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o ¥ * (Algorithm)
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72 ) Program)

RS REE AL BITE TG AAREA
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L 7 (PIoblem solving)
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e g AT

o Tt AL 5 6 A Ao AT B R IR 69 320 AT
" Bk A AN HEMEZQHENER
= Hkaatia LAHT(N)
= Hok e dia 444 S(n)
o b n ARG IAL (K ])

R T RN

= Modularity = Maintainability = Robustness
= User-friendliness = Simplicity = Reliability
= Correctness = Functionality
= Programmer time = Extensibility
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Input: sequence <a,, a,, ..., a,> of numbers.

Output: permutation <a’;, a',, ..., a',> such that

a;<a,<..<a,

Example:
Input: 824936
Output: 234689
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" INSERTION-SORT (4. 1)
for;— lton
do fey — A[ ]
i—j—1
while ; = 0 and A[/] = kay
do A[i+=1] < A[i]
i—i-1

\ Ali+1] = key

“pseudocoda™ 4

1 i j i

4' —_—— — —
n

sorted :
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o R AT 69 ot e 40
T, (N) = max{ T(I) | size(l)=n}

S R AT g at i LA
Tmin(n) = min{ T(1) | size(1)=n }
v FHERATGM A 20

Tavg(n) = zsize(l)zn p(I)T(I)

= APl AEBEGgMBEANGEe, p(l) 22 6] | &G mE
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W F AR T A 414 A it K A

Aot A (AR —AuB L)

e b7tk B (ARR L5 L)
BIG IDEA:

« Bk B £ 6 FHK
c 2 X RT(N) M AN — 0 gL
ot st 8 24 (“Asymptotic Analysis”)
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0 o

% T(n) >0, as n—ow
“ (T(n)-t(n) )/ T(n) >0, as n—w
= t(n) AT(n) wdrid A, AFkadAirHl
= afF L, t(n) AT s kEN, & T(N) %K
Woe @ TaxR, wT(n) &£
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> Hn 28 ks, —NOMN?) 6 H ik
HREEDBITR—~NON) g4k

- aRFE AT, KARRALE
EamEgatk, AA, &
18 F & &2t 142 0 45 & 174F
ta g F #7

c WA oM ALMALL EGRE
#RET - NHAAGLTE

1(n)
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CaTaetARP, s8N0, f(nN)>0, g(n)=>0
(1) #ti& t F4a5 O

O(g(n)) ={f(n) | % /& & & # C Fe Ny 4& 4§ 24 A7 A N> N,
#A: 0<f(n)<cg(n)}
(2) #ET Rz § Q

Q(g(n) ={f(n) | &4 £ %% C Fony 44254 N>n,
A 0<cg(n) <f(n)}
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(3) kFLRKEFO
= o(g(n)) ={f(n) | #¢ F4x4T £ % % >0, H A4 E #Fony>0
&t nzn, A 0<f(n)<cg(n) }
= Z4-F f(n)/g(n) >0, as n—w
(4) £XT Rie ¥ o
= w(g(n)) ={f(n)| 2t F4£4T E % 2 c>0, H 4 & 2 Fony,>0
#Fx A nzn, A 0<cg(n)<f(n)}
= % 4-F f(n)/g(n) >, as n—w

= 1(n) € @(9(n)) < 9(n) € o (i(n))



(5) F i fe50
= O (g(n)) ={f(n) | &4 & % # Cy, C, Fo Ny & #F 72 7 A N>
No# : C,9(N) < f(n) <cg(n) }

= #21: 0(g(n)=0(g(n) ~Q(g(n))
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ST A T AP & L

< f(n)=0(g(n)) & 5 +7 & L& f(n) € O(g(n))
C—RBHERT, FXALF AP HarFTOQN)4F
Og(n) F & £ & £
= flde: 202+ 3n+1=2n°+0O(N) & F
2n2+3n +1=2n2+f(n), & ¥ f(n) £ O(n) ¥ £ N& &
“ERXFREF AP HE2TFT0,0QF 0t ELREMEG

USTC AUTO



B 7’ ENTY S

> BB RT: R EGH A INSERTON-SORT(4.n) & A[1..7]

forj—2ton
do key — A[ ]

n
T'(n)= ) O(j)=0(n2 i—j—1
( ) ; (]) ( ) while / > 0 and A[7] = key
/7 do A[i+1] — A[i]
i—i-1

> FHURAT: ARGRAREREER
T(n) = Zouu)o()
o
P AT R — N GG T B

c 5N B, HERTRAEE
N EmAA, hE £
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i 35-’-: ’ffr“P &ziitbéy‘{**

o

*f(n)=0(g(n)) =~ a<hb

R/
0’0

f(nN)=Q(g(n)) ~ a=b

R/
0’0

f(n)=0(g(n)) ~ a=b

o

*f(n)=o(g(n)) =~ a<b
“ f(n)=w(g(n)) ~ a>Db
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(1) ##H.
= 1(n)=0(g()), 9(n)=06(h(n)) = i(n)=6B(h(n))
= 1(n)=0(g(n), 9(n)=0 (h(n)) = 1(n)=0O (h(n))
= 1(n)=(g(n)), g(n)=< (h(n)) = 1(n)=Q(h(n))
= 1(n)=o0(g(n), g()=o(h(n)) = i(n)=o(h(n))
= 1(n)= (9(n)), 9(n)= @ (h(n)) = 1(n)= @ (h(n))
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(2) A x#.
= 1(n)= O(f(n))
= 1(n)= O(f(n))
= 1(n)= Q(t(n))
(3) st#R4t:
= 1(n)= 6(9(n)) = g(n)= 6 (i(n))
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(4) ZatAk4k:
= f(n)=0(g(n)) = g(n)= Q (f(n))
= f(n)=0(g(n)) < g(n)= @ (f(n))

(5) ¥ K& ¥

= O(f(n))*+0O(g(n)) = O(max{f(n), g(n)})
O(f(n))+0O(g(n)) = O(f(n)+g(n))
O(f(n))*O(g(n)) = O(f(n)*g(n))
O(cf(n)) = O(f(n))
g(n)= O(f(n)) = O(f(n))+0O(g(n)) = O(f(n))
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o HL O(f(n))+0O(g(n)) = O(max{f(n),g(n)}) # <& M :
= #Fi& () cOfN), AAEFHC Ao KEN, FFHAA N
n,, # fy(n) <cf(n)
= A4k, 2 FEE0(N)eO@M), AL CIqHhin, &%
AR NZny, A g(n) < cg(n)

= 4 c;=max{cy, ¢,}, ny=max{n;, n,}, h(n)=max{f(n),g(n)}

= MG NN, A
= fi(n) +9,(n) < c,f(n) + ¢c,9(n) < c5f(n) + c5g(n) = c5(f(n) + g(n))
< ¢32 max{f(n),g(n)} = 2c;h(n) = O(max{f(n),g(n)})
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15&»%? Al #

(1) $£48 &

= g% m<n=f(m)<f(n)

= B A, m<n= f(m)>f(n)

" EFHEREE m<n=f(m) <f(n)

" EALEEA: m<n=f(m)>f(n)
(2) ¥ &

* Lx): RAFxa kALK

I x [y RAFxa gk L%
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DI 2 TR

@ x1<x]l<x <[ xl<x+l

“ Ln2]+[n2]=n

% #FFn>0, a,b>0 (&%) , H.
= [Tnfalmb 1=l n/ab ]
= [Ln/almb]=Ln/ab]
= | alb [< (a+(b-1))/b

= Lab > (a-(b-1)/b
@ 0=l x],g00)=l x | % 8% % & %
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(3) 3 AXN&&K
= p(n)=ag*ta;n+a,n?+...+a,nd;  a;>0

" p(n) =06(n)

= f(n) = 0O(nK) < f(n) % A X A F
= f(n)=0(1) < f(n)<c

= k>d = p(n) =0(nk)
= k<d= p(n) =Q(n¥
* k>d = p(n) = o(n¥)
* k<d=p(n) = o(n"

USTC AUTO



(4) &#H &K
< 2t FEZ M n Fest a>0:
= a’=1
= al=a
= al=l/a
K (am)n = gmn
(@m)"=(a")"
= gMmgh = gm+n
v >l = aNA £ %S R
< a>1l = lim 5 nPa"=0 = n®=o0(a")
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eX=1+x+x221 +x3/3! + ... =ZX/i!

% e > 14X
% IX] <1 = 1+x < eX < 1+X+X2

% eX=1+x+ O(X?), as x—0

lim_ 5. (1 + x/n)" = eX
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(5) & & #&

= log n = log,n
= |gn=logyyn
= Inn=log,n

logkn = (log n)k

log log n = log(log n)

for a>0, b>0, c>0, a = b'o8pa
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log .(ab)=Ilog_ a+log b

n
log,a" =nlog, a

log . a
log . b

log, a =

log,(1/a) =—log, a

1

log, a =
I log. b

Efo%c ::Ckxka
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e X <1l= In(1+x):x—X2+X— +——-A.

2 forx>-1 LS |n(1+ X) <X
14X

. log°n . log°n
% forany a>0, fim —3 " _ jjm 8

= =0 = logPn = o(n?
n— o0 (2a)logn n—o0 na 9 ( )
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. 1 n=0
" In(n=1)! n>0

nNi=1-2-3A n

«* Stirling’s approximation

el efd)

USTC AUTO



n < 0
> 12n+1 12n

nY o 1 1
nl = /27 17(_] e . < —
e

nl=o(n")
nl=w(2")

log(n!) =®(nlog n)
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5 2uih &bk

FUNCTION NAME

¢ Constant
log N Logarithmic
logN Log-squared
N Linear
NlogN Mlog N

N? Quadratic
N3 Cubic

2N Exponential
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10 | | I I I

Linear

O(Nlog N)
Quadratic

Cubic

(0]
|

Running Time (milliseconds)

100

Input Size (N)
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0.8

0.6

0.4

Running Time (seconds)

0.2
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0

Linear
O(Nlog N)
Quadratic
Cubic

1
1

|

1000

2000

3000

4000 5000 6000
Input Size (N)

7000

8000

9000

10000



CATEGORY

EXAMPLES

ASSOCIATVITY

Operations on References
Unary

Multiplicative

Additive

Shift (bitwise)

Relational

Equality

Boolean (or bitwise) AND
Boolean (or bitwise) XOR
Boolean (or bitwise) OR
Logical AND

Logical OR

Conditional

Assignment

[]
++ -- 1 - (type)
% / %
+ -
<< >>
< <= > >= instanceof

&
A

|

&&
||
?:

= %= /: %: += -

Left to right
Right to left
Left to right
Left to right
Left to right
Left to right
Left to right
Left to right
Left to right
Left to right
Left to right
Left to right
Right to left
Right to left
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(1.1) if & & :

If (expression) statement;
else statement;

(1.2) 2 4.

expl?exp2:exp3
y=x>9 ? 100:200;
/T
If (x>9) y=100;
else y=200;

\ /
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(1.3) switch & 4 ;

switch (expression) {

case 1:
statement sequence;
break;

case 2:
statement sequence,
break;

default:
statement sequence;

}

A\ v,
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(2.1) for # 7.

= for (init; condition; inc) statement;
(2.2) while % % .

= while (condition) statement;
(2.3) do-while 4% £ :

= do{

= statement;

=} while (condition);
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(3.1) return+% 43 .

= return expression;

(3.2) goto+# 47 :
= goto label;
= label:
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o &g L

return-type function_name(para-list)
{
body of the function
¥
o ,gyj .
a8 . i )
Int max(int x,int y)
{
return x>y?xy;
. } v,
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(5) ZAL template

“ &3 b4 A

/ B
template <class Type>
Type max(Type X, Type y)
{

return x>y?x.y,;

}

int i=max(1,2);
double x=max(1.0,2.0);
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(6.1) i& ¥ % new :

= & H 4% new A TF 3 &Gk o8

= New & @ — /1§ 6] £ o 80 % 9] 4G 45 41

= & Int*xy; y=new int; *y=10;

" A TH LR L EGEE LSS F 4T
o int *y=new int; *y=10;
e 3 int xy=new int(10);

e int*xy; y=new int(10);
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P ATAEAHAE-NKNTRHETHNG— %G EHAX, THLEX
# A —ANfloat £ & 69 35 4F, 25 ANW A & 4 30 K 4 5 Bo 4 4% & i9)

o
= float *x=new float[n];
= gl -ANKIANG—fiF S A, EFE newsdun NiF S K
mEGEE, AERQMEGE—~ NG S LG4
= s 5TAX0], X[1], ..., X[n-1] 59 &Nz £
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' T itdelete

C ERHBLRGEHEETACTAETEM, EAMFHRAS A
€ 2 19

o Bz 4 delete £ HB3k & new o8 6 2 9]

4]
= deletey;

= delete [ ]x;

" a3 B B kY 6] A Fo Bl — L F A X B i)
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Al AR A Type 930 & T AR M, X ANFEMAA rOWS T Fo

cols #|

template <class Type>
void Make2DArray(Type** &x, int rows, int cols)
{

x=new Type*[rows];

for (int 1=0; i<rows; i++)

X[1]=new Type[cols];

b
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7/

L)

* SRAEE~NHE PG BAH, THUT S BEHKe H20A
" F 2B for IR P A — 4T AT B 6 % 9]
" KB A TG4 o T P9

Ve 2\

template <class Type>

void Delete2DArray(Type** & X, int rows)
{

for (int i=0 ;i<rows; i++)
delete []x[i];

delete []x;

x=0;

}

\_ v

o HKPREHEXEAHO, U4 Sk H ke
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L/

CHEARBE 2Tk

= Algorithm analysis method
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