)&/vD�T�W�V�I�Q�[0T]WXWXV;�0$£T0De^A[�Z4W�[�T�W;W±Df`Ð[�WXT
DdV]KMS4b"LOW£T�KOb"Z,[_T�a�[0Df[0KOa"SjD�Q@a"I�[�[�Z4W¨T�a�a�[_a�`­[0Z4W�[0T]WXWf�

A

B

T1 T2

T3
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