
㝂㜟ꓪסذ٭ظ⮔卥

塌唩㳔肪ס镸掾ך阋ֹכ

侷䊘ذ٭ظ׊ם

侷䊘ֵذ٭ظ׽

ء٤ٛذتٚؠ

㎇䊟
⮔꿔 SVM, ⮿⯁⮔卥, ⷃ筙ثؕي

納䓺㎇䊟, 尴㴻勎, ؠ٭٠عشؾٜٚ٭ٖؼ

K-means, 갧㺽ء٤ٛذتٚؠ

姌⩧㐁緐 ╭䧯⮔⮔卥, 杅沌⡑⮔闋

ն׌ױ׀ַי׊♃؅箩❛䗎氠כ槏⸮סK-means岺כյ╭䧯⮔⮔卥עך

侷䊘ֵ׽㳔肪: 㳔肪מذ٭ظ婞闋גֻ┰؅枱䡢ך㳔肪

侷䊘׊ם㳔肪: 㳔肪מذ٭ظ婞闋ַםֻ┰؅枱䡢ך㳔肪



╭䧯⮔⮔卥 (PCA)

ü 姌⩧ס㐁緐מꫀ׾׌䩘岺

㝂姌⩧׼־ذ٭ظ⻉䧯㜟俙؅氠ַי⛼姌⩧疾ꪨמ䝠㖥؅緐笴٬㐁緐

٬姌⩧׫㐁緐 à 镄镊ⵊסذ٭ظ à 闋ꓡ׈׌׷׊ס

氈⽱

ꐦ⽱

ײ؀כ

虝⽱

눥׽

卸㵅
糹⻉䧯緷 懍⸦׽פז׈٬

睗╭䧯⮔ 睗╭䧯⮔

糹⻉䧯緷
둚

糹⻉䧯緷
⛼

׽פז׈

懍⸦

Acure귱喖ث٭ٛبׇ؆׽
*厜疾׌ךذ٭ظס
ַ׊⽱耘׵יכ׵׿ל*



╭䧯⮔⮔卥ס㎫闋

姌⩧ס׫㐁緐

䝠㖥ꓪֿ㝂ַל׮ַ׀㝕ֿ׀ח׼ףסذ٭ظ

𝑡! = 𝑝!"𝑥" + 𝑝!!𝑥!

㸚䔔סذ٭ظג׊⮔俆ס劄㝕ⵊ

𝑡" = 𝑝""𝑥" + 𝑝"!𝑥!

𝑡#
𝑝#
$

睗 i ╭䧯⮔

睗 i ╭䧯⮔מ㸐䗎׾׌ j 沁潨סꓨײ
׾׌⽱庿㸴؅䟨ס䝠㖥ꓪע姌⩧㐁緐؆؀ה׵



ס闋ֹׂלյֵ׶׋

𝑡! = 𝑝!"𝑥" + 𝑝!!𝑥!

𝑡! = 𝑝!"𝑥" + 𝑝!!𝑥!

𝑡" = 𝑝""𝑥" + 𝑝"!𝑥!"⠥潨

𝑡" = 𝑝""𝑥" + 𝑝"!𝑥!"⠥潨

٬
٬

٬

٬
٬

٬

٬
٬

٬
𝑡" = 𝑝""𝑥" + 𝑝"!𝑥!" 𝑡! = 𝑝!"𝑥" + 𝑝!!𝑥!n⠥潨

鉿⮬ך剹ׂכ

𝑡!! 𝑡"!
⋮ ⋮
𝑡!# 𝑡"#

=
𝑥!! 𝑥"!
⋮ ⋮
𝑥!# 𝑥"#

𝑝!! 𝑝"!

𝑝!" 𝑝""

𝑡#%

𝑝#
$

睗 k⠥潨סٜو٤ئס i ╭䧯⮔ס⡑

睗 i ╭䧯⮔מ㸐䗎׾׌ j 沁潨סꓨײ

𝑥#% 睗 k⠥潨סٜو٤ئס i 沁潨ס㜟俙ס⡑

N⠥׾ֵֿٜو٤ئ㖪⻉

x1 x2
𝑥!! 𝑥"!

𝑥!" 𝑥""

٬٬٬ ٬٬٬
𝑥!# 𝑥"#



╭䧯⮔ס⡑؅⾔▗◝ס劄㝕ⵊ

𝑡!! 𝑡"!
⋮ ⋮
𝑡!# 𝑡"#

=
𝑥!! 𝑥"!
⋮ ⋮
𝑥!# 𝑥"#

𝑝!! 𝑝"!

𝑝!" 𝑝""

𝑡#%

𝑝#
$

睗 k⠥潨סٜو٤ئס i ╭䧯⮔ס⡑

睗 i ╭䧯⮔מ㸐䗎׾׌ j 沁潨סꓨײ

𝑥#% 睗 k⠥潨סٜو٤ئס i 沁潨ס㜟俙ס⡑

╭䧯⮔ס⮔俆ס劄㝕ⵊ

𝑆 = '
#'"

(

𝑡"#
!

= 𝑝"" !'
#'"

(

𝑥"#
!
+ 2𝑝""𝑝!""

#$!

%

𝑥!
#𝑥"
# + 𝑝!

" ""
#$!

%

𝑥"
# "

⚂免յ锺呬ⵊ匛ס׆ 𝑝!! " + 𝑝!" " = 1

Lagrangeס勑㴻▗俙岺ךSס劄㝕ⵊ؅鉿ֹ

╭䧯⮔ס⡑؅⾔▗◝ס劄㝕ⵊמכ׆׾׎׈㸐䗎 (㜟俙ء٤ٛذ٤جס䔿)

債焒 㜟俙



Lagrangeס勑㴻▗俙岺

𝑆 = 𝑝!! ""
#$!

%

𝑥!#
" + 2𝑝!!𝑝!""

#$!

%

𝑥!#𝑥"# + 𝑝!" ""
#$!

%

𝑥"#
"

Gס劄㝕⡑ à Gס嚋㝕⡑ à 𝜆, 𝑝)), 𝑝)*ס⢞䕻⮔ֿ0׀כ׾םכ

𝜆؅勑焒ס㴻俙י׊כGֿ劄㝕׾םמ𝜆, 𝑝"", 𝑝"!؅尴׾״

G = 𝑆 − 𝜆 𝑝"" ! + 𝑝"! ! − 1

𝑝!! " + 𝑝!" " = 1⯜笴匛⚂

= 𝑝"" !'
#'"

(

𝑥"#
!
+ 2𝑝""𝑝"!'

#'"

(

𝑥"#𝑥!# + 𝑝"! !'
#'"

(

𝑥!#
!
− 𝜆 𝑝"" ! + 𝑝"! ! − 1



⢞䕻⮔

"
#$!

%

𝑥!#
" − 𝜆 𝑝!! + "

#$!

%

𝑥!#𝑥"# 𝑝!" = 0

⢞䕻⮔כ׾׌˘

"
#$!

%

𝑥!#𝑥"# 𝑝!! + "
#$!

%

𝑥"#
"
− 𝜆 𝑝!" = 0

"
#$!

%

𝑥!#
" − 𝜆 "

#$!

%

𝑥!#𝑥"#

"
#$!

%

𝑥!#𝑥"# "
#$!

%

𝑥"#
"
− 𝜆

𝑝!!

𝑝!"
= 0

剹׀䳕ֻכ׾˘

𝑿 =
𝑥"" 𝑥!"
⋮ ⋮
𝑥"( 𝑥!(

𝑬 = 1 0
0 1 𝒑𝟏 =

𝑝""

𝑝"!
𝑿𝐓𝑿 − 𝝀𝑬 𝒑𝟏 = 0

⮔俆ס劄㝕ⵊעמ, 𝑝""= 𝑝"!=0♧㜽ס闋ֿ䖩锡!!! ׾םמゼ꾴ַֹכ



㎷劔⡑ゼ꾴׫

𝑝""= 𝑝"!=0♧㜽ס闋ֿ䖩锡

ꄊ鉿⮬؅䭥ַםג à 𝑋+𝑋 − 𝜆𝐸 䖩锡׾ֵך鉿⮬䑑ֿ0ס

𝜆؅㎷劔⡑, 𝑝" , 𝑝!؅㎷劔׾׌כٜعؠي㎷劔⡑ゼ꾴

𝑝", 𝑝!؅寛״, 㸐䗎׾׌╭䧯⮔ֿ䕑׾׿׼

מכ׆׾ַי㎷劔⡑ゼ꾴؅闋ַס⮬俆⪴⮔俆鉿⮔עסגַיז׷ךױ♀

" =
𝜎!" 𝜎!"
𝜎!" 𝜎""

=

1
𝑛
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#$!

%
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𝑛
"

#$!

%
𝑥!# −𝑚 𝑥"# −𝑚

1
𝑛"#$!

%
𝑥!# −𝑚 𝑥"# −𝑚

1
𝑛"#$!

%
𝑥"# −𝑚
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╭䧯⮔⮔卥ס㵅鍮

❈氠1973 :ذ٭ظ׾׌䌑ס黆מꫀعشجذ٭ظ׾׌ (32 × 11)

mpg Miles/(US) gallon qsec 1/4 mile time
cyl Number of cylinders vs Engine (0 = V-shaped, 1 = straight)

disp Displacement (cu.in.) am Transmission (0 = automatic, 1 = 
manual)

hp Gross horsepower gear Number of forward gears
drat Rear axle ratio carb Number of carburetors
wt Weight (1000 lbs)



Princomp vs. Prcomp

Princomp Prcomp

⮔卥㸐骭ذ٭ظ׾םכ R mode (鉿俙 >> ⮬俙) R mode (鉿俙 >> ⮬俙)
Q mode (鉿俙 << ⮬俙)

潨溷 闋卥ס㜟俙׾׌㸐מٜو٤ئ
(杅䖇ꓪס䬂⮂

㜟俙מ㸐סٜو٤ئי׊闋卥
מ⮬黨翝鉿ס鉿⮬Xذ٭ظ)

阛砯ّٜؓثٛإ ⪴⮔俆鉿⮬ס㎷劔⡑ 杅沌⡑⮔闋
㎷劔⡑ ╭䧯⮔䕑掾ס┮⢞⮔俆 ╭䧯⮔䕑掾ס埉勓⮔俆

• ⪛㸬ֿٜطشٔ؞٬غ䖥槏㳔脢ٝؕٓ٤סتٛ؟ؕ :تؠشٍذ٭ظ
ס׵׾脝ֻ׼־յ㜟俙յ免ꪨٜو٤ئ姌⩧סח؅3ذ٭ظ

• ꃞ׼גז, prcomp()

鉿俙 ,עךّثٛإׂٜؓט㕈מ⮬俆鉿⮔⪳׏ם >> ⮬俙ֿゼ꾴־ס׾םכ˘

Ø 姌⩧: 𝑛ס⮬鉿ذ٭ظ × 𝑣 㜟俙: 𝑣 ⠥, 镸廠⡑:  𝑛 ⠥)
Ø ⪴⮔俆鉿⮬؅氠ַיRٓךغ٭闋卥: ⮔俆⪴⮔俆鉿⮬ 𝐶 ע⩧姌ס 𝑣 × 𝑣, ٚעؠ٤ 𝑛 𝑣כ 偙ַ׈㸯ס
Ø ⪴⮔俆鉿⮬؅氠ַיQٓךغ٭闋卥: ⮔俆⪴⮔俆鉿⮬ 𝐶 ע⩧姌ס 𝑛 × 𝑛, ٚעؠ٤ 𝑛 𝑣כ 偙ַ׈㸯ס

𝑛 > 𝑣 免àס ㎷劔⡑ֽצ׻㎷劔ֿٜعؠي 𝑣 ⠥־׊寛ַם׼ױ à 阛砯وشعت



╭䧯⮔⮔卥ס㵅鍮

׿ֵ׵כעמם
׼־㜽镸׵ذ٭ظ

⻏聋㹷䍲סvs, am؅
ꯙַי╭䧯⮔⮔卥؅
׾ײי׊



⻄㜟俙ס⮔俆؅׾׌מ

槏⭦⯼סذ٭ظ

centering scaling

standardization

⻄㜟俙ס䌐㐬؅0׾׌מ

⻄㜟俙ס䌐㐬؅0յ⮔俆؅1׾׌מ

𝑥# − 𝜇̅ 8𝑥# 𝜎

𝑥# − 𝜇̅
𝜎

ⷃ⛺笠ֿ沌׾ם㖪⻉׵לם, 
⻄㜟俙ֿ⻎瞏סꓨ؅ײ䭥׾םמֹ׻ח



╭䧯⮔⮔卥ס㵅鍮

黆٭٠قס 㝕㸯

亣✑䙎

虘

䜬

篙卸ס镄镊ⵊ



╭䧯⮔⮔卥״כױס

• 姌⩧؅㐁緐, ◦ַמ摾潸ꫀם䧯⮔؅阛砯

• ⮔俆⪴⮔俆鉿⮬ס㎷劔⡑㎷劔ٜعؠي⮔闋מ潸䓜

• 茣䙎⺪׾׀ך⮂锡㎋؅䬂ם勓鮐溷ס圸ꅎذ٭ظ

• N姌⩧ע׼־ذ٭ظסN⠥ס╭䧯⮔
(㸴ַם䧯⮔ך鞃僻ל׮׾׀ך㯹ַ׊)



㐌槉ⵊ㳔ס׫䗎氠: ╭䧯⮔⮔卥

Iwamori + (2010) EPSL
栃皑䧯⮔⮔卥(PCA؅䬺䒟ס׵ג׊)؅嶮䇔٬嶮崎䀁椓婣㽒ס⻎⛺✄篁䧯闋卥Pb, Nd, Sr, Hfמ䗎氠

IC1: MORBכ嶮崎䀁椓婣㽒OIB ׾ׄ⮔؅
IC2: 㐌槏溷⮔䉘, 杅מDUPAL沌䊬؅餟⯁

焒锶ג׿׼䕑׼־׆א

DMM, EMםֹ׻ס㐌槉ⵊ㳔溷ُٜع٤盚䧯⮔ס潸◦✑氠ׂםעך,
ꓨ鏿؅獏ぃסتجٞو朮鮐⮔ⵊם栃皑סח2

IC1: ُٜع٤志鄋ךتجٞو⩧筶⮔⯁, 㝂坎䙎䓺䧯
IC2: 屉ײꁎײ䊝׾ֽׄמ莈寊٬Ⲏ寊ךIC2偙⻔ס㝂坎䙎

ס氠✑⯁⮔ם栃皑סח2 ,ַֹכ׾׌志鄋⫙ך嶮䇔 ,׊䕱欎⫙ֿ׼׿׆
潸◦ꓨ鏿סٜع٤ֿُتجٞو┮㐬鮐ס⸮㎋כ䱿㴻



㐌槉ⵊ㳔ס׫䗎氠: PCA

Jones + (2020) Lithos

匯סؓٛٚعت٭؛偆气♣挨㻗ס
⻎⛺✄, 䕻ꓪ⩧筶מعشجذ٭ظסלם╭䧯⮔⮔卥

Cone + (2020) Icarus

Apollo sampleס椓婣㽒סت٭يذ٭ظ
ⵊ㳔篁䧯׷ꗚ朮ٓמغ٭ꈌ氠



篁䧯סذ٭ظ峜䟨掾

• 㴻俙⾔⯜笴: 㜟俙ס栃皑䙎ַם׿ג⟛ע

Aitchison (1982, 1986) 
• 篁䧯ذ٭ظ: 㜟俙ֿ⪢י婞, 㜟俙ס糹⾔ֿ㴻俙

⛺潸䌢✇㳔溷עמ Dˊ1 姌⩧疾ꪨ؅ⷃ✄疾ꪨ(SDˊ1)

D = 2 D = 3

埉勓疾ꪨ

埉勓疾ꪨ

簡阛㳔溷ם䙎鮐מ峜䟨ֿ䖩锡

3姌⩧ס篁䧯3עذ٭ظ姌⩧疾ꪨמ㺲׾׌ 2-ⷃ✄疾ꪨמꏕ⮬׾׌
à 겏笴מ꽝㔔ס䌐긖׾ֵ ,׍ג؅䭥׽䌮ֿם3姌⩧溷סכ׵כ׵עذ٭ظ
à 摾槏מ潲鉿䍴埉笠כ׾׌عشٞوמ, 㵅㐂ַם׊ꏕ⮬׷俆䉘䍲ֿ⮂槁

Butler(1978, 1979a) 



㸐俙嬟㜟䳕٬㸐俙嬟闋卥

篁䧯؅ذ٭ظSDˊ1׼־RD׾׌⦍⫭מ

⫬⦐䔿ס㸐俙嬟מذ٭ظ㸐י׊
㵅俙כ⻎瞏מ悍砯כ簡阛闋卥ֿ㵅鉿⺪茣

= 㴻俙⾔⯜笴؅ذ٭ظ׼־ꪛ侑

潸Ⲏ㸐俙嬟㜟䳕
(alr: additive log-ratio transformation)

劔䖥㸐俙嬟㜟䳕
(clr: centered log-ratio transformation) 

* 㜟䳕篙卸י׊כ❈氠׾׀ך㜟俙ע
ֹױ׊יז庿ח┞׼־㜟俙ס⩧

𝑎𝑙𝑟 𝑥 = ln
𝑥!
𝑥$
, ln

𝑥"
𝑥$
, ⋯ , ln

𝑥$%!
𝑥$

&
= 𝑦 𝑦!, 𝑦", ⋯ , 𝑦$–! & 𝑐𝑙𝑟 𝑥 = ln

𝑥!
𝑔 𝑥 , ln

𝑥"
𝑔 𝑥 ,⋯ , ln

𝑥$
𝑔 𝑥

&
= 𝑧 𝑧!, 𝑧", ⋯ , 𝑧$ &

𝑔 𝑥 = 8
()!

$

𝑥(

!/$


