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fi#: 1,3,2,4,5

0O 3 8 16 26 41

B5E R 1) :

t = 3+(3+5)+(3+5+8)+(3+5+8+10)+(3+5+8+10+15)
= 3x5 + 5x4 + 8x3 + 10x2 + 15
=94
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BN AESSEE: S={1,2,...,n}
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Wi VAEEL, SHIHEER iy, i, .. g
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il 1% fE17 t(1*) BRI&/), B
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A mycgk, |/EnANWE. BEREB T (X),
RAE I MMEH x uIMem, i=1,2,...,n
K] 43 Bo N B R B A S ok ?
Sl 5 370, BESG 4ANWH, WEHRE:
f,(x) | f,(x) | f3(x) | f4(%)
0 0 0 0

11 0 2 20
12 5 10 | 21
13 | 10 | 30 | 22
14 | 15 | 32 | 23
15 | 20 | 40 | 24 .
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X fi(x) (0 500 .0 X +X,+X3+X,=5

0 0 0 0 0 5=<0005>v(s,)=24
UL 02 LA o 00,145, v(s,)=25
2 12 5 10 21

3 13 10 (Bo) 22 $3=<0,0,2,3>, v(s;5)=32
4 14 15 32 23 ...

5 15 20 40 24 s.,=<50,0,0>V(S,)=15
. $s=<1,0,3,1>,

BRA e : 11+30+20 = 61 .
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ST AR R AR A F L6, FErEA
BEXBWA—FE, AT E PP R ERE
B BOL T R TR E 24K W(n)
HEERFBBMAIEN n FISLBI T ERRK

Frf 6]

FEITFOL T R R 3 A(n)

T4 52 [

FABN n K1 SE RIS

R A

T, BERMRIX L SLB] B 7 2 5P 20 (]
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A(n) TFEAZ

SEHEOL T RIR RI E R E AN)
S BN n BISLH4E
SEB 1eS FIMERZ P,

HVERT LA | %@ﬁﬁ@%ﬂiﬁzﬁ?ﬁt%{% t,

[ A(n)=) P, J

1eS

FESREE LT W CAMR 2 B A\ SE Bk
RHE
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o 2 [A) A
N JERENRFFHESI RIS LT R n,
)
e
= X 1E L, jRxXE RHILE T iR
B j=0
BERZH: x5 LHPITRPIEE




R A R R

j=1, BixSL[JHE. IR x=L[j], NEEE
1k, i j; WRASE, NI j o1, 484k
SL[IEE, R j>n, NENLFHREHO.

syl 1 | 2 | 3| a5

X:4) %gtﬁﬁ4'\{k
x=25, BEWLE 5K
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BRI DUHT B R4 v

REBAE 2n + 14, 23 BIXF R
x=L[1], x=L[2], ..., Xx=L[n]
X<L[1], L[1]<x<L[2], L[2]<x<L[3], ..., L[n]<x

BINEH TRE: W(n) =n

BIRHIEIA: X AFE LHEL x = L[n]
B n I
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N\ SR IR A
TR ELF R p, ML E SR SE

A(n)=zn:i£+ A- p)n

FR A _ p(n2+ )+(1_ o)n

_l:u[p:]./ZH?J‘,
nN+1 n 3n

A(N)=——+—n~ "
M=%~
- 12




SO A R R

=1, B x5L[j1HeE. Wi x=L[j], NE%E
1k, #id s o x>L[j], W3 jhnl, 4k
x5 L[S, R x < L[], WEN
HEH0. wE j>n, WENFHHEE O.

4 NN

X=4, %’E[ﬂjﬁ4¥k
x=25, BEHLE I K
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BIFEEHT: W(n)=n
FIEN T
ENZRIFIMER A6 R% x £ L A

R 5 2= IR M AR
D BOERR A TII HH RER S
#
INGE .

» HEEAAMPEHHE TR R REHRE R X
o T BRI B RE
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演示者
演示文稿备注

标题改成“图论基础概念图解”也很好


wr i)
WH: H:

RS EPS R U
BB 15 ).
S SCEH]

IR
R IR TE A

«—
if ...then ... [else...]
while, for, repeat until
goto

return

BRI

ER: /..



Bll: RERALIE

B Euclid (m, n)

A JEREE m, nHPmENAER0
il m5nKmERKALAH

1. whilem>0do

2. r<nmodm

3. nN&m

4, M

5. returnn




BAT S5

---

Xk 36 15
ok 15 6 3
Ik 6 3 0

n=36, m=15

-

B n

renmodm
n&<m
mer




BH: Search (L, x)
A A L[L.n], TREMNDPBIKHEF, £ x.
With: & x LY, Bl x BALE TR j;
A % 0.
1. J«1
2. while j<nand x>L[j] do j« j+1
3. If x<LJjJorj>n then j« 20
4. return |




Bl: FAHRFF

B Insert Sort (A, n)

A NN EIEA A
Tyt . FRIRE NG HET RIS A
. for j«-2 to n do
X<A[]]
i—j—1 /I13-7 4748 A[] #EAA[L..j-1]
~while i >0 and x<A[i] do
Ali+1]« Afi]
< 1-1
\A[lI+1]« X y

NOoO O~ RE




BT

2

1

LA

j=3, x=A[3]=1

i=2, A[2]=4
i>0, x<A[2]
2 | 4| a|5s|3

A[3]=4, i=1, x=1

. while i>0 and x<A[i] do
Ali+1] « Afi]

|« i-1

. Afi+1] « X

~N o g

i >0 No Ali+1]
X<A[I] = <X

ﬂYes

(>

i>0, x<A[1] ¥

2 | 24|53
A[2]=2, i =0, x=1
1>0 x

1| 2|4a]|5]|3

= Ali+1]«A[i]
| « 1-1



. 4 HFHEF

MergeSort (A, p, r)

#N: B Alp..r]

Tyt FREIENNT HE A HIEAH A
1. if p<r

2. then g« (p+r)/2]

3. MergeSort (A, p, )

4. MergeSort (A, g+1, r)

b. Merge (A, p, q, I

MergeSortA 518 H , 18 FH Mergeid #




HikA
BIN: SEERIEA P[0..n], SEE x
M . y

1. y<« P[0]; power « 1
2. for 1«1 to n do

3. POWEr «— power #* X
|

5

y<«Vy+P[i] * powerJ
. return y




POWEr «— power #* X

XFi=1,2,..,Nn= y <y + P[i]* power

ijpower | y
it 1 P[0]
) 1 X P[O] + P[1]*x
ﬁ 2 P[O] + P[1]*x + P[2]#x?

3 X3 P[0] + P[1]#x + P[2]*x2+ P[3]*x3

I P[0.n]& n IRETK P(X) K REL
Hik ATFEZZ AT x FIME
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« WP RTEERM




BRI 5 AT ) 5



RO 5

ENX: B f M gREXRh BREE
N_ERIRE. HFELER c fn, 5
X—YIn>nF

0<f(n)<cg(n)

FRIL, WIAR f(n) KIBHEHI_EFE g(n),
Ak

f(n) =0(g(n))



Bl

¥ f(n) = n2+n, N
f(n)=0(n?), BX c=2, n,=1 BJHE]
f(n)=0(n%), EXc=1, n,=2 BiA]

1. f(n) =0(g(n)) » f(N)BIBHAET-g(n)HIHY.
2. AlREFEE LN IES e, RESRE—AEIT].
3. XU TH A FRAME AT AT R A FER.

4. FE BT LE/EO(L).




X2 fF5

EN: W T g I B REEE
NERI RS HREES c M n, i
B/BX—YI n2n

0 <cg(n) <f(n)

AL, WFR f(n) FIEHE R T 52 g(n),
oAk

f(n) =£(g(n))



Bl

B f(n) =n2+n, N
f(n) =02 (n?), B c=1, n,=1807]
f(n) = £2(100n), BX ¢=1/100, n,=1B07]

1. f(n)=2(g(n), F(n)EKIETAMETFg(n)HIFT.
2. W REFFEZ I IESC, FRH—ANEITT.
3. MHITH A FRAS n A5 BAAN# 2 BB ATE.




/NofFS

X B f A gRE BN HREE N E
IR F X TAERIES ¢ BAFEAE ny,
Bx—Pn>nA

0<f(n) <cg(n)

L, NE 1
f(n) =o(g(n))




@J?

#+F: f(n)=n%+n, N
f(n)=o(n3)
c>1BARREAL, BAn2+n<cnd® (ng=2)

F451>¢ >0, BUn, > | 2/c | BIHE]. &
cn=cn,>2

n%+n < 2n?<cn3

1. f(n) =o(g(n)) , f(n)KIBHETFg(n)KIET

2. WA

3. XHIHA BN n

1

A

(Hn>ny)

IE#c, ngA—HF. cii/pn ok,

] AN R AEE.



AN X

X W A g X BAREEE N L
KR ENTERESR c HEE N, 1F
B —PIn2ns

0 <cg(n) < f(n)
FAL, AR

f(n) = o (g(n))




iR

#w f(n)=n2+n, N

f(n)=a (M)

ANEeE f(n)=w((n?),

KA c=2, I

FAEN, AN —Y] n > nA T AL

cn?2x2n?<n?2+n X

1. f(N)=w (g(n)), f (NI ETFg(n) HIH.
2. M FIR IEHC, ngASE, ¢ Bikn, 8K,

3. XTHIHA PR n

o] LA A R ANFER.



NGRS

o fis
# f(n) =0 (g(n)) A f(n)=02(g(n)),

f(n) = @(g(n))
#HF: f(n)=n2+n, g(n) =100n2, IRLE
f(n)=@ (g(n))

1. f(n) BIBr5S o(n) RIFMHESE.

2. XFHIT

1A FRn

A AN R 451



Bl REUR

H B:Primality Test(n)
tﬁﬁ]\: n,ﬁ?%‘]ﬁ%&%ﬁ
. true BiH false

. s | n¥2]
. for j«2 to s

1
2
3. if jEER N
4
5

then return false
. return true

i) A «

FnY2 ATZEO0(1)
HE, EREHE
R DITER
NERIER?

W(n)=0(n*?) \ 1
W(n)=6(n'") X

? A4
= 1

1



+ RN ER BB KA
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- BX
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EF]

SEH W M g XN B ARBEAFIRE

(1) iR lim f(n)/ g(n)F£#, FF HETHEA
>0, 4 f(n) = A(g(n)).

(2) IR lim f(n)/g(n)=0, B4

f(n) = o(g(n)).
(3) T im £(n)/ g(N)=+o0, FX

f(n) = o(g(N)).
WEBH 3 0,0, 0/ X




kB e 21 (1)

RIEHRIRE XL, T4 E B e FEFEN,,
REn>n, BH
| f(n)/g(n)—c | < &

c—¢ < f(n)/g(n) <c +¢

Bl e =c/2,

c/2 <f(n)/g(n) <3c/2<2c

TR Nn=n,, f(n)< 2cg(n), T2 f(n)=0(g(n));
SRR N=N,, f(n)>(c/2)g(n), T2 f(n)=£Ag(n)).
NT] f(n) = &(g(n)).
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Bl: AhTHERBHIBY

i1 i&f(n):%nz—Bn, YERT f(n) = @(n?).

iE BN 1,
f(n) En — 3N 1

lim ———==lIim > —_
n->o N n—o0 N 2

BIEEHEL, F f(n) = 6N




— U E AR

ER: IR BHIHME T Ia 2R BHIBr

ni=o(r", r>1, d>0

E AgixdANIEEL,

n .. dn®? Iimd(d —1)n%?
oo " oo oy e p"(Inr)?

|
=..=lim— a! —=0 aT ot
n—e 1 (INr) REH

5




—EERESR (2

AR : X ERR IR TR R I BY

Inn=0(n%), d>0

HE 1
Inn n
||m—d—||m r!jl
n—w | n—>o Nn°-
1



EH 2

EF WS, g, hiE XA ERBESR,
(1) &R f=0(g) H. g=0(h), HB-4 f=0(h).
(2) IR f=4Xg) H g=Ah), B4 f=02(h).

(3) Sk f=6(g) M g=6&(h), #

S =@ (h)

EREHIET 2 B Bk R B A 121



Bl

BT M = 2EHEF BA T B3
f(n)=(n%+n)/2, g(n)=10n
h(n)=1.5", t(n)=n??

h(n) = &(i(n)),
f(n) = (g(n)),
g(n) = a(t(n)),

i

-

¥ h(n), f(n), g(n), t(n)



R RBEERET AgHT e X8 B REE,
LCERE N, A f=0(h) f1 g=O(h),

R

A4

2 A LAY

B3

f+g=0(h).

S %U“ﬁ“lﬁ/\@#(

FiEBERPEHR. HRE—PHNEE
REREH LR h(n), PAZFEER
I [A) R R R BA] LB 1E O(h(n)).




/NG

o fhTHREHIB KI5k
THEARIR
B B i

o MR KT HREAG, L
AR BHIHHME T Ta 2R L HIBY.

o« FIEHIN R RR RS DR R Z

M, EHBLRIER T BRI R
BEPT.



JISREZ KR



F A RER

B B =

2/ E%: 20,3l ...

ZHAL: n, n? nlogn, n¥2, ...
SRR logn, log2n, loglogn, ...



0 S
R

logn = log, n
logn = (logn)X
loglogn = log(logn)

P4 R
(1) log,n = @ (log;n)
(2) log,n =o0(n% a>0
(3) alogbn = nlog, a
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l0g, N = log,n

0g,

log, kKN HEEL

. log,.n
lim I

= |lim

log,n 1

N—>00 |Og|n n—c0 |Og|k.|ogln= |Og|k

WRIEEHE, log,.n=@(logn)



log,n=6XIn n)
Inn =o0(n¢) =

alogbn:nlog ,a
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log,n=0(n%) a>0

log,n log,a = log,a log,n
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n! =o(n")
n!' = w (2"

log(n!) = &(nlogn)
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1 2 3 4 5 N-1 N

log(n!) =" logk 2 [ log xdx
k=1 1

=loge(ninn—n+1)=Q2(nlogn)
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12 3 4 5 n n+i

log(n!) = logk < _[Iog xdx = O(nlogn)
k=1 2
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(1) x=1<|x]<x<[x]<x+1

) Lx+nl=Lxl+n, [x+nT=[xT+n, n %%
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o 1721|112
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UEBA (1)

(1) WRxEEEHN, R

e X x]=[x]=n,

x—1<|x]=x=[x]<x+1

WME n<x<n+l, nNEH, B4
Ix|=n, [x]=n+1,

S NITE=]

x—1<n=|x], n<x<n+1=[x]

— x=1<n =|x]<x<[x]|=n+1< x+1
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log(n!), log“n, 1, n!, n2", n

(3/2)", .Jlogn, (logn)®", 27

n'®" " n® Joglogn, nlogn, n,

1/logn
]

29" logn
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22, nl, n2", (3/2)", (logn)™" =n'"o""
n®, log(n!)=6O(nlogn), n=2"",
log°n, logn, +/logn, loglogn,

n1/Iogn — 1
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t=0
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&% BinarySearch (T, I, r, X)
AN BT, THMNITE]r; Hix
i

1. l«1; ren

2. while 1<rdo

3. [meLa+r)2])

4. if T[m]=x then return m //xH T
5

6

!/

else iIf T[m]>x then r < m-1
else | « m+1
. return 0
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2n+1HIN
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\_

X =T[1]
X =T[2]

x:.:l'.[n-l]
X =T[n]

XZETH

~N

J

/ X <T[1]

T[1] < x < T[2]

T[n—li.; X < T[n]

T[Nn] <X
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1
2n+1

[tht '+ k(n+1)]

A(n) = Zt2”+k(2“+n+1)]

2n+
1
- 2n+1
_ k2¥ -2+ 1+ k2"
- 2k+1_1

[(k-1)2“ +1+ k(n+1)]
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FibonacciZt

1,1, 2 3,5,8,13, 21,

34,55, ...
: F=, = +
ﬁjﬁﬁl?‘c fn fn—l fn-2 5% Fibonacci
IRER f,=1, ;=1 2 F]1170-1240
ﬁg. n+1 n+P
f _1(1+\/§) 1(1—\/5)
- RE 2 V5 2 J
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i 1 H %
FHyE Hanoi (A, C, n) /I nMERTFAZIC
1. if n=1 then move (A, C) // 1M TFAZIC
2. else Hanoi (A, B, n-1)

3. move (A, C)
4, Hanoi (B, C, n-1)

B NP RTRIBINRECY T(n)

T(nN)=2T(n-1) +1,
T(1) =1, ;




Tn)=2T(n-1)+1, T(1) =1,

# | Ty=2r-1 |

1 BB, AN TFEZ/DRTHE?
5000248 T HAZIRIFS, A% /NEt
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BH | XA, NFEAE
25 T 2 B TR] R 5% !
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B Insert Sort (A, n)

1. forj«<2ton

2.  X<A[]]

i—j-1 /I A[]HEAN

while 1>0 and x<A[1] do
Ali+l] <« A[ 1]
| ¢ 1-1

Al 1+1]«X

N o kW
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WEAIZHEITTREE, MHEHn
B A BINE LT IR TR] B 24 EEW(n)

W(n)=W(n-1)+n-1
W(1)=0

N
W(n) = n(n-1)/2
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Hanoi i%ﬁ% T(n) =2 T(n-1) + 1

T(1)=1

T(n)=2T(n-1) +1
=2[2T(h-2)+1]+1
=2°T(n-2)+2+1

= 2™1T(1) + 2"2+2"3+, . +2+1

=21 KA
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W(n)=W(n-1) + n-1
= [W(n-2) + n-2] + n-1

= W(n-2) + n-2 + n-1
=W1)+1+2+...+(n=-2) + (n-1)
=1+2+...+(n-2) +(n-1)
=n(n-1)/2



KXY n BB R H AR AR T

k FIIEHER

o X k HREIEAR

o KA T k BIERE) BT
n KR



5 AFHEF?

MergeSort (A, p, 1)

AN BA Alp..r]

Fr . BOBEMIRFHEFRIZA A
1. if p<r

2. then gl (p+r)/2]

3. MergeSort (A, p, Q)

4. MergeSort (A, g+1, 1)

5 Merge (A, p,q, 1)
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B n=2%, BT T
W(n)=2W(n/2)+n-1
W(1)=0

It
W(2K) = 2W(2Kk-1) + 2k-1
W(0) = 0




W (n)=2W (25) +2¢ -1

W(2K) = 2W(2K-1) + 2k-1

#TT,
= 2[2W (257) 4 24 1]+ 2¢ —1 G

=2°W (2 )+ 2" -2+ 2 -1
= 2°[2W (2"°) + 2*? —1]+ 2 -2+ 2" -1

= 2"W (1)+ k2 —[(2“‘1 +27 4 2+1)]

=k2"-2"+1
=nlogn—-n+1
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UEB: T T R RIE R W(n)=n(n-1)/2

W(n)=W(n-1)+n-1
W(1)=0

T B
ik n=1, W(1)=1x(1-1)/2=0
RENTn, FHLTTE, N
W(n+1)
=W(n)+n =n(n-1)/2 + n
= n[(n-1)/2+1] = n(n+1)/2
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« R Alp..r] KITTRBBEAE

LB JCRA[LIN A Alp..rkl 4o 515
INFX BITTEBAE Al p..g-1]
KT x RITRBAE Alg+1..r]

o BBIEX Al p..g-1]1F1 A[g+1..r] HEFP
THEE: FREI/EERIS T/HEE
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« HnMOTRERA

X HEFRPALE | TR LB | AR 28R
1 0 n-1
2 1 n—2
3 2 n—-3
n-1 n—2 1
n n-1 0

SRR, X2 BB R n-1
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T(0) + T(n-1) + n-1
T(1) + T(n-2) + n-1
T(2) + T(n-3) + n-1

+ T(r;Ll) + T(0) + n-1

2[T(L)+...+T(n-1)]+n(n-1)
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T(n)= %Z:T(i)+ o(n)yn>2

T(1)=0
EHR D LB R

TR ENIZTIRE, REEAR
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A BT REAR, R KT ] e
HZ, PLARIRER R E B

T(n)=%z:1]‘l'(i)+cn

nT(n)£ 23" T (i)l en?
(n—=1)T(n-1) 22[‘_‘%(@ +c(n—1)°

=1
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nT(n) — (n-1)T(n-1)
= 2T(n-1) + cn?—c(n-1)?

WA
nT(n) = (n+1)T(n-1) + c,n
\ &3
T(n) T(h-1) L G
n+1 n n+1




T(n)_T(n-1) _...
nN+1 n nN+1

1 1
=C, +—+..+=]+
n+1 n
1 1
=C/| ——+—+ ...+
‘Nn+1 n
= @(logn)

T(n) = @(nlogn)
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R IHR_ERES SARE AW(m)
W(m) = W(my)+...+W(m,)
+ f(m)+...+4g(m), mg, ..., m<m
FHARW(m,),..., W(m)FR A ek 2.
f(m)+...+g(m)

% REVEAESS
o (=)
W(m)
W(m,) W(m,) W(my) ... W(m,)
A R — AR BOR



—RFHHIBET

—ar AR
W(n) = 2W(n/2) + n-1

n-1

VAN

W(n/2)  W(n/2)
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© WIH, BAMRERE K, HEAW(n)
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JETFH
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W(n) =
(n) =2W(n/2) + n-1
V\{)(n) VI

ﬂ BB

A

W(n/2) W(n/2)
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W(n/2) W(n/2)
ﬂ BoBHER

n/f/{ n/2-1

W(n/4) W(n/4) W(n/4) W(n/4)



n-1
n—-2
n-4

n_2k-1
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W(n)=2W(n/2)+n-1, n=2%,
W (1)=0

W(n)=n-1+n-2+...4n-2"
=kn-(2“-1)
=nlogn—n+1
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KRIEFFR: T(N)=T(n/3)+T(2n/3)+n

n n
n 2N
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SKFA
F: T(n)=T(n/3)+T(2n/3)+n
BEMES k, |EO(n)

n(2/3)k =1
= (3/2)k=n
= k = O(logy,n)

T(n)=0O(nlogn)
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KRB ET L
T(n) = a T(n/b) +(n) |
d: Eé"])ﬁ H‘J? l":-"li%ﬂ/l\%ﬁ
n/b: JHZ)J5F 1] B B HAR
f(n): JHALERHE T BB
TEE

—RR: T(n) = T(n/2)+1
—4RFEEF: T(n) =2T(n/2)+n-1

bh




FEH

EH: Ha>1, b>1REE, f(n) N REL, T(n)
hAEf S, HT(n)=aT(n/b)+f(n), N

1. & f(n)=0(n'"%:2-¢), £>0, ABZA
T(n)=6(ns)

2. # f(n)=0(n'"%3), ABA,
T(n)=@(n'°%2 |ogn)

3. # f(n)=(n'o%a+4) >0, AN THAE

c<1MIFE 4 KK n A af(n/b)<cf(n), 4
T(n)=6Xf(n))




A T(n)=aT(n/b)+f(n)

B n=Dbk
T(n)= a'Ilgl+ f (n)

—alaT (b—”z)+ f(%)]+ £ (n)

= alT (b—”2)+af (%)+ f(n)



%ﬁ %% alogbn:nlogba

N
bk—l

k-1 n
= akT(1)+Zj=0aJ f(E)

=akT(b1k)+ak-1f( )+...+af(%)+f(n)

= ¢+ 3 al f(%) TM)=¢,

- WA BT HERTHE IR
« BTINBRIARBA R T HE XSS
I T/ER 5



Casel f (n) =0(n"%*)

T(N)=cn*+y " alf (5)

| log,n-1 i, N B
=C1n Ogba_I_O(Zj:; aj(ﬁ) 0g, a 8)

|
_ log, a log, a—¢ log, n—1 a
= Cln b + O(n b Zj:O (blogb a—g)j

)
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b?)

Ca
sel(%E
) (blogl
)1

(blogba)j

3]

=C |
1n 0g, a
+
O(nlogba—e
leogb n-1
=0 aj
(blogb a—¢
)J'

=C
lnIogba
+0(n"%*
gzlogb n-1
(b))

glogy n
-1

=C |
1nog,oa
+
O(nlogba—a
b* -1 )

— ClnIogba
+
O(nlogba—e
ng
)= O(n""?)

)




Cas
e2 f(n)=@ (n 09:2)

T(n)=¢,n" > —
=c,n"%% + “al

y a‘f(n

j=0 )

bJ

| al(—
). (bj)logba)

1=0

— ClnIogba + I
@(n OgbaZ:Iogbn—l a

]=0 a]

= ¢,n"** +O(n
n—%lo
gn)=6(n"”
"*log n)



Case3 | ¢ 1 by<cfin

f(n)=2(n"**) (1)

(2)

T(n)=c,n"% 4 Z‘:lai f (%)




Case3 (£L%)

T(n)<c,n"%? + Zlogbn

log,n

c
=c,n"*** + f(n)

-1

¢! f(n)

-1

c—1
=¢,n"%** + @(f(n))
=0(f(n))
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KFIEFETE: Bl
W1 KA TTTE
T(n) =9T(n/3) + n
R _ERIEHETETHY
a=9, b=3, f(n)=n
n'°%° = n2,_ f (n) = O(n'°%91)

MY T EEHE K casel, Hrg=1.
BiEEEEBR Th)=6(N? .




KRBT TE: B2

B2 KAEIHEHETT

)

£

T(n) = T(2n/3) + 1
iR LR

a=1 b=3/2,

f(n) = 1,

N'0%.1 = n0 =1

YT EE K Case2 .

RIEEHEBR T(nN)=6(logn) |



RIFIHHETTRE

B3 RigEMETTE

T(n) =3T(n/4) + nlogn

LR EA R

3

a=3 b=4 1f(n)=nlogn

nlognzg( n|Og43+8) NQ( n0.793+8)

H ¢ = 0.2 BiH].
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ZEfF af (n/b) <cf(n) KL,
RN f(n)=nlogn, B3
3 (n/4) log (n/4) <cnlogn
RE c>3/4, ERAEFEXTUXNFH

ﬁﬁj(l?ﬁn ﬁfl}_L *Hél_ :_%@Eﬁ
Case3.

ANEH T(N)=6 (f (n))=@ (nlogn)




IR AT
AR W(N)=W(n/2)+1, W(1)=1
a=1, b=2, nlo%:1=1 f(n)=1,
J& T Case2,
W(n)=6&(logn)
ey = Pis: 3a
W(n)=2W(n/2)+n-1, W(1)=0
a=2, b=2, n'°%:2=n, f(n)=n-1
J& T Case2,
W(n)=@(nlogn)




ARESE A £ e BB

#la RKE T(n)=2T(n/2)+nlogn
2 a=b=2, n'°%2=n, f(n)=nlogn
ANFEAEe >0 T kAL

n logn = Q2 ( n'*é)
AREEALE ¢ <1 af(n/b)<cf(n)¥F FrE
R4 RHT n ROL
2(n/2)log(n/2)=n(logn-1) < cnlogn
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nlogn nlogn

/ AN
n(logn-1) n(logn-1)  n(logn-1)
2 2
n(Iogn—6 n(Io&—Z) n(@n—Z) \n(logn—Z) n(logn-2)
4 4 4 4

n(logn—k-+1)
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T(n)
=nlogn+n(logn-1)+n(logn-2)
+...+n(logn—-k +1)
=(nlogn)logn—-n(1+2+...+ k-1)
=nlog° n—nk(k-1)/2=0(nlog" n)
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/8 5EmE ( Divide and Conquer )

1. R JR 46 ) BRI 43 B VA 45 O IR
/NI 18] R

1. BHEGEAKBE AT A&

2. BT R IR LRE R 2 IR 1) 3 AR

TR
1. FRES RGN R RTE—R
2. FIn) R 8] O 457 e ST i SK

3. 3B IR TR S ] EEER AR
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¥ Binary Search (T, I, ,

X)

N BAT, THMAI1Rr; Hx
Bt j /I EXET P, ) AT BRI 0

. le1; ren
. while I€r do

mel (1 +r)/2] 1/ mAH

DA

1 [H]/

_else l«m+1

else( if T[m]>x then r<—m—1J

. return 0

1
2
3
4.  if T[m]=x then return m // xj&F
5
6
14

-/




“oamREE R EAR

- EE x SRMEPEE, REEBIHS
R F &, R x MFHAr
B, WFREHDMTF x BB, BN
F R EH KT x KB R

o« XFRBEAT —ARER.

« BT HERES 1, BRI xE
T[m], EHFNRE m, HE[HE 0.

? R R ST

A
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ZOoRRNBENEH T R B AR
W(n) = W(Ln/2])+1
W(1) =1

m‘u/:n'
W(n)=Llogn] + 1




AR

H¥E Merge Sort (A, p, 1)
A B Alp..r1]

Bl : TR NDEIKHEFRIZA A

1. if p<r

2. then q«L(p+r)/2] eSSy
3. Merge Sort (A, p,q) T IR&AL
4 Merge Sort (A, g+1, r) TR 2
5 Merge (A, p, q, 1) LR B
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o RIoR IR R RRR 45 8RN n/2 1Y

2 M) i

 SREER T, IR RIBUIE S5 AR
n/4 B 4 TR, 4882, ST N
AN L B, R4

o MHEEL 12 n/2,

BT K —15

[ I

Putt 82 )9 H A LT

PP T |IEIF—K, #

1 B RIS




o AF R
8] R R i

RIENA 20,
T T B a2y

i3

a7

-

W(n) = 2W(n/2) + n-1

W(1) = 0

yij

m‘u/:

1

W(n) =nlogn—-n+1

i
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Hanoi3& )i IH AL VE

B Hanoi (A, C,n) /I nMEEFAZIC
1. if n=1 then move (A, C) //1M#FAZIC
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8|12 |3 |5|7)]6|11|14|1

9113|/10| 4 |12|15

8 14 15
7 11 13
Mi 5 9 12
3 6 10
2 1 4
8 14 15
A7 11 13
5 9 12
C 3 6 10
2 1 4

8,7,10,4 FEHILEK



329 0 1],

8 14

7 11
S1 5 9

3 6

2 1
T IF) R

8 7 5 3 2 6

15
13
12
10

1

T = 8, k=6

4



B Select (S, k) 'ﬁ%{@
N B s, EEHK,

Fith: SHRIZE kPR

1. «I%CS%S/\—QE, 3t ny,=[n/514H

2. BAFF TMNBUIEIES M

. m*<—SeIect(M,|_IMI/2_|) //Sﬁ}A,B,C,D
. {A,Dﬁ%d\?m*ﬁx Sy, R Tm*IKS, J
S, «<SUC; S,«SuB X

. if k=S, +1 then #H m*

. elseif k<|S)| < @HPHHE TR
then Select (S;, k)

else Select (S,, K—|S,|—1)

A

© 00 ~N oUW
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N

R k PRIFEE:
o SHiASREE

« HEM*

o Fm*Xil 4 FdH 524 F )

o« JBIHSEIL




JEFE [H] AL
HiEaih



Dyt

B Select (S, k)
. WSASI—H, Ky, = [n/5 14
A, PALER RS M
: m*<—SeIect(I\/I,|_|M|/2_|) //Sé}A,B,C,D
. ADJTE/PNTmM*H S, KT m*THS,
. S5« 5UC; S,«S,uB
. if k=|S,|+1 then FHH m*
else if k<|S,|

then Select (Sy, k)

else Select (S,, K—|S,|—1)

A

© 0N U A WN Y



| r
tSHZ o,

n=5(2r+1), |Al=|D|=2r
FRIFEREEL, 2r+2r+3r+2 = 7r+2

3



¥ 1A G
AgivE n =5(2r +1), |A|=|D|=2r,
. n5-1_n 1
2 10 2
X453 G F SRR % 04
7r+2=7(£—1)+2
10 2




[ 18] 52 2R B 3B T FE
HETAEE W(n)
172: O(n) /15 BER AL f M
173: W(n/5) /I M HERHA7EL m*
174:0(n) I AM*RI5345E4E S
478-9: W(7n/10) /314

—

W(n) <W(n/5) + W(7n/10) + O(n)



ﬁ”ﬂﬁ W(n)=W(n/5)+W(7n/10)+cn

/cn\ on
cn /cn
5 10 0.9cn
/N T\
cn _fen ren 49cn 0.81cn

25 50 50 100

W(n) <cn (1+0.9+0.9+...)=0(n)



b
? S A A TER—A?
o 3N TN —HITMT?

e BBIHE A

1.3k m*B TAERS |M| = n/t #4H
X, t ABHITTER. X, M]ZD

2. HA E FIRB R NS FHITTE
BtHEx. .t K, FRBEK




353 A I B ] LA

ﬁ)& t :31 34\—%:
@ O o||O® © @ O
@ O @ | 0| O @ O
@ O e 0|0 e O
n=3(2r +1)

r=(n/3-1)/2=n/6-1/2
TR R L A 4r+l= 4n/6-1




HIEHII R R

i RSN EIR =R Yy
W(n) = W(n/3) + W(4n/6) + cn
HiEEME W(Nn)=6 (nlogn)
REE:
M| 5182y J5F MR Z /DT n,

B RATH TAERM A /T 1
HISFHERE, HIERREFRZOM).
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5 K ANFEIRIIE TR 204
- BT

.+ TARNBHITRBHS DOXTEE
7RI




SRR A



MR H

éﬁ% ﬁ% a = (3-01 Ay ooy an-l)
b = (by, Byy eeey Dy)
lﬁﬁ%ﬂ athb = (ao'l'bo, a-1'|'bla cosy a~n-1+bn-1)
EA a-b =agb,+ab,+...+a, b,
c’é%}{ a*b = (Cg, Cgy eeey Copn)s FeH A
= ».,ab, k=01,..,2n-2
I+ j=Kk
\_ ILj<n Yy,

2




BRHIE X

£ FIRFERET, ARSI MIGH

A

RBH A9




THE e
b=(4,2,8,0)
| atb=(5,4,12,3)
ab =(4,4,320)
axb = (4, 10, 28, 36, 38, 24,0 )

ME a=(12473)

ab,
ab 1x4
a,b 2x4
ab 4x4
ab 3x4

ab,
1x?2
2 X 2
4 x 2
3x2

ab,
1x8
2 %8
4 x 8
3x8

C, = 4x4 + 2x2 +1x8 = 28

ab,
1x0
2x0
4 x0
3x0



E > e
IR WA TRIE
ZHATeE: C(x) = AXX) B(X)

A(X) =a,+ax+ax*+...+a,  xm?

B(X) = by+ b;x + byx2+ ...+ b,_;x"1

C(X) = aghy + (agh,+asbg) X + ...

+ am—lbn—l xmn-
HA xR
4 D
e Yaby|k=0,1..,m+n-2
i+ j=k

1€{0,1,...,m-1}
\je{O,l ..... n—l})




RN F5 Rt

HFRETH, S HEPRLE




SE AL

%—% Iﬁ%‘ a:(ao’ Apy eeey am—l)
D=(D,, Do 150+ 4500) =(Wy -, W)

. k k
ai = Zs:—k a‘i+sbk—s = Zs:—k ai+sWs

R b HBE2k+ 1 KEH OfEa LE
Bt axb, /3 (ay, a,'se..8.1). B
DEIHIRE.




S
5 ME: a=(ay,ag,...,a)
Tk k=2
BUE: W= (W_p, W_y, Wy, Wy, W,)
= ( by, b3, by, by, by)

al /= ai—2b4 + ai_1b3 + alb2 + ai+1b1 + ai+2bo

TARZHIA i +k




a;"= a;_b, + a_1by + ajb, + a;,,b; + a;,,b,

agb, ayb;, ayb, ayb; a,by aZ:
a,b, ab, ab, ab; ab, %
a,b, a,b, ab, ab, ah, a4:
a;b, as0; 250, azu; azb, a5'

dg

a,b, 2,0, 8,0, 8,0, a,b,
a:h, 2:0; a:0, a8:0; ah,
gD, Agh;, agh, agh; agb,
a-b, a:b, ab, ab; a,b,
aghb, agh; agh, agh; agb,



N

» BREZIMATIERI KRR
» BRHNAH——F 5 FF L




IRV H



BRHE: B
] & a=(a,,a-.-,a,_1)Fb=(bg,b15e. .50, )
A(X)=a,tax+a,x*+...+a, X"
B(X)=b,+b x+bx>+...+b, _ x"1
C(x) =A(X)B(Xx)
=ayb, + (a b, taby) x +...+a, b, x>
C(X)HIRZL M E Rl 2axb.
B axb THEFM T 2 WA AR

BAFRIERFE: O (n?)




T H2n-1R 2 TEC(x)

1. iij%1ﬁ Xos Xy eee s Xop 19
KH A(x) 1 B(x;),
]=0,1,...,2n-1

2. XA J, T C(x)=A(X)B(X;)

3. MHZHGEETT, HC(X) TE

X = Xgy X1y eee s Xong

K2 I C(x) IR E

? ﬁnﬁﬁ%xo XpyeeeyXon 1 FRIEL 2
R MAKEFE :

J‘.



R T IS I FIAUE R EN

S=Ee‘ , $s=0,t1,...tk /Y
Z
W_,, Wy, Wy,...,W, ) >

W

W =

N

R ST IR I T AU BRI 23X

(W_,...,

Hez HFH—AHE, FER

ZHIKHL. AhBREE R

a - Za|+s S




2n N ERIE R 1R 2n IR AR

27rji 7.

T)] .. 7]
=COS——+I1SIN—
n N

j=0,1,....2n—1, i3/-1



n=4 H) L4

5

s

0, =1, ¢ 4i=f/2+f/2.i
w2=ezi=i, w3—e4 =—\F/2+\F/2 l,
w, =" =-1, w5—e4 =—\f/2 J212-i,

W, =e? =—i,m =e* =2/2-2/2.i



PRIE (G L AT HFFT

1. X x=1, 0y, 0yy een y 0,4, THIVHHE
A(X), B(x)

2. MABLINERNEA x =1, 0,, 0,,
e s o1, TTEL C(X), 153
C(1)=dy, C@)=dy,. ., C(@95.1)=0pn 4
3. MiE
D(X) = dytd x+d,x*+...+d,, x*"1
4. RIX=1, @1, Wyyeess 1, TFHED(X),
D(1), D(®,), ..., D(w;,,)




PRIEAF L H A HFFT (42)

A] PAEEA -
‘D@A)=2nc, ) (C=D@2n
D(w,) = .2n Con1 N Con-1 = ?(wl)/Zn
\D(wZn-l) = 2nc1/ C, = D(wZn_l)/Zn

FIE T D) HIE, BERERC(X)HIREK

8




U e

é X — 1, 0)1, a)z, see o wzn_l’

o B 1XT 2nx1

A(X), B(x)
o 2 M 2nik3

o 3 %F2n ) x

R

EH 5B RIEZ T

Z I3 D(x)

RE: —DXPAER x PREZ AR

Hik




INGE

HERIHE
E‘Eﬁﬁ&“om
B 8 S M A B PR T
%%XH(JEX . 1K 2n kAR
KEEPE: ZIANXK

? AT 22 TR R s 2k 2
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R T AL ST
A FFTE S



2 M KEHIE
75 e 2 A :
[ A(x)=a,ta,x+...+a,_x"* ]
& x ALK 2n IRIGAR, SFFrA R x
T AX) BI1E.
Hizl: XA x MTFREH:
KK EGANATR a, X, i=1,..,n-1
Xt a: xi (i=0,1,...,n-1)3KA.
W) ERRI TR 2 2%
Ty(n) = O(n°)

PEAN




Ut ) SKAE S
FiR2: Rt B x R RE
A(X)=a,

AZ(X) :an—2+XA_'|£_)X = Apptan X
As(X) =a,_3XA,(X) = 8, gta,_, X+a, 1 X°

AuX) =ag+ X A4 () = AX)

Frf 1) R %
Ty(n) = 0(n?)



1%?%&5%%%&%1&73@

A(X)=a,ta,Xx+a,x>+a x>
A even(x) = a-O'I'aZX
A 5qa(X) = agt+agx

A = Agen () + XAgq(?) |
= a,ta,x? + x(a;+asx?)




TR MAREHIE
— AR (NAEED
A(X)= agtax+ax+...+a, X"
A even(X):ao+aZX+a4X2+. . ,+an_2X(n—2)/2
A qq(X)=a,tagx+ax?+...+a,_, x("-2)/2
AX) = Aeven(X?) + XAgqq(X°)

o X211 2n KR

s BRESHFREZIAITEAERN n/2
R TR, REFHFRER
B Aeyen(X®) 5 Aygg(x®) BRI AKX) >




SY R
Hik 3:
1. W& 1 FER 2n KR

1, wl, 0)2, 000 o wzn_l

2. ﬁ%u i’—l_‘ﬁ :Aeven(xzj—'—?{a‘odd (XZ)]

3. AMHP2 WERTH AKX
A(X) :[Aeven(xz) + X[AOdd(XZ)]

ER: CAFTEEHE, TIER
FERALR AP >Af, B —EX—BH].

6



TAREFRIEI T
T(n) =Ty(n) +1(n)
f(n)=0(n) &% 1 TFE2nKHR K i 8]
BATERE T,(n) =2T,(n/2) + g(n)
T,(1) = 0(1),
g(n) = O(n) =Xt BT 2nIKARFE D 34
B B T
T,(n)=0(nlogn)
T(n)=0(nlogn)+0O(n)=0(nlogn)




FFT 350G
1. RMEA(@)FIB(®), j=0,1,...,2n-1
2. WH& C(w), j=0,1,...,2n-1
3. MIEZ T

D(x)=C(ax)*+C(@)x+...+C(an )X

4. HEIAEK D(w), j=0,1,...,2n-1
5. FIH T XIHCH) K REL ¢)»

D(a)j) = 2r]CZn—j

j=0,1,...,2n-1




FETSE417

#1: KMH A(w) F B(w) O (nlogn)
P2 WHEHPIAK C(w) O(n)
3

F4: HEFAK D(w) O (nlogn)
A5 HEIE R O (n)

HEEFE]) A O (nlogn)




N
» ZWAKEFE
BN O(nd)
BBt SREEE: O(n?)
FFT&¥:: O(nlogn)

» FFTHERBT 527




R R E



T R R

A CPFHERSER SR
LREKEEBRIESEQ, K—1&
PRI ATE, ERQTFHIRAEZS

A WERE A L. 0 o

R R °
|7 A EE b T TR S TR
. RESERYI A

vl



SR

1. DL EEBRP LR R Y, AIE/D
ABFF B Yimin BIERBA={Y 1Y mind X
L RHZEREE Lo FIAS AR Ly

e . " Yma
. d

’ Ymin
2. Deal (Lleft); Deal (Lright)

3



Deal (L)

%fg I—|eft: Eﬁ%ﬁﬁd %ﬁﬁq){—ip
E=AEARR, BER;
a JMHI RS a R Ly BT A1
b FMHI RS b R Ljeq, B L




Oyt
Deal (Lir)

1. PLdFIFEE d BRIz 5 P ML =4
B, PN, FHANHKILS R
YEaflb

2. WA Ly FTHALRRGE=FAN
A ENIAN LRSS ARIELE a
B b 3 H9 S 53 FE I AF e R A

3. Deal (a)
4. Deal (b)




R
« WIEAd RIS O(n)
- Deal BHEAH W(n)
- MBETHE P O(n)
— B SR ERI > F R O(n)
[ W(n) = W(n-1) + O(n)]
W(3) = O(1)
BB HAO(n2)
T(n) = O(n) + W(n) = O(n?)

« GrahamBHEHEE O (nlogn)
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INGE: IRV

+ CREIR IR BUE L F A

BN ERRENE
T TR IH 29 R R ) F 1) iR
F IR 5 R i) LB A A IR B R
Sl 1) A CE YA A

y ﬁi‘igﬁfﬂ

128 )5 BR AR SE IR
EREHPAT RIS



NG B IREIER
T3 Hr B it

« IR ZRE ST

25 MK TN IR 2 A B B
BHETT R
KETi

o E
P> A B
PrAb 2




B4

- MREE: _oRR
- HRPHEE: PREFER. a5

A

Yo% RS

. H%ﬁ LM AR R FFT Hk
o P AL N




BNAAK
HIEHp T



% A A2 1) i

7] 2

AN BRES{S,S, ...S,}>
KEEE{T, T, ...}

H ] 45 M4R,

MEE, T ERbLe FKE

il — &R RBIZ R

l







B
BNFEI%: ZRGEFINETER

Q%A%ﬁ%%% TEKE, N\
R R H SR B A

Eﬁﬁﬁﬁm,W%M%%Eﬁ%
k, FB2 Bt 2 BOR 1L T2

AMRNEE:: ZHBRRKTRE.
870 KR 0] B2 S5 T BT B K AE 5]
BT 1] iR, 520 PR SRR T LA
P BRRRREG R,




BN RXI K

d,15 d 11

S d93/0\w“
u,13 4 ‘
SZA|<U8 3 @ 6d34

Brees BrEes B B2 BBl




ERGL e

JRIAFAZE, AAFHB

3

Ny

Ay AR AR AR

N W N P




F(C)= mln{CT ) VS
F(B,)= mlln{BkC|+M Y5

BB HI KIS R

F(Aj)= mkin{Aj B, + F(By)} 3

Ay Ay Ay AR
N w N R

F(S)=min{SiA; +F(A)} 3g
AL R BUE 2 MR R




PeAC R ) -
o ALBREHIRE AL,

T SRR
FET RSB T

BN T s . & RRAE

L RB

[

\

o PeALIR I

\

J

|

T 1R L A

— A EBILRE I

754 5 — e AN TF P
FIRTAE N 45 ORI R LR K5




REKBEI0R &N

dl 2 u6 2 u4 2 o 2

s | T
5 5 5 5

SMREERE: T, & kB
=m#E: 8 F,F
AN AR, AN BE A AR R
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NG

&K (Dynamic Programming)

- RELERZHBRRLRE, &
SRE AT R, TR
H A ARA 19

« EHFAM: RBRER LR
TSR, Bl — &
RB I T 3 45—
FE REARXS T 1 3 HI T 4 A 45 R
IREHIBALRIK 3




BNAAXI
Hiswvt



ZjJ BN %Ijl_.[tu '&Vl‘g%

1. R, P B ir s ft
2?7 ARFHRHA?

2. WA RIS GO ?

3. Ia R LA R BUE S F Al &R AL
R BEFE EHAKBIRR?
(HBIHEFIE)

4. R RPAL R 2

5. B/NF iR EBERE? IR
A, BIRIESFTHA?
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Sl

b . X ALA,, ...

A IR

, A, HFEFERRS,

A AP xP KR, i =1,2,...,n

T BTN, (o A
ol R R

WA E

P=<P,P,...,P >,

%J%fc
Brth: FEFEHEES

27 1IE RSN

L Py, Py, eens PO N AN FERERIATEL

VAR

3



F R AH T 2 A iz HAKEL

FEFEA: i1T)%, B:j4T k%I, Bt
%*Haﬁﬂ%ﬂn_ﬁ H AB E‘Jlﬂzﬁ

—

| o1s
| M2s

A1 App ... Ay

Cis

... UU

N/

Cts = atl bls t at2 bZS Tt atj bjs

AB: i 1T k5ll, HHBNTLRTEM |
KSR, BIFTRIERB A 1]k

4



LB

SEf. P = <10, 100, 5, 50>
A,: 10x100, A,: 100x5, A,: 5x50,

Tl KT
(A,A)A,: 10x100x5+10x5x50 =(7500
A, (AA,): 10x100x50+100x5x50=75000

B—P R E RS D




(PR RS

2N
NN ES K ER n—+1( n) P,
— A Catalan#, 2IeELH)

W (n) = O 1 (2n)!)
n+1 nin!

1 \/ 27z2n(2n)2” 3
= Q) € )=Q(2%" I n?)
n+1 %(2)“\/%(2)”




AR F %

°?ﬁﬁﬂﬁ

: FEREBEA A, ...

ﬁAﬁﬁ <P.,P,.

T RBHIHKRIR R
BRI ' Ja — KA

P

A, AT,

>

: %ﬂ?ﬁﬂﬁ’ml_ﬁfkﬁ m[| il

e~

k BIprE, B

A _AI kAk+1j

A J%ﬁl:l_ﬁ@@f(ﬁiﬁﬁ?A 5
Ay | HIRARIZEH

=R R R



(YRR G IpUE Y

BT
mlif] = A% A, KB HATRRS

mIi, i]

0 | = |
{mln {m[i,k]+ m[k+1, jl+P_ PP} i<]

iI<k<]

A A AL A

2% 0 A PR AL SR 8




INGE

NSRRI F IR BER

- ZHBRKERE, BPLE AT
M, 55 IR R ST

| HE AT Ak BR B 3% T TR K W)

+ [l R B AL SR N BB A 451
B, Bl — A EBALREFFIHIAE
{7 P54 5 — & RARX T 7 75
FIRIZE M &5 RORZS I B SR 5)

o




AR HIE
)35 15 SEB,



BB hg
&1 RecurMatrixChain (P, i, j)

1. m[i,j]¢o0 B4

2. s[ijl<i -
3. for keI to j-1do O Bk
4,

g<RecurMatrixChain(P,i,k)
+RecurMatrixChain(Pk+1,))+p; 4 py p;

5. h;] q< m{i,j% s E
6. then mli,j]«q

7. s[i,j]«<k SF I
8

. return mli,j]

T
A -]

RERASHAEZENEWME GRIFEM)



LR

152 204 0

(0(1)
T(N) 29

Am|
"+

> . T
= )77

n=1

nzi(T(k)+T(n—k)+O(1)) n>1

T(n)2 O(n)+nZ_iT(k)+nZ_iT(n— k)

[ T(n)=0(n)+ ZET(k) J




Fiof 16 B2 2%

BEEIAGEIE: T(n) > 201
n=2, BRNE.

Rt T4

T(n)> O(n)+ZZT(k)

RN Bk, AR

n-1
>0(n)+2Y 2+ “FHE
2. e

=0(n)+2(2"' =1)> 2"

4



FRBRI =4, n=5

tﬂﬁ' A1..4'6‘5..5’ A1..3'6‘4..5’ A1..2A3..5’A1..1A2..5
P 8 NMF i, BIE—BER 8 M.

5



¥ I R T2
1-1 8 1-2 2-4

4 2
2-2 12 2-3 3) 3-5 2
3-3 14 3-4 3) 1-4 1
4-4 12 4-5 4 2-5 1
5-5 8 1-3 2 1-5 1

UAANFRFR&E: 15 A
BIE T 814




gt
« 5SWAFEEAWE, SRR E
AT ¥ 19 AL BR B8] B AR
R, BFEERER TR

o ZSIRIEERE I SEI RN,
JRRAETFH—FRESXER N,
SR H I R E .

o SRFZSE) bt B KRS, RSN T
mﬁﬁ&ﬁﬁﬁ%,ﬁmﬁmﬁﬂ
T B EY S~ F i8R E—IR.




AR HIE
RIS A SEBR,



AW g AP S
. A THER K

- BARIE
- N&/AHIT SR
— FEIEINF, CARIE/ETEH 2IRME
HITH S & THE
- FREHRFTEER——&FER

. fEHVIEER
— B IE R BHL A Do
— BRI L R BOE B AR S




R EEIRVA A R T 7]

KEL: REUMERE, AT HE

ANFETH)
KRE2: 278
KE3: §3ME

%, n-14~Fia) iR

B, n-24>Fia) iR

KEEn-1: Sn-1AVERE, 2 FHE
KB n: JEIAIE, RELH



FE PR EEIRTAIB AR

KENL: HME, m[i,i]=0
KERN2: 1.2, 2.3, 3.4, ...,n-1.n
KERN3: 1.3, 2.4, 3.5, ...,n-2..n

ﬁé%whlmiZm
J&)ﬁ?ﬂn: 1..n



n=8/F M) T+ H i 7

r=2
r=3
r=4
r=>5
r=6
r=7
r=8

AL A A A A A A A,




H¥E MatrixChain (P, n)
1. 2B B mli,i|®I{E R0 B
2.for re2tondo /I rREEK Kr ¥

3. fori«1ton-r+1do // il Fi“ELL

4. jeitr-1 Il FiA TR

5. mlijJe=m[i+1j]+pi_1pipj /K=1 g

6. sfijli JRaFk
7. for kei+lto j-1do // &k

8. te—m[i,K]+m[k+1,j]+Pi_; Pi P;

9. if tm[ij]

10.  then m[i,j]«t //FEHf#E

11, S[i jlk

“HBAMGINTER :



° *E%%m

iy 1) B2 2%

PATON) IR, HFAO(1)

W(n) = O(n3)

17 2,3, 7 #H;RO(n), TEFF

- BIELEER: MTHENILIERE, KA.
FREFOMN)NY, HEE

/>3

T

BE IR B TR ERT AN

8, wEO(N)HE.

o« BEFET/EE O(n),

W(n) = O(n°)

A

] R34

] 73 )
DA=R#1

M TAEEO(n).



#A: P=<30,35,15,5,10, 20 >,
n=5
MEREEE: A AAA A, HAF
A 30X35, A,:35X15, A;:15X5,
A, 5X10, A;:10X20

K ﬁfvﬁﬁ?“ﬁ?l%@lﬁ‘]ﬁdﬁ@%
IXBUR A BXAME IR 23 ]




%‘:E‘:E:‘(L MJ1,J] p=<30,35155,10,20>

= m[11]=0 m[2,2]-0 m[3,3]-0 m[44]=0 m[5,5]=0

= ML2J=15750 | m[23]=2625 | m[34]=750 [ m[45]=1000

= m[13]=7875 | m[24]=4375 | M[35]=2500
N m[L4]=9375 | m25]=7125

=8 m[15]=11875

m[2,5] = min{ 0+2500+35x15x20, 2625+1000+35x5x20,
4375+0+35x10x20} = 7125



*delsﬁl%fc S[i.j]

1,2

s[3,4]=3 |s[4,5]=4

1,3]=1 sj2,4j:3 s[3,5]=3

1,4]1=3[s[2,5]=3
1,5]=3

BHIBE:

fan H

S[1,3]=1 = A, (AA,)

TR (A1(A2A9)) (A4As)

B3

e k¥ : m[1,5]=11875

5[1,5]=3 = (A1AA3)(ALAS)

10




PIFPSEILHT ELR

wIHEH: RER AR, ZEBN
IEASEIL: B E AR, ZEEES

R 38R SEILT 17 2 K E

EH A,

T AT E RS 2R K. SALIE

AT B R TR
BN AR I R R AR -

FEREMTHEEZN + BEETIEE
BEBETEEMNEIHETAER, £

JF] AL 1) 25 T 3 R 2

11

11



NSRBI ER

o« RISTFIRE, W TRBUAR, KA
BRI ZRRE B HARRIEE.

o & SCAUALBRH, LA iR BOK K (Bl /)
VBN B R R 1 e AL SR .

o FIDRAL R BRI EAE T AL R KA

- BRAETHE, HiIFEER (RK)

« BB HEBOLIFCRE

« Hi%T :ﬁ:zﬁ%‘?ifﬁﬁﬁlﬁlﬁ%f?

\1

\



BB )



B BE (7] R AR

mA: mIugk, nIEEBE, f(X): ¥ x
TEHRAS i MRERMER. RERF/E
M KRB RTE.

=i ¥

B B IR B < Xy, Xy, 0y X >

x e EIEI FEE, i=1,2,...,n.
HFI‘TZ[%Q max{f,(xX)+f,(x;,)+...+f.(x,)}
AWREMHF X +X+...4+4x.=m, X;eN




SEH
. Sl ST 4UIH
M rs BT TR

X f,(x) f,(x) | f3(x) fy(X)
0 0 0 0 0

1 11 0 2 20
2 12 5 10 21
3 13 10 30 22
4 14 15 32 23
5

15 20 40 24




ERE I e A

FiHBAE: HSH K x e
k: ZEMNTHL 2, .., k HEE
x: BT BB X

XSS 5 PR AR 3T a)
o HIZEHTAXH?
JREEHIN: k=n, x=m

¥ Il S EIR R
k=12, ..,n

X‘j‘ﬂ:éﬁﬁﬁg k’ X:1121 1m 4




DU BRI G R
F (X): xTCERHE KNI H A
Z AW 25 FE pJusk (p<x) H%
A k=115 H s K3 Fy o (p), B e
XTCER BRI N B 5 &=
HRE T FERIL R &AE
Fo(x)=max {f (x)+F_(x=x)} k>1

0<x; <X

F,(x) = 1,(x)




k=114 2B K1 H 5

X f1(x) f,00) | f3(x) | f4(X)
0 0 0 0 0
1 11 0 2 20
2 12 5 10 21
3 13 10 30 22
4 14 15 32 23
5 15 20 40 24
k =14%]

F.(1)=11, F(2)=12, F,(3)=13,
F.(4)=14, F,(5)=15,



f,(x)

f,(x)

0

=20 S5

11

12

TERORHE2,HAb): (1,0), (0,1)

13

10

a| & w| |~ o] x

14

F,(1) = max{ 1,(1), T,(1) }=11

15

15

20

HE: (2,0), (1,1), (0,2)
F,(2) = max{ f,(2),F,(1)+f,(1),F,(2)}=12

7‘5‘%2 (310)1 (211)1 (112)’ (013)
F,(3) = max{ f,(3), F1(1)+1,(2),
F1(2)+1,(1), F1(3)}=16

Rl
F,(4) =21, F,(5)=26




2% T R IR

x | Fi00 .00 | F %00 | Fy) %00 | F9) %0
1 11 1 11 O 11 O 20 1
2 12 2 12 O 13 1 31 1
3 13 3 16 2 30 3 33 1
4 14 4 21 3 41 3 50 1
5 15 5 26 4 43 4 | 61 1 l

X4(9)=1 = x,=1, X;3(5-1) = X;5(4)
X3(4)=3 = X3=3, X,(4-3) = X,(1)
X,(1)=0 = x,=0, X,(1-0) = x,(1)
X{(1)=1=x,=1
B %=1, %,=0, X3=3, X,=1, F,(5)=61




iy 1) B 2% B 70 A

ZHERFE M7 n %, 3

L+ mn TR

0<Xx, <X

R (X) =1, ()

(Fk(x) = max { f, (x,)+F_,(x=x)} k> 1\

J

"A] BERTEX

X8 X +17F

’ i’—I‘j/ﬁlzk(x)

W (2<k<n, IS X< M)FE:
X+ 1R N

X R HLE



iy 18] 2 23% B 70 A

X8 T X BT IR AL

TR B Zn:i(xﬂ) = %(n—l)m(m +3)

k=2 x=1

bt e B Zix 1 (n—=1)m(m+1)

k=2 x=1 2

W(n)=0(nm?)

10



INGE

B I A Bh S RIS
* AW A FIREN S EUT € T

o DAV BRI E )i 4T FE R AIME
y *E:

j'l.;

o2 T 3 P IR A A I TR R

HTIETJE REEA: O(nm?)



BN RN FI%
= REA TP



%@1 rFT,I uﬂ"x, (Knapsack Problem)

—MIRAT %%9%%—/\%@ 8] A
ABERYSEN M B RNER
%ﬂﬁfﬁﬁ%ﬂﬁw V. ﬁﬂ%dﬁ@xm%ﬁ
5 &= fR A2 b, F:F %nnTUEQ%A
FIRFFBAN L B 5 PAFEE ‘;%ELE'J
;%ij(” Ak ik w,, v, b #R

SEfl: n=4, b=10
vi=1, v,=3, V=5, v,=9,
W= 2, W,= 3’ W,= 4, W,= 7, ,

Ih-rrll

b

=



ﬁ@;%fxl, Xopeory X s FeHIX EIEANTEH)

E*TZI%SE maxz:I VX, )
& WX <b, X eN
SRR ) R SRR B R P TR

B A KB/ )
BEHOIR R R . e PR 1) AR 2R & X
SR AR SRS

3



TR A

FRBAE: BB KMy e
k: ZRIMWIHL 2, ..., k KGR
y: SEREEANHET v

Jﬁﬁﬁfﬁf)\ K=n, y=D
¥ ) T S
k=1,2,..,n

X‘j‘a:g%%% k’ y — 11 21 ey b




DAL BB HE Ty 72

F (y): 2580 K M), REANET Y,

HEEKEXIE

[ F(y)= maX{Fk—l(y)lFk(y_Wk)+Vk}]

F(y)=0, 0<y<b, F(0)=0, 0<k<n

F.(y) =\\V3J vy F(y)=-0 y<0

1

RAAT B A, an e S5 2

o XWIMEERFS

A

X

F (Y)_ max {Fk 1(y Xka)"'X Vk}

0<x, <]y |



Fic BRI

i (y): ZEH0 k7
2| B KM

()

I, REAE Y, LA
RPN AT PN =)

F(y)>F
F(Y)<F

(Yy=w)+v,
(Yy=w)+v,



>
S
#gIAN: v, =1, v,=3, V,=5,V,=9,
W1:2, W2:3, W3:4, W4:7,

b=10

F () BIvHERW T

}/{ 1 2 3 4 5 6 7 8 9 10
1 0|11 223 3 4|4]|F5
2 0 1 3 3 4|66 9 | 9
3 0 1/3/5 5 68 1010 11
4 0|1 35|56 9 10/ 10|12




lg.ﬁlﬁﬁzl’:

10

Ky
1
2
3
4

oOlo o ok
B R R RN
N (NN R W
W wWwN e

W W N~ o
Wl w N R o
B WIN | PN
Wl w N~k o
A WI|IN | |
B W DN

1,(10)=4 = x,>1
1,(10—w,)=1,(3)=2 = x,21, X, =1, X;=0
1,(3—W,)=1,(0)=0 = x,=1, x,=0



BEEIE
¥ Track Solution
B (YR, k=1,2,...,n,y=1,2,...,b
B X, XpeeenXys NFRIRBIRANER

1. for ke1 to n do X, « 0O

.

2. y«b, ken B

3. Jjeig(y) B fr B

4, X <1

5. y&y—w, LK
6. while i (y)=k do ] it
7. y&<y—Ww,

8. X X+ 1

Q.

REE
% .

If 1.(y)20 then goto 4



| R4 O(nb)

BRI A
F (y)=max{ F_ (y) F(y-w,.)+v,}

ZISRHBIWE nb TN, FIUHE B,
THEETE] A O(nb) .

thZ NI L BRI IS8 bl
N2, NEMANERZ N,
SE b BEH, FiX b FE logb 47,

BN log b .

10



R I

VImBZBER: Fi %nn%gﬂg n; A
O-158M&: x=0,1, i=1,2,.

ZEARE: mMEA, | %A%k
BB, j=12,....,m. EHEFTFEE
iﬁ%%@#?ﬁ%k%mm B®X.

“HEEANE: SR EER w A
Rt i=1,2,...,n, BEREANET b,
EF}*RZ:%BJ‘SEV ﬁM—I priie L7 PTAYEEEN =N

|I'rrr|l |I'rrr|l

11



INGE
- XaFHB, e FhSAR, ¥
SR AR 2R 1 25 2P AT T R

o & XA RRE, LA bR B R (B )
(B4 MR 7 e R 1 i e DAL i .

« FIOLAL R B BB T R R 4 A
- BRRH EWHE, Rit&ER (RK)
. BRI EAM T

12



RK AT



T3

w3 X, Z,
X = <Xy, Xoy veey Xy >
L=<1,2y ..., >

%ﬁEX%ﬁ%%&%Fﬁﬁﬁﬁﬂ
fers zj=xij,j=1,2 ..... k

M Z B X KI5

XEYRAEFRIIZ: ZRXFY
¥ 75

TRIIKKE: FRIIKTTRIR |



K AT

W& 455 P

X =
Y =

< Xl, X2, 000 o Xm>

< y]_1 y29 °°°* yn>

KXY KK AKLTFF
L

P

A
B
KA

B C B D A B
D C A B A

L FFEF]: B C B A, KE4



| HI%

ALt m<n, |[X|=m, |Y|=n
Hik: R WE X KENFRIIEY
PRI
i J] R A E
N7 51 O(n) B[A]

XH 2" 4 T FF3)
BB TRAEARE: O(n2m)

AN




T RS E

SHI M | T T RS
X IEATER i, Y RZIEAIE R |

Xl :<X1, X2, ccey X|>’ YJ :<y1’ y2’ *** yj>

y1 | | yi yn

T I




T 1A

o 5] B4

KRR

B X=Xy, Xggeens Xip™y YESY 1, Yosee oY,
Z =<7y, Z0ye.0,2,> AXFAYHILCS, HB4
(1) Xn=Yn=> =X =Y H

Zk—l 7%Xm-1’—5 Yn-1 EKJLCS?
(2) B X #E Yy, Lo#E Xy =

ZREX ,5Y K LCS;

(3) % Xm¢yn’ Zk¢yn =
ZRXEY K LCS.

i A2 VUL S U ) L B

-4



DAL BR B3 A 7 72
X5 YRFF

Xl — <X1’ X2, see o X|>’ YJ — <y1’ y2’ 9 yj>

Clijl: X5 Y; B LCS HHKE

Cli, 1]
0 Fi=0m j=0
={ C[i-1, j-1]+1 £i,j>0,x =y,
max{ C[i,j-1],C[i-1,jI} Fi j>0,x =Yy,

v



Pric R
FRicE%: B[, jl, HEAN. < T
CI[i, j]1=C[i-1,j-11+1: ~\ CIi, jI=C[i,j-1]; «
C[i, j]=C[i-1,j1: T

Y1 yi-l yi Y




B LCS (X, Y, m, n) %ﬁ_"’

1. for i<-1 to m do C[i,0] « 0
2. for 1«1 to n do C[0,i] « 0

3. for 1«1 to m do 7 i
4. for j<1to n do X, Y.
B. It X[i]=Y[j]

6. then CJi, j] «C[i-1,j-1]+1
7. B[l ] «"'R"

8. else iIf C[i-1, )] = CJi,J-1]

Q. then CJi, j]«C[i-1 j]

10. B[i, jJ«"T"

11. else CJli, jJ]J«CIJi,jJ-1]

12. BlI, j]«""«"



»
1B B
Bk Structure Sequence(B, i, j)
#N: Bl j]
i X5YRERKAKLFFS
if i=0 or j=0 then return //FFF)A=
if B[i,j]=“\N"
. then #HX[i]
Structure Sequence(B, 1I—1, j—1)
else if B[i,j]= “1”
then Structure Sequence (B, i—1,))

else Structure Sequence (B, I, J—1)
10

I A




bR B0 SE )
N: X=<AB,C,B,D,A, B>,
Y=<B,D,C,A B A>,

1

2

3

4

5

6

B[L1="

B[L2]=T

B[L3=T

B[LAEN

B[15]-«

B[LE]=N

BR.1=N

B[22]-«

B[23]=«

BR4E"T

B25]=N

B[26]=«

BR1="

BR2=1

B[33=N\

B[34]-«

BR5=T

B[36l="

BE1="

Bi2E="T

B3="T

Bi4E="T

B45=N\

B[4,6]=«

BB1=T

BE2="T

BE3=T

BEAET

BE5E=T

BE6=T

B[6,1}="

B[62]=T

B[63]=T

B[64]=N

B[65="T

B[66]=\

~N|oojo|h~WIN|F

B[71="T

B[72=T

B[73="T

B[74="T

B[75="T

B[76]="

fi#E: X[2],X[3], X[4], X[6], B B, C, B, A

11




THEARAL R BRI E R 2K :
BRAIME, HAO(m)+O(n)
EA. PRERECER 6 (mn)ik,
TR ENEHIRIZEH, BEHR 6 (mn)
P
246/ X YR, BFE @ (m+n)
HIER R R4 : @ (mn)
ZZEBEZE: ©(mn)

12



/NG

» BRKAIT I B

« T IREASHI S E

- BHETERYME, UACRNAE
- Dot

N AN TRAZSE-/ RS b EE

- IR R

13



B R 6



BRRKEE

B

—

A B R 7

: 0~255, N8/

G RIKEERFS - {pg, P, --.
NEMEERERKEHE

FMERHIKE

S8R 8n
9 HRH BT

Tiik

DAY il

58

1 pn}’ pi

A

—

2



BB AL 4 IR

R R Ga 7 RH{py, Py P} M B

H]

ISt

BB IMEER, 845 H btz
Besk: 18RI (8AL)Fb[t) (300 FFE 1141

S, Sy ...y Sh
S; S, _ Sm
—B B R S AAEHEFE

MECHN
D[L]-[2+b[2][2]+... +b[m]-I[m]+11m




P s 4 1] 7t

IR KA 2B/t BRIZEENE |[t] <256
BB SR b[t] XI[t] + 11

b[t]= [Iog(mag P, + 1)-‘ <8
Pk €9t

W& . BEBEFI{ Py -ooh Prbs
W s B, Bl

[ mTin{ZL(b[t]xl[t]+ll)}, ]




S
P={10,12,15,255,1,2,1,1,2,2,1,1}

ikl S,={10, 12, 15}, S,={255},
S.={1,2,1,1,2,2,1,1}
4rik2: S,={10,12,15,255,1,2,1,1,2,2,1,1}

IKZAE 3

iE3: SrR124,
el ]

S — B

A3V 11x3+4x3+ 8x1+2x8 = 69

2. 11x1+8x12 =107

APVE3: 11x12+4x3+8x1+1x5+2x3=163
5



F B e S5 EIRF

FRIBETAFT N, FIAFRNI

XTNAR R FFIN <pg, Py s Pi>

AL R BUES[I1 9L 7 B AR AL 2

THEIR T
1=1
1=2

| =n




ﬁﬁéiﬁ‘ﬁ
TR WS[IIR{ py, P2 - P} HIRR
R B RERERENE, S %Ec)‘ﬁﬁﬁ

[ S[i]l= min  {S[i—j]+ jxb[1—-j+1,i]}+11 ]

1< j<min{i,256 }

\

b[i—j+1,1]= [Iog(masx P, +1)-‘ <8
Pk €Sm

‘ Pr P2 .- pi—j‘ Pigea - pi‘
S[i5]ML JANKE
jxb[i—j+1,i]HL




Compress (P,n) %ﬁ—d

1. Lmax «256; header«11; S[0]«-0
2. for i<1 to n do .
3. bli] length(Pli]) (O Rbra
bmax «bl[i]
S[i]«S[i—1]+bmax

4

5.

6.  I[i] «1
7.  for j<2 to min{i, Lmax} do BKj

8.

9

if bmax < b[i—+1]

: then bmax <« b[i—4+1] 3 E
10. if S[i] > S[i—j] +j *bmax o
11. then S[i] « S[i—]] + ] *bmax
12. I[i]« ]

13.  §[i]J« S[i] + header 8




P = <10, 12, 15, 255, 1, 2>.

S[1]=15, S[2]=19, S[3]=23, S[4]=42, S[5]=50

[1]=1, I[2]=2, 1[3]=3, I[4]=1, I[5]=2

10 12 15 255 1 2
S[5]=50 1X2+11 63
10 12 15 255 1 2
S[4]=42 2X2+11 57
10 12 15 255 1 2
S[3]=23 3X8+11 58
10 12 15 255 1 2
S[2]=19 4X8+11 62
10 12 15 255 1 2

S[1]=15 5X8+11 66
10 12 15 255 1 2

6X 8411 59



BB
E¥E Traceback (n, 1)
IN: B
Wl BAC
1«1 Il j NIEFEIB BRI B E
2. while n0 do -
. j

3. C[j]<«I[n]

4. n<n—I[n]

5. J«+1

Clj]: M/EHETEEREE [BRIKE

IR ZRE: O(n)

10



/NG

o EBERI AR BRI E
o THRIBAFRKIFE

° ﬁﬁﬁ/&&%ﬂﬁ
DY

« IR SERIBE
o« WRIERE




BN T B



BT BN

L 25 e nANE(RT LA S B0 B 5
(@, @, ..., &)
sk max{0, max ¥ a.}

1<i<j<n

L5
(-2, 11, -4, 13, -5, -2)
f#: BNTBRMA a,+az+a,=20



3%

FEL: AR ()X, JBPRA
a; + ... + a I LB B K HI

ﬁﬁz TR REE, KB AR
, SRR LT B R Z':TlZlE’J%
%ﬁﬁ%ﬁﬁﬁﬁ%ﬁ%ﬂ AR5 LB

B3 AR




\)
L Enumerate ﬁ‘{%l
Z:I‘ﬁ')\: %ﬁéﬂA[ln],
. sum, first, last
1. sum«0
2. for 1<1 to n do
for j«1 to n do
thissum « 0
for k<1 to j do
thissum <« thissum +A[K]

If thissum > sum .
then sum <« thissum %ﬂ?
first « |

0. last « j

NTE R Z4EE: O (n3) 4

Ll
A G i-j

B ©O©oo~No O h W



L2 Jria K
KRR BREARAPE, TE S Kcenter
B THE 22 B oK T B leftsum
B IHVHE S B oK F BRI rightsum
center Ea, K& KM S,, k=center
center +1 2] a, K& AR S,
max { leftsum, rightsum, S,;+S, }

S,+S,

< >

leftsum rightsum
< > < >

A[1] ... Akl | A[k+1] ... A[n]




)
Oyt
ik MaxSubSum (A, left, right)
BN: B4 A, left, right (2, 51457)
’ﬁ‘tﬂ BRTFEMsumBR FEIUF
if |A|=1 then %t JTE (4 S5 H10)
. center<—|_( left+right)/2]
. leftsume«—MaxSubSum(A, left,center )
. righsum«MaxSubSum(A, center+1, right)
. S, « Aj[center] //Mcenter[mZE
. S, « A[center+1] //Mcenter+1[m A
. SUmM « S5;+S,
If leftsum>sum then sum<«leftsum

If rightsum>sum then sum<«rightsum
6

@OO\I(DU'IAOONI—‘



Ff B) 52 7R
& Mk = center 7452 a, 77 [ K &
K#, SKkmA TR, 53
Alk], A[K]+A[K-1], A[K]+A[k-1]+A[k-2],
.., A[K]+... +A[1]
e BIR EE KM, BFRIFO(n) ,
AFAWREO (n)
T(n)=2T (n/2) + O (n)
{ T(c)=0(1) J
T(n)=0(nlog n)




Hik3: AR
FHBHAE: BARA 1L, FARI,

Cli] 2 A[L.. il ITE Al] K
[ U 45 S R ) B K1 B A

[C[i]=529;<i{2 A[j]}]

A[1] A[2] A[3] ... A[i-1] A[i] ... A[n]
< < 5

<+—>

BT B Cli]



DUt B B AT T2

IR

C[i]= max{C[i—1]+A[i], A[i]}
1=2, ..., N

C[1]=A[1] FA[1]>0

C[1]=0 &N

#:  OPT(A)=max(Cil}




1 MaxSum (A, n) ﬁl@
EIN: BAHA
. BERXFBEAsum, FEBREEMEC

1. sum«0

2. b0 F R
3. for 1<1 to n do J5 0 5

O N oA

9

If b>0
then b« b+ AJi]

else b« Ai] !
if b> sum als
then sum « Db

CeI

10. returnsum, c

R ZREE: O(n), BREEZE: O(n)

10



NG

* ﬂﬂ‘ﬁ&‘ E'Ej?, o

» B HRIFE:
T A E
FUDLAL BB T 3 57

R0 S5 AF

(A —x £ R R AL R £X)
)RR EHE, &i&ExR (Ri%)
AT AR 5 Bh AR PO A8 R TR 1] L ) A

Fiof TR 52 23% B i v

11



RN R R



—XREW

RESHEEFH N ITER, X <%<...<X;»
BXETTRFME R XIS K
E, DAEE x REEXEH . MR x
A, BE x BIFNZER (TER .

SE ;
S5=<1,2,3,4,5,6> 9@6
(D) (&) GX=
L |GG 5] [TL] [T




— XA H’Ji’é‘z%‘ﬁ%

ZX<ﬁm? ﬁfﬁAE?ﬁ

3. x>MRILEK, BHHIENGTH;

4. x=MITEK, ﬁ:?‘dﬁ‘f‘%’-ﬂ:’ X

5. x BlM-&5 REEELE, Bl XA EHA.

x=3.5

3.5




B TR BURR A

= RR:

(Xor Xa), (X1, Xp), -+ (Xngs Xn)s (K Xnea)
XO — w, Xn+1: +w

?%%)ﬂ%ﬁu S: <X11 X21 rrry Xn>1

X & x; FIBEZE Ab,
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delay(f,,i) < delya(f,,j) <r
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/NG

FOIEIEMRIER ik AZHRIE
o« ITHEIERE —REIERI XA,
BN — AR E RE IR —
RIVBRAE (BB« ZZHIKFF)
« IEHABRESHHIR

 IEHEPERERERIEIHR
FFEAt




/AR LA
PSRN



A BB A2

FIRMASBEM 2BETEE N #
H 00T AR B s AR AR

° ﬁ%ﬁﬁ

T O ——IE AR TR 2R
BERNBRRE CIrARRA
EHERIMF O FIRER LA



HF B [

I‘rﬂﬁ WA n M, BEESHAw,

w,, YHEZZ ARV, =1, v,, .
vn. ﬁﬁgﬁﬁﬁé-’fﬂéﬁmy TG
FRME IR, . A
BT E& B ERR?

LA
v,=1, v,=5, v,=14, v,=18, w;=1, 1=1,2,3,4.
y=28

%ﬁtﬁgz X3:2, X1:X2:X4:O, ,EE

imll

2

3

it




LI | M TRIEE & X,

1=1,2,...,n

/min{zn:wix,} A
zn:vixi =y, X, eN, 1=12..n

ki=1 /

4



BNA R FLIE

BF ()R FET KR, SERECN
y K/ NEE

F (y)= miny {F(Y=Vi X )+ W, X, }

Y
Vi

0<X, <

Fl(Y)=W1 =W,y




DA

BAMHMEREERR TG, &

T kK P EER, B8R~y
ﬁ’b‘%ﬁ‘] é Eij{] Gk(y)

Gk(Y)=Wk{JJ+Gk-1(y modv,) k>1

k

GW)W{W W,y
V

1



n=1,250 CiVER B LR

n=1RE—FMEE, F(yY) =Gy
n=2, &K, 53 KE&RT

F,(y)= min {F(y V,X,)+W,X,}

0<Xx <|_y/ Vo

Fi(y —Vo(X518)) + Wy( X,16)]
— [Fy( y—szz) + szz]
= [ Wy (Y=Y Xo=V,8) + W, Xp+W, )]

—[wa(y=VoX;) + WoXo]
=—W,\V,8 +W, S %
=0 (—wv, +W,) <0 7




A&

EH SN IERE K, BETEIER
BHy 7ﬁGk(y) F (y), EAFFE p A1 5 W
B [ Vi =PV, |

A 0<8<v, V<V, PHIEEE,
YU TED B o AR S

(1) Gk+1(y) - Fk+1(y) Xﬂ‘_‘ﬁ]ligﬁ y;
(2) Gk+1(pvk) — Fk+1(ka);

(B) Wy, + G,(8) < pw,.




JLRULEH

» RIWFAQ)EQ)HIFNE, FEAX K

=3,4, .., n, HRIFIFHFEA G FL
LR BB A AR A,

o ZAFG)WAE 1 IRF OK) BflE], k=

O(n), EAIUERFTEIO(N?)

o FHQ)RFMQ) Yy = pv, BFRIFFER
B, HEFQ)BIL, BRE%EQ)
WAL k27, HFRHEQ)AROSL, W%
(DAL, EEy = pv, 15T 4
T A OERIEH R R B
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WAESEH] il
LA W, +G, (8) < pw,

%l v,=1,v,=5y,=14,v,=18, w,=1,
i=1,234. XM—YyFH

G1(y)=F1(y), Gyy)=F,(y).
Al G;(y) = Fs(y)

V,=pv,—8={p=3,86=1
W,+G,(8)=1+1=2
pw,=3x1=3
W+ Gy(8)<pw, |
TOLVENTT n=3 %5@@]’@@]5%@@0




RAESE] L% "
‘\—\L Wk+1 + Gk(é‘) < ka

%l v,=1,v,=5y,=14,v,=18, w,=1,
i=1,2,3,4. X—Y) yFH

G1(Y)=F1(y),G,(y)=F,(y),G3(y)=F5(y)
BIE G, (y) = Fu(y)

V,= pV;— 90 :>{p:2, 6:10]
W, +G5(6)=1+2=3

pW, =2x1=2

(W, + G5(8) > pws |

n=4, y=pv,;=28,
X LA X3=2, PO X,=1, X,=2 u

| .



INGE
. ﬁ" DIRIEA—ER B RINHE, X

SE oL T AT LR R AL B VA -

1) 28Ut S EEUtT A4
SRR

(2) fhivt o AR B FRE BRI H

T ERIMBHIRE

o —ASENDH I T IRF R
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= HI RS



_IGHI R

» JLHIZHG
RO-17RF R MEARIBR A T4, &
REMFRHBE A RIE AR E
FRAESHIATSR

« JREIEE KB

a: 001, b:00, c:010, d:01

o FRIGRI, BIINFRFE 0100001

f#2851: 01,00,001 d,b,a
f#552: 010,00,01 ¢,b,d



HI 23S ) — X R 7~

GIEZZE
{00000, 00001, 0001, 001, 01,100,101,11}

M
0 -Z2F#
1-75 T4 AN

RE S N — B 001 100 101
BRNHCAR TR 0001

00000 00001



SR fER AL S

B=Y (x)d(x)

5 5

B=[(5+5)x5+10x4+(15+10+10)x3
+(25+20)%2]/100=2.85

& 4 EPRFEC={X, X,,... X}
FRBPRR(x), i=1,2,...,n. j@%?cﬁ@

Aifj/

— RIS (Y

53l

(i

B ).



e R & I Iy AG

HvE Huffman(C)
BIN: C={Xy, Xo..., X, }, f(X), i=1,2,...,n.
#i: Q //BAF

1. n|C |

2.Q¢-C /B HEHNFIQ

3.for i<~1 to n-1do

4. z<Allocate-Node() //ERE & 2

5. zleft« Q¥ &/t IIB/AMEEILTF
6. zright« Q¥ &/t IIF/IMEZHILF
5
8

f(2) <1t (x)+1(y)
Insert(Q,2) IRCWE PO,
9. return Q



L

BN a:45: b:13:c:12:d:16:; e:9: f:5

g

£--0000, 100,
e--0001, 55\ [a]4s
d--001.,

c--010, @
b—O011, d] [c] [b
51f| 9le

Szi,ﬂﬂ'_\—‘[.%i:

4x%(0.05+0.09)+3%(0.16+0.12+0.13)+1x0.45=2.24
6



AT RS PE : 5] #1

5| #1: CREFE, VeeC, f(c) MR, x,yeC,

f(x), f(y)53

R/, AR T K

15 x, y BEEFK BERE —MAR.

f(x)<f(@) T /o(O\x = @ig\a T
Wsit) o 2T
X y

[B(T)— B(T") =X flild, (i)~ X f[ild.(i) 20 ]

N

:1]:

il (i) K FET F

A BIRBOBER)



3] 22
5|3 BTRE _JCHTRE K XM,V Xy
eT, X, YW 538, z 2 x, YRR, &

T'=T-{X, y}
H4 7 KHR T N

]
f(2) = f(x)+f(y) Dp\ﬁch

T' X N el 46 X y
C'=C{xyhAz} . Q
KX, A TDPT: B

B(T)=B(T")+f(x)+f (y)



5| ¥ 231F BH
E VceC—{x,y}, B
dr(c) = dr-(c) = f(c)d(c) = f(c)dy (c)
dr(x) = di(y) = d-(2) +1
B(T)=; f(i)d, (i)
= Y, F(i)d (i) + f(x)d; (x)+ F(y)d(y)

€T ,i#X,Y

= Y f(i)d.(i)+ f(z)dr.(2)+(F(x)+ F(y))

ieT "i#z

=B(T")+ f(x)+ f(y)



/NG

o ZIUHIZM AH X WER

o ZEME T HEARAETHE AR
o BRNATEE—F 1A B b

« I REHIE

o HTERAG PR
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5]
5| 1B CRFEFFE, VceC, f(c)ijﬂ%h"
#, X, yeC, f(x), f(yyZEE/»,

ﬁﬁ%ﬁ_mﬁ%mﬁ% X, yﬁi&?%“
K, HNESRE —MAFH

5132 ¥ T & IR RS Pt B EI'J_
XHE, VX yeT, x, yRiH W, z 2
X,y BIAE, @T=T-{x vy}, H&z
IR f(2)=F(X)+f(y), T'BXTNT =T
RTZRRS C' =(C—{x, yDU{Z}HI = XM,
A4 B(T)=B(T" )+f(x)+f(y).
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REIEREIEH B

EFE Huffman ZiEMHEE I AN
(n>2) BIFERFEC HBRRTC K

LRI SR A5 H — Y.

IHgNERE GEBH: XTTFn=2F1F%F

Huffman&y515 2 & LT 4355,

£,

IHPPE R RiEHUffman&iEXY
TR k KRR E 2 RIS

ke

B, AT BN+ RS
B RIUATERAD.
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JEEAR- 20

n=2, FR/E C={x, X}

PR AR EEAW LT A E YT SN
BEHEF. HuffmanBE48 2 R4S

= 0f 1, —REILAIEKN.

N\

0 1

\___ A/




S ]

REHUffmanZEXT TR k BF
FEFB D HMATR. FEAEN
k+1HFRFEE

C ={Xy, Xy oty Xy}

H x,, X,eCRIMZE R/ R
2 C'= (C—{ Xy, X))\ Az}
f(z) =1 (x) +T(X,)

B HPRE, HEBI—RTF
Brda C' FRf()AIf(x) (i =3,4, ... k+1)
B R BT SRR ) — XX T

L




NP EBR (42)

1 x, BNz WL FIRE T' L, 53
WT, BATRIXTC=(C'—{z})U{X,, X}
) B DI B 2B ) — AW

7 V4

=



DR (48)

WEAR, FEEM T, B(T*)<B(T),

H 5[,
x:

5 T

BT, 1R

Z ~WM‘R%% leﬂ] X2-

5| 2

B(T**)=B(T%)—(1(xy)+1(x,))
< B(T) = (1(x)+f(x,))

=B(T")

5 TR—RXT CHRRIELH =
XHHFE.



M A XAEIHFF

] R« %%—ﬁfnﬁﬁmﬁﬁﬁi
HrIEE S={f, ..., .}, HFf
BARE | /l\wflﬁé‘ﬁﬂmﬁi%i ﬁﬁﬁ_ﬁ

AR X AR T

RN XA

3R BT = XU
SRR, 5 f ISR AT

IR K.




A PR I U 3

M. S ={21,10,32,41,18,70 }




(1) (21+10—1)+(32+41-1)+(18+70-1)+
(31+73-1)+(104+88-1) = 483
(2) (21+10+32+41)x3+(18+70)x2—5=483

RiritgaR| Ldbf-- |




. Huffmand 33

#\: S={21,10,32,41,18,70}
(192
(119) (@)

R (10+18)x4+21x3+(70+41+32)x2-5=456
11
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o« FeREHEIERIEFMEIEN:

Py YEER

« IREHIEHINH:
SR
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B /N B

TG R 3% 38 A B
G=(V,E, W),
Hr wie)eW 214 e FIHL.

GHI—BERMTRESTG K
BT ABIR, WS ARz
W(T) BRAM IR, BB/
AR G BB /N BT




B/ INAE R B SE)

G=(V.E,W),V={1,2,3,4,5,6},W I & pr/~.

E ={{1,2}41,3}.11,4}.12,3}.{2,5},
13,4},13,5}.13,6},14,6},15,6}}




A= BRY FR)1E JR

ikl G2 n PriE@EE, 4

(1) TRG KA

_mméﬁaéT%%

HA\ n—1%14.

(2) ﬁﬂ%TxeGE'Jf_EEW egT, TR
2 Tu{e Ya 7 —AEC (FE).

A

e




éﬁkﬂ]‘ﬁ’] ﬁ/ﬁ ( @3)

(3) ZHBCHER—%&il, MBRG
[ 5 4 — R ‘BJZWT

21 2]




A= R A S5 R .

« HIEDR:
LIRKAF
Al L

privt= VAR
AT R 5] %
ABEEF] n-1.

o DUHAEAN T KT

£ T Hin—23emid e , FERLIE 2%
C, ECHEH—%MWihe, B

—FRHBTHIA

=R T

W(T" )-W(T ) = W(e)-W(e;)
= W) <W(e ), M W(T)<wW(T)



K8 /N B
aE

S EEEHE G = (V, E, W),
w(}eigz %\ﬂ{vxeﬂl e FIRL. R G —HRE /)

ﬁ‘ﬁ“}%:
Prim &,
Kruskal B

R EM S A EEREMNH




NG

o AR5 AR LA IR
o Bt/
o A2 R )




Prim&E



wit A AR
#N: B G=(V,EW), V={1,2,....n}
i . %/J\f_ﬁlzfm‘T

i EAE:
#1496 S = {1},

BREESEV-SESHNRED e =
{i,j}, HHieS jeV-S. ¥ e MAM
T, JiJ[l)\S

AT EIR TR, EHEF S=V AL




Dahg
% Prim (G, E, W)
1. S« {1}
2. whileV-S#d do
3.  MV-SHE#E | FEF |2 S

SSR[TP=NENBR 82N
4. S<SU{j}







MR REANERY= E b S

Al SRR Kk <n, FEE—RRE/D

A R B & IR ET k PG BERA.

JHghEAL: k=1, FFE—RR/DME

157

WTESAe={1,i} ZH{,i}2H

A REX 1 KB/

JHPIBIER: BREIRET kK DRI
P R — R B /NE RS I3, USRI

k+1 35 1 FEH1IL tA R— AR R /N

57
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R AR

WERH: FE—BRE/DERN TEEX
x4 R LR B/ MU e={1,i }.

e & T A—REB/DNERN, RixT

f—

A wan|

AEL 0L UMT UL} &8 —%E

B, BEIEEPRBEINS—%3{1, )} B
{1,i B8, W T, T e
G E.W(T ) < W(T).

ol
| o \‘J i o o
V= {0

7 \ / 7 \ /




JEEp

RERRT Tk, ERMEIIAN

€1, €y, ... , &, XTI ¥R FE A AR

&S HIAMBBRATE G H—HRk

INE

R T R A X LR

B k+1 kR

TR ieq, Wi,y 2US

IR R AR B/ B RS S}

e ) w
%‘ek_ﬂ el, ﬁ:&

k+10 AR IEH. 7




%

HNPEE (42)

BB T ANEH ey MWkt e,, BT

HE Rl — 2% [B] B
E¥R S 5 V-SH T s il e,

X 2% A & 7 Hh—

2 T*= (T{e}) Uiew.q}

W TR

BB k+ 1B

INE

G K—HRAE R
W ASe e,....00,q, H
W(T*) < W(T)

A R

b




iy 1) B2 2%

HEPBEHAITOMN)IK

SR AT O(n) I A -
REE SEV-S MR

HIERTE: T(n) =0 (n?)




/NG

Prlmﬁ%m&ﬁ

gy

-

Dyhg

pL

ERSEV-SHIB A

IEFATEUER] : X P ER4H

« FFAIRAE: O(n?)
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witBAE

#N: BG=(V.EW),V={12,...n}
Wi GHIB/PMERN T

‘&i—‘lﬁﬁ:

(1) #ZMKFE NN BRI HER.

2) IRIXRFEE LRI mE L e, R e5
T BRI R E] 2%, WFE e A
T, BNBE e ER%ERE T n-1
%L AIE.
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Phig
HyE: Kruskal
BN EEEG /I TRAEN, AFm
with: G HIBm/DERM
1. BMNPBIRHEFERIIA, E={e,.e,,....0}
2. T«
3. repeat
4. e« EXFHIREL
5 if e BB Im RAZE R —EE X
6. then T «Tu{e}
7
8.

. E <« E—{e}
until T B& Tn—1%i4






\

TR 140k BH

frdl: XTTFAERE n, BEEX n BrER
B — AR/ A

UEBH % .
H2hERE ERH: n =2, BIEIER.
GRE—%iN, B/PMEBRNELZ G.

H P UEB: R EIENTn B
KR IEFR, HAn>1, NXFF4EA
n+1[ & ﬁ%iﬁf@ﬂ—ﬁ%d\f =R .




kg 443
2 n+1IAMTERE G, GHE/MUA
€= {l i}» MG i M j, B52E G

® oe.\o ® oli%e
N Y\ e




RGN BRI A

Xt

R N+ E

Gl

BEle, BRI nHE G
BB HAREAEFDG

IR/
R

AR T
1A e

“hif”

o B RKE, BRWT
UEEH T 2 G W /NE R




TRGHIB/NERL

T=T "U{e}RKX TG HIF/M

2 B

B NAFFAEG KI&ide KB/

T*W(T*)<W(T). (IR e ¢T*, EET*

Hinide, FERGEIEE. LHEE

5 5 1T A B AL [ AN,

5% £

T 2B 3G A RMT*—{e},

[ W(T*—e}) = W(T*) - W(e)J

<W(T) —w(e) =W(T")

5T KImiuEFE.



HIZSLU SRR3R

S FINDEZH, FIND[i] R—E A i K
BB 7 SCAR L.

(1) #J46 FIND[i] =.
) BRI XA, BRI ERH
NEK 7 hid
NG R B2 L FEHT lognik,
E T AITEH FINDEA: O (n logn)
FiE: O(m logm)+O(nlogn)+0O(m)
= O(m logn) 9




N B 17

— A (B &, S, EWiR4) BiE
EATTIZIRAR SRR BEAT 202K,

I R EER “BEE” SRatiid &
Z (B B,

WREER, FEGERATHMER
AJ ﬁdﬁ:&, AN 8] Mk R ] BE
H “ImE” . anfa kg
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HEERR

Rl FKruskal Bk
(1) IR LK NP RIS TAHEF

Q) MIREE ARl e, R e
5 B2k Ria A gkE g, T
e MAREE, BBk e. T3

& ) 2 ST L

(3) ERRE T kAN EE > AL,
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/NG
o KruskalEIEH 7 LKHE: A
Fa R B % 2 A4 T 325 24 Hi B R
o IEFAMEIER: XTI IHSH
» BFEEZE: O(mlogn)
« MH: BBERR
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5 IRRIERE

4 AR R M4 G=(V.E\W), %

1 e=<i j> I we)NIER M, For

Mi3jEIERE. JEA seV.

XK: M s HREBIES
C 10
3

@ Bre: 1

\Z 156—2: short[2] =5

5@ 1>6—>2—3: short[3] =12
1—->6—>4: short[4] =9

~ /Z, 1—->6—5: short[5] =4

1—>6: short [6] =3

B SRR




Dijkstrafixa R &
xeS < xeV HM s 3] x FRERAED
S 2
#iG: S={s}, S=VIHEZEER

MsB|uEXT T SHI B EEE: MsEJuH
N&IT S T AR ERA

dist [u]: MsE|ufHXT SR ERAZKKE
short [u]: MsBJuRBRERERKE

dist [u] = short[u]




Hixwit B8

A BREG=(V,E,W),
V={12...,n}, s=1
i MsBE Aﬁﬁﬁ@%ﬁi%&
1. #J%h S={1}
2. XFiev-S, THE1F] i KX S
R AR, KR dist [i]
3. EFEV-SH dist EHEPKIj, Kj

IO\ S, 1&EV-—SHTR S Kdist 1.

4. %% FIRTRE, HE S=VAHIE.




Dyhg

Hi%: Dijkstra
1. S¢{s}
2. dist [s]«-0
3. for ieV—{s}do

dist[i]<—w(s,i) //sBiBIA, w(s,i)=0
. while V=-S#@ do

MV— SEUAHXT S 5 5 B A2 TR |

4

5

6.

/. S«S\U{ |}

8. for 1ieV-S do
e e g .. _ dist{E

9. If dist [j]+w(j,1)<dist [i]

1

0. then dist [i]«dist [J]+w(j,1)




BT LB
BIN: G=<V,EW>, JEM 1
V={1,2,3,4,5,6}
S={1},
Ist[1]=0
Ist[2]=10
I5t[6]=3
ISt[3]=00
ISt[4]=00
ISt[5]=00

OO O O o o




B (82

S={1,6}

dist[1] =0
dist [6] =3
dist [2] =5
dist [4] =9
dist [5] = 4

dist [3] = oo



BATSER (22)




BATSER] (22)

S ={1,6,5,2}

=12

dist[3’



BATSER] (&2

S={1,6,5,2,4}
dist[1]=0
dist[6]=3
dist[5]=4
dist[2]=5
dist[4]=9
dist[3]=12
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BATSER] (48)
S={1,6,5,2,4,3}
Ist [1]=
ISt [6
Ist [5]=
ISt [2
Ist [4
Ist [3]=12
short[1]=0, short[2]=5, short[3]=12,
short[4]=9, short[5]=4, short[6]:3.11

O O O O o o




NG

o BAYRSALIEAR 5] R
o DijkstraB ikt BAE KA
o IBATLH
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i) IEA 1



VA AL B 2%

k. AFEEHITRIE kK B, XNTF
S HREAGE A i,

dist [1] = short [i]

J=ERB S
k=1, S ={s}, dist [s] = short [s] = 0.

UEEY
ER: RGar N kK K, M k+1
AN E.

2



RN BRE A

BRmENKAE, HR k+LBHEk
HRETH pv (Gh<u,v>). FEEH

[dist[v]:short[v] ]
HRER—% sV R L&R), &
JE—kH S FITREA x, &1t V-S |
FATR Y, BHy&T—BRE
V—S FHEEEEE v.

ol




RGP RUER (40)

&l

k1B EEEFENR v, ARy,
dist [v] < dist [y]

2y B v FIBAEKEN dy.v)
dist [y]+d(y,v)< L

T/ dist [v]<L, Bf dist[v]=short[v] ,



iy 1) B2 2%

o BFEIEZE: O(nm)

HE#ATN-1P

G PRI R /N distBR EE )
28 HHEAS, FTE O(m)iE

o EFETHESEI IR S BA S B 5K
WS, ALK EIERN S RE
2] O(mlogn)
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« FWLEEHTHSIRILHE.
« RFELERZPHBERE, BE

FR) S5 T e 371 o I 1) ) B L A

o FIWTKEERFN K7 FTLE

MR, HBRAEFRRE T HE
H’JLEEV* GGkl prins el
WK TERREER.




T
o’

HIENG (B
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(1) EBVFHEMRWERE, FOER
R AR B AL

(2) BZFEAGE: (EE DB EE
] AR AR A 24

(3) A HRIRIE

UEBA SO SREE AN : 25 R




FrbENGE (82)

o XTFIREARELRUENT Fr A HISEH
#HEBRMUBHI T OFEE GIMU
%) , ESEIaITERE R
ZaHT.

o FANERIMLS: FIERIE, FE
LT B AR EX S




ﬁll_‘\ {%/J\Q' ( é;

/r;u
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o« JINELZBIFLEE

B /N B BT Prim LY
B /NE R ) Kruskal B
BAYE 5% FH 2% I Dijkstraiik




JUA B 5%
NN



4 )5 A iR

AJg 1. TR 4 x 4 MR i B4

A%E,ﬁ%&ﬁWAEFE ]—4T
A—5. WAZER—L4SERISE .

ltﬂﬁg’/" ] RERIAR R ?

O

ﬁ@: <2413>, <314,2> ®
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