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watill 1 (20 (P1Z2LI,144, 5%, 20 unci7i) 

Introduction to Algorithm IAILls-1unflvo-.1 

1. 91eLlnunTwAl-nuLLflz-,p1wm__TFrn16iTcup-mu7A 	aflflichl (algorithm) (5 orcni,LI.,0 

d 2. 91LISSEFlUlaUll'ILillA'11,19t-1-01(fllil ArDUA-rnInz‘,-.H1611(fl1/41minLelin (input) r.,,A.".wgfikln-)5‘ (output) 

grYninlcilljiAn (problem instance) L[K.-, output 811(NPYTMi'11111J1/1'1 1,1,W,'P17i1`11ALIPIJIT1PIJ1111J1/1`1 

(problem size) Lg'flnil'16h61,AMAIll1LINUTY1fll,gt19 	(7 K-,La.,11,0 

2.1) Permutation codes LO*11n;c1Ak31,Wil k (k?-1) 

0 r11 n (0 n 5 9) 

2.2) More than average 91111_14-rtzywhIpvilmailil-13.1-innr-rd4LvinriLvinvaki 	n 

flt5s6 	..n] 

Tinni.tnilapalionlmitllaulatvinni5ritn1 2 filfit115411111 
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3. sl iflnaiil_A- ne5\113-.1iVrithiLi,i'lciltlyi/r-11,1,rh 2 (CA4 n1,17\k_11111,,rwju9) Likild_ltaiXSIE13,i (pseudo 

code) ax,-711,m-1:,-11-concglii6lTuLqflni,unnil-ri.,1 (running time) lAlr T(N) '111fflEn111.11,-,11.,1 (8 c.- _-1,Luu) 

/* * * * * * * * * * * * * * * * * * 	u la' 1 * * * * * * * * * * * * * * * * */ 

ip39111,11-115e1011ilikniti9iigadTuonlinioils-rtiLtavrinfmlin 2 nifini5iitm1 	 3 



Pl'al4Y1 2 (32 	8%, 40 unit) 

Algorithm Analysis nnFt,-1,-1X62nil`fi1.1 

1. 91Li'JU1,117,1E'llJLLAT11.1M-w_rn1Ktunit-ilaliA'uri' nriu (Asymptotic notations) 	Big-O, Big 

' Omega (0), Big Theta (0) IN`flK11,Tli 1A19'3JYTAU,AP1JnTilAILAutli -nrni (6 -1:.-Lia.,11.,1) 

irioltini5ftau 	 itfilifiltim.',vinnisiltm 2 flitlf115gfitil 
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2. True or False fciirnAlevl 1SAlAwl(D1v3.riut-ciin V vi`h ern X wt,ndlivie1L111 (6 A7:-,L.Lcuu) 

	 a) If limn,, gf 	(:) = 0 	then g(n) < f (n) , ( f (n) grows faster than g(n) ) 

	 b) log (2n3  +1) -< 3n2  

	 c) If f(n) = O( g(n) ) and f(n) = 0( g(n) ) then f(n) = 0( g(n) ) 

	 d) if f(n) = 	( g(n) ) then g(n) = 	( h(n) ) 

	 e) if f(n) = C-2( g(n) ) and g(n) = Q( h(n) ) then f(n) = 	( h(n) ) 

	f) 2n 	e(2n+3) 

3. 91iNQi91.1‘h 3n2+n log n = 0 ( n2 ) 	(5 K,'LL`L..,) 

1111061fialI59MA111110111.1111M4f11115/101,1 2 fl1f1015ilfall 	 5 



searchBST(A[1..n], key) 

f h=0; p = 2 h  

while ( p<=n ) 
1 

if (key = A[p]) 
return p 

h++ 
if (key <A[p]) 

p = 2p //left child node 

else 
p = 2p+1 //right child 

return -1 //not found 

mySort(A[1..n]) 
f for (i=1 to n-1) 
f m=A[i]; mj=i 

j=i+1 
while(j<=n) 
f if (A[j]<m ) 

f mj=j; m--A[j] 1 
1 
swap(A[i], A[mj] ) 

4. 91vin Big-0 °H1 running time t(n) ifilan6i111-1Piflltiii (15 -11-,'LLw.,) 

4.1) t(n) = 2n5  + 500 (n3) - 8 

4.2) t(n) = an  + n! , a > 1 

4.3) t(n) = 2t(n/2) + n
2 

4.4) 

4.5) 

* * * * * * * * * * * * * * * * * 	ti (31 vi 2 **** ** ** * * * * * * * * * */ 

vp3olunnerou intriruoma nionlu516ilsidimiT11015iirm 2 11MA -154111H 
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C91ial4Y1 3 ( 32 P:,-1,1,1,1U, 8%, 40 unit) 

Data Structures IAT1A%''1161J'fl3J  

1. 121'11ALAM'AA9i-1161i1L1,1_11JP1'li'111,061 (Hash Table) 111-1'1P1 19 il'11/13'1_1Lflt_rh3JA'1PTIAllq-11.41A1 6111 

liTz,-nuAgnA-96n115Wmi-L5n a-z orinu1 u 

1.1) Hash function 

il'You 6119/iLLM117116'iTu h Anurgl,win hash value (61Jf11n index lu Hash table) 971iY1K1Arvi (word) IlE1 

1,1TI:Mnp-TTA-n-T 3 frrini5-niml(PlnoilArvn.lu ATLI7tl,dW1NM_Ir3f1 1I,A2 mod ArJ_I T1Z1PH1 hash table c 19 

l'161J1PT961-11~i g(Di'lT:.̀ -'1Ar'll 0-25 A2Flna.6-4cLik6n1 a - z 	a=0, b=1, c=2, ...) 

h (w) 	= (wi+w2+w3) mod 19 

w gD g`17174'101n 	LISnDLIAVAD71111 w w w 	w l' 	2' 	3' " "' 	n 

1-,1 h (apple) = (0+15+15) mod 19 = 30 mod 19 = 11 

vinrIlk)kalls 

a=0 b=1 c=2 d=3 e=4 f =5 g=6 h=7 i=8 j=9 k=10 1=11 m=12 

n=13 o=14 p=15 q=16 r =17 s=18 t=19 u=20 v=21 w=22 x=23 y=24 z=25 

2, 
91Anct,IMWM-In hash value 6H1AnPitiaiii 	bat, 	cat, 	rat, 	attempt, 	banana (5'1::.-'1,V1.41,1) 

h (bat) = 

h (cat) = 

h (rat) = 	  

h (attempt) = 

h (banana) = 	 

1.2) Hash Table 

• 91612.1AflPTIAllii bat, cat, rat, attempt, banana f,16114 Hash Table `1Nnkl (2 K"LLLIU) 

Index Item Index Item Index Item Index Item 

0 5 10 15 

1 6 11 apple 16 

2 7 12 17 

3 8 13 18 

4 9 14 

• 

iriolunilrfau ilartiWilfladi'imillu5iuitniLiavriflt1151101A 2 filf11115411111 	 7 



1.3) Collision Resolution 
9, 

911S43-dgnPirDlihil human, dragon 11,1,1 Hash Table s'in6t 1.2 61,1lnrkl(airmnmrvInni671LAA 

(collision) Li,w„1,12416Y(M' Opening Addressing 1,1,1_111inear probing 1,1„,nnidicinjiAn 	(4 -1c̀,,- [,1:tx„) 

h (human) = 

 

h (dragon) = 

 

  

Index Item Index Item Index Item Index Item 

0 5 15  10 

16  1 6 11 apple 

2 7 12 17 

3 8 13 18 

4 9 14 ' 	'-"'''' 	'7  ,.. 	1 	, 

.2.,' 	 0 	vi_ ,: 
1.4) 9-Invisnl Hash Table 6h 1.3) 911J'lfl 11,wi&L,161,unn7A1.4vvvriorD LULA apple, ant, dragon, dog 1711 

nn5sAuconii'qd1V111,1,1/11:111.2i1j'll 	LL2:-,i1nnTolnuSiniAnfiAi'l 	419:-.-1,A'AnPiEurnAuL9Evi10.3jL9E 

(2 ft°:I.Luet.,) 

9, 
1.5) LqM1,14n-iThvin 11,1nTtri Best case 	 0(1) Ln-prill,u,a1E1 	 nnsAuw-111.1 

Hash table grinnnqiuku7)14  sequential search 1,110,a.i Ed -111,5' (3 A:,'LLVW) 

Ip3.911141115CIDU intrtiwilgaih'uotimitrilifillanZon-aitru 2 infinisiiirul 	 8 



2.17A.2'-1,9611fl1/41 Treap 	(16 AZ,'Ll:1.411) 

Treap gfiI@-111M-I16LIJ1_1 Binary Search Tree (BST) iAVW141t1,1?0,11J-FilJE1 Heap 'LILA 	node 91,d-lin 

Priority LLM,' parent node 	priority Qilnqi n children node 	(Max Heap) 

en1i1,0)60 Node c,IFin key Limi.ArmArEncilT 	 A-Z) -1-) priority 

T2r11/11-01AQL1kLMATWM.,11111.1 

2.1) Binary tree P11,5:1) L 	Treap vilet3.1LIAN'T-,TIAP):b) 	 LilfliY1601,111,1Treap 

(an2Vi Treap 
	

(4 1`.`2L1,1,,a4) 

ipi9111ffilITIDIJ intrifu6''1401.1,i'doniu5irrIlnililavarmlaritru 2 rrifin-anlii 	 9 



2.2) 9-in Treap 	 ci13.0n key Liu N t0:,̀23711  priority = 32 gni-rticu nnni 

Ivium K 	 (6 

vpiolunilerou Tinni\16.14ailTuon1115ityllsidltw,-,vintmlitn, 2 nifiirrAnwi 
	 10 



2.3) 9\11__Inu&nflicill-.10,071nuolu pseudocode 	 'Vnnin-IJ'Auvin (Search) rylv,i'43.] 

Ivrtoi (Insert) 	n'ITM_IIVII.,12aj  priority QA?), (RemoveMax) lu Treap 
	 _ , 

LQM (time complexity) eHlLoic,,6anflii13.11,1,tZtl Big-0 	 (6 Y,L,'LL1,11.,) 

1* * * * * * * * * * * * * * * * * 	ufiravvi 3 * * * * * * * * * * * * * * * * * *1 

ypiolunileroulnwift_liiflaiiivonlmiervidunnTon.uriou 2 {HM1151%1111 	 11 



PY@UVI 4 (24 A:-'1,0-A1,1, 6 %, 40 uncil) 

Searching and Sorting rmAuvrILL:..-n1174n1-1A-li 

1 	 911Arri1,42E1-d7VI VIAJJ'Il-TO-.11TIJ 

Anrounzii.uu,viz-28h 

I. Bubble Sort 	II. Insertion Sort 	III. Merge Sort 	IV. Quick Sort 

V. Selection Sort 	VI. Shell Sort 
	

VII. Heap Sort 	 ( 6 P:',LLIZ.,) 

1.1 MTC4U16'nkl'h3-1,dilliivii:miA9n3,14') (space) Lviflti1J 0(1) 

1.2 ri_lunnulnPILLIJunnTChtlnpitinn_111,1 (Internal sort) (F1ni__13-4'MS_inl1n 3 Anpflu) 

1.3 27_114j1,1P11-illi nns_116.-viliLLutRtini (Stable sorting algorithms) 

oddd 
1.4 6111,IPMVJE111.11_1S:',AlrinniAlunst-il Worst case 611U 0(N1.5) 

1.5 jlam...,Mi'fil°111.Q -il,unnsLinsitiviluunfinefu O(NZ) 	 winriu o(N) 

1.6 6h311817iAtlmiaSilnki31111,1-imivitijnitniQuArrilAniAkri719:,- LAUliii/M2 611mp5i
i
rrullAnjD01..1 

1/11.1QUffY11.14'1A'ITfll viii hard disk 

VpiGI1111115e101.1Tyartfwi' lgailTuqnimid-itiiium:vinniArni 2 nifinisfintri 
	 12 



-•=4 	cl 	0 

2. 91VleflUA'10'13.11Arrn6111aM,nfirrITI,TEll'TILIFIra1.1 ( 9 1,-Lta,a,0 

2.1 9ALV0111110.1EVM1 Selection Sort l`WrI'lirli_11691j (qpk11117,1 	 LO:5-T:',1m11,qM17111-6' (time 

complexity, Big-0) 6n1111D101,19E1,1 (41::.-',Li,ct.ad) 

10, 21, 45, 8, 30, 53, 4, 50,2 

2.2 L.gm1.6114wiffull'n_ilnk_iiltfl3,,p(17iFinq9nn Selection Sort) ILtu011juNmIMJ'ilElnklippd 611.i 

T.---LJ611&iflOrffLin‘1,1,2:1n27171114'1 (time complexity, Big-O) TEllictolE`tin'cifil tn (3Iz',I,Lcal.4) 

62 , 83, 18, 53, 7, 17, 96, 85, 47, 69 

2.3 Slfll_l'IU1/1k1flqT1M141,1P1`flthlacill_l Merge Sort 1,1nP*171 (2 A::La.,t1,1) 

9piolcun15auu Ivartrumfiaauqnlamo9T-ribmvrinn-mitn1 2 filth-11110M 
	 13 



3. 91P-ItLIA111'13.1k1,11(9 

3.1 91r,-1111)M.711,611(time complexity, Big-0)1Ufl'12141A'111 Sequential Search UM'. (1 1`,`,-LI,1d1U) 

3.2 91L6-11E11-.1 Pseudo Code 6nleil.01M19 ULU Binary Search (4 Flna,rt.d) 

3.3 9nnolluvictzu-thsOirinviumig/ 911(fiu(nt-ina.iviA_Iii (4 AZ.'1,1,141.,1) 

Array Index 1 2 3 4 5 6 7 8 9 10 

Key -26 -5 - 3 1 6 10 20 60 40 89 

1) 9nniitkialfifiVI1,IP11,19;1917'lai.,ULIILILLCIUIJ(Comparison Tree) IM\I Binary Search 

2) 911/1'14'11,19UPS\riThlrl'INALAULArnArinihiZA-MT (key) 3 , 30 LI,M: 60 

/* * * * * * * * * * * * * * * * * * sicu royauyi  4 * * * * * * * * * * * * * * * * * */ 

ypiolttni5erau Tvrtyl111a1iialli'uoniu516T11tatrinf155tni 2 filf1011411111 
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an/2 * an/2 	
, n is even 

a* a(n-1)12 * a(n-1)12 n t 
• 

, s odd 
an = 

NE@UYI 5 (32 K--L11,0,d, 8 %, 40 La) 

Divide-and-Conquer n-ILLI:Nauni,i,w,-.Lnonlx-, 

1. nn7A-nnti,,ammnn-121 (Power) 4-1u9Lugn-J (12 K-.'art.,1) 

Calculate an  where a > 0 and n 1 

Brute-force (naive algorithm) : 	 ( a 	n 

an  = a * a * a * ...* a 

1.1) 	911,611m,v6n6i111.1 1,Lo.-.-vinvDMnniiinl'11,1 (Big-0) .nln-i'Ancww.,miurifInguin.J7AnnT 

FiT1Fir) (4 Ano.,r,,) 

power (a, n) 

- 	Divide-and-Conquer algorithm 

1.2) 	91Lilucuanei-haanAnVDMMTA'11'11,1 (Big-0) °I.M1m7AnumMn-ii divide- 

and-conquer Imui,i'muolizo,InnTuLail (recurrence equation) 	Master 

Method (8 -1:-,LNu) 

powerDC (a, n) 

llniiulciaili'vAnlmitiignii;iat,yintithicru 2 111fit115afill1 	 15 



2. Matrix Multiplication n-11t-1,113..gin6S (12ro-.,'LLI.a,0 

2.1) nnTQn,a3.12in6f 	nxn 	 Divide-and-Conquer 22v_innv-tflii)11,11z-InJvi,1 

' 1,3min6itrun (n/2)x(n/2) 471„19'w 8 	LLMLIM221A1M/111A3,101-T-1793,11T1-1122_1'51-01TAirITM116t V)8') 0(n2) 

911,671ZJUAM1 ITLITTU1TIP (recurrence equation) t(n) 6H16M(fl3i13-.117,1 	 Big-0 

1,41' Master Method (6 17;.'LLI.,0_,I) 

2.2) Strassen's Algorithm alurnst_l3sInivnnTQt-uwPin66 6bvinnni Divide-and-Conquer vihriu LLF1 

(n/2)x(n/2) 4-11..nuSIT_N 7 

LE111,12fft,lirITT(1,6tymn 0(n2) viiurT14 

91L67IEW3,In'll,121t-dCrVI (recurrence equation) t(n) '111 Strassen's Algorithm 1,1 11MIAM261A4L(M'1 11-d 

n1 Big-0 	Master Method (6 -1:,'LL1,11,A) 

iriolufmaau imniwilfiaavontuverisidIm:',vinfraiou 2 fllflt11540111 
	 16 



3. Selection Problem Iltuvnn-ITAn (8 8:2LL141,1) 

9-InctItInAnnnstAn (Selection Problem: select the k-th min) ilmiliian(6i13.1 QuickSelect 6111A 

lAkInniLvtilArYwil(Partition) 	 RandommizedPartition 'ammo% e(n) 

-1 t(n) 611flAr6n6113,11:11:wkinz,- Arn3-43-.1vTIA-C1Ficizilm (recurrence relation) Gl11..d  

QuickSelect(A[left..right], m) 
{ if (left = right) return A[left] 

j = RandomizedPartition( A[left..right) ) 
k = j - left +1 
if (m <= k) 

return QuickSelect( A[left..j), m) 
else 

return QuickSelect( A[j+1..right), m-k) 

erwt.,121,1) t(n) gi,QM171'11'11,161_MA QuickSelect efiThk n PT') 

t(n) 	t ( max (k, n-k) ) + 0(n) 

S'11WIT1-1A-1.17S11,1A-1117)91L7112_11.A3.1MTLIE11,11,FIM 1,14rmili7i-(7)1171A2(best-case analysis) i,Lwo: mnlYial1Y12 

l (worst-case analysis) d-iilan6criiaua7.,-7A8s-:,-ictrunmnnTliinAncw 

-1 	•=9 

Oirit g'1711 	 MunmIlautlImg 

'6111(6kpPIMA1.1 :-,codlLvindcw ) 

1* * * * * * * * * * * * * * * * * * supiquin 5 **** **** * * **** * * * *1 

vpioluivnffau I11141-16'1409H1J9M1115161111illtfl:',1^41015151 611 2 nitin1541-an 	 17 
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