
*MIZLML�<ZMM[Ɉ঒াɂA∞৭ഢɈඍڮই

岩 瀨 則 夫

（九州大学 大学院数理学研究院）

� A∞ଡୗ
��� A∞ଡୗध౐ਜ਼੪

A∞ ଡୗमණଡୗभ঍ঔॺআش৓ऩ૗஄धखथ ����ফप 6WDVKHII�>6W���@पेॉ଑

োऔोञऋؚ����ফपम 6XJDZDUD�>6X����� 6X����@ऋقಗ੪॑੅णكKRSI૬৑ध঍ঔ

ॺআش੥়৓ KRSI૬৑पৌघॊ૆ই॓ॖংش૬৑॑৷ःञ્ඉतऐ॑ষढथःॊ؛

૆ই॓ॖংش૬৑ഔ✓ ✏
E1X Ei+1X EmX DmX

P0X PiX Pm−1X PmX

! " !!

""
✤
✤
✤
✤
✤
✤
✤
✤
✤

pX0

! " !!

""
✤
✤
✤
✤
✤
✤
✤
✤
✤

pXi

! " !!

""
✤
✤
✤
✤
✤
✤
✤
✤
✤

pXm−1

""
✤✤
✤✤
✤ ✤
✤ ✤
✤✤

pXm

! " !! ! " !! ! " !!ιi

✒ ✑
ৰ੠ؚ6WDVKHII�>6W���@दम 6XJDZDUDभ્ඉतऐ॑঳ಹ৲खञ A∞ଡୗभ੸णभ৒ଝ³

૆ই॓ॖংش૬৑ഔध A∞ ஄ૄ³॑ଖइؚजोैभ৊கਙ॑ંखञ؛जभჶम A∞ ஄

ૄ॑৷ःञ૆ই॓ॖংش૬৑ഔभଡਛदؚడഡऩ౐ਜ਼੪قVWULFW�XQLWكभோ૔॑৷ःॊ؛

Am ஄ૄ✓ ✏
a(n) : K(n)× (

∏n X) −→ X� 2 ≤ n ≤ m� ૑ਏऩैق a(1) = 1Xध઼ऎك✒ ✑
ERXQGDULHV✓ ✏

a(n)(∂k(ρ,σ ); [) = a(r)(ρ;ak(s)(σ; [)), [ = (x1, · · · , xn)
ZKHUH ak(s)(σ; [) = (x1, · · ·, xk−1, as(σ; xk, · · ·, xk+s−1), xk+s, · · ·, xn)�✒ ✑

VWULFW�XQLW✓ ✏
a(n)(τ; x1, · · ·, xj−1, e, xj+1, · · ·, xn) = a(n−1)(dK

j (τ); x1, · · ·, xj−1, xj+1, · · ·, xn).✒ ✑
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औथ 6WDVKHIIम VWULFW�XQLWपणःथभ੢ाোढञ૖੯॑ >6W���@द଑োखञऋؚ����ফ

भ /HFWXUH�1RWH�>6W���@दम౐ऩॊ஋भ౐ਜ਼੪قKRSI�XQLWكभ૖੯पऽदൠीथःञ؛

KRSI�XQLW✓ ✏
a(2)(∗; x, e) = x = a(2)(∗; e, x)✒ ✑!

K�XQLW✓ ✏
a(2)(∗; x, e) ∼ x ∼ a(2)(∗; e, x)✒ ✑

खऊखؚ����ফभ૮଒ঝشউ૬৑भম >$G���@भরद $GDPVमؚ஋॑ଖइॊ୼൸ऋ঍

ঔॺআشಗ੪॑੅णऩैय৴੥ਙम૑ਏऩः6<قW���@म৴੥ਙ॑พ༷पෘ৒घॊكऒ

धؚ఺लমધपम੶஽खऩःऋ �VWULFW��XQLWपणःथभ੢ाোढञ૖੯ऋ૑ਏदँॊऒ

ध॑੐తखञ؛ৰ੠ؚA∞ ஄ૄऊै૆ই॓ॖংش૬৑॑ଡਛघॊ >6W���@भ઒৥पम঍

ঔॺআشಗ੪भோ૔ऋ૑ਏदँॉؚ৴੥ &:ള৬मऒो॑௥ञघ؛ऽञؚ੸णभ౐ਜ਼

੪भ૖੯पৌखथ >6W���@पଖइैोञ৊கਙभ઒৥पमؚ-DPHVभ UHWUDFWLOHभ৮૛ऋ

৷ःैोथःॊऋؚऒोम Am ஄ૄभ GHIRUPDWLRQ॑ଖइॊभदमऩऎؚৗखः Am ஄

ૄ॑ଖइॊ঳ரभோ૔৒৶दँॊ؛జढथؚऒभ৮૛॑৷ःथ A∞ଡୗभ୻इय A3஄

ૄ॑਄ॉఌइञৃ়ؚৗखः A3஄ૄपৌखथु A∞ଡୗभோ૔॑৳઒खअॊभऊਂ৥

दँॊ؛जऒदൿ঻म࿥যऊभ௧୅ੇपुৼ୥खؚ৸ऎ౮ऩॊ੊॑ർॊऒधधखञ؛

���঍ঔॺআش౐ਜ਼੪

঍ঔॺআش౐ਜ਼੪भઅ௄मؚ%RDUGPDQQैपेॊ WULYDOHQW�WUHHV॑৷ःञ৮૛ >%����

%9���@पऽद⍮ॊऋؚਜ਼ৼ৓ऩ RSHUDGधखथभଡਛपमؚ0XUR�7RQNVभਈ੺भ੥ટ

>07���@ऋถखः؛जोपेोयؚೀैभ XQLWDO $VVRFLDKHGUDभ ERXQGDU\ध KRPRWRS\

XQLWम )XND\D²2K²2KWD²2QR�>)222����� )222����@भ XQLWDO '* DOJHEUDभଡୗपৌૢ

घॊधःअ؛खऊखजभ KRPRWRS\�XQLWम VWULFW�XQLWभ঍ঔॺআشගदँॉؚ౐ऩॊ஋

भ঍ঔॺআش౐ਜ਼੪قK�XQLW6<قكW���@भ KRSI�XQLWधऺऻ৊ಉेكॉङढधਘः؛ম൥

౰दमؚKRSI�XQLWभோ૔ऊै VWULFW�XQLWभோ૔॑଑ऎઃभ੥ટ॑ງஂखञः؛

৒৶ ��� �>,���@� ,I�WKHUH�LV�DQ Am IRUP {Mn,n"m} ZLWK KRSI�XQLW RQ X ZLWK (X,M2)

D�&: ORRS�OLNH +RSI�VSDFH� WKHQ�WKHUH�LV�DQ Am IRUP {M̃n, n"m} ZLWK VWULFW�XQLW RQ X�
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ऒऒद KRSI૬৑ऋ ORRS�OLNHधमؚంకभ঍ঔॺআشಗ੪ऋோ૔घॊऒधदँॉؚజढ

थm ≥ 3ऩैؚJURXS�OLNHध৊ಉदँॊ؛઒৥भ্ଉमؚ਌৒৶ऋਫखःऩैयजभ઒

৥मਈुঽேऩ EDUଡਛऊै੭ैोॊधਦगथजभঽேऩ EDUଡਛ॑ർघऒधदँॊ؛

ञटखऒोप੔য়ढथؚপནपଖइञ $VVRFLDKHGUD� 0XOWLSOLKHGUDभঽী૴भ఻৬৓

ऩ੶஽ध౴਽धभ৑भල৥दঽேऩৌૢ॑ৄणऐञभदؚऒोपणःथुਾઔखञः؛

�౴਽
A∞ ଡୗपৌघॊ౴਽भ৮૛म ����ফप %RDUGPDQQैपेढथ $VVRFLDKHGUDपৌ

खथऽङ઩ीैोؚ0XOWLSOLKHGUDقभ KRPRWRS\�XQLWගुكء৮૛औोथःॊ؛औैप

����ফप )RUFH\ैम JHQXLQH�0XOWLSOLKHGUDभ੶஽प੠खथ FRORUHG�WUHHV॑৷ःञ؛

जभ঳্दؚऽङ ����ফभ >,���@पउःथऒोै॑ਊੂभਕ੎भషವ১पेॊ FXEH਀

એभীસपेॊଡਛ॑੝ଐख଄๝౐ෞ৲खञ஄दଖइؚ����ফभ ,�0LPXUD�>,0���@प

उःथਂಉૄधಉૄपेॉ૚ڭرষद੶஽घॊऒधऋदऌञ؟ऽङ $VVRFLDKHGUD॑୆

ੀ੿৷ಞउेल୐৲੿৷ಞधુप >,0���@ध >,���@पజढथ੶஽खेअ؛

$VVRFLDKHGUD✓ ✏
K(n) =

{
(t1, · · · , tn) ∈ Rn

+

k∑
i=1

ti ≤ k−1,
n∑
i=1

ti = n−1

}

✒ ✑
ERXQGDULHV✓ ✏

∂j : K(r)×K(t) → K(n), 1 ≤ j ≤ r, 2 ≤ r, t, r+t = n+1,

∂j(v1, · · ·, vr;u1, · · ·, ut) = (v1, · · ·, vj−1, u1, · · ·, ut−1, ut+vj, · · ·, vr).✒ ✑
GHJHQHUDFLHV✓ ✏

/HW dK
k : K(n) → K(n−1)� 1 ≤ k ≤ n EH�WKH�GHJHQHUDF\�RSHUDWLRQ�JLYHQ

E\�WKH�IROORZLQJ�IRUPXODV� ZKHUH (t ′k, · · ·, t ′n) = ξ(tk, · · ·, tn)�
dK
1 (t1, · · ·, tn) = (t ′2, · · ·, t ′n), k = 1,

dK
k (t1, · · ·, tn) = (t1, · · ·, tk−2, tk−1+t ′k, t

′
k+1, · · ·, t ′n), k ≥ 2.✒ ✑
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ञटखؚξ(t1, · · ·, tn) = (t ′1, · · ·, t ′n)� n ≥ 1मؚਰৣपेॉషವ৓प৒ଝऔोॊ؛

VKLIW���PDS✓ ✏⎧
⎪⎨

⎪⎩

t ′1 = 0D[ {0, t1−1} DQG

t ′k = 0LQ
{
tk, 0D[

1≤j≤k

{
j∑

i=1

ti − j

}
−

k−1∑
i=1

t ′i + (k−1)

}

✒ ✑
ઃप0XOWLSOLKHGUDु $VVRFLDKHGUDधశଞप๚ञ஄दઃभ஘पଖइैोॊ؛

0XOWLSOLKHGUD✓ ✏
Ja(n) =

{
(t1, · · · , tn) ∈ Rn

+

k∑
i=1

ti ≤ k−1+a,
n∑
i=1

ti = n−1+a

}
, 0<a<1

(
ँॊःम J(n) =

{
(t1, · · · , tn) ∈ Rn

+

k∑
i=1

ti ≤ 2k−1,
n∑
i=1

ti = 2n−1

})

✒ ✑
SULPDU\�ERXQGDULHV✓ ✏

δaj : Ja(r)×K(s) → Ja(n), 1 ≤ j ≤ r, 2 ≤ s ≤ n, r+s=n+1,

δaj (v1, · · ·, vr;u1, · · ·, ut) = (v1, · · ·, vj−1, u1, · · ·, ut+vj, · · ·, vr).✒ ✑
VHFRQGDU\�ERXQGDULHV✓ ✏

δa : K(t)× Ja(n1)× · · ·×Ja(nt) → Ja(n), 1 ≤ ni (1≤i≤t),
t∑

i=1

ni = n,

δa(u1, · · ·, ut; v
(1)
1 , · · ·, v(1)n1 ; · · · ; v

(t)
1 , · · ·, v(t)nt )

= (v(1)1 , · · ·, v(1)n1+(1−a)u1; · · · ; v(t)1 , · · ·, v(t)nt+(1−a)ut).✒ ✑
GHJHQHUDFLHV✓ ✏

/HW dJ,a
k : Ja(n) → Ja(n−1)� 1 ≤ k ≤ n EH�WKH�GHJHQHUDF\�RSHUDWLRQ

JLYHQ�E\�WKH�IROORZLQJ�IRUPXODV� ZKHUH (t ′k, · · ·, t ′n) = ξ(tk, · · ·, tn)�

dJ,a
1 (t1, · · ·, tn) = (t ′2, · · ·, t ′n), k = 1,

dJ,a
k (t1, · · ·, tn) = (t1, · · ·, tk−2, tk−1+t ′k, t

′
k+1, · · ·, t ′n), k ≥ 2.✒ ✑

$VVRFLDKHGUDृ0XOWLSOLKHGUDपৌघॊ঱भ৒ଝध౴਽॑৷ःञ৒ଝमஆয়पோ૔ख

थःञभटऋؚম൥౰दງஂघॊजोैभල৥दঽேऩঢ়બऊै >,0���@भ ERXQGDU\

੿৷ಞऋ౴਽भமऍ਽पৌૢखؚGHJHQHUDF\੿৷ಞु๵भਬऌ௷ऌभঽேऩఁ୑द

ँॊभ॑ৄॊऒधपम્प୔खःਡमऩः؛ञटखؚ$VVRFLDKHGUDपৌखथमৢଞभ

WULYDOHQW WUHHV॑৷ःॊभटऋؚ0XOWLSOLKHGUDपৌखथम )RUFH\भ FRORUHG WUHHVदमऩ

ऎؚ৊ಉटऋ਀ંभ౮ऩॊ EHDUGHG WUHHVق঄।હऌभ਽؟ਈ঱৖पँॊनभ๵੔ऊैु

ਈৣ৖भஉपఋॉॊི঳भ੊पഛ২঳মटऐ঄।ऋেइथःॊ఼॑ك৷खञ؛
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ৰ੠ؚWULYDOHQW�WUHHV भ LQWHJUDO ODWWLFH L षभ VKDGRZV भऩघૐ় KL(n) भ᏾ෆऋ঱੶

K(n)ध঳ಱखؚK(n) ∩ L = KL(n)ऋຘਡभ৸৬धऩॊ؛ऽञ EHDUGHG�WUHHVभ ZRUGVभ

ZHLJKWഔभऩघૐ় JaL(n)قऽञम JL(n)كभ᏾ෆऋ঱੶ Ja(n)قऽञम J(n)كप঳ಱ

खؚJaL(n)قऽञम JL(n)كऋ Ja(n)قऽञम J(n)كभຘਡभ৸৬धऩॊ؛

� A∞৔৖෠
ਜ਼ৼ૬৑఺लઃਯહऌ๶ী৻ਯभ෠भ৔৖द A∞ ෠॑଑োघॊನभ੦ຊधऩॊೳੌ

ाधखथম൥౰दम $JXLDU�>$J���@पेॊ৔৖෠भ৒ଝ఼॑৷खञ؛ञटखؚ$JXLDUम

৔৖෠भଡୗ॑ PRQRLGDO෠पउऐॊ PRQDGपेढथଖइॊभटऋؚম൥౰दमؚऒभ

৔भ PRQDG॑ A∞ ଡୗप਄ॉఌइॊ؛जभನपؚ৔৖৐෠धःअ TXLYHUप๚ञଡୗ॑

৒ीॊ؛TXLYHUदमೝभ৸৬ऋ VRXUFHध WDUJHWभा॑੅ठ $ؚJXLDUभೳੌादभ൨౟৻

ਯपৼਊघॊभपৌखथؚ৔৖৐෠मऔैपເಉೝभோ૔॑ਏடघॊ؛औैपऒोैभ

ଡୗ॑৳णुभधखथ৔৖৐ঢ়ু॑৒ଝघॊ؛జढथऒोु൨౟৻ਯ૆৊஑ेॉु଄๝

ਘः؛ऒऒदిਊऩ RSHUDG॑৷ःॊऒधदؚऒोैपঽேपৈઃभ঍ঔॺআشଡୗ॑

଑োघॊऒधऋदऌॊ؛ৰ੠ؚਜ਼ৼ૬৑भ෠भ৔৖৐෠दँोयؚਜ਼ৼ৓ RSHUDGऋ఼

৷दऌॊु؛खઃਯહऌ๶ী৻ਯभ෠भ৔৖৐෠॑અइॊभदँोयؚਜ਼ৼ৓ RSHUDG

भ QRUPDOLVHG�FKDLQ�FRPSOH[ K(n)قऽञमजभਈ৵৖ীള৬ Kc(n)఼॑ك৷दऌॊ؛

�਀ਠ
ৢଞ ৔ؚ৖෠ऋଖइैोॊध QؚHUYHपेढथ౐৬৓ৌ଴ऋଡਛऔो जؚभ UHDOL]DWLRQ

धखथ EDUଡਛऋଖइैोॊ؛जोदम A∞ ৔৖෠पৌखथؚजभ EDUଡਛ॑जभ஘
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पঽேऩ஄द଑োघॊऒधम૭ચदँौअऊء ৰ੠ؚA∞ ৔৖෠ऊै౐৬৓ৌ଴॑ण

ऎॊऒधमල౐दमऩःऋؚऒोपणःथम %DXHU�/LSPDQभ੥ટ >%/���@ऋँॊ؛ञ

टखؚೀैमྴ଴৓ऩ RSHUDG॑৷ःॊ঳ಹ૛॑ன৫खؚऔैप౐ਜ਼੪पणःथमઅ௄

खथःऩः؛ম൥౰दमؚ౐৬৓ৌ଴भঢ়ুधखथभ VRXUFHधऩॊ෠॑ A∞ RSHUDG॑

ೝधघॊ෠प઼ऌఌइॊऒध॑અइॊ؛ऒोम୔खऎऩः঱पঽேदँॊधઓॎोॊ

भटऋؚA∞ RSHUDG॑ೝधघॊ෠म௹ᱬ෠धऩैकॊ॑੭ङؚజढथजभ঱भঢ়ুम

௹ᱬ෠भ৑भঢ়ুधऩॊ؛खऊुजोैमजभ৏पඓइॊ UHDOL]DWLRQभನपमؚ෠भ

PRQRLGDOଡୗध୼൸૬৑ऋ൩ःपྖൣघॊऩनभૼ୒৓ऩ૖੯ऋ૑ਏधऩॊ؛ম൥౰

दमऒो॑৚ೂघॊ৯৓दؚঢ়ুभ૖੯॑೹ीथ௹ᱬ෠भ਀ਠधःअ໪୛॑ঢ়ুभ৻

ॎॉप৷ःॊ؛ऒभೳੌापउःथؚక਀ਠقખ૗ঢ়ুपৼਊكधం਀ਠુق૗ঢ়ুप

ৼਊكभ WHQVRU஋धखथ UHDOL]DWLRQऋ৒ଝऔोؚਈुঽேऩ EDUଡਛऋ੭ैोॊ؛

�౐ਜ਼੪
঱੶भ෠૛৓ऩଡਛऊै଑ऊोॊਈुঽேऩ EDUଡਛमؚৰम઩ीपઅ௄भৌ଴

ऊैਗखञुभदँढञ؛जऒदभೝ୶ઉ଍म XQUHGXFHGऩೃႄभ੸णभຘਡ॑৊঳

ଳखञुभधऩॉؚऽञ৊கਙभ઒৥भஉುधखेअधखथःञؚ6WDVKHIIभ૭ೠऩ৖

ীള৬ Dn ⊂ En+1 पৌૢघॊള৬قऒऒदु Dn द਀घكमؚడഡऩ౐ਜ਼੪॑௷ऌप

खथम૭ೠधऩैऩः؛০৚मؚઃभଡਛपेॉ૆ই॓ॖংش૬৑भ৸૬৑भෆஅ୼

൸ En−1 ↪→ Dn ऋ૭ೠधऩॊऒध॑ંखञ؟ৗखःള৬ D̂n ॑ En ॑அि૬৑धखथଡ

ਛखؚઃभ௕ऋ૭ఌधऩॊ஘प୼൸ D̂n → Dn ॑৒ଝघॊ؛

ਈुঽேऩ૆ই॓ॖংش૬৑ഔ✓ ✏
En−1 Dn−1 En Dn

D̂n−1 D̂n

Pn−2 Pn−1 Pn
!!

! " ""
#$

##❏
❏❏

❏❏
❏

$$✼
✼✼

✼✼
✼✼

✼✼
✼✼

✼✼
✼

! " ""

!!

! " ""
#$

##❏
❏❏

❏❏
❏❏

❏

!!

%%######

%%#######

! " "" ! " ""

(2≤n≤m)

✒ ✑
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D̂n भଡਛ✓ ✏
��� D̂0 = K(2)×{e}×∗ ≈ ∗�

��� D̂n =
(
D̂n−1 ∐ (K(n+2)×{e}×Xn×∗)

)
/∼� n ≥ 1�

ZKHUH (∂k(σ)(ρ), e,χ ,∗) ∼ [ρ, āk(σ)(e,χ, ∗)] ∈ D̂r ⊂ D̂n−1 IRU k > 1� DQG�DOVR
(∂1(σ)(ρ), e,χ ,∗) ∼ [ρ, ā1(σ)(e,χ, ∗)] ∈ Er−1 ⊂ En IRU k = 1 DQG r ≤ n�✒ ✑

ऒऒदؚD̂n ऋ૭ೠधऩॊऒधऋషವ১॑৷ःथંऔोؚEn म En+1 ुखऎम Dn

nق ≤ mكभরद૭ೠधऩॊ؛ऒभଡਛऊै੪भ૬৑ध঍ঔॺআش৊கधऩॊ૬৑द

VWULFW�XQLW॑੅णुभऋଡਛऔोؚ੪भ૬৑ऊैभෆஅ୼൸ऋ �6WDVKHIIभਔ௡दभ� A∞

ଡୗ॑৳णधःअਔ௡द ´ઑ๚ A∞ ୼൸µधऩॊ؛঍ঔॺআش৊க୼൸॑৷ःथऒभ

VWULFW�XQLW॑੅ण A∞ ଡୗ॑ FRPSUHVVLRQघोयؚ੪भ૬৑प VWULFW�XQLW॑੅ण A∞ ଡୗ

ऋোॉؚເಉ୼൸ऋ঱भਔ௡द ´ઑ๚ A∞ ୼൸µधऩॊ؛ञटखؚऒऒदम૆ই॓ॖ

ংش૬৑धऩॊऒधभ઒৥भನभૼ୒৓ऩෘ৒धखथ ஋ؚقA2ଡୗكऋ঍ঔॺআشಗ੪

॑੅णقORRS�OLNHكऒधधؚ૬৑ऋ &:ള৬प঍ঔॺআش৊கदँॊऒध॑ਏடघॊ؛

ऽञؚ৊஘ऩ੥ટऋ A∞ ୼൸पणःथुਛয়घॊऒधऋ਋ୄदऌॊभटऋؚ঳্द

RSHUDGभऩघ෠ृ A∞ ঢ়ুभ৒ଝमؚ঳ৄखथऊऩॉളහऩुभधऩॊ؛

�હ੶
ম൥౰द஽सञ੥ટ॑ງஂऔचथຘऎਃভ॑୦২ऊଖइथຘऎরदؚ0XUR੽ؚኌ

દ੽ऩनऊै੐త॑ਭऐञऒध॑હ੶खञः؟-� /XULHऋؚKLJKHU�DOJHEUDपणःथभ૸

ঌش४भ૛ધभরद A∞ ৻ਯपৌखथ KRPRWRS\�XQLW॑੅णुभऋ VWULFW�XQLW॑੅णऒ

ध॑ંखथःॊ؛ऒभ૛ધमऔैपुअ঳মभ૸ঌش४भ૛ધपൂோखथःॊधभऒध

दँॊऋؚऒभ KRPRWRS\�XQLWम K�XQLWपৌૢघॊुभधઓॎोؚखऊुजभ઒৥ुਜ਼

ৼ৓ऩગଡਛऋ૭ચदँॊधઅइैोॊऋؚম൥౰द৷ःञ্১मङढध౐ෞदखऊु

ঽேदुँॊ؛जअःअ৶૓दؚऒऒदओງஂघॊਔ௡ुँॊऊधઅइॊઃਸ਼दँॊ؛
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$૞અધ൴قফ৻ದك

>6X����@ 0��6XJDZDUD� 2Q�D�FRQGLWLRQ�WKDW�D�VSDFH�LV�DQ�+�VSDFH� 0DWK� -��2ND\DPD�8QLY� �
������� ���²�����

>6X����@ 0��6XJDZDUD� $ FRQGLWLRQ�WKDW�D�VSDFH�LV�JURXS�OLNH� 0DWK� -��2ND\DPD�8QLY� � �������
���²�����

>6W���@ -��'��6WDVKHII� +RPRWRS\�DVVRFLDWLYLW\�RI�+�VSDFHV� , 	�,,��7UDQV� $PHU� 0DWK� 6RF�
��� ������� ���²���� ���²����

>6W���@ -��'��6WDVKHII� +�VSDFHV�IURP�D�+RPRWRS\�3RLQW�RI�9LHZ� /HFWXUH�1RWHV�LQ�0DWK� ����
6SULQJHU� �����

>%���@ -� 0� %RDUGPDQ� +RPRWRS\�VWUXFWXUHV�DQG�WKH�ODQJXDJH�RI�WUHHV� 3URF� 6\PS� LQ�3XUH
0DWK� ��� $PHU� 0DWK� 6RF� ������� ��²���

>%9���@ -� 0� %RDUGPDQ� 5�0� 9RJW� +RPRWRS\�LQYDULDQW�DOJHEUDLF�VWUXFWXUHV�RQ�WRSRORJLFDO
VSDFHV� /HFWXUH�1RWHV�LQ�0DWK� ���� 6SULQJHU� �����

>$G���@ -� )� $GDPV� ,QÀQLWH�ORRS�VSDFHV� $QQ� RI�0DWK� 6WXGLHV ��� 3ULQFHWRQ�8QLY� 3UHVV�
3ULQFHWRQ� 1��-�� �����

>,���@ 1��,ZDVH� 2Q�WKH�ULQJ�VWUXFWXUH�RIK∗(XPn) �-DSDQHVH�� 0DVWHU�7KHVLV� .\XVKX�8QLYHUVLW\�
����� �KWWS���KGO�KDQGOH�QHW������������

>+���@ 0��+DLPDQ� &RQVWUXFWLQJ�WKH�DVVRFLDKHGURQ� ����� XQSXEOLVKHG�

>,0���@ 1��,ZDVH� 0��0LPXUD� +LJKHU�KRPRWRS\�DVVRFLDWLYLW\� ´$OJHEUDLF�7RSRORJ\µ��$UFDWD
&$ ������ ���²���� /HFWXUH�1RWHV�LQ�0DWK� ����� 6SULQJHU�9HUODJ� �����

>$J���@ 0��$JXLDU� ,QWHUQDO�FDWHJRULHV�DQG�TXDQWXP�JURXSV� 3K�'��7KHVLV� &RUQHOO�8QLYHUVLW\�
,WKDFD� �����

>)���@ 6� )RUFH\� &RQYH[�KXOO�UHDOL]DWLRQ�RI�WKH�PXOWLSOLKHGUD� 7RSRORJ\�DQG�LWV�DSSO� ���
������� ���²����

>)222����@ .��)XND\D� <��*��2K� +��2KWD� DQG�.��2QR� /DJUDQJLDQ�LQWHUVHFWLRQ�)ORHU�WKHRU\�
DQRPDO\�DQG�REVWUXFWLRQ� 3DUW�,��$06�,3 6WXGLHV�LQ�$GYDQFHG�0DWKHPDWLFV� ��� $PHU�
0DWK� 6RF�� 3URYLGHQFH� 5,�������

>)222����@ ³³³� /DJUDQJLDQ�LQWHUVHFWLRQ�)ORHU�WKHRU\� DQRPDO\�DQG�REVWUXFWLRQ� 3DUW�,,��$06�
,3 6WXGLHV�LQ�$GYDQFHG�0DWKHPDWLFV� ��� $PHU� 0DWK� 6RF�� 3URYLGHQFH� 5,�������

>0:���@ 6� 0DX�DQG�&� 7� :RRGZDUG� *HRPHWULF�UHDOL]DWLRQV�RI�WKH�0XOWLSOLKHGUD� &RPSRV�
0DWK� ��� ������� ����²�����

>036/���@ )� 0�OOHU�+RLVVHQ� -� 0� 3DOOR� -� 6WDVKHII� $VVRFLDKHGUD� 7DPDUL�/DWWLFHV�DQG�5HODWHG
6WUXFWXUHV� %LUNKlXVHU� %DVHO� �����

>07���@ )��0XUR�DQG�$��7RQNV� 8QLWDO�DVVRFLDKHGUD� WR�DSSHDU�LQ�)RUXP�0DWKHPDWLFXP� �����

>%/���@ 7��%DXHU�DQG�$��/LEPDQ� A∞�PRQDGV�DQG�FRPSOHWLRQ� WR�DSSHDU�LQ�-RXUQDO�RI�+RPRWRS\
DQG�5HODWHG�6WUXFWXUHV� �����

>,���@ 1��,ZDVH� $VVRFLDKHGUD� 0XOWLSOLKHGUD�DQG�XQLWV�LQ A∞ IRUP� KWWS���DU[LY�RUJ�VXEPLW�
������� $U;LY� �����

7\SHVHW�E\�;β/$7(;
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