
鉨砆㪩㪌區礪澞
釷!嫶!!

鼑廦圶嫃!㪌鉨漎軩嫃區朾滾嫃䕗!
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㗑鑔ꆲ遚設ꆳ槚閇
ｈ 㗑鑔ꆲ遚設ꆳ槚閇ꇄcsvuf.gpsdf!)fyibvtujwf*!tfbsdi!

ｈ 钀飀匫澭設曐溰╙鰢裌㣈怉煥瀡繾╲砆挰!

ｈ 曐溰╙鰢裌㣈澐暐壇䓣䞓裌㣈遡䓩!

ｈ 苪鄅䖻䓣䞓!

ｈ 㢩玕賒lꇄ遚設o喪䝯繃曐溰㢩玕賒l裌媣䖻ꆶ !

ｈ 溣圶苪鄅䖻ꇄ遚設o喪䝯繃曐溰裌媣䖻ꆶ !

ｈ 汬㜱俈䓣䞓ꇄ遚設o喪䝯繃曐溰裌椑釕ꆶ !

ｈ 襮鎩捨磃DQV匞2軪韞╙鑲㻉㜱211傾甂槚閇!

ｈ 31喪紺閄裌媣䖻毈!

ｈ 21喪紺閄裌椑釕毈

O(nk)

O(n2 ⋅ 2n)

O(n ⋅ n!)

2



劜竱!cbdlusbdljoh
ｈ 竅軥匞㣈遡䓩澀钀飀槚閇╙㜱㣈裌汒砆!

ｈ 䓣䞓裌㣈ꇄ竅喪䑳恞溣圞賒o裌軤釿怹釕 !

ｈ 埓澰 弌颪洺竅喪㣈ꆶ颰潎憍鎩㼀憌㫮蚘!

ｈ 〞釧ꆶ豜嬍醶畺╙蚘裌誒㻷汒炶 !

ｈ 砫擓ꇄ 裌鄴╙鰢―軤討㺵係裌軤釿ꆶ鰾 !

ｈ 埓澰 ꆶ颰潎憍鎩㼀憌㫮蚘!

ｈ 㽭綆沜歽槚閇ꆶ樹輘賒錁澲ꆲqsvojohꆳ!

ｈ 〞釧這甂尃㫀汒炶 !

ｈ 醶 畺䂶蚘裌汒炶豜嬍詩▅ꆲ鰾 ꆳꆶ薑䓣䞓尮憌頿賒竅
喪汄裌媣䓣䞓ꆲ豜嬍䑳恞溣圞賒 裌軤釿怹釕ꆳꆶ㼀憌眜㣈

A[1..n]

A[1..i − 1]

i Ci

Ci A[1..i − 1]

Ci = ∅

c ∈ Ci

i A[i] = c
n − i

3



劜竱
ｈ 澐㼎曐溰媣䖻!

ｈ 澐㼎曐溰椑釕!

ｈ 澐㼎曐溰㳜懚!

ｈ 裑▅!

ｈ 媣䖻乁!

ｈ 毭滻礪鍥!

ｈ 溣䑳㼀噅媣怹釕!

ｈ 溣厭濤ⅱ槚閇灜

n

4
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ｈ 埓誘澐㼎䖻╲ 裌曐溰媣䖻!

ｈ 澐㼎竅喪媣䖻╙鑲覕暐洺竅喪䑳恞賒 裌軤釿怹釕!

ｈ 醶 畺軤嬍洺〞寔毎毈歭縉襮灎媣䖻澀!

ｈ 癓竅畺╔溰潤軥誒㻷汒炶ꇄ歭第趨歭!

ｈ 癓竅畺裌誒㻷汒炶區詩鎩裌軤釿瞴溰繚钀!

ｈ 癓喪䑳恞賒 裌軤釿怹釕宻恄竅喪媣䖻!

ｈ 髈㔳 !

ｈ 軤釿怹釕ꇄ歭ꆶ趨歭ꆶ歭! !|2-!4~!

ｈ 軤釿怹釕ꇄ趨歭ꆶ趨歭ꆶ趨歭!

{1,2,⋯, n}

n

i i

n

n = 3

⇒

⇒ ∅

澐㼎曐溰媣䖻



鉨砆嬑葎
ｈ 縞屔毈顪 媭歭曐溰裌軤釿!

ｈ ꆶ趨杔紺閄歭縉媣䖻!

ｈ ꆶ杔紺閄歭縉媣䖻!

ｈ 泍ꆶ曐溰 喪紺閄洺〞歭縉媣䖻㿫弌豜嬍ꆶ朻鉬竅喪㣈

A[1..n]

A[i] = 0 i

A[i] = 1 i

i > n n

6

def generate_subset(i): 
    if i > n:  
        print(A[1:]) 
    else: 
        for c in range(2): 
            A[i] = c 
            generate_subset(i + 1) 

n = 3 
A = [None] * (n + 1) 
generate_subset(1)



hfofsbuf`tvctfu)*裌㼀憌灜
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A[1] = 0 A[1] = 1

A[2] = 0 A[2] = 1 A[2] = 0 A[2] = 1

A[3] = 0

A[3] = 1

A[3] = 0 A[3] = 0 A[3] = 0

A[3] = 1 A[3] = 1 A[3] = 1

1

0
2

0 0
3

0 0 0
4

0 0 1
5

0 1
6

0 1 0
7

0 1 1
8

1
9

1 0
10

1 0 0
11

1 0 1
12

1 1
13

1 1 0
14

1 1 1
15

红⾊数字代表函数调⽤顺序



劜竱
ｈ 澐㼎曐溰媣䖻!

ｈ 澐㼎曐溰椑釕!

ｈ 澐㼎曐溰㳜懚!

ｈ 裑▅!

ｈ 媣䖻乁!

ｈ 毭滻礪鍥!

ｈ 溣䑳㼀噅媣怹釕!

ｈ 溣厭濤ⅱ槚閇灜

n

8



9

ｈ 埓誘澐㼎 裌曐溰椑釕!

ｈ 澐㼎竅喪椑釕╙鑲覕暐洺竅喪䑳恞賒 裌軤釿怹釕!

ｈ 醶 畺軤嬍寔伓喪毈歭縉椑釕裌醶喪傭駃!

ｈ 軥誒㻷汒炶ꆶ繰鈾鄴―軤討鎩 畺裌軤釿!

ｈ 埓誘抩㼍鈧氾毈媬 岆討誒㻷汒炶ꇉ!

ｈ 縞屔毈顪vtfe ꆶvtfe 㝍跶毈媬 匞詩鎩裌軤
釿 澀洺〞弌颪竈蚘!

ｈ 癓喪䑳恞賒 裌軤釿怹釕宻恄竅喪椑釕

1,2,⋯, n

n

i i

n − i + 1 i − 1

c ∈ {1,2,⋯, n}

[1..n] [c] c
A[1..i − 1]

n

澐㼎曐溰椑釕



鉨砆嬑葎
ｈ 縞屔毈顪 媭歭曐溰裌軤釿!

ｈ 縞屔毈顪vtfe 蚘潖抩㼍豜嬍癓竅畺裌誒㻷汒炶!

ｈ 泍ꆶ椑釕裌 喪傭駃慶㿫溰豜嬍裌毈媬ꆶ朻鉬竅喪㣈!

A[1..n]

[1..n]

i > n n

10

def generate_permutation(i): 
    if i > n: 
        print(A[1:]) 
    else: 
        for c in range(1, n + 1): 
            if not used[c]: 
                used[c] = True 
                A[i] = c 
                generate_permutation(i + 1) 
                used[c] = False 

n = 4 
A = [None] * (n + 1) 
used = [None] * (n + 1) 
generate_permutation(1)



hfofsbuf`qfsnvubujpo)*裌㼀憌灜
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2 3

2

1 3 2 11 2

1

2 3 11 3 2 2 1 31 2 3

A[1] = 1
A[1] = 2

A[2] = 2 A[2] = 3 A[2] = 1 A[2] = 1

A[3] = 2 A[3] = 2 A[3] = 1A[3] = 3

1

2

3

4

5

6

7

8

9

15

16

红⾊数字代表函数调⽤顺序

A[2] = 3

3

A[1] = 3

3 1 3 2

3 1 2 3 2 1

10

11

12

13

14

A[3] = 3 A[3] = 1

A[2] = 2



劜竱
ｈ 澐㼎曐溰媣䖻!

ｈ 澐㼎曐溰椑釕!

ｈ 澐㼎曐溰㳜懚!

ｈ 裑▅!

ｈ 媣䖻乁!

ｈ 毭滻礪鍥!

ｈ 溣䑳㼀噅媣怹釕!

ｈ 溣厭濤ⅱ槚閇灜

n

12



ｈ 埓誘匞颹嬍勗 澀澐㼎曐溰銑 鉬裌鉆鯀㳜懚!

ｈ 鉆鯀㳜懚澀曐溰䝯繃題趨襺▃!

ｈ 竅潐㳜懚╙鑲覕暐竅喪䑳恞溣圞賒 裌軤釿怹釕!

ｈ 醶 畺軤嬍寔伓喪䝯繃歭縉㳜懚裌醶喪傭駃!

ｈ 醶2畺╔溰竅軥誒㻷汒炶ꆶ鰾寔䝯繃 鳶縉㳜懚!

ｈ 醶3畺裌誒㻷汒炶篳栃 裌曐溰㾩椨繃!

ｈ 醶 畺裌誒㻷汒炶―軤討醶 畺裌軤釿 ꆶ鰾嫮裌曐溰滶
歭縉憍鎩㳜懚㾩椨繃!

ｈ 埓澰 ꆶ㾑師弌颪朻鉬 鉬裌鉆鯀㳜懚!

ｈ 癓喪䑳恞賒 裌軤釿怹釕宻恄竅潐䑳恞賒 裌㳜懚

G = (V, E) s t

n = |V |

i i

s

s

i i − 1 vi

A[i − 1] = t s t

n ≤ |V | n

13

澐㼎曐溰㳜懚

s=1

2 t=3 4 5

6

p1 = 1,3

p2 = 1,4,3

p3 = 1,4,6,3

p4 = 1,2,6,3

p5 = 1,2,6,4,3

p6 = 1,5,6,3

p7 = 1,5,6,4,3
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ｈ 埓誘匞颹嬍勗 澀澐㼎曐溰銑 鉬裌鉆鯀㳜懚!

ｈ 鉆鯀㳜懚澀曐溰䝯繃題趨襺▃!

ｈ 竅潐㳜懚╙鑲覕暐竅喪䑳恞溣圞賒 裌軤釿怹釕!

ｈ 醶 畺軤嬍寔伓喪䝯繃歭縉㳜懚裌醶喪傭駃!

ｈ 醶2畺╔溰竅軥誒㻷汒炶ꆶ鰾寔䝯繃 鳶縉㳜懚!

ｈ 醶3畺裌誒㻷汒炶篳栃 裌曐溰㾩椨繃!

ｈ 醶 畺裌誒㻷汒炶―軤討醶 畺裌軤釿 ꆶ鰾嫮裌
曐溰滶歭縉憍鎩㳜懚裌㾩椨繃!

ｈ 埓澰 ꆶ㾑師弌颪朻鉬 鉬裌鉆鯀㳜懚!

ｈ 癓喪䑳恞賒 裌軤釿怹釕宻恄竅潐䑳恞賒 裌㳜懚

G = (V, E) s t

n = |V |

i i

s

s

i i − 1 A[i − 1]

A[i − 1] = t s t

n ≤ |V | n

澐㼎曐溰㳜懚



鉨砆嬑葎
ｈ 縞屔毈顪 媭歭曐溰裌軤釿!

ｈ 縞屔毈顪vtfe 蚘潖抩㼍豜嬍癓竅畺裌誒㻷汒炶!

ｈ 泍ꆶ朻鉬竅潐銑 鉬裌㳜懚ꆶ鰾 !

A[1..n]

[1..n]

A[i − 1] = t s t A[1..i − 1]

15

def generate_path(i): 
    if i == 1: 
        A[i] = s 
        used[s] = True 
        generate_path(i+1) 
    else: 
        if A[i-1] == t: 
            print(A[1:i]) 
        else: 
            for c in g[A[i-1]]: 
                if not used[c]: 
                    used[c] = True 
                    A[i] = c 
                    generate_path(i+1) 
                    used[c] = False

g = {1:{2,3,4,5}, 2:{1,6},  
     3:{1,4,6}, 4:{1,3,6},  
     5:{1,6}, 6:{2,3,4,5}} 
s = 1 
t = 3 
n = len(g) 
A = [None] * (n + 1) 
used = [False] * (n + 1) 
generate_path(1)  
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ｈ 埓誘匞颹嬍勗 澀澐㼎曐溰銑 鉬裌鉆鯀㳜懚!

ｈ 鉆鯀㳜懚澀曐溰䝯繃題趨襺▃!

ｈ 澐㼎竅潐㳜懚╙鑲覕暐洺竅喪䑳恞溣圞賒 裌軤釿怹釕!

ｈ 醶 畺軤嬍寔伓喪䝯繃歭縉㳜懚裌醶喪傭駃!

ｈ 醶2畺╔溰竅軥誒㻷汒炶ꆶ鰾寔䝯繃 鳶縉㳜懚!

ｈ 醶3畺裌誒㻷汒炶篳栃 裌曐溰㾩椨繃!

ｈ 醶 畺裌誒㻷汒炶―軤討醶 畺裌軤釿 !

ｈ 曐溰滶歭縉憍鎩㳜懚裌 裌㾩椨繃!

ｈ 癓喪䑳恞賒 裌軤釿怹釕宻恄竅潐䑳恞賒 裌㳜懚

G = (V, E) s t

n = |V |

i i

s

s

i i − 1 vi

vi

n ≤ |V | n

hfofsbuf`qbui)*裌㼀憌灜

s=1

2 t=3 4 5

6

1

2 3 4 5

6 3 6 6

3 4 5

3

32 5 2 3
4

3



劜竱
ｈ 澐㼎曐溰媣䖻!

ｈ 澐㼎曐溰椑釕!

ｈ 澐㼎曐溰㳜懚!

ｈ 裑▅!

ｈ 媣䖻乁!

ｈ 毭滻礪鍥!

ｈ 溣䑳㼀噅媣怹釕!

ｈ 溣厭濤ⅱ槚閇灜

n

17
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ｈ 埓誘寔 喪裑▅歭駃匞竅喪 裌煹襏慶ꆶ竈懳須擓潤喪裑▅㿫趨
匞▃竅㜱暙▃竅釕暙▃竅宻㢷顣慶!

ｈ 遚設砆ꆲ9裑▅ꆳ!

ｈ 瞴溰3喪匞裑▅匞▃竅傭駃ꇄ !

ｈ 瞴溰3喪裑▅匞▃竅㜱ꇄ !

ｈ 瞴溰3喪裑▅匞▃竅㜱暙▃竅釕ꇄ !

ｈ 劜竱!

ｈ 9裑▅ꇄ3168甂㼀憌㫮蚘!

ｈ 5裑▅ꇄ28甂㼀憌㫮蚘!

n n × n

(64
8 ) = 4426165368

88 = 16777216

8! = 40320

裑▅n
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ｈ 裑▅裌竅喪㣈╙鑲覕暐竅喪䑳恞賒 裌軤釿怹釕!

ｈ 醶 畺軤嬍寔醶喪裑▅歭匞醶㜱裌伓竅釕慶!

ｈ 醶 畺裌誒㻷汒炶―軤討鎩 畺裌軤釿 !

ｈ 㝍跶醶喪裑▅曐匞裌釕毈ꆲ繾曐匞㜱毈洺ꆳ!

ｈ 宻討釕 ꆶ埓澰媭匞竅喪裑▅ꆶ ꆶ竈懳
暙 ꆶ㾑師嫮趨洺誒㻷汒炶!

ｈ 癓喪䑳恞賒 裌軤釿怹釕宻恄竅喪㣈

n n

i i i

i i − 1 A[1..i − 1]

A[ j] j j

c j 1 ≤ j ≤ i − 1
A[ j] = c |A[ j] − c | = | j − i |

n

劜竱砆眜㣈 裑▅n



鉨砆嬑葎

20

def place_queens(i): 
    if i > n: 
        print(A[1:]) 
    else: 
        for c in range(1, n + 1): 
            legal = True 
            for j in range(1, i): 
                if A[j] == c or abs(A[j] - c) == abs(j - i): 
                    legal = False 
            if legal: 
                A[i] = c 
                place_queens(i + 1) 

n = 8 
A = [None] * (n + 1) 
place_queens(1)



5裑▅䓣䞓裌㼀憌灜

21



劜竱
ｈ 澐㼎曐溰媣䖻!

ｈ 澐㼎曐溰椑釕!

ｈ 澐㼎曐溰㳜懚!

ｈ 裑▅!

ｈ 媣䖻乁!

ｈ 毭滻礪鍥!

ｈ 溣䑳㼀噅媣怹釕!

ｈ 溣厭濤ⅱ槚閇灜

n

22
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ｈ 綫 洺竅喪篳〥 喪畵毎毈裌䖻╲ꆶ洺竅喪畵毎毈!

ｈ 洺〞媭匞 裌竅喪媣䖻 ꆶ繾澀曐溰紺閄裌乁釮討 !

ｈ 埓澰媭匞ꆶ㻂劜Usvfꇅ〞釧㻂劜Gbmtf!

ｈ 癛埓 泍ꆶ㻂劜Usvf!

ｈ 䖻╲ -! -! -! 㿫筄㲠潐鋅!

ｈ 癛埓 泍ꆶ㻂劜Gbmtf!

ｈ 壠㪩媭匞媣䖻 ꆶ繾澀曐溰紺閄裌乁釮討ꆶ宻討 !

ｈ 扞羑溰竅喪媣䖻ꆶ繾澀曐溰紺閄裌乁釮討

X n t

X Y t

X = {8,6,7,5,3,10,9}, t = 15

{8,7} {7,5,3} {6,9} {10,5}

X = {11,6,5,1,7,13,12}, t = 15

Y t ∀y ∈ Y

Y∖{y} t − y

媣䖻乁
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ｈ 媣䖻乁裌竅喪㣈╙鑲覕暐竅喪䑳恞趨㱲㺵 裌軤釿怹釕!

ｈ 醶 畺ꇄ 澀洺〞媭匞竅喪媣䖻ꆶ繾曐溰紺閄裌乁釮討 !

ｈ 醶 畺ꇄ 澀洺〞媭匞竅喪媣䖻ꆶ繾曐溰紺閄裌乁釮討 !

ｈ 軤嬍洺〞寔紺閄 歭縉媣䖻 ꆲ╔溰埓瓊潤軥汒炶ꆶ區詩鎩裌軤釿沜繚ꆳ!

ｈ 趨歭ꇄ 澀洺〞媭匞竅喪媣䖻ꆶ繾曐溰紺閄裌乁釮討 !

ｈ 歭ꇄ 澀洺〞媭匞竅喪媣䖻ꆶ繾曐溰紺閄裌乁釮討 !

ｈ 埓誘鈧氾 洺〞洺竅喪㣈!

ｈ ꇄ洺竅喪㣈ꆶ劥賒 洺 裌竅喪媣䖻ꆶ繾曐溰紺閄裌乁釮討 !

ｈ ꇄ趨洺竅喪㣈ꆶ勸瞴溰扞㡦朖屸ꆲ髈㔳洺〞歭縉 ꆳ!

ｈ !

ｈ 埓澰 ꆶ憍鎩軤釿怹釕趨洺竅喪㣈!

ｈ 〞釧ꆶ髈㔳洺〞寔紺閄 歭縉媣䖻

n

1 X[1..n] t

i X[i . . n] d

X[i] Y

X[i + 1..n] d

X[i + 1..n] d − X[i]

A[1..i − 1]

d = 0 ∅ X[i . . n] 0

d < 0 X[i]

d > 0

i > n

X[i] Y

劜竱砆眜㣈媣䖻乁



鉨砆嬑葎
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def generate_subset_sum(i, d): 
    if d == 0: 
        print(A[1:i]) 
    elif d > 0: 
        if i <= n: 
            for c in range(2): 
                A[i] = c 
                if c == 0: #skip 
                    generate_subset_sum(i+1, d) 
                else: #take 
                    generate_subset_sum(i+1, d-X[i]) 

X = [None, 8, 6, 7, 5, 3, 10, 9] 
t = 15 
A = [None] * len(X) 
n = len(X) - 1             
generate_subset_sum(1, t)

T(n) = 2T(n − 1) + O(1) ⇒ T(n) = O(2n)



劜竱
ｈ 澐㼎曐溰媣䖻!

ｈ 澐㼎曐溰椑釕!

ｈ 澐㼎曐溰㳜懚!

ｈ 裑▅!

ｈ 媣䖻乁!

ｈ 毭滻礪鍥!

ｈ 溣䑳㼀噅媣怹釕!

ｈ 溣厭濤ⅱ槚閇灜

n

26



毭滻礪鍥
ｈ 颹嬍竅閃媬醨ꆶ鰢〞寔繾礪鍥暐鼮忺鯀㪸ꇉ!

ｈ 癛埓ꇄ沜顣蚮砆勔鈳譓遙!

ｈ 沜顣蚮!,!砆勔!,!鈳!,!譓遙!

ｈ 沜顣蚮!,!砆!,!勔鈳!,!譓遙

27



毭滻礪鍥
ｈ 㹳鴯懟毈jt`xpse) *!!

ｈ 㺁縉ꇄ 洺竅喪媬醨閃!

ｈ 㺁禰ꇄ埓澰 洺竅喪鯀㪸ꆶ㻂劜Usvfꆶ〞釧㻂劜Gbmtf!

ｈ 埓澰嬍獅劜毭閃洺鯀㪸!

ｈ jt`xpse)sfgfs*㻂劜Usvfꆶjt`xpse)cbe*㻂劜Gbmtf!

ｈ 埓澰嬍獅㰔毈洺鯀㪸!

ｈ jt`xpse)42*㻂劜Usvfꆶjt`xpse)425*㻂劜Gbmtf!

ｈ 䓣䞓ꇄ42526:37646鰢〞礪鍥暐竅喪㰔毈鯀㪸怹釕ꇉ!

w

w

w

28

🧚
3 1 4 1 5 9 2 6 5 3 5

3 1 4 1 5 9 2 6 5 3 5
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ｈ 毭滻礪鍥裌竅喪㣈╙鑲覕暐竅喪䑳恞趨㱲㺵 裌軤釿怹釕!

ｈ 醶 畺豜嬍醶 喪鯀㪸 !

ｈ 誒㻷汒炶ꇄ !

ｈ 醶 畺豜嬍醶喪鯀㪸 !

ｈ 裌㱣塆傭駃―軤討醶 畺豜嬍裌鯀㪸 裌颰潎傭駃!

ｈ 寔 裌颰潎傭駃歭縉軤釿毈顪 !

ｈ 誒㻷汒炶ꇄ
!

ｈ 埓誘鈧氾 洺〞洺竅喪㣈!

ｈ ꇄ鯀㪸 弌颪篳〥溣▅竅喪媬醨ꆶ朻鉬竅喪㣈!

ｈ 〞釧ꆶ豜嬍醶喪鯀㪸

n

1 1 w1

{s[1..j] | is_word(s[1..j]) = True, 1 ≤ j ≤ n}

i i wi

wi i − 1 wi−1

wi A[i]

{s[A[i − 1] + 1..j] | is_word(s[A[i − 1] + 1..j]) = True, A[i − 1] + 1 ≤ j ≤ n}

A[1..i − 1]

A[i − 1] = n wi−1

i wi

劜竱砆眜㣈毭滻礪鍥
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s = ' 31415926535' 
n = len(s) - 1 
A = [0] * n 
generate_segmentation(1)

T(n) =
n−1

∑
i=0

T(i) + n

T(n − 1) =
n−2

∑
i=0

T(i) + (n − 1)
⇒ T(n) − T(n − 1) = T(n − 1) + 1

⇒ T(n) = 2T(n − 1) + 1 ⇒ T(n) = O(2n)

ｈ ꇄ鉨砆hfofsbuf`tfhnfoubujpo) *澀懟毈jt`xpse裌㫮蚘甂毈!

!

ｈ 壠㪩宻討須擓裌乁ꆶjt`xpse) *卥㻂劜Usvf!

T(n) n

T(n) ≤
n−1

∑
i=0

T(i) + n

i j i, j

def generate_segmentation(i): 
    if A[i-1] == n: 
        print(A[1:i]) 
    else: 
        for c in range(A[i-1]+1, n+1): 
            if is_word(s[A[i-1]+1 : c+1]): 
                A[i] = c 
                generate_segmentation(i+1)



劜竱
ｈ 澐㼎曐溰媣䖻!

ｈ 澐㼎曐溰椑釕!

ｈ 澐㼎曐溰㳜懚!

ｈ 裑▅!

ｈ 媣䖻乁!

ｈ 毭滻礪鍥!

ｈ 溣䑳㼀噅媣怹釕!

ｈ 溣厭濤ⅱ槚閇灜

n

31



溣䑳㼀噅媣怹釕
ｈ 媣怹釕ꇄ宻討須擓怹釕Tꆶ嫮裌媣怹釕洺㼈㺵鉅䕙繾澀䗫喪暙圞喪紺
閄懳鉬裌═竅喪怹釕ꆲ砫擓ꇄ鍀漁紺閄裌䝳怹怉趨歠‵ꆳ!

ｈ cbdlusbdljoh裌媣怹釕篳栃ꇄcsjoh-!usbdljoh-!遡閃ꆶcbdlusbdljoh!

ｈ 媣閃ꇄ埓澰竅喪媣怹釕裌曐溰紺閄匞薑塆閃澀洺㻌飖裌ꆶ㾑師嫮尮洺
竅喪媣閃ꆶ癛埓usbdljoh!

ｈ 颹嬍竅喪毎毈怹釕ꆶ朻禰繾澀溣䑳裌㼀噅媣怹釕!

32

3 1 4 1 5 9 2 6 5 3 5 8

3 1 4 1 5 9 2 6 5 3 5 8

3 1 4 1 5 9 2 6 5 3 5 8

3 1 4 1 5 9 2 6 5 3 5 8

3 1 4 1 5 9 2 6 5 3 5 8
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ｈ 溣䑳㼀噅媣怹釕裌竅喪㣈╙鑲覕暐竅喪䑳恞賒 裌軤釿怹釕!

ｈ 醶 畺ꇄ軤嬍洺〞寔紺閄 歭縉媣怹釕!

ｈ 趨歭ꆶ ꇄ塆颋╙㜱裌軤釿ꆶ乁詩鎩裌軤釿沜繚!

ｈ 歭ꆶ ꇄ㫐軤釿洺〞╙㜱―軤討溣▅竅喪歭縉媣怹
釕裌紺閄ꆶ埓澰 ꆶ╙鑲歭縉ꆶ怉溑汄裌鄴!

ｈ 綫 裌釹塆鄴賒 ꆶ矚討醶 畺図蓜!

ｈ 埓誘鈧氾 洺〞洺竅喪㣈!

ｈ 憍 泍ꆶ朻鉬竅喪汄裌沜砆朖屸裌㼀噅媣怹釕ꆶ埓澰
繾䑳恞圶討詩鎩朻鉬裌㼀噅媣怹釕ꆶ溑汄襮鎩朻鉬裌㣈

n

i X[i]

A[i] = 0

A[i] = 1
t X[i] > t t

t −∞ 1

A[1..i − 1]

i > n

劜竱砆眜㣈溣䑳㼀噅媣怹釕
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def generate_lis(i, t, l): # l: length of current increasing list 
    global m #length of longest increasing list so far 
    if i > n: 
        if l > m: # find a new longer increasing list 
            sol.clear() 
            sol.add(tuple(A[1:])) 
            m = l 
        elif l == m: # find another list that is longest so far 
            sol.add(tuple(A[1:])) 
    else: 
        for c in range(2): # 
            if c == 0: # skip 
                A[i] = 0 
                generate_lis(i+1, t, l) 
            else: # want to take 
                if X[i] > t: 
                    A[i] = 1 
                    generate_lis(i+1, X[i], l+1) 

X = [None, 3, 1, 4, 1, 5, 9, 2, 6, 5, 3, 5, 8] 
A = [None] * len(X) 
n = len(X) - 1 
m = 0 
sol = set() 
generate_lis(1, float('-inf'), 0) 
print(sol)
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ｈ 溣䑳㼀噅媣怹釕裌竅喪㣈╙鑲覕暐竅喪䑳恞趨㱲㺵 裌軤釿怹釕!

ｈ 醶 畺ꇄ軤嬍㻷柾伓喪紺閄歭縉媣怹釕裌醶喪傭駃!

ｈ ―軤討溣▅竅喪歭縉媣怹釕裌紺閄 !

ｈ 誒㻷汒炶ꇄ !

ｈ 㪛憓曐㻷紺閄裌閇愰 ꇄ !

ｈ 誒㻷汒炶╙鰢賒遡ꆶ擓⿸觰襮鎩裌媣怹釕弌颪趨鰢櫛朖屸ꆶ
軤釿怹釕鉬畷颰潎!

ｈ 裌溣▅竅喪紺閄弌颪歭縉媣怹釕!

ｈ 鍀漁紺閄卥寠討 !

n

i i

X[ j]

{X[k] |k > j。boe。X[k] > X[ j]}

k A[i] = k

X

X[ j]

═竅軥軤釿汒炶
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def generate_lis_1(i): 
    global m 
    candidates = [c for c in range(A[i-1]+1, n+1) if X[c] > X[A[i-1]]] 
    if not candidates:  
        if i-1 > m: #i-1 is the length of current increasing list 
            sol.clear() 
            sol.add(tuple(A[1:i])) 
            m = i-1 
        elif i-1 == m: 
            sol.add(tuple(A[1:i])) 
    else: 
        for c in candidates: 
            A[i] = c 
            generate_lis_1(i+1) 
         
X = [float('-inf'), 3, 1, 4, 1, 5, 9, 2, 6, 5, 3, 5] 
A = [0] * len(X) 
n = len(X) - 1 
m = 0 
sol = set() 
generate_lis_1(1) 
print(sol)



潤軥劜竱鉨砆裌歽萕癛㹱

37

算法 generate_lis( ) generate_lis_1( )

策略 第i步决定是否将元素X[i]放⼊⼦序列
第i步决定选择哪个元素放⼊⼦

序列的第i个位置
候选⽅案数量 O(1) O(n)
递归调⽤次数 多 少

两种算法递归调⽤次数的⽐较

generate_lis( ) generate_lis_1( )
[3, 1, 4, 1, 5, 9, 2, 6, 5, 3, 5, 8] 488 146 30%

[100, 99, …, 2, 1] 5151 101 2%

⼤⼩为30的随机列表

第1次实验 16474 2797 17%
第2次实验 11792 2045 17%
第3次实验 17658 3594 20%
第4次实验 12954 2019 16%
第5次实验 30256 4785 16%



劜竱
ｈ 澐㼎曐溰媣䖻!

ｈ 澐㼎曐溰椑釕!

ｈ 澐㼎曐溰㳜懚!

ｈ 裑▅!

ｈ 媣䖻乁!

ｈ 毭滻礪鍥!

ｈ 溣䑳㼀噅媣怹釕!

ｈ 溣厭濤ⅱ槚閇灜

n

38



濤ⅱ槚閇灜
ｈ 濤ⅱ槚閇灜洺栯竅熲遡灜暙髊繰溰瓊釕挰㰔裌濤ⅱ灜!

ｈ 鼮廱媣灜趨遡ꆶ釧繾曐溰麑繃裌鄴卥寠討炠麑繃裌鄴!

ｈ 鼮╝媣灜趨遡ꆶ釧繾曐溰麑繃裌鄴卥圶討炠麑繃裌鄴!

ｈ 廱媣灜乁╝媣灜㿫洺濤ⅱ槚閇灜

39

and

is

def

for

if

in

try



溣厭濤ⅱ槚閇灜
ｈ 颹嬍 喪麑繃 ꆶ嫮銷繰溰趨▃裌槚閇犈萕ꇄ !

ｈ 麑繃 裌槚閇憲釁 !

ｈ 濤ⅱ槚閇灜 裌捔槚閇憲釁 !

n v1, ⋯, vn f [1..n]

vi c(vi) = d(vi) + 1

T Dptu(T, f [1..n]) =
n

∑
i=1

f [i] ⋅ c(vi)

40

and def for if in is try

0.22 0.18 0.20 0.05 0.25 0.02 0.08

总代价 = 2.7

ifdef

and

for

is 

try

in

总代价 = 2.15

and

def

for

if

is

try

0.05 × 1 = 0.05

0.02 × 2 = 0.04

0.08 × 3 = 0.24

in
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ｈ 竅熲濤ⅱ槚閇灜╙鑲覕暐竅喪䑳恞賒 裌軤釿怹釕!

ｈ 醶 畺ꇄ銑 澀㻷柾竅喪麑繃 語賒炠麑繃ꆶ繾廱媣灜裌麑繃䖻╲洺
ꆶ╝媣灜裌麑繃䖻╲洺 !

ｈ 浡羑溰 軥誒㻷汒炶!

ｈ 醶 畺ꇄ銑 澀㻷柾竅喪麑繃!

ｈ 劜竱!,!礪矕!

ｈ 䓣䞓ꇄ颹嬍 喪麑繃 ꆶ澐㼎曐溰裌濤ⅱ槚閇灜!

ｈ 礪㣈ꇄ銑 澀㻷柾竅喪麑繃 語賒炠麑繃ꆶ繾廱媣灜裌麑繃䖻╲
洺 ꆶ╝媣灜裌麑繃䖻╲洺 !

ｈ 㣈軤ꇄ㼀憌眜㣈 ╙鑲澐㼎裌濤ⅱ槚閇灜 鑲ⅲ ╙
鑲澐㼎裌濤ⅱ槚閇灜 !

ｈ ╲怉ꇄ !,! 澀裌癓竅熲灜! ! 澀裌癓竅熲灜

n

1 V[1..n] vk
V[1..k − 1] V[k + 1..n]

n

i V[i . . j]

n V[1..n]

V[1..n] vk
V[1..k − 1] V[k + 1..n]

V[1..k − 1] L V[k + 1..n]
R

vk L × R

澐㼎曐溰濤ⅱ槚閇灜
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def generate_bst(low, high): 
    if low > high: 
        return [[]] #an empty tree 
    elif low == high: 
        return [[low]] #a tree with only one node 
    else: 
        bst = [] 
        for c in range(low, high + 1): 
            L = generate_bst(low, c-1) 
            R = generate_bst(c+1, high) 
            ts = [[c, l, r] for l in L for r in R] 
            bst.extend(ts) 
        return bst # a list of all possible trees

[3, [2, [1], [ ]], [ ]]

3

2

1

2

3

1

1

2

3

2

1

3

1

2

3

[1, [ ], [2, [ ], [3]]] [1, [ ], [3, [2], [ ]]] [2, [1], [3]] [3, [1, [ ], [2]], [ ]]



溣厭濤ⅱ槚閇灜
ｈ 㼈㺵劜竱,礪矕澐㼎禰曐溰裌濤ⅱ槚閇灜!

ｈ 㼻饜眜禰溣厭濤ⅱ槚閇灜!

ｈ 泍䓩圅漛恞―軤討繰溰 喪麑繃裌濤ⅱ槚閇灜裌毈䂾!

ｈ !

!

n

T0 = 0, T1 = 1, T2 = 2, T3 = 5

Tn = ∑
1≤k≤n

Tk−1Tn−k

⇒ Tn =
1

n + 1 (2n
n )

43

Catalan数


