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ӧঁᜐ有ख़ޑคӛೱ೯კ္Ǵ最小生成
樹有ёૈόࢂޑǴঁคӛೱ೯კύёૈפ
最小生成樹Ǵᒿคӛೱ೯ޑӭঁόӕ܈ঁډ
კ္ޑᗺᆶᜐቚӭǴ所有最小生成樹ޑኧໆΨ
有ёૈቚӭǴӧҁЎകύ利用 MapRedcue 架
構Ǵ٬用ӭѠႝတѳՉೀঁคӛೱ೯კٰ
最小生成樹ǴၸჴᡍǴ٬用ޑр所有פ
MapReduce 架構ٰѳՉפр所有ޑ最小生成樹ϐ
ਏǶ

ᜢᗖຒ: 最小生成樹 (minimum spanning
tree), 列舉ᄽᆉݤ (enumerating algorithm),
Hadoop, MapRedcue

1 ᆣፕ

列舉最小生成樹ޑፐᚒவа൩ޔ有Γӧ
ፕǴӧ 1995 ԃ Kapoor ک Ramesh ගрΑঁ
列舉生成樹ޑБݤ [5]ǴӕԃǴEppstein ගрΑ
ঁзᜐ有ख़ޑคӛೱ೯კᙯϯ成ঁѝх֖最
小生成樹ޑคӛೱ೯კ (equivalent graph) [3]Ǵ利
用 Kapoor ک Ramesh ගрޑ列舉生成樹ޑБݤǴ
่ӝрঁှ،列舉最小生成樹ޑБݤǴਔ໔ፄ
ᚇࡋӧ O(m + n logn + k)Ǵk Ң最小生成樹ኧ߄
ໆǴm ኧໆǴnޑҢᜐ߄ ᗺኧໆǶӧޑҢკ߄
2010ԃǴYamadaǵKataokaکWatanabeΨගр
Αঁ列舉最小生成樹ޑБݤ [8]Ǵਔ໔ፄᚇࣁࡋ
O(km logn)Ƕ
όፕࢂӧᆛၡी [7]Ǵࢂ܈ϩηࢬՉੰᏢ

(molecular epidemiology) [6] Ǵाزࣴޑ
൨פ MSTǴՠࢂӧঁคӛೱ೯კ္य़ǴMST
ёૈόࢂޑǴԶόӕޑ最小生成樹ёૈڀ
有όӕޑ܄Ƕзঁคӛೱ೯კ G = (V,E)Ǵ
ഗᗺޑӝ V = {v1, ..., vn} ӝޑᜐک E =

{e1, ..., em}Ǵঁᜐ e ख़ޑ w(e) > 0ǴჹҺ
ཀ生成樹 T = {ei1 , . . . , ein−1}Ǵۓက w(T ) =
n−1∑
j=1

w(eij )Ǵऩ T = ∅Ǵ߾ w(T ) = ∞Ƕӧ n ঁ
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ᗺЪᜐख़࣬ӕֹޑӄკ (complete graph) ύǴ
җ CayleyϦԄ [1]ёޕ၀კޑMSTঁኧࣁ nn−2Ƕ

ҁፕЎ่構ӵΠǴӧಃ 2 ္Ǵךॺᙁൂϟಏ
MapReduce ᐕўᆶ架構Ǵӧಃޑ 3.1 ္Ǵϟಏ
Αঁ列舉所有最小生成樹ޑᄽᆉݤǴӧಃ 3.2
္Ǵࢂ߾利用 MapReduce ჴΑ 3.1 ޑᄽᆉ
Ǵӧಃݤ 4 ǴךॺևΑჴᡍ่݀ޑᆶ࣬ᜢޑ
Ƕ

2 MapRedcue ϟಏ

MapReduce ଆྍܭ 2004 ԃวޑ߄Ўക [2]Ǵඔ
ॊӧεೕኳᘀᙁϯၗೀǴMapReduce ࢂ
ঁᙖҗѳՉၮᆉ架構ӕਔၮᆉεໆၗǴ利用
Map Һ୍ᆶ Reduce Һ୍ֹٰ成ၮᆉǶMap Һ୍
成ӭঁηҺ୍ՉၮᆉǴReduceܨঁҺ୍עࢂ
Һ୍ࡰࢂஒၮᆉ่݀ख़ཥಔӝǵࡌҥЇࡕӆଌ
ӣᗺǶMapRedcue ӃஒѠႝတࢂᘀၮᆉޑ
ࣁۓ Master ॄೢᅱǴځᎩႝတࣁ Worker
node ॄೢၮᆉǴஒၗϩപ成ۓڰε小ӧҧ๏
MapReduce բǴᆀࣁᒡΕϩപ (inputSpilts)Ǵ
ঁϩപ္Ξ有ӭՉइᒵ (record)Ǵ٠Ъଞჹ
ঁϩപࡌҥঁ Map Һ୍Ǵϩപύޑ
ᒵ (record)ǴҬ๏Ծुޑ map ኧٰೀǶڄ
map ኧௗԏঁڄ < key1, value1 > ᒡΕޑԄ
(კ 1)Ǵฅࡕӕኬౢ生ঁ list < key2, value2 >
有࣬ӕڀMapReduceஒ所有ࡕύ໔ᒡрǴฅޑ
ύ໔ key ॶޑ value1 ӝଆሀ๏ reduce ڄ
ኧǴreduce ኧௗԏঁڄ < key2, list(value2) >
ᒡрࡕᒡΕǴ最ޑԄ < key3, value3 >Ƕ

კ 1: MapReduce ำԄၗᡂϯၸำ
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კ 2: ೱ೯კ G Ǵᜐޑኧӷ߄Ңࣁ၀ᜐख़ᆶ ListMST(G) Չၸำჹᔈሀ樹

3 列舉最小生成樹ޑБݤᆶ利用
MapReduce

3.1 最小生成樹ޑ列舉ᄽᆉݤ

ҁፕЎύ列舉最小生成樹ޑБݤǴཷځ
ᜪ՟ݤБޑ٤Ўകගрࢌᆶۺ [3,4,5,8]Ǵࣁ
ሀᄽᆉݤǴךॺۓကࣁ ListMST(G)Ǵ
Ъ ሡ ा ٿ ঁ Б ,ǴKurskal(G,Xݤ Y ) ᆶ
ListMST(G,X, Y, T ∗)Ǵ၁ಒඔॊӵΠǺ

• Kurskal(G,X, Y )Ǻ用ٰीᆉკ G ঁޑ
MSTǴЪᅈى X ⊆ TǴY ∩ T = ∅Ǵӵ
݀ T όӸӧǴKurskal(G,X, Y ) ൩ӣ
∅ǴKurskal(G,X, Y ) Бݤёа利用ޑ
Kurskal ᄽᆉݤ [4] уаׯቪǶ

• ListMST(G,X, Y, T ∗)Ǻ列舉კ G ύ所有最
小生成樹 TǴЪᅈى X ⊆ TǴY ∩ T = ∅ ک
w(T ) ≤ w(T ∗)Ǵӵ݀ T όӸӧǴ൩ଶЗǶჹ
Һཀ T = {e1, . . . , en−1}ǴךॺόѨ܄
ଷǴX = {e1, . . . , ek}ǴԜᔕዸӵ Algo-
rithm 1Ƕ

Algorithm 1 ListMST(G,X, Y, T ∗)Ǻ

1: {e1, . . . , en−1} ← Kurskal(G,X, Y )
2: T ← {e1, . . . , en−1}
3: if (w(T ) > w(T ∗) or w(T ) =∞)
4: return
5: else
6: for (i← k + 1 to n− 1)
7: ListMST(G,X ∪ {e1, . . . , ei−1},Y ∪
{ei}, T ∗)

8: return T

ӧ ۓ က ListMST(G,X, Y, T ∗) ک
Kurskal(G,X, Y ) Ǵࡕ ך ॺ ջ ё 利 用 ځ ሀ

ۓက ListMST(G) ӵ Algorithm 2Ƕ

Algorithm 2 ListMST(G)Ǻ

1: T ∗ ←kurskal’s(G, ∅, ∅)
2: ListMST(G, ∅, ∅, T ∗)
3: return T

ListMST(G) Չၸำӵკ 2 所ҢǶ

3.2 利用 MapReduce 列舉最小生成樹

ӧҁύࣁΑ᎙᠐ޑБߡǴךॺ用 IN ᆶ
OUT ೭ঁٿӝ߄Ң 3.1 ޑ X ᆶ Y ӝǴ
җ 3.1 ޑБݤύǴךॺёᢀჸрԛሀౢ
生рޑηୢᚒࢂᐱҥޑǴҭջሀ樹ύҺ
ᗺΠ所рౢ生р MST ࣣό࣬ӕǴӢԜӧ利用
MapReduce 架構ჴ Algorithm 1 ਔǴךॺ
ሡ利用 map ǴӵკޑҞޑॺךډኧٰၲڄ 3 所
ҢǶ

კ 3: MapReduce Չࢬำ

ӧೀၸำǴࢂۺཷځаቶࡋᓬӃཛྷ൨
ׇॏжೀሀ樹ǴӧीᄽᆉݤਔǴךॺ
టஒঁሀ樹ޑᗺբ record ೀ
Ǵջӧঁ map ኧύჴڄ Algorithm
3Ǵӧᗖॶჹ < key, value > ॺךǴۓޑ
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ஒ所ሡၗૻइᒵӧ value ύǴkey ёࣁޑ
ҺཀۓǶଞჹᗺ PǴځჹᔈޑ map ኧڄ
ᒡΕޑ value ࣁ P 所ჹᔈޑ G, IN,OUT, T ∗Ǵ
map ޑኧᒡрڄ value ࣁ P ηᗺჹᔈϐޑ
G, IN,OUT, T ∗Ǵঁ recordޑԄǴۓӵΠǺ

G < tab > IN < tab > OUT < tab > w(T ∗)Ǵ

ύځ T ∗ კࣁ G ޑ MSTǶ୷ܭаۓǴךॺё
ကۓ map ኧӵڄ Algorithm 3Ƕ

Algorithm 3 MapTask< key, value >:
ᒡΕǺ ᗖॶಔჹ < key, value >Ǵkey ҺཀॶǴࣁ

value ࢂ input ᔞਢޑՉၗ (record)Ǵ
ԜՉၗх֖ G, IN,OUT,w(T ∗)Ƕ

ᒡрǺ ᗖॶಔჹ < key, value >Ǵkey ࣁ
NULLǴvalueࢂх֖ӭՉ recordޑᔞਢǴԜ
ᔞਢՉ record х֖ G, IN,OUT,w(T ∗)Ƕ

1: {e1, . . . , en−1} ←ǴKurskal(G,X, Y )
2: T ← {e1, . . . , en−1}
3: if (w(T ) > w(T ∗) or w(T ) =∞)
4: return
5: else
6: for(i← k + 1 to n− 1)
7: key ← ∅
8: value ← (G,X ∪ {e1, . . . , en−1},Y ∪
{ei}, T ∗)

9: write(key, value)
10: output T //ஒ value ቪࣁ record
11: return

ՉਔǴINۈ߃ ᆶ OUT ࣣޜࣁӝǴT ∗

კࣁ G ޑ MSTǴࣁॏжӦՉঁ map ኧǴڄ
ӧՉၸำύ map ޑ生٤ཥౢុኧёૈڄ
recordǴԶঁ record ӧΠӣӝុՉೀǴ
所有ډޔ record ೀֹࣁЗǴӵკ 4 所ҢǶ

4 ჴᡍ่݀

ҁԛჴᡍǴஒଞჹಃ 3 所ीޑᄽᆉݤ
ٰՉᘀԄ Hadoop ჴᡍǴ٬用 MapRedcue
ᆶ HDFS (ϩණԄᔞਢس)ǴHadoop ࣁҁހ
1.0.3Ǵךॺӧࣴز௲္࠻ឦ 11 Ѡႝတٰၮ
ᆉǴ1 Ѡࣁ MasterǴ10 Ѡࣁ DataNodeǴѠ
ႝတႝޑတೕࣣ࣬ӕǴ3.40GHz ѤਡЈ Intel
Core i7ǵᏫᡏ 4GBǵᅶᅷໆ 50.4Gǵբ
سࣁ Windows 7Ǵ10 Ѡ DataNode ࣣೱ
ډ Juniper EX2200 1GpsӄᚈπΌϼᆛၡҬඤᏔǶ

ҁԛෳ၂௦用所有ᜐख़ࣣࣁ 1 ӄֹޑ
კЪֹӄკᗺኧࣁ 7ǵ8ǵ9ǵ10ǶკޑइᒵБ
ԄӵΠ:

weight<tab>node1<tab>node2Ǵ

კ 4: 利用 MapReduce 列舉 MST ϐࢬำǶG ࣁ
კ 2 ϐკٯǶ

ύځ node1 ᆶ node2 ᆄᗺǴٿᜐϐࢌკࣁ
weight ၀ᜐϐख़Ƕаკࣁ 2 ύϐკځǴٯࣁ G
इᒵӵΠǶ

1<tab>1<tab>4
1<tab>2<tab>3
2<tab>1<tab>2
2<tab>1<tab>3
2<tab>3<tab>4
3<tab>2<tab>5
3<tab>3<tab>5

ᔞਢϪപБԄ (InputFormat) ࣁۓ NLineIn-
putFormat(ځύ N=1000Ǵջίঁ record ࣁ
ঁ Map Һ୍)Ǵ所有ჴᡍࣣς 1ǵ5ǵ10 ѠᘀԄ
ႝတՉǴவკ 5 ёа࣮рֹӄკᗺኧࣁ 7
ਔǴೱ่ႝޑတኧໆ٠ؒ有ܴᡉளӧೀೲࡋ
ගϲǴ೭ࢂӢࣁMSTౢޑ生ኧໆ٠҂ࡐӭǴΨж
߄ record ኧໆ٠όࡐࢂӭǴೱ่ 10 Ѡႝတਔ
٠҂ֹӄ٬用ډӄႝတၮᆉǴᗺኧࣁ 9
ਔջ有ܴᡉ࣮рೀೲࡋ有ε൯ගϲǴډᗺࣁ
10ਔǴ10Ѡႝတೀೲࡋջௗډ߈ 5Ѡႝတೀ
ೲٿޑࡋ७Ƕҗკ 6ё࣮рǴӧीᆉMSTࢌጄൎ
ϣǴीᆉਔ໔ޑቚߏ有ᖿܭѳޑຝǴՠҗ
კ 7 ё࣮рǴࣾ所ౢ生ޑ MST ኧໆৡຯຫ
ٰຫ小ǴҗԜךॺёႣය MST ኧໆၲډۓጄ
ൎࡕǴࣾ所ౢ生ޑ MST ኧໆᖿۓܭॶǴᙖ
ԜךॺёаѐႣ 11 ঁᗺֹޑӄკǴځ MST ኧ
ໆޑीᆉਔ໔Ƕӧ 11 ঁᗺֹޑӄკύǴځ MST
ኧໆޑ 10 ঁᗺֹޑӄკϐ MST ኧໆӭрऊ 23.5
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७Ǵҗკ 7 所ගޑٮၗૻǴёᘐр Hadoop ᘀ
ϐႝတኧໆࣁΜѠਔऊा 33 ϺǶ
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კ 5: ӚᘀೕኳΠ n = 7, 8, 9, 10Ǵౢ生ֹӄკϐ
所有生成樹所ਔ໔Ƕ

0

2

4

6

8

10

12

0 500000 1000000 1500000 2000000

1台 5台 10台

MST數量

耗時(千秒)

კ 6: MST ঁኧᆶ࣬ჹᔈीᆉਔ໔ϐᜢ߯კǶ

node值 MST數量 時間(秒) 1秒產出的
MST數量

7 16807 614 27.372

8 262144 1150 227.951

9 4782969 6614 723.158

10 100000000 124428 803.677

კ 7: Hadoop ႝတᘀࣁ 10 ѠႝတǴࣾᒡр
ޑ MST ኧໆǶ

5 ่ፕ

ҁࣴزගрঁ利用 MapReuce 架構列舉所有
最小生成樹ޑБݤǴ٠аᜐख़ࣣ࣬ӕϐֹӄკ
ࣁෳ၂ჹຝǶၸԜԛჴᡍёޕǴኧໆ҂ຬ
ၸ 108 ঁ MSTǴऊૈӆ 36 小ਔϣीᆉֹ成Ǵ҂

ٰନΑቚ列舉ᄽᆉݤϐਏѦǴΨයఈ
ଞჹ٤ࢌჴሞኧᏵՉ࣬ᜢჴᡍǶ
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