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ôĉđ¹ôĊö´£wă ø¤ĉ½Āòõv

 wă ø¤ĉ½Āòõv Ĉ³v¾Õ ÿ ôĊö´£( ćĀÑ½ ¾Íwý ºĊÅ(,.40

Ãôĉđ¹ôĊö´£wă ø¤ĉ½Āòõv)
ÄĈþĊz ÈĊ~Ĉĉv½wí
Äć ĂÆĉwêùwă ø¤ĉ½Āòõv
ÄüĊúÒ£Ĉĉv½wí

ÃôĊõ¹ĈöúÝ)
Äxwþ¤«v¿vćwăwÖ·Ĉĉv½wí



.

Èõw¯

 wă ø¤ĉ½Āòõv Ĉ³v¾Õ ÿ ôĊö´£( ćĀÑ½ ¾Íwý ºĊÅ(,.40

Ãwĉjć Ăùwý¾züùºývĀ£ ĈùìĉĂöuÆùwzć ā¿vºývć¹ÿ½ÿï½Àzv½ô³Kºþí

 v¾¯ ć Ăùwý¾zK¢Åv ºþí ½ºé üĉv üù  v¾¯ ć Ăùwý¾zKºþí Ĉù ã¾Îù ĂÚåw³ ½ºé üĉv üù

Ãć Ă¤îýĈöÍv)8¥Āþíć Ăă¹2+7ćv¾zë½¹Ĉĉv½wí¿vÇÿ½ĈúöÝā¹wæ¤ÅvºĊþí)
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ā¹wæ¤Åv¿vÇÿ½ĈúöÝćv¾zôĊö´£wă ø¤ĉ½Āòõv

 wă ø¤ĉ½Āòõv Ĉ³v¾Õ ÿ ôĊö´£( ćĀÑ½ ¾Íwý ºĊÅ(,.40

ÃìĉxĀ¯½w¯Ăz½ĀÚþùĈþĊz ÈĊ~Ĉĉv½wíÿć ĂÆĉwêùwă ø¤ĉ½Āòõv)

ÃÇÿ½ĈúöÝ$āºăwÊù(ĂĊÑ¾å(ûĀù¿j#)
Äć āºăwÊùìĉĈñÂĉÿ¿vćwĊý¹ĈÞĊ{Õ
Äć¿v¹¾~ ĂĊÑ¾å¾zÃwÅv¡vºăwÊù÷w¬ývāºÉ
ÄĈþĊz ÈĊ~ćwă¹vºĉÿ½Ĉ£jwzā¹wæ¤Åv¿vĂĊÑ¾å
ÄèĉºÎ£ĂĊÑ¾åwz÷w¬ýv¡vºăwÊù¾¤ÊĊz
ÄĈ¬þÅ½w{¤Ývwz½v¾î£ô³v¾ùçĀåw£Ĉýwù¿ĂíĂĊÑ¾åÿ¡vºăwÊùwz¾òĉºîĉĈývĀ¸úăvºĊ~ºþþí)

ÃóĀÍv)
Äwă Èĉwù¿jºĉwz¾ĉ¼~½v¾î£ºþÉwz)
Äwă ĂĊÑ¾åºĉwz¾ĉ¼~½wîývºþÉwz)



¡vºăwÊù
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ów¨ù5ć ĂöuÆù.(ÛĀú¬ù

 wă ø¤ĉ½Āòõv Ĉ³v¾Õ ÿ ôĊö´£( ćĀÑ½ ¾Íwý ºĊÅ(,.40

Ã.(ÛĀú¬ù)wzü¤Év¹N¹ºÝ²Ċ´ÍIÀĉwú¤ùºþ¯Ĉĉw£ ĂÅ¹Ā«ÿ¹½v¹ĂíûwÉ ÛĀú¬ùMwêĊé¹¾zv¾zzw
¾æÍK¢Åv

suma[k]a[j]a[i]

010- 4030

0- 10- 2030

0040- 40

0100- 10

1

2

3

4

% more 8ints.txt

8

30 - 40 - 20 - 10 40 0 10 5

% java ThreeSum 8ints.txt

4
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.(ÛĀú¬ù5ø¤ĉ½ĀòõvĂýv½Āí½Āí

 wă ø¤ĉ½Āòõv Ĉ³v¾Õ ÿ ôĊö´£( ćĀÑ½ ¾Íwý ºĊÅ(,.40

public class ThreeSum

{

public static int count(int[] a)

{

int N = a.length;

int count = 0;

return count;

}

public static void main(String[] args)

{

int[] a = In.readInts(args[ 0]);

StdOut.println(count(a));

} 

} 

for (int i = 0; i < N; i++)

for (int j = i + 1; j < N; j++)

for (int k = j + 1; k < N; k++)

if (a[i] + a[j] + a[k] == 0)

count++;

w£ ĂÅ ÷wú£ ĈÅ½¾zwă Ĉĉ
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ć¾Ċñ ā¿vºývûwù¿v¾«v

 wă ø¤ĉ½Āòõv Ĉ³v¾Õ ÿ ôĊö´£( ćĀÑ½ ¾Íwý ºĊÅ(,.40

ÃÃ)ĂýĀò¯ûwù¿ćv¾«vìĉĂùwý¾zv½ā¿vºývKøĉ¾Ċòz
Ã©)Ăz¡½ĀÍĈ¤Å¹
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 wă ø¤ĉ½Āòõv Ĉ³v¾Õ ÿ ôĊö´£( ćĀÑ½ ¾Íwý ºĊÅ(,.40

ć¾Ċñ ā¿vºývûwù¿v¾«v

ÃÃ)ĂýĀò¯ûwù¿ćv¾«vìĉĂùwý¾zv½ā¿vºývKøĉ¾Ċòz
Ã©)Ăz¡½ĀÍ½wí¹Ā·

Stopwatchpublic class

ìĉ ¹w¬ĉvªþÅ ûwù¿ iĈÉStopwatch()

 ¹w¬ĉv ć ĂÚ´õ ¿v āºÉ ć¾ Å ûwù¿$§ yÆ³¾zĂĊýw#elapsedTime()double

public static void main(String[] args)

{

int[] a = In.readInts(args[ 0]);

StdOut.println( ThreeSum.count (a));

} 

Stopwatch timer = new Stopwatch();

double time = timer.elapsedTime();  
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ôĊö´£Ĉz¾¬£

 wă ø¤ĉ½Āòõv Ĉ³v¾Õ ÿ ôĊö´£( ćĀÑ½ ¾Íwý ºĊÅ(,.40

ÃāºăwÊù)Ăùwý¾zv½Ăzćv¿vćwă ā¿vºýväö¤¸ùć¹ÿ½ÿv¾«vºĊþíÿûwù¿v¾«vv½ā¿vºývºĉ¾Ċòz)

time (seconds)N

0.0250

0.0500

0.11,000

0.82,000

6.44,000

51.18,000

?16,000
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ôĊö´£wă ā¹v¹

 wă ø¤ĉ½Āòõv Ĉ³v¾Õ ÿ ôĊö´£( ćĀÑ½ ¾Íwý ºĊÅ(,.40

Ã½v¹Āúý¹½vºýw¤Åv)½v¹Āúýûwù¿ćv¾«vT( N)yÆ³¾zć ā¿vºývć¹ÿ½ÿN)



,-

ôĊö´£wă ā¹v¹

 wă ø¤ĉ½Āòõv Ĉ³v¾Õ ÿ ôĊö´£( ćĀÑ½ ¾Íwý ºĊÅ(,.40

Ã½vĀúýlog - log)½v¹Āúýûwù¿v¾«vyÆ³¾z ć ā¿vºývć¹ÿ½ÿ½¹ÃwĊêù. log - log

Ὕὔ ρȢππφρπ ὔȢ

ÌÇὝὔ ὦÌÇὔ ὧ

ὦ ςȢωωω

ὧ σσȢςρπσ

Ὕὔ ὥὔȟ ὥ ς
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ĈþĊz ÈĊ~ÿĈ¬þÅ½w{¤Ýv

 wă ø¤ĉ½Āòõv Ĉ³v¾Õ ÿ ôĊö´£( ćĀÑ½ ¾Íwý ºĊÅ(,.40

ÃĂĊÑ¾å)ûwù¿v¾«vMw{ĉ¾ê£¾zv¾z¢Åvwz-)444N=,+(,+=,*++1ĂĊýw§)

ÃĈþĊz ÈĊ~)
Ä0,*+ĂĊýw§ćv¾z3+++6N

Ä/+3*,ĂĊýw§ćv¾z,1+++6N

Ã¡vºăwÊù)
Äćv¾«vø¤ĉ½Āòõvtime (seconds)N

51.18,000

410.816,000

¢Åv ½wñ¿wÅ āºÉ ÷w¬ýv ćwă ĈþĊz ÈĊ~ wz ºĉº« ¡vºăwÊù!
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ûĀù¿jÿ¹¾zv¾zû¹¾í

 wă ø¤ĉ½Āòõv Ĉ³v¾Õ ÿ ôĊö´£( ćĀÑ½ ¾Íwý ºĊÅ(,.40

ÃûĀù¿jÿ¹¾zv¾zû¹¾í)ìĉÇÿ½Üĉ¾ÅĂz½ĀÚþùüĊú¸£b)

ÃĂùwý¾zv½Ăz¡wÞå¹v¾«vÿ¾ă½wzć ā¿vºývć¹ÿ½ÿv½ÿ¹¾zv¾züí)

lg ratioratiotime (seconds)N

--0.0250

2.34.80.0500

2.86.90.11,000

2.97.70.82,000

3.08.06.44,000

3.08.0?8,000   ¢zw§ ½vºêù Ăz ûºÉ v¾òúăb
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ûĀù¿jÿ¹¾zv¾zû¹¾í

 wă ø¤ĉ½Āòõv Ĉ³v¾Õ ÿ ôĊö´£( ćĀÑ½ ¾Íwý ºĊÅ(,.40

ÃûĀù¿jÿ¹¾zv¾zû¹¾í)ìĉÇÿ½Üĉ¾ÅĂz½ĀÚþùüĊú¸£b)

ÃÃ)½vºêùav½ĂýĀò¯üĊú¸£KøĊýÀz
Ã©)Ăùwý¾zv½ćv¾zìĉć¹ÿ½ÿï½Àzv¾«vüíÿć Ăõ¹wÞùôÍw³v½ćv¾zĂz¢Å¹û¹½ÿjaô³üí)

time (seconds)N

51.18,000

410.816,000

51.1 = a Ĭ8000
3

a = 0.998 Ĭ10
-10

Ὕὔ πȢωωψρπ ὔ
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ôĊö´£wă ø¤ĉ½ĀòõvĂzć ĂöĊÅÿÈĉwù¿j

 wă ø¤ĉ½Āòõv Ĉ³v¾Õ ÿ ôĊö´£( ćĀÑ½ ¾Íwý ºĊÅ(,.40

ÃôùvĀÝôê¤Æù¿vø¤ÆĊÅ)
Äø¤ĉ½Āòõv
Äćwă ā¹v¹ć¹ÿ½ÿ

ÃôùvĀÝĂ¤ÆzvÿĂzø¤ÆĊÅ)
Ä½vÀåv ¢¸Å5Iāºý¿v¹¾~IĂÚåw³Èí
Ä½vÀåv ÷¾ý5I¾öĉw ùwíI¾ÆæùĂõwz¿üí Üú«
Äø¤ÆĊÅ5ø¤ÆĊÅIôùwÝIĂî{Éćwă Ăùwý¾z¾òĉ¹

Ã½w{·vºz)ôùvĀÝĂ¤ÆzvÿĂzø¤ÆĊÅć¾Ċñ ā¿vºývèĊé¹Ĉĉv½wív½ôîÊùºý¿wÅ Ĉù)
Ã½w{·vxĀ·)ā¹wæ¤Åv¿vÇÿ½ĈúöÝ½¹ôĊö´£wă ø¤ĉ½Āòõv½¹ĂÆĉwêùwz÷ĀöÝ¾òĉ¹½wĊÆz¾£ ā¹wÅÿ£ ûv¿½v¾¢Åv)

£ ć āºþþí üĊĊÞ£ ûvĀb

ĈývĀ£ ć āºÝwé ½¹

w§ ć āºþþí üĊĊÞ£ ¢za

ĈývĀ£ ć āºÝwé ½¹

v ć¹wĉ¿ ½wĊÆz ¹vºÞ£ ÷w¬ýv ĈĉwývĀ£ Ē¨ù wă Èĉwù¿j ¿



 ĈÑwĉ½ ćwă óºù
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ćwă óºùĈÑwĉ½ćv¾zûwù¿v¾«v

 wă ø¤ĉ½Āòõv Ĉ³v¾Õ ÿ ôĊö´£( ćĀÑ½ ¾Íwý ºĊÅ(,.40

Ãûwù¿ćv¾«vôí5ÛĀú¬ùĂþĉÀă=Ĉývÿv¾åĂzćv¿vć Ăúă¡wĊöúÝ)
Ä¿wĊýĂzôĊö´£Ăùwý¾zĂz½ĀÚþùüĊĊÞ£ĂÝĀú¬ù¡wĊöúÝ
ÄĂþĉÀăĂzüĊÉwùÿ¾öĉw ùwíĈò¤Æz¹½v¹)
ÄĈývÿv¾åĂzø¤ĉ½Āòõvÿćwă ā¹v¹ć¹ÿ½ÿĈò¤Æz¹½v¹)

ÃĂz×w´õĈõĀÍvIćwă óºùèĊé¹ĈÑwĉ½ôzwéĈÅ¾¤Å¹þ¤Æăº)
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ć ĂþĉÀă¡wĊöúÝĈĉvº¤zv

 wă ø¤ĉ½Āòõv Ĉ³v¾Õ ÿ ôĊö´£( ćĀÑ½ ¾Íwý ºĊÅ(,.40

ôúÝów¨ù ûwù¿$ĂĊýw§ Āýwý#

²Ċ´Í ¹vºÝv Üú«a + b-*,

²Ċ´Í ¹vºÝv x¾Ña * b-*/

²Ċ´Í ¹vºÝv øĊÆê£a / b0*/

ć½wÊÝv ¹vºÝv Üú«a + b/*1

ć½wÊÝv ¹vºÝv x¾Ña * b/*-

ć½wÊÝv ¹vºÝv øĊÆê£a / b,.*0

ÃĀþĊÅ ć Ă{Åw´ùMath.sin(theta)4,*.

¢ývÂýw£ ë½j ć Ă{Åw´ùMath.atan 2(y, x),-4*+

.........

 ¿ÿºþĉÿ ôùwÝ ø¤ÆĊÅ wz ĈÎ¸É ¾£ĀĊ ùwí ìĉ2 ìĉ ÿ ć āºý¿v¹¾~-*- ćÀ£¾ă wòĊñ ÿ- ¢ĉwz wòĊñĂÚåw³
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ć ĂþĉÀă¡wĊöúÝĈĉvº¤zv

 wă ø¤ĉ½Āòõv Ĉ³v¾Õ ÿ ôĊö´£( ćĀÑ½ ¾Íwý ºĊÅ(,.40

ôúÝów¨ù ûwù¿$ĂĊýw§ Āýwý#

¾Ċâ¤ù ûĒÝvint ac1

xwÆ¤ýva = bc2

²Ċ´Í ¹vºÝv ć ĂÆĉwêùa < bc3

Ăĉv½j ¾ÎþÝ ìĉ Ăz ĈzwĊ¤Å¹a[i]c4

Ăĉv½j óĀÕa.lengthc5

ćºÞz ìĉ ć Ăĉv½j ÌĊÎ¸£new int[N]c6 N

ćºÞz ÿ¹ ć Ăĉv½j ÌĊÎ¸£new int[N][N]c7 N2

Ă¤É½ óĀÕs.length()c8

Ă¤É½¾ĉ¿ ©v¾¸¤Åvs.substring(N/ 2, N)c9

Ă¤É½ ÿ¹ ówÎ£vs + tc10 N
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ów¨ù5,(ÛĀú¬ù

 wă ø¤ĉ½Āòõv Ĉ³v¾Õ ÿ ôĊö´£( ćĀÑ½ ¾Íwý ºĊÅ(,.40

ÃÃ)¹vºÞ£wă ôúÞõv½Ā¤Å¹yÆ³¾zć ā¿vºývć¹ÿ½ÿNK¢ÆĊ¯

int count = 0;

for (int i = 0; i < N; i++)

if (a[i] == 0)

count++;

ôúÝĈývÿv¾å

¾Ċâ¤ù ûĒÝv

xwÆ¤ýv

 ĂÆĉwêù$¾£ ì¯Āí#

 ĂÆĉwêù$ćÿwÆù#

Ăĉv½j ¾ÎþÝ Ăz ĈzwĊ¤Å¹

ÈĉvÀåv

2

2

N + 1

N

N

N to 2N
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 wă ø¤ĉ½Āòõv Ĉ³v¾Õ ÿ ôĊö´£( ćĀÑ½ ¾Íwý ºĊÅ(,.40

ów¨ù5-(ÛĀú¬ù

ÃÃ)¹vºÞ£wă ôúÞõv½Ā¤Å¹yÆ³¾zć ā¿vºývć¹ÿ½ÿNK¢ÆĊ¯

int count = 0;

for (int i = 0; i < N; i++)

for (int j = i + 1; j < N; j++)

if (a[i] + a[j] == 0)

count++;

ôúÝĈývÿv¾å

¾Ċâ¤ù ûĒÝvN + 2

xwÆ¤ývN + 2

 ĂÆĉwêù$¾£ ì¯Āí#İ(N + 1)( N + 2)

²Ċ´Í Üú«İ N(N ï 1)

 ĂÆĉwêù$ćÿwÆù#İN(N - 1)

Ăĉv½j ¾ÎþÝ ìĉ Ăz ĈzwĊ¤Å¹N(N ï 1)

ÈĉvÀåvİN( N - 1) to N( N - 1)

π ρ ς Ễ ὔ ρ ρ
ςὔὔ ρ

ὔ

ς
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ôúÝĈývÿv¾å

¾Ċâ¤ù ûĒÝvN + 2

xwÆ¤ývN + 2

 ĂÆĉwêù$¾£ ì¯Āí#İ(N + 1)( N + 2)

²Ċ´Í Üú«İ N(N ï 1)

 ĂÆĉwêù$ćÿwÆù#İN(N - 1)

Ăĉv½j ¾ÎþÝ ìĉ Ăz ĈzwĊ¤Å¹N(N ï 1)

ÈĉvÀåvİN( N - 1) to N( N - 1)

 wă ø¤ĉ½Āòõv Ĉ³v¾Õ ÿ ôĊö´£( ćĀÑ½ ¾Íwý ºĊÅ(,.40

ć¿wÅ ā¹wÅ,5óºùĂþĉÀă

ÃóºùĂþĉÀă)ā¹wæ¤Åv¿vìĉôúÝĈĉvº¤zvĂzûvĀþÝôúÝĈöÍvĂz½ĀÚþùyĉ¾ê£ûwù¿v¾«v)

ĈöÍv ôúÝ5
ÍwþÝ Ăz ĈzwĊ¤Å¹Ăĉv½j ¾

int count = 0;

for (int i = 0; i < N; i++)

for (int j = i + 1; j < N; j++)

if (a[i] + a[j] == 0)

count++;
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 wă ø¤ĉ½Āòõv Ĉ³v¾Õ ÿ ôĊö´£( ćĀÑ½ ¾Íwý ºĊÅ(,.40

ć¿wÅ ā¹wÅ-5¹wúývºöĊ£

ÃüĊú¸£ûwù¿v¾«v$wĉĂÚåw³#ĂzûvĀþÝĈÞzw£¿vć ā¿vºývć¹ÿ½ÿ)
Ãāºĉ¹wýü¤å¾ñ¡Ēú«Ă{£¾ù¾£ üĊĉw~)

Äćv¾zNćwăIï½ÀzôzwéĈÉĀ~ øÊ¯¢Åv)
Äćv¾zNćwăIì¯Āí¢ĊúăvøĊă¹ Ĉúý)

1/ 6 N3 + 20N + 16 ~ 1/ 6 N3

1/ 6 N3 + 100N4/ 3 + 56 ~ 1/ 6 N3

1/ 6 N3 ï 1/ 2 N2 + 1/ 3 N ~ 1/ 6 N3

ĈúÅ½ äĉ¾Þ£ )Ὢὔ ͯὫὔ ¾ñv Ôêå ÿ ¾ñvÌÉÍ
ᴼ

Ὢὔ

Ὣὔ
ρ
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ā¹wÅć¿wÅ-5¹wúývºöĊ£

ÃüĊú¸£ûwù¿v¾«v$wĉĂÚåw³#ĂzûvĀþÝĈÞzw£¿vć ā¿vºývć¹ÿ½ÿ)
Ãāºĉ¹wýü¤å¾ñ¡Ēú«Ă{£¾ù¾£ üĊĉw~)

Äćv¾zNćwăIï½ÀzôzwéĈÉĀ~ øÊ¯¢Åv)
Äćv¾zNćwăIì¯Āí¢ĊúăvøĊă¹ Ĉúý)

 wă ø¤ĉ½Āòõv Ĉ³v¾Õ ÿ ôĊö´£( ćĀÑ½ ¾Íwý ºĊÅ(,.40

ôúÝĈývÿv¾åvºöĊ£ ¹wúý

¾Ċâ¤ù ûĒÝvN + 2~ N

xwÆ¤ývN + 2~ N

 ĂÆĉwêù$¾£ ì¯Āí#İ(N + 1)( N + 2)~ İN2

²Ċ´Í Üú«İ N(N ï 1)~ İN2

 ĂÆĉwêù$ćÿwÆù#İN(N - 1)~ İN2

Ăĉv½j ¾ÎþÝ ìĉ Ăz ĈzwĊ¤Å¹N(N ï 1)~ N2

ÈĉvÀåvİN( N - 1) to N( N - 1)~ İN2 to ~ N2



-1

ów¨ù5-(ÛĀú¬ù

 wă ø¤ĉ½Āòõv Ĉ³v¾Õ ÿ ôĊö´£( ćĀÑ½ ¾Íwý ºĊÅ(,.40

ÃÃ)¹vºÞ£Ĉ{ĉ¾ê£wă ĈzwĊ¤Å¹Ăz¾ÍwþÝĂĉv½jĂz¡½ĀÍĈÞzw£¿vć ā¿vºývć¹ÿ½ÿNK

int count = 0;

for (int i = 0; i < N; i++)

for (int j = i + 1; j < N; j++)

if ( a[i] + a[j] == 0)

count++;
 ć Ăêö³Ĉýÿ½¹

ὔ

ς
ρ
ςὔὔ ρͯρςὔ

Ã©)~N2ĈÅ¾¤Å¹ĂzĂĉv½j

ÃĂÍĒ·)¿vóºùĂþĉÀăÿ¹wúývºöĊ£ćv¾zć¿wÅ ā¹wÅÇ½wúÉĈývÿv¾åā¹wæ¤ÅvºĊþí)
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ów¨ù5.(ÛĀú¬ù

 wă ø¤ĉ½Āòõv Ĉ³v¾Õ ÿ ôĊö´£( ćĀÑ½ ¾Íwý ºĊÅ(,.40

ÃÃ)¹vºÞ£Ĉ{ĉ¾ê£wă ĈzwĊ¤Å¹Ăz¾ÍwþÝĂĉv½jĂz¡½ĀÍĈÞzw£¿vć ā¿vºývć¹ÿ½ÿNK

int count = 0;

for (int i = 0; i < N; i++)

for (int j = i + 1; j < N; j ++)

for (int k = j + 1; k < N; k++)

if ( a[i] + a[j] + a[k] == 0)

count ++;
 ć Ăêö³Ĉýÿ½¹

Ã©)~1/ 2 N3ĈÅ¾¤Å¹ĂzĂĉv½j

ÃĂÍĒ·)¿vóºùĂþĉÀăÿ¹wúývºöĊ£ćv¾zć¿wÅ ā¹wÅÇ½wúÉĈývÿv¾åā¹wæ¤ÅvºĊþí)

ὔ

σ

ὔὔ ρ ὔ ς

σȦ
ͯρφὔ
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üĊú¸£ìĉÛĀú¬ùĂ¤ÆÆñ

 wă ø¤ĉ½Āòõv Ĉ³v¾Õ ÿ ôĊö´£( ćĀÑ½ ¾Íwý ºĊÅ(,.40

ÃÃ)ĂýĀò¯ûvĀ£ ĈùìĉÛĀú¬ùĂ¤ÆÆñv½üĊú¸£K¹¿
Ã©)ÛĀú¬ùv½wzìĉóv¾ò¤ývüĉÀòĉw«ºĊþí)

ρ ς Ễ ὔȢ

ρ ϳρς ϳρσ Ễ ϳρὔȢ

σ ίόάȢ

Ὥḙ ὼὨὼͯ
ρ

ς
ὔ

ρ

Ὥ
ḙ

ρ

ὼ
Ὠὼ ÌÎὔ

ρḙ ὨᾀὨώὨὼͯ
ρ

φ
ὔ
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ćºþz Ă¤Å¹µ¾ýºÉ½wă ø¤ĉ½Āòõv

 wă ø¤ĉ½Āòõv Ĉ³v¾Õ ÿ ôĊö´£( ćĀÑ½ ¾Íwý ºĊÅ(,.40

Ã½w{·vxĀ·)ìĉć ĂÝĀú¬ùì¯Āí¿vÜzvĀ£ºþýwù¾ĉ¿

1, log N, N, N log N, N 2, N 3, 2N

ćv¾zäĊÍĀ£µ¾ýºÉ½yöávwă ø¤ĉ½Āòõv¢ĉwæíºþí Ĉù)
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ćºþz Ă¤Å¹µ¾ýºÉ½wă ø¤ĉ½Āòõv

 wă ø¤ĉ½Āòõv Ĉ³v¾Õ ÿ ôĊö´£( ćĀÑ½ ¾Íwý ºĊÅ(,.40

ºÉ½ µ¾ý÷wýĈõw¨ù ºí ìĉów¨ùT( 2N)/ T( N)

1¢zw§a = b + cÜú«¹ºÝ ÿ¹1

log NĈú¤ĉ½wòõwhile ( N > 1)

{ N = N / 2; ... }
Ĉĉÿ¹ÿ¹ ćĀ¬¤Æ«~1

NĈÖ·for ( int i = 0; i < N; i++)

{ ...           }
ĂþĊÊĊz ü¤åwĉ2

N log Nú¤ĉ½wòõ ĈÖ·Ĉ  Ĉùwá¹v ć¿wÅ y£¾ù8wzºĊÉwz wù7Ĉùwá¹v ć¿wÅ y£¾ù~2

N2ÿ¹ Ă«½¹
for ( int i = 0; i < N; i++)

for ( int j = 0; j < N; j++)

{ ...           }

 ć Ăêö³ ÿ¹
Ā£ ½¹ Ā£4

N3ĂÅ Ă«½¹
for ( int i = 0; i < N; i++)

for ( int j = 0; j < N; j++)

for ( int k = 0; k < N; k++)

{ ...           }

 ć Ăêö³ ĂÅ
Ā£ ½¹ Ā£8

2NĈĉwúýćĀýwă ćwă ©¾zôùwí ćĀ¬¤Æ«T( N)
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ć ĂÆĉwêùµ¾ýºÉ½ÜzvĀ£äö¤¸ù

µ¾ýºÉ½
ĂêĊé¹ ºþ¯ ½¹ ô³ ôzwé ć ĂöuÆù üĉ¾£ ï½Àz

 Ăă¹2+ Ăă¹3+ Ăă¹4+-+++ºÞz Ăz

1¾ă¾ă¾ă¾ă

log N¾ă¾ă¾ă¾ă

Nºþ¯ûĀĊöĊùûĀĊöĊù ā¹ ºþ¯ûĀĊöĊù ºÍ ºþ¯¹½wĊöĊù ºþ¯

N log N½vÀă ºÍ ºþ¯ûĀĊöĊù ºþ¯ûĀĊöĊù ā¹ ºþ¯ûĀĊöĊù ºÍ ºþ¯

N2ºÍ ºþ¯½vÀă½vÀă ºþ¯½vÀă ā¹ ºþ¯

N3ºÍºÍ ºþ¯½vÀă½vÀă ºþ¯

2N¢ÆĊzºþ¯ ÿ ¢ÆĊzºþ¯ ÿ ¢ÆĊzĈÅ

 wă ø¤ĉ½Āòõv Ĉ³v¾Õ ÿ ôĊö´£( ćĀÑ½ ¾Íwý ºĊÅ(,.40
Ă¬Ċ¤ý ) ¿v ûºýwúý yêÝ ćv¾z ć āºÝwéĈÖ· wĉ ĈÖ· ćwă ø¤ĉ½Āòõv Ăz ¿wĊý ½Āù(v¹ Ĉú¤ĉ½wòõøĉ½)
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Ããºă)wzü¤Év¹ìĉć Ăĉv½jy£¾ùÿìĉIºĊöíÄĉºývºĊöív½½¹Ăĉv½jvºĊ~ºĊþí)

ÃćĀ¬¤Æ«Ĉĉÿ¹ÿ¹)ºĊöí¹½Āù¾Úýv½wzºĊöíÔÅÿĂÆĉwêùüí5
Ä¾ñv¾£ ì¯ĀíI¢Åvć ĂúĊý}¯v½Ā¬¤Æ«üí)
Ä¾ñv¾£ ï½ÀzI¢Åvć ĂúĊý¢Åv½v½Ā¬¤Æ«üí)
Ä¾ñvćÿwÆùI¢ÅvºĊöívºĊ~āºÉ¢Åv)

ćĀ¬¤Æ«Ĉĉÿ¹ÿ¹

 wă ø¤ĉ½Āòõv Ĉ³v¾Õ ÿ ôĊö´£( ćĀÑ½ ¾Íwý ºĊÅ(,.40

97969593847264535143332514136

14131211109876543210

lo mid hi
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Ããºă)wzü¤Év¹ìĉć Ăĉv½jy£¾ùÿìĉIºĊöíÄĉºývºĊöív½½¹Ăĉv½jvºĊ~ºĊþí)

ÃćĀ¬¤Æ«Ĉĉÿ¹ÿ¹)ºĊöí¹½Āù¾Úýv½wzºĊöíÔÅÿĂÆĉwêùüí5
Ä¾ñv¾£ ì¯ĀíI¢Åvć ĂúĊý}¯v½Ā¬¤Æ«üí)
Ä¾ñv¾£ ï½ÀzI¢Åvć ĂúĊý¢Åv½v½Ā¬¤Æ«üí)
Ä¾ñvćÿwÆùI¢ÅvºĊöívºĊ~āºÉ¢Åv)

ćĀ¬¤Æ«Ĉĉÿ¹ÿ¹

 wă ø¤ĉ½Āòõv Ĉ³v¾Õ ÿ ôĊö´£( ćĀÑ½ ¾Íwý ºĊÅ(,.40

97969593847264535143332514136

14131211109876543210

lo mid hi

 èåĀù ćĀ¬¤Æ«..



.0

ćĀ¬¤Æ«Ĉĉÿ¹ÿ¹

 wă ø¤ĉ½Āòõv Ĉ³v¾Õ ÿ ôĊö´£( ćĀÑ½ ¾Íwý ºĊÅ(,.40

97969593847264535143332514136

14131211109876543210

lo mid hi

 èåĀù ćĀ¬¤Æ«..

Ããºă)wzü¤Év¹ìĉć Ăĉv½jy£¾ùÿìĉIºĊöíÄĉºývºĊöív½½¹Ăĉv½jvºĊ~ºĊþí)

ÃćĀ¬¤Æ«Ĉĉÿ¹ÿ¹)ºĊöí¹½Āù¾Úýv½wzºĊöíÔÅÿĂÆĉwêùüí5
Ä¾ñv¾£ ì¯ĀíI¢Åvć ĂúĊý}¯v½Ā¬¤Æ«üí)
Ä¾ñv¾£ ï½ÀzI¢Åvć ĂúĊý¢Åv½v½Ā¬¤Æ«üí)
Ä¾ñvćÿwÆùI¢ÅvºĊöívºĊ~āºÉ¢Åv)



.1

ćĀ¬¤Æ«Ĉĉÿ¹ÿ¹

 wă ø¤ĉ½Āòõv Ĉ³v¾Õ ÿ ôĊö´£( ćĀÑ½ ¾Íwý ºĊÅ(,.40

97969593847264535143332514136

14131211109876543210

lo mid hi

 èåĀù ćĀ¬¤Æ«..

Ããºă)wzü¤Év¹ìĉć Ăĉv½jy£¾ùÿìĉIºĊöíÄĉºývºĊöív½½¹Ăĉv½jvºĊ~ºĊþí)

ÃćĀ¬¤Æ«Ĉĉÿ¹ÿ¹)ºĊöí¹½Āù¾Úýv½wzºĊöíÔÅÿĂÆĉwêùüí5
Ä¾ñv¾£ ì¯ĀíI¢Åvć ĂúĊý}¯v½Ā¬¤Æ«üí)
Ä¾ñv¾£ ï½ÀzI¢Åvć ĂúĊý¢Åv½v½Ā¬¤Æ«üí)
Ä¾ñvćÿwÆùI¢ÅvºĊöívºĊ~āºÉ¢Åv)



.2

ćĀ¬¤Æ«Ĉĉÿ¹ÿ¹

 wă ø¤ĉ½Āòõv Ĉ³v¾Õ ÿ ôĊö´£( ćĀÑ½ ¾Íwý ºĊÅ(,.40

97969593847264535143332514136

14131211109876543210

lo = hi

mid

 Ĉ«ÿ¾·/

 èåĀù ćĀ¬¤Æ«..

Ããºă)wzü¤Év¹ìĉć Ăĉv½jy£¾ùÿìĉIºĊöíÄĉºývºĊöív½½¹Ăĉv½jvºĊ~ºĊþí)

ÃćĀ¬¤Æ«Ĉĉÿ¹ÿ¹)ºĊöí¹½Āù¾Úýv½wzºĊöíÔÅÿĂÆĉwêùüí5
Ä¾ñv¾£ ì¯ĀíI¢Åvć ĂúĊý}¯v½Ā¬¤Æ«üí)
Ä¾ñv¾£ ï½ÀzI¢Åvć ĂúĊý¢Åv½v½Ā¬¤Æ«üí)
Ä¾ñvćÿwÆùI¢ÅvºĊöívºĊ~āºÉ¢Åv)
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Ăêö³ ¿v ôê¤Æù ¢zw§ ) ¾ñv āwòýj IºÉwz Ăĉv½j ½¹ ¾Úý ¹½Āù ºĊöí ā½vĀúăa[ lo] Ò key Ò a[ hi]

ćĀ¬¤Æ«Ĉĉÿ¹ÿ¹5ć¿wÅ ā¹wĊ~½¹vÿw«

Ãć¿wÅ ā¹wĊ~ćĀ¬¤Æ«Ĉĉÿ¹ÿ¹½ºê¯ûwÅjK¢Åv
ÄüĊõÿvć¿wÅ ā¹wĊ~ćĀ¬¤Æ«Ĉĉÿ¹ÿ¹ówÅ,4/1JüĊõÿvć¿wÅ ā¹wĊ~ûÿºzwÖ·ówÅ,41-)
ÄćwÖ·vÿw«½¹ć¿wÅ ā¹wĊ~Arrays . binarySearch()½¹ówÅ-++1äÊíºÉ)

public static int binarySearch(int[] a, int key)

{

int lo = 0, hi = a.length - 1;

while (lo <= hi)

{

int mid = lo + (hi ï lo) / 2;

if      (key < a[mid]) hi = mid ï 1;

else if (key > a[mid]) lo = mid + 1;

else return mid;

}

return - 1;

}

 wă ø¤ĉ½Āòõv Ĉ³v¾Õ ÿ ôĊö´£( ćĀÑ½ ¾Íwý ºĊÅ(,.40



.4

ćĀ¬¤Æ«Ĉĉÿ¹ÿ¹5ôĊö´£ĈÑwĉ½

 wă ø¤ĉ½Āòõv Ĉ³v¾Õ ÿ ôĊö´£( ćĀÑ½ ¾Íwý ºĊÅ(,.40

Ãā½vÀñ)ćĀ¬¤Æ«Ĉĉÿ¹ÿ¹ćv¾zĀ¬¤Æ«½¹ìĉć Ăĉv½jy£¾ùwzć ā¿vºývNI¾¨ívº³lg N + 1

ĂÆĉwêù÷w¬ývºă¹ Ĉù)

Ãäĉ¾Þ£)
ÄT( N)6¾¨ívº³¹vºÞ£ćwă ĂÆĉwêùćĀ¬¤Æ«Ĉĉÿ¹ÿ¹½¹ìĉć Ăĉv½j¾ĉ¿y£¾ùwzć ā¿vºývN)

Ãć ĂÖzv½Ĉ¤Êñ¿wz)

T(N) Ò T(N/ 2) + 1

Ò T(N/ 4) + 1 + 1

Ò T(N/ 8) + 1 + 1 + 1

...

Ò T(N/N) + 1 + 1 + ... + 1

= 1 + lg N

T(N) Ò T(N/ 2) + 1,   T( 1) = 1



/+

ìĉø¤ĉ½ĀòõvN2lgNćv¾zć ĂöuÆù.(ÛĀú¬ù

 wă ø¤ĉ½Āòõv Ĉ³v¾Õ ÿ ôĊö´£( ćĀÑ½ ¾Íwý ºĊÅ(,.40

Ãø¤ĉ½Āòõv)
ÄN¹ºÝ$Àĉwú¤ù#v½y£¾ùüí)
ÄĂzćv¿v¾ă¢æ«¿v¹vºÝvºþýwùa[ i]ÿa[ j]ìĉ

ćĀ¬¤Æ«Ĉĉÿ¹ÿ¹ćv¾zü¤åwĉï( a[ i ]+ a[ j ])÷w¬ývāºz)

ÃôĊö´£)µ¾ýºÉ½¾zv¾zwzN2lgN¢Åv)
ÄĂö³¾ù,5N2wzā¹wæ¤Åv¿vy£¾ùć¿wÅ Ĉ«½¹
ÄĂö³¾ù-5N2lgN

input

30 - 40 - 20 - 10 40 0 10 5

sort

- 40 - 20 - 10 0 5 10 30 40

binary search

( - 40, - 20) 60

( - 40, - 10) 50

( - 40, 0) 40

( - 40, 5) 35

( - 40, 10) 30

...

( - 40, 40) 0

...

( - 10, 0) 10

...

( 10, 30) - 40

( 10, 40) - 50

( 30, 40) - 70

ć½v¾î£
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ĂÆĉwêùćwă ø¤ĉ½Āòõv.(ÛĀú¬ù

 wă ø¤ĉ½Āòõv Ĉ³v¾Õ ÿ ôĊö´£( ćĀÑ½ ¾Íwý ºĊÅ(,.40

ÃĂĊÑ¾å)ø¤ĉ½ĀòõvN2 lg N½¹ôúÝ½wĊÆz¾£ Üĉ¾Å¿vø¤ĉ½Āòõvć Ăýv½Āí½ĀíN3¢Åv)

time (seconds)N

0.11,000

0.82,000

6.44,000

51.18,000

time (seconds)N

0.141,000

0.182,000

0.344,000

0.968,000

3.6716,000

14.8832,000

59.1664,000

ThreeSum.java

ThreeSumFast.java



ć¹ÿ½ÿ ćwă ā¹v¹ Ăz v¾«v ûwù¿ Ĉò¤Æzvÿ
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ÛvĀývôĊö´£

 wă ø¤ĉ½Āòõv Ĉ³v¾Õ ÿ ôĊö´£( ćĀÑ½ ¾Íwý ºĊÅ(,.40

Ãüĉ¾¤Ąz¢õw³)º³üĊĉw~ćÿ½ĂþĉÀă)
Äwzā¹wæ¤Åv¿v<üĉ¾£ ā¹wÅ;ć¹ÿ½ÿ

Äøăv¾åć āºþþíìĉãºăćv¾z÷wú£wă ć¹ÿ½ÿ

Ãüĉ¾£ºz¢õw³)º³đwzćÿ½ĂþĉÀă)
Äwzā¹wæ¤Åv¿v<üĉ¾£ ¢¸Å;ć¹ÿ½ÿ

Äøăv¾åć āºþþíìĉüĊúÒ£ćv¾z÷wú£wă ć¹ÿ½ÿ

Ã¢õw³ÔÅĀ¤ù)ć ĂþĉÀă¹½Āù½wÚ¤ývćv¾zìĉć¹ÿ½ÿĈå¹wÎ£)
Ä¿wĊýĂzìĉóºùćv¾zć¹ÿ½ÿ<Ĉå¹wÎ£;

Äøăv¾åć āºþþíĈÉÿ½ćv¾züĊú¸£Ĉĉv½wí

ów¨ù,)¹vºÞ£wă ĈzwĊ¤Å¹½¹ø¤ĉ½ĀòõvĂýv½Āí½Āí.(ÛĀú¬ù

üĉ¾¤Ąz¢õw³5~ 1/ 2 N3

¢õw³ÔÅĀ¤ù5~ 1/ 2 N3

üĉ¾£ºz¢õw³5~ 1/ 2 N3

ów¨ù-)¹vºÞ£wă ĂÆĉwêù½¹ćĀ¬¤Æ«Ĉĉÿ¹ÿ¹

üĉ¾¤Ąz¢õw³5~ 1

¢õw³ÔÅĀ¤ù5~ lg N

üĉ¾£ºz¢õw³5~ lg N



//

ćwă¹wúýóĀúÞù½¹ôĊö´£wă ø¤ĉ½Āòõv

 wă ø¤ĉ½Āòõv Ĉ³v¾Õ ÿ ôĊö´£( ćĀÑ½ ¾Íwý ºĊÅ(,.40

¹wúý÷ĀĄæùów¨ùćv¾z ĂÍĒ· ôîÉā¹wæ¤Åv ¹½Āù

vºöĊ£¾£ ï½Àz ć Ăöú«~10N2

10N2

10N2 + 22NlgN

10N2 + 2N + 37

      āºþþí øăv¾å
Ĉ{ĉ¾ê£ óºù

ï½Àz ćw¤R£Ĉ{ýw¬ù ºÉ½ µ¾ýŪ(N 2)
İ N2

10N2

5N2 + 22NlgN + 3N

  ćºþz Ă¤Å¹
wă ø¤ĉ½Āòõv

ï½Àz ćQvɡὔ¾£ ì¯Āí ÿɃ(N 2)
10N2

100N

22NlgN + 3N

 āºþþí øăv¾å
đwz º³

ï½Àz ćwòùQvɡὔ¾£ ï½Àz ÿɋ(N 2)
İ N2

N5

N3 + 22NlgN + 3N

 āºþþí øăv¾å
üĊĉw~ º³

óÿvº¤ù āw{¤Év ìĉ )Ĉ{ĉ¾ê£ óºù ìĉ ûvĀþÝ Ăz ï½Àz ćQv ¾ĊÆæ£!


