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Why study algorithms and data structures?

* Their impact is broad and far-reaching
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Why study algorithms and data structures?

* They may unlock the secrets of life and of the universe.

* Computer models mirroring real life have become crucial for most
advances made in chemistry today.... Today the computer is just as
important a tool for chemists as the test tube.”

— Roval Swedish Academy of Sciences

(Nobel Prize in Chemistry 2013)

o\

Martin Karplus, Michael Levitt, and Arieh Warshel
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Why study algorithms and data structures?

Old roots, new opportunities
— Study of algorithms dates at least to Euclid
— Named after Muhammad ibn Musa al-Khwarizmi
— Formalized by Church and Turing in 1930s
— Some important algorithms were discovered by undergrads
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Why study algorithms and data structures?

* To become a proficient programmer

“ 1 will, in fact, claim that the difference between a bad
programmer and a good one is whether he considers his code or
his data structures more important. Bad programmers worry
about the code. Good programmers worry about data structures

and their relationships. ”

— Linus Torvalds (architect of Linux and git)
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Why study algorithms and data structures?

° For intellectual stimulation

“ For me, great algorithms are the poetry of computation.
Just like verse, they can be terse, allusive, dense, and even
mysterious. But once unlocked, they cast a brilliant new light

on some aspect of computing. ” — Francis Sullivan
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Why study algorithms and data structures?

* For fun and profit
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Why study algorithms and data structures?

Their impact is broad and far-reaching

They may unlock the secrets of life and of the universe
Old roots, new opportunities

To become a proficient programmer

For intellectual stimulation

For fun and profit
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Bt REHE, AR RIEREEZ R ERE

Blde, K1 +2 + .. no

H k1. Hik2:
int funl(int n)
{ int i, s=0; int fun2(int n)
for (i=1;i<=n;i++) 1
S+=1i; return (n+l1l)*n/2;
return s; }
}
l H koA
H k237 T H k1
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D={ d; | 1gisn, n20}: REAFHESL

R={ r; | 1<jsim, m20}: XAMEL
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Blde, doTFRIFEH—AHERE:

2 6 3 1
8 12 7 4

5 10 9 11

T RE = TBRTHAB=(D, R), HF:
p={2, 6, 3, 1, 8, 12, 7, 4, 5, 10, 9, 11}
R={ri1, r2} Eb, rikTITXR%E, r”iAFX%
ri={<2,6>, <6,3>, <3,1>, <8,12>, <12,7>, <7,4>,
<5,10>, <10,9>, <9,11>}

r2={<2,8», <8,5>, <6,12>, <12,10>, <3,7>, <7,9>,
<1,4>, <4,11>}
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BAFERGEMERFAStudE XL =T :

struct

{ int no; /I FHFET
char name[8]; K34
char sex[2]; / /77 i e A

char class[4]; [/ IS
StUd[7]={ {1,“%5‘&” ,“% ” ,“9961”},

(X1} _’

{5,"E¥","%","9901"} } ;
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3. MWLM
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Hh: FHBAEE—, LRTEIRE—. RELFBTE N, FAT
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[#i1-3: p5] A —#&KPELEMHB2= (D, R) , X F

D={48, 25, 64, 57, 82, 36, 75}

R={ry, ry}

r,={<25, 36>, <36, 48>, <48, 57>, <57, 64>,
<64, 75>, <75, 82>}

r,={<48, 25>, <48, 64>, <64, 57>, <64, 82>,
<25, 36>, <82, 75>}

BHAZTHEMNET, BHRAAXA?
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Blde, C/C++ P Eint#t 2 EAKIELA

+\ N *\ / e m— ”‘éﬂﬁ'{?
2147483648
~2147483647 — AR E

FELFAAGGZNR & A (6442hL, CIET)

o U XA (4FF) FEEAR (4FF)
e double£#% (8% 7)) FHER (1FH)
o HREA (1FF) A XA (8FF)

e £&oA
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#include <ztdio.h>

Hint main() 1

printf ("sizeof{ char): %zdWt", sizeof (char)):

printf ("sizeof{ float): ¥zdn", =sizeof (float));

printf ("sizeaf | ¥zdWt", sizeof (short int));
printf ("sizeof{ int): %¥=zd\n", sizeof (int));
printf (" zizeof{ long int): %¥zd\t", sizeof({long int)):

printf ("sizeof{ long long int): ¥zdin”, =sizeof (long long int));
printf ("sizeof | size t): %zd\t", sizeofizize t));
printf (“sizeof [ woid*): ¥zdin'\n", =sizeof (woid *));

return 0
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2, MREIRXR
MG HELR (ADT) HWRRKBFAGRFEY FHEH
ROREZB/EMMPEE (HEEH) , AAF R HI0EKRSE

o /
\

MEBRERE = ZHLEH + HREH
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Blde, &L E Kb F $ P KA Complex

—NEHF KX e+e, iR (e, e,)

ADT Complex
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ERBH:

AssignComplex(&z, v1, v2): & #z.

5 % 3 83
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BREERETABEMNNEHRAN I RRIEZMRAH H ik,
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(1)
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(3)

(4)
(5)

A5W: BEAGIZELEER, HikikBIEm,
AMEM: L=,

T TEIEAEHARRIATREL,
BP S ik o A — AN AF R B AR IEPAT o
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R
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(5] (AAR) 1 FRTAREML, IREMEHTRRBL
HEwdrt, KFCMER T AE4H?

(1) mik—
void examl()
e ©— 2 AP H—ATIER, HRT
while (n%2==0) EF#%%%?NM%'} %,
n=n+2; i
printf("%d\n", n);
}
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(2) wmiR=

void exam2()
{ int x, y;
y=0;
x=5/y;
printf("%d, %d\n", x, y);
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C++iE TP REBET—MIIAEHNF “ATHEHMBA LY.

5| Bl
a
int a=10; b 10
int &b=a; I
T AN EEHREAFEEE

31 A |

a, bRIFEZENE
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w5 F AR H
PE—FHFswapl(x, y):

void swapl(int x, int y)
{ int tmp;
tmp=x; Xx=y; y=tmp;

!

¥ PATiE @) swapl(a, b)), afebEHRAEREEKE T Xk,

], RIS B xFey iy

ST Xy YRRMARSH, LEAMERSH
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BUEREL: £ ABAGFTXEDEHBLGE, EHEES

BAEA
void swap2(int *x, int *y)
{ 1int tmp;
tmp=*x; / /%X BB 7K A tmp ]
*xs*y;  PRXFHRRE R Ny LI B xcka
*y=tmp; /1Ry BT W K A tmp - YRR
}

R R A9 R & A swap2(&a, &b)
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MUERE2: £AIARAHE, o BHbAHBLAXRI AL,

void swap(int &x, int &y)
[ITEHH “RESFEEHEER
{ int tmp=x;

x=y; y=tmp;

}

} KT B XAy 1A

Y ATiEq swap(a, b)Fr, . L EERMEY T
int &x=a; //aAxe 3] R
int &y=b; //bHAye 3] R
EH, aGxEFAMER., by FAMEN, BHRIATSH

BiGakbrt AR ET X =

ERRE Y
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void funl(int n) f\
{ int m=2;

5% B
funz(_/ e

printf(“%d\n”, m);

funl(m)

>

void fun2(int x)

Niig

pr'1ntf(“/d\n’F X)

fun2(x)

/
I
/
J
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51 R T g BB A% i

void funl(int n) r\

{ int m=2; void fun2(int &x)
funZ(J/ { x++; \glmﬁﬁﬁ}
printf(“%d\n”, m); printf(“%d\n”, x);

} }

funi(m) » fun2(x)
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18] Je

void fun(int a[], int n)

{ |int i;

for (i=@;i<n
printf("%d", a[i]);

printf("\n"); /
}
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KB H LA RBAEGIITARE (LARAME) , €RFEA
MAEnGy R I, AT(N)EZ T

L ﬁ'«‘%fﬁ‘ﬁl‘fﬂk& = RBAEPTE QB XT(n)o FTEAT(n)

5 H EAPATER A AR EL o AT(n)&RTHEGHRITE M,
@ EEORRHHT(n) KA S H HWAT R 65T 3R,

AT R7FRBEARDGEEY, denNLEHRF
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[#]1-6: p19) KB ANH F EbthAamC=A+B& L k4= T,
AT HE IR B R B

#define MAX 20 /1 & X 5 KT B
void matrixadd(int n, int A[MAX][MAX], int B[MAX][MAX],
int C[MAX][MAX])

{ int i, j;
for (i=0;i<n;i++) 7/
for (j=0;j<n;j++) /1@
C[i][j]=A[i][]j]+B[1][3]; //®
}

76



#define MAX 20 D& - F: VA
void matrixadd(int n, int A[MAX][MAX], R REER
BH A
int B[MAX][MAX], int C[MAX][MAX]) D. @40,
{ int i, i;
//®_ﬁi}§ii’~7n(n+1)

for (i=0;i<n;i++)
for (j=0;j<n;j++)

CLil[§1=ALi1[31+B[11[5]; //@—— REAN’

} y

BT A& a) B Z Ay
T(n) = n+1l+n(n+l1)+n?
= 2n%+2n+1
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HEPHATHBET(n) R FAREN EANHEKF(n), Ttk:
T(n) = 0(f(n))

L5 “0” ik “ K07, CATHFEMARNHE K I ERAT
A& K EFf(N)WERKEHE. = HFFH0H

A

f(n)
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“0” %ﬁ}i&fﬂiﬁ
T(n) = O(f(n))RTHBLE—AEWFEM, BT L n2n,btAR

wh

| T(n) |<M|£(n) ]|

I

f(n)ZAT(n)w £5F

f

XA ERTRRS, BFRRELG LR, BFEE LT

KBTI i T(N)

= M
w = ()
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AR LB, —#FFT(n)
RERETHEMNILK

RRET(N)WERSY, BRLENAREZHK --) BHTHL
T(n)&H3, XARHLE B3R B 4 nfk K B3 ka9 B i) b A o

Blde : T(n) = 2n%+2n+1 = 0(n?)
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ieAE0(n), EARZEPEY

AAT AEGH A ERELA-FTHO(N). ZHH0(n3). HEH
0(log,n). #E#KH0(2")%.,
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BRHARHETRAEREALEX AT

0(1)<0(log,n)<0(n)<0(nlog,n)<0(n?)<0(n3)<0(2")<0(n!')

giﬁi\l‘f‘ FEH:

P =] AR NP =] A&

Hoaknrh e rba: BleKB—FRAAR HANHx: AfB ,
O%k—ﬁ—sz’%Aﬁ’J'T‘*‘JHﬂ‘lﬁ]?chﬁO(n) mH kBA-F ¥ ut iR B 4 75
n2

— & FEAT, INAHE XA A M 4F L 5B,
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o

=z

~ 10 15 20 n
% F A 8 RS () MK




AP AR —RBRAREEMEIFAG RS,
AP Aks = AABREREHHE XEESH LK,

l{%w

BEHESMHE, FHHT(n) HAULE & A RFB/EQE L LK,
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[#1-6: p19)] KAANH F by tateC=A+B&I H k4= T,
ST E BT IR B R B

#define MAX 20 /1 =X 5 KW 77 B
void matrixadd(int n, int A[MAX][MAX], int B[MAX][MAX],
int C[MAX][MAX])
{ int i, j;
for (i=0;i<n;i++)
for (j=0;j<n;j++)
C[il[J]1=A[i][3]1+B[1][3];

A A BRAF

85



R BHFTPHEARMRAAEBFTRAENE
C[il[J1=A[i1[j1+B[i1[]], & #TCHIIMAE, Bp:

H

n-1 n-— n-1 n-1

T(n) = 221 n= Z n=n’
= 0(n?)
A BRI LR R AR R L R AR, AT
dREZHE,
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BER

TrRAEFBEOHBZIRER (C)

count=0;
for(k=1;k<=n;k*=2)
for(j=1;j<=n;j++)

A.0(log,n)

count++;

B.0O(n)

e

A A RAF

C.0(nlog,n) D.0(n?)
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[#]1-7: p20) AT H AR H ELE.

void func(int n)
{ int i=0, s=0;
while (s<n)
} BEAERE

{ 1i++;

S=S+1i;
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f#: St Fwhileff3riEa), RIMITEREAm, TEiMA0FHF
%1, ABmAHE, F:
VEFREER: s=m(m+1)/22n, RFEm(m+1l)/2+kR=n

t
ATBENEE

).
-1+ 8n+1- 8k
2

T(n)=m=0( /7 )
Bk, B Re R ZRERO0( M )

m=
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A S J8l B A R 2T M

¢

ﬁg
¥
¥

1.3.2

TEERE: ATFEREALELEiTIAEAPER & AGE#E
8] K dvo

— R AAE A AR KR, RAMKERH XML, T
S(n) = 0(g(n))

E—ANHEGZREREBEAHOL), NAREEHD R TR
o TAEH &%,
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[ (A7) 1 S THENZRERE,

int fun(int n)

{ int i, j, k, s;

S=0;
for (i=0;i<=n;i++) I B <o JF] #9
for (j=0;j<=1i;j++) g
J=9,]J<=1,] i vﬁ,ﬁ%mﬁ\
for (k=0;k<=j;k++) AL &9 72 18]
S++;
return(s);

fi: HEPBERNPBEWTENKSFAARALKX, FTAZN
EREHAHO(L),
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A A ZRELRESATRE R & A6 A6 E R ?

\\
A ]

B Aadg =2
int max(int a[], int n) ?fiﬁggxﬁﬁiﬁgiﬁ_é E 'i]_,'?_‘ 8] o

{ int i, maxi=0;
for (i=1;i<=n;i++)
if (a[i]»>a[maxi])
maxi=i; max()
return a[maxi];

—  MaXH- k09 2 8] B 4 H H0(1)

max(b, n)
0\

void maxfun()
{ int b[]={1, 2, 3, 4, 5}, n=5;

printf("Max=%d\n", max(b, n)); maxfuniFEF HbKELFT L
} - A EZEE, ;L*?m’i%“—& 50(n)

maxfun()
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1.4.1 M43 BIRFo T2 0 )8 L5 B 55 T

EM: B—AHEGMANE AN, DRITAMANGEL, £—
WANICSD,, P(I)AIEMEBEE, %‘ZP('):l, T(I)RH kit

€D,

ANITFOIATER A, W HXeG-F3utim 2R

A(n):ZP(I)xT(I)
€D,
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Blde, 104N 1~1069 LK 5 7| B HEF

n=10

1,={1, 2, 3, 4, 5, 6, 7, 8, 9, 10}

I={2, 1, 3, 4, 5, 6, 7, 8, 9, 10 .
,={ }> HARD,, P(I)=1/m

I={10, 9, 8, 7, 6, 5, 4, 3, 2, 1}J

]
B A T R &9 4045 7 5V B mA~, m=10!
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H RO R IR R Z R E R W(n)=MAX{T(I)}

IED,

HkegRITET A ZE R B(n)=MIN{T(I)}

IED,

—HMER LSRR
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e REMAAEARR, HEARNEMAKIER X, N
TENMEFHL BREL. FHEL,

R AT A aticheat. B LB I H F XL

= T L LA T AE 89 F RARIE

T 4 R 6715‘7%}\&% 'ﬁﬂ'f B
i RN,
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[#]1-8

p21]) &t —I~ ﬁ-

i (1<iz<n) /\ TENR KA. ﬁ' #fTﬁ- ﬁ’J%VJ

al[e.

fiE: BRI AHMakT, A1 (1gin) NMALEA

.1-1]o

int fun(int a[], int n, int i)
{ int j, max=a[@];
for (j=1;j<=1i-1;j++)
if (a[j]l>max) max=a[j];
return(max);
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B 1BYEER Al~n (EnfHR) , STTFRKATINSTE
R KA, EE2AELK(1-1)-1+1=1-1k. EEHEHFR (&
FELBEEHAL1/n) -

T(n)= Z%x(i—l) :%Z(f—lj :”T_l

= 0(n) —F¥Huria 2 25

GHEGRIARLAA: W(n)=0(n) (Fi=nk)
B AR RIF LA B(n)=0(1) (Fi=18)
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1.4.2 2Z&IFEE

89 B 52 B AL ST U

BREHERBH LT HAARN B TR

o EFFEBITBMAZTKEZSR.

o IRBHRERTRIRAEIRE

=R,
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1% %E = é%jj_:

[#]1-9: p22] A i=TiHAHk:

void fun(int a[], int n, int k) //&“HaxtHn T E
{ int i;
if (k==n-1)
for (i=0;i<n;i++)
printf(“%d\n”, a[i]); //#ATnk
else
{ for (i=k;i<n;i++)
a[i]=a[1]+i*i; / /P ATn-kR
fun(a, n, k+1);
}
}

AR LA H EEE Hfun(a, n, 0), KERBERE.
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Ak

void fun(int a[], int n, int k) //ZHaftAnNTTE
{ int i;
if (k==n-1)
for (i=0;i<n;i++)
printf(“%d\n”, a[il); //FATnk
else
{ for (i=k;i<n;i++)
a[i]=a[1]+i*i; //FATn-kK
fun(a, n, k+1);

l A —F IR
fun(a, n, @)W FALAREHO(N). _ Bk
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fi#: & fun(a, n, O)MNBMATH B AT(n), fun(a, n, R)EI
ITEE AT, (n, R) = T(n)=T,(n, 0),

Bfun()B I H LT %=

T,(n, R) = n ¥ k=n-1Kt

T,(n, R) = (n-R)+T,(n, R+1) H A F I
n

T(n) = T,(n, @) = n+T,(n, 1) = n+(n-1)+T,(n, 2)
= .. = n+(n-1)+.42+T,(n, n-1)
>

= n+(n-1)+ ..+2+n

= 0(n?)

Br A Flfun(a, n, )M B Z & E A0(n?).
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2, BIRFENZNER

_ [#l1-11: p23) Ak TFT#EHEE, SATAMAFUn(a, n, )%
8] 24 Ko

void fun(int a[], int n, int k) //&E4HaxtAn T F
{ int i;
if (k==n-1)
for (i=0;i<n;i++)
printf(“%d\n”, a[i]); //#FATnK
else
{ for (i=k;i<n;i++)
a[i]=a[i]+i*i; //FATn-kk
fun(a, n, k+1);
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W H ok

void fun(int a[], int n, int k) //ZHaxAn)TF
{ int i;
if (k==n-1)
for (i=0;i<n;i++)
printf(“%d\n”, a[i]); //#ATnk
else
{ for (i=k;i<n;i++)
a[i]=a[i]+i*i; //¥FATn-k&k
fun(a, n, k+1);

PARZXT =N EEL
fun(a, n, 0)MZF M EREAO(L). . 4R
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f&: & fun(a

, n, )é’JZJETJﬁS(n) fun(a, n, R)BZHE A
S,(n, R) = S(n) = S,(n,

o

Bfun()iB 2 H % 40

S,(n, R) =1 W R=n-1Hf
S,(R) = 1+S,(n, k+1) HAIFN

.
S(n) = S;(n, @) = 14S,(n, 1) = 1+1+S,(n, 2)
=.=1+1+.+1=0(n)
N J
Y
n/~1

B VA B fun(a, n, Q)R Z R ERE H0(n).
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B AR R EES A ERREAZRERE LN
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ARHENEEN

O X—&#HM 1 A RRLEI10004N 43, AR A RAEE
NPT F PAT a9 Rdm oz F 69 R BT T

n . 02s . 05s .1s . 98
nlogn .09s . 3s . bs 4. 5s
n? . 4s 2.5s 10s 250s
n3 8s 2m 17m 35h
2" 0.3h 35702y




EEE:

AR € A

n 1000 6 * 10* 3.6 ¥ 10°
nlogn 140 4893 2 ¥ 10°
n? 31 244 1897

n3 10 39 153

2n 10 15 21




ARHENEEN

n S1 1031
nlogn S2 10S2
n? S3 3.16S3
n3 S4 2. 1554
2n S5 SS5 + 3.3

X REFZVHEERRARSNENREL!
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