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Abstract

This paper deals with the relationship between the order structure and topological
structure in the historical point of view. We first investigate how the order structure
has developed along with the set theory and logic in the second half of the nineteenth
century. After the general topology has emerged in the beginning of the twentieth
century, two disciplines of the order theory and topology give each other a great deal
of effect for their development via various dualities, compactifications by maximal filter
spaces and Alexandroff's specialization order, which form eventually a fundamental
setting for the development of the category theory or functor theory.
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0. A&

e TERAQA JFAAM £8H F2E s dRFo oddan, Y TxrE &
Mz, dEy 72, A3Y 729 259 EY FR(mixed structure) 2 ol H 1 Ut
o] FM, &AFZE 2 AAY AFE FAFATY, G Fx9 AF) v $ FoF =7
2 AMGEY 3EITH 53, 78 Ady, € ALH A J(recursive construction), M HF
219} Zorn's Lemma® ¥ F4(construction)5& 9 BE EofoA o)L m 9o}
i gtejA] -8 dl4(subalgebra)®] & AHlattice)vt, congruence latticeo] €13+ 43 =
o] A+, HFF A 4 (supremum), 3+&H(infimum)& ¥ approximation, +Q 3} filter
o Fyd A HAF 2 AFE BF £HATFRI} ojEY FRE HIed AuAYe B
o F: gk
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of F3 9t}

o] =29 EAL &MFZ AT GAAR Y BAE ZAFLE o]0 N 4
e e od P FUA LAIFAEIE GotrEe Roluh B3 o] category
theory(=functor theory)({1)& ol&3to Helgoz & Alole] #AE L 4HA ol
3, % o]F2 % category theoryd] LHAE 7|d&n USE Boluxt Jio

143 E £AFE AN AALE ol 19417]19] A =2dts AT WA g
A A7z 4371 AgsEe #Z & AR

2041712 dolewuA 9Jddhe] AYE F, duality, compactification, specialization order
& FAM A3 7Ed £ATFZRY ATV $A EAEE 3L e o] 2™,

1. €A7=

1.1 A4s o B2 BE¥eAM(usual order)E F488ta SAATL e Ao
Age BEoetA g SAYNTE AAFeR e AT AMEE AA Cantor(1845 -
1918)olUet. 25 F2 AeA A (totally ordered set)& BHF UL, §3] 219 £EE(=3
§&)e] d7& 9Aste] 1882dd] =4 F Y F(well-ordered set)e] g 19 48 F
AN 7t 288 Aolgtn FriElm gld. 4AAlZ, Cantor: 7|4 (cardinal number)&
e NFE #e H4a &MF(first ordina)Z2 FYdn 7|9 olgg AANPY. & F
order type®] & A AL 185WIUY. EE F €AFY F& v 1 order type
o] Fo &AMFolty. HA Y7t ALgEE F 7k F, F A9 7l =3, BY 714 = b
o diste ab = AXB9 72 A Zo] 1895G([14DY & Retx 19 HEEol ¢4
T2 - BEAY -9 A7 3o ojFo A AL & F AWk E FIAAPAA, 7
Al (transfinite  induction)& ©|8¢ FHIA FEALH A (transfinite recursive
definition)& ©]83td AHE= JAFES T84, 98 AZE AELS FHeHG. weiA
29 7l Well-Ordering Principle2 Wr=A] 83 FAo)dx ol& FHeen kHsdr)
2 ¥ Zermelo7t A¥FeE F3 Well-Ordering Principleg 38 A& FA9 At o]
o} ([41, 42D). 1873374 #5 Cantor®} Dedekind (1831 - 1916)= HAE F3ld Ar|E9
Ardae] g BAE YFo2 A2 dd B 9T FUrh

12 CantorZt 2 A¢eMAEH FEA Y] did AdFE & WA Dedekind:= A A
(partially ordered set)® ZZ}(lattice)ol tld ATF& WPdo o]gg LEIHUeY, 2 F
A FERASA HE 58 YA Rdl3, 19359 ojFe 29 AREo] ALAHU.
Dedekind7l ©+& Z 2t ldeal lattice2 WA FHxe ol AEM(17, 18]). & o2& H&
9 2E3EMAY QoM AD(cut)E B 2o] Ay
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13 g 2AL d=E &A% (V, W) (V, W € Q)E Dedekind cuteh .

DDV = @, W *= @,

D2) V=1V={x€Q} x<v, vEV }, W = 1 W = { x€Q|w< x, wEW }.

D3) g ejel pevel digtd, p'EVoe] EAStA p<lp’'ol, geW didld, g'E W 9]

EAstd q' < golth

D4) p < gol¥, p € VoAU g € Weltt

Do)y VN W=g,

Dedekinde Dedekind cut®] Agoz d49 Hie FYsta, ol Dedekind complete
(FHEe] old Y2 FAY FEHFE AeE 7HAY) & FHEEAH(16]). ol 4
&Mt es F4std &MY Dedekind completiong TFAE 4 Utk  AAR
Dedekind complete TA A& xct g4yl &M (complete partially ordered set = ZE %
LA AEE 7tAE €A/l HA AZHo ok AN BT, 2 BA &
Ago] FAAYN BAL AL YU B E, Dedekind complete £l WA HFHY
c},

M7 %re] gu)3Hcompletion of partially ordered set)= 1937'd MacNeilled} 2|3t
A5 QeH([29]). &M 7 &9 MacNeille completione th&3} zro] A4 gch,

14 €A77 K )9 92 xd didd, Ix={a € X | a < x}&} 8} oju, g
CIPX) - PX) (A A= N{Ix | xE A9 44D
2 Aelsld, &< “t closure operator, &, € A, B € P(X)oll ulsld,
AS A5 ASBeg A"CS B A" =A
g TE
W, mX = {A € PX) | A = A®}= closure system, &, mXe 929 3% o
st 239t 2822 (mX, S)E complete latticeelth, & &4
L X->mX (x » |x) ,
T F7tgroln, Xo FEHYe] A% £ e AN, v o AY, i3e BEY

T mX9 94 Ad sy,

A=vVv{lx]| Ix<c Al=A{ix|Acix
ojm2 {|lx | x € X}& mXolA join-dense, meet-denseo}tt. AAZ MacNeille
completionZ join-dense meet-dense completion22 A A([6, 71).

15 99 Dedekind completion® MacNeille completion2 ¥l @& By H§FEo] AY
HA @& 19417] 83 2 Fo FEAE Aold Bug Aolst AEFE & F Utk
20417] olH 9 FAEL FAA B a9 FHE EolilM AZ Hojux Eaigh
A AE, 53 AL APHA FAES o284 A=A Leibniz(1646-1716)7F X &
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F dAAAZ a2 449 AYS APeA 23 olE Nd9g gFe2 ossig) p,
q9 conjunction® pqE YEMI pg = p% p = g7t AR FALE #HHUAD. 2}
p, a9 disjunction@ conjunctionAtole] T|AE WA} Edto ¢ o]de] HAE Hx £
Ark(28)). 2 ¥, Boole(1815-1864)°] F AY x, yo APFE xyE Yl N2 4
(disjoin)?) ¥ A& x, yol ddted FIFE x+y2 Yehlifich AL 0 AALTE 1
2 F x8 4FFL 1-x2 JeERAY 2 dA] xy = x& xSy7t M2 FAYLS 2A @
A WA Mg p oo dso olE9 & wAE, FAEH p, q9 conjunction,
disjunction® W3AA pAg, pvad Al e RYoR, HAAALY 459
Boolean logic® Boolean algebrag]l #AY 712 & o] FACHI9, 10)). 27} disjoint unionkt
Aolg olfE olvtx & ALY FALY W4T Zo] pg, prqE LA HEY R
2 F&3%3 A9 o] ¥ Jevons(1835-1882)% 1864'd9l x, y7t disjoint7t obd B 97k 2
9 A% x+yE Aot

%= De Morgan(1806-1871)2 1858'd, Peirce(1839-1914)= 1867dd] =gdHoz oy
De Morgang 3o 2 <eizl

C(AUB =CAN CB; G(ANDB)=CA U CB (CAE A9 43
< FH3dh
1 % Peirce([30D)= 18801 #ujAzH(distributive lattice)d] F84& A& dANUt 2
g, 28 BE Fae 2uidzd Aoz AZsan o&g dAEHc EAA dual
Az Fujdztoltt. &, A& (L, V, A)7}F BE a, b, ¢ € Lo gy,
aANAdbVvc=@Anb ViaAcd
old,
aVbAc=(@VbAI@Vo
€ Schroder7t 18903 A& F %A H([33D.

LeibnizZt A& A|23tgcist Ad§ o)& 19417 29 conjunction®} disjunction?] A
¥ 35 Atel9 Euld 33 De Morgan 3o 93l &3 sjd=H At o]delA o & A
e 2% APy BHAEL dde2 sz 9lth. Whitehead(1861-1947) ¢+ Huntington
(1874-1952)0) Zt7} [40], [25)01 A ¢1&& F43d A

o9 A w=dtHe AL e/ e AFFRY ¢ATFRY BAY H
A gojyez ohgri3a2 dzich a2y Brouwer (1881-1966)9 1 dtulEo] o] & S
ol (Intuitionism)({11, 12D =2l& <13dto 19309 Heyting®]l £ ¥ Heyting algebra([24])
g A% e 2, Boolean logic# Boolean algebra, Brouwerian logic® Heyting algebra®] &
QoA &AM Tz L Azte] SARPH logicH latticed] BAE olsldnzt ot

goz RE AA: FAZAA(bounded lattice) & HdiY, F42HUE& sAdn R n
ol ztz} 1, 022 vehid,
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1.6 A= (L, v, A)e] th& 218 w£% 9 Heyting algebragl $¢} : 22 a3 b e L
o distd, "c < (a—b S cAa<bi €LVE BEIE 94 a — b7} A%,

1.7 Heyting algebra (L, Vv, A)oll diste] thgo] A ghc).
a)a—a-=l

b)aAfa—b=aAhb

¢)b Afa—b)=h

dda—bAc={a—Db) Afla—c) (abc E L)
e (L, vV, A EulZdRol},

f) ~a=a— 022 AY3Y,a A x=0®® x £ ~a

%9 a) - d)= a b, cE& BAR, »F conditional connective “if, then"2.2, 18 x4
A (tautology)2 u}¥#9H Boolean logicoiA AHdle FAB/AL, ~ax a9 ¥
(negation of a)# U@ E & & AUtk HAZ FA (L, v, A)°] 919 a) - d)E BEsE=
o} &4k (binary operation)2 7}, L& Heyting algebrao}th([5, 271).

ut2tA, Boolean algebrac= F 89 olgdA v, At & Y dadAHunary
operation) ~& 7}2%&= ZAA}, & disjunction, conjunction, negationg A= AR Yo uwra
o], Heyting algebra= Al 719 o]gddid v, A, =& 7l"E FA, & disjunction,
conjunction, conditional connective® 7}AlE Zzlolal, 0% 2 4&9WAl(contradiction)® 2
9, ~p = p — 022 po ¥AL A= =jo|t}. A, Boolean algebra L] U4 a, b
of tjdtdq, a - b = ~a V bol]2& Boolean algebras Heyting algebra©]t}.

AFEMAE Lo 94 g, bl ddtd, a < belH,a—b=1 2 W9 A$od=a—>b-=
bole 2, HEAMAUFL Heyting algebraclth. AE&AMAF (0, 1/2, 1) #HF¢ [0, 11&
Boolean algebra’t o}d Heyting algebra©] o},

Boolean algebrat Heyting algebra®l9)e]l X%, pseudo complemented distributive lattice,
Post algebra([32]), De Morgan algebra, Lukasiewicz algebra$ 22 %uts}5 o], Boolean
algebra’} Boolean logice] 48 3lol% 0], o]EL ZtZt F2 % logicE Y F8 5ot} o]
g ZARE [GlM Lo ¥ 4 Utk

%M complete lattice% 2 2+, complete Boolean algebra, complete Heyting algebra,
continuous lattice, coherent lattice$ 22 A7} PR Y1, o] F complete Heyting
algebra® ©hg oA oA AF3rI2 o olg} o] &M L FAEL 2 A
T Hastd, logice] MAZ £ F8sle g TA}AYSE ¢+ AUt
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2. AFTEYG SATE

2.1 19069l Fréchet(1878-1973)7} Hadamard®] XE& o] & 19 ¢ =& Ad
273 449 F 7 (sequential space)& EYUIH FAAL A4 F4F F(20D), 19149
Hausdorff(1868-1942)7} 948 2H=2%29] Hausdorff ¥)& =@z 4ol A%
s A eh([22]).

A9l AT Z(topological structure)®d uniform structure?t AF9 SATE,

(completeness)® 247} Dedekind complete?] A& A2 FXo|th. ATy Y&+ E.
A5 £HAFZEE o] 839 FogErh

a8y, Q430 H eATERAlY AdE AS W ALE M. H Stoneolit. o2&
©.4 Boolean algebra®t 2 E 947} idempotent( a’=a9l 92)Y unitary ring, &
Boolean ring® A2 FA Y& BHt([34]). Ring9 ideal theoryE Boolean algebradl &4,
Z 220 A ideal theoryd %24¢ A& AU

gojaj g} o] o] AQME ZE ARE FAZAE K

22 Aa (L, VvV, MY FEIE I o3y,

a) I=150€LabeEld thats a v b € 1Y W, 1§ LY idealold} B0}

b) I * L9 ideall®, a A b€ 1% a€ljAY b € 1Y o, [& prime ideal®]
S =

c) 7} Tg# A #3 maximal proper ideald ®, & maximal idealo]2t gt}

Ideal, prime ideal, maximal ideal®] dual® ZtZ} filter, prime filter, ultrafilter2} gttt

23 A (L, V, A)Y ideal 1] didte] T M2 FX o)}

a) ¢Ie LY filteroltt,

b) I+ prime ideal®]t}.

¢) lattice homomorphism h : L — 27} #4138, I = h™(0) (2 £ chain {0, 1}& Y&}
Weh).

d) bom(L, 2) = {h | h : L — 2% lattice homomorphism}# L9 prime ideal |9
A7 spec(L) Atold] ddid digo] EAETE

e) Lo} EujZ o] Y, maximal ideal prime ideal®]tt.

24 Eu)Ax (L, V, A} Boolean algebra®)?] $1¥ WL FZEXHL L9 EE prime
ideal®] maximal idealq]l Rolt}, '

o]/}e] #u]E 7}A i, Boolean algebrast $14-3tAtele] BAE Sofr Al
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25 Boolean algebra (L, Vv, Aol thdled hom(L, 2)& discrete space 2 = {0, 1}¢] #
2 7Hproduct space) 2°9] ¥E-FZH(subspace)2® ¥ A}, 2%E zero-dimensional compact
Hausdorff spaceo] 2%, hom(L, 2)= 2“9 closed subspaceclth walA, hom(L, 2)&
zero—dimensional compact Hausdorff space°]‘4.

% lattice homomorphism h : (L, V, A) — (L', VvV, A)el] distd,

hom (h, 2) : hom(L’, 2) — hom(L, 2) (u = u<h)
A& groltt, whabA

hom( , 2) : Bool — ZComp
% contravariant functore]t}h. (Boold Boolean algebra®} lattice homomorphism2 2 o]
o] A category°] i, ZComp¥ zero-dimensional compact Hausdorff space®} |&ETZE 9}
Fo]2 category©l|©}.)

99} 2.3, 2.49A, hom(L, 2)= spec(L) = {P | P : L9 prime ideal}
= {M | M : L9 maximal ideal}

rir

3, ={P € spec(L) | a & P}
& slo], commutative unitary ring® structure space (= maximal ideal space) &&
spectral space (= prime ideal space)® 399} hom(L, 2)9] F97} 2&& ¢ + Ao

2.6 Zero-dimensional compact Hausdorff space Xol ©lst4,
CX,2)={f | f:X = 2 d&¥F)}
g Jelda, f, g € CX, 2)9 digtd, f < g8 ZE x € X A3}, f(x) < g2 &
oatal, &, f < g @ fi1) € gz, = Y1) X9 clopen (= closed and open)
subsete] o}
uj2hA],
C(X, 2) > ((A | A: X9 clopen subset}, €) (f = £(1)
2 order isomorphisme]®, ({A | A : X9 clopen subset}, &)< Boolean algebra (P(X),
c)¢] subalgebrac] B2, C(X, 2)& Boolean algebra®]t}.
T AEYgF [ X - Yo didh,
C, 2): CY;2) > CX,2) (u = uef)
= lattice homomorphisme®]t}. whehA,
C(, 2) : ZComp — Bool
2 contravariant functor®]t},
2} 9] order isomorphism C(X, 2) — ({A | A : X9 clopen subset}, €)ell 93l F AF



cA 9 AYF=9 A

£ identifystH,
C(f, 2) : {B | B: Y9 clopen subset} = {A | A : X9 clopen subset} (B = f(B))
2 "}

2.7 (M. H. Stone) Functor hom( , 2) : Bool » ZComp3®} C( , 2) : ZComp — Bool
o] ©3ts Bool# ZComp: dually equivalento] th([35, 36)). »

2 E Boolean algebra (L, V, A)dl tl&td,

n: L — Clhom(L, 2), 2) (a » n(a), n(a)(h) = h(a))= lattice isomorphism®] 3,

Y& zero-dimensional compact Hausdorff space Xo| o}3}d],

£ : X — hom(C(X, 2), 2) (x = &(x), e(x)(f) = f(x))= homeomporphism®] t}.

99 2.7¢ Stone dualityg} #2131, o= ul$ & w%3-& BAYHT Stone dualitys
Hze M2 o FZAIY dualitye]®], Fol =€ functor theoryd 71:2x= =ik
1938'd Stonee [37]91A “A cardinal principle of modern mathematical research may be
stated as a maxim: “One must always topologize™ &t &3, 1 ¥ compact Hausdorff
space X8 F2& C(X, R)9 498 FHY dsy Fz4 43t BHHI, completely
regular space X Stone-Cech compactification® ring C*(X, R) = {f | f: X - R&
bounded continuous map}$] maximal ideal space2 characterize H}th. £ 919 Dualitysi
¢}&}ed, complete Boolean algebra®= extremally disconnected compact Hausdorff space (=
% E open set® closure?t tHAl opend compact Hausdorff space)el dl-8-5o} Boolol]A
injective object= complete Boolean algebragl AMdelA, ZComp®2] projective object™
extremally disconnected compact Hausdorffgel & gt} o} o] Stone dualityl
st Y4sdta SAFRELS M2 AZIE 2A Hof, F £k A7t LA 2
3P = A},

% RE zero-dimensional Hausdorff space Xo] i3tsd, X ] maximal zero-dimensional
compactification {X (= Banaschewski compactification of X)& X< maximal clopen filter
spaceoltt, & X9 maximal clopen filter Boolean algebra

CX, 2) = {A | A: X9 clopen subset}, &)
o) A} maximal filter (dual of maximal ideal = the complement of maximal ideal(2.3 #=))
o3, 1X9 94& 259 dual, &,

Ga={F €X]| A€ %} | A: X9 clopen set}
€ baseZ z&th

28 1938d Wallmane ©]& durslaled, T; space X9 closed set lattice®] maximal
filter space2 X2| compactification®& T4 & TH([39)). o1 & X9 Wallman compactification
olg} &ttt 4Az X7} normal space°l¥, X9 Wallman compactificatione X9
Stone-Cech compactificationo]th, o] o], §4F3F X9 o2 FH9 lattice®] maximal
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filler space® X9 compactification® FAEFHALG. olE& FES Wallman type
compactificatione}2t 23, locally compact space?] one point compactification,
Stone-Cech compactification, Banaschewski compactification® X5 Wallman type
compactification®]t}. AAlE2 RE compactification®] Wallman typei7ic 2#d¥® vl&lad
F A ol eh([15, 31D.

A X9 22T A4 PX) HA A FRUAN g 43 (quoteinet set) T 2
o], Boolean algebra® "i$ AA2 e ARolEE oEd did AL FAdT a2y
Wallman type compactification®] F+4 ¥ %, Boolean algebraZ} o}d BA%E 448t A
Z8% 48 grie Alddo] wEHIeR, FAaEy AT T8 A7 stEHAY.

29 ABFT XY A x, yol distd gge A2 FAoelt}

a) x € cl ly} (cl A= A9 closureg e},

b) cl {x} € cl {y)

) Q) & Qy) (QX)E x9 neighborhood filterE “tehdr}),

210 A433T XAA x <, yE x € d {y}= FYsd, 299 989 <= X9 quasi
order relation(=reflexive and transitive relation)e] ¥t} o] ], <& X9} specialization
orderg} ¥tk E A&PS X - Yo digtd, (X, <o) — (Y, <))& F7Hdsolnh
a2} A,

S: Top = QOrd (S(X) = (X, <o S() = f (X& 4T, f= A£EF)
£ functoro]ltH(Tope AT &4 categoryoli, QordE quasi ordered setd
57V categoryoltt).

290 gato], AT XIt Tool7] ¥ "o FE2AL SK) = (X, W7t &M
(partially ordered set)eli, Ty ¥3 XdjA, <& 8F#A A, § discrete ordero|t}. =z}
A, S : Tope — POSet: To 33#4 A4¥49 category TopodiA &AM EH F7184
o} category POSet2 29| functore]t}.

2.11 Quasi ordered set (X, <)o digld, T = {A € X | A= 1AIR ¥29, I=

29} union# U9)9 intersectiondl] didte] 23t gEtA, I & X9 Hdoid. o,
X, <) = (X, 3) ‘

2} 8a}

FAYF (X, )~ (Y, <)ol gisted, B = 1B € Yo|d, £1(B) = 11} (B)eolmng,
f:UX <) — UY, <) gd&gFold. walA,

U : QOrd — Top (U = D

& functore]t},

o] j, RE x € X € QOrdel didld, 1xE UMM x8 E¥st= 713 A€ open

...27_
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seto] B2, {1x}E UX)Y x9A local baseolth. UX)AM x <y © Qx) € Qy) &
x £y & SUX) = Xelzg, SU = lgow©l™. welr, U : QOrd —» Tope embedding
functor7} 9,
QOrd< Topol H#& category® & < gt

437 X9 ZE open set VE (X, <JoAH V = Vo222, &58F 1x : USKX) —
Xe 94&ggolth. walM, (Ix)xetop @ US — lrep 2 natural transformationo]il, U Se]
left adjointe]t}.

2.12 $743 X digto g2 Mz FA el

a) X9 open set®] i3 §-& openojdt.

b) X9 closed set®] &3 #e closedolt}.

c) BE x € Xo didtd, x9o i Iwo] EAjd)

d) X9 FEAEY family (Adi e o A8, (U{AI |1 € 1D = U{cl(A) | i € T}o]

t}.

e) X9 H2AY Ad ddld, cl A = Uld {x} | x € A)olt}.

A3F7 X7t 2129 a) - e)& WEEY, XE finitely generated space@t ¥t}

A3ET X A xol didtd, 1x={a | x <5 a} = NQXTE AMA,

X = US(X) & X¥ finitely generatedo|t},

%, Sierpinski two point space {0, 1}({1} is a non-trivial open set in the space)& S&
JetlE, g5 £: S — X271 9407 4% YaFE28E f(0€c {f(D)elehs AHddA,
X+ finitely generated®]?] 18 "R 2EZHL C(S, X)7} final sinkQl Zolr} walAy,
finitely generated space® category FGenZ S92 coreflective hull®]3, 2.10, 2.11, 2.129]
Ao FE9 e & F U

2.13 Category FGen3 QOrde St Udl 93ty A2 isomorphiceltt. & POSet® T
finitely generated space® category FGeno™ A2 isomorphicoltt. wela, &M FxE 9
A7z @ BRoz "o 4AAZ, 1935d9 Alexandrofft finitely generated spaceZ
discrete space@t= o022 TUsA([2]), Alexandroff$} Hopf: simplicial complex K
o K9 simplexE® 942, K9 subcomplexE closed set2 2 3} finitely generated space
Z di$Al#A, simplicial complex® QTFHHATH[4]D). = 1937d°] Alexandroff: finitely
generated spaceol @ homology theory® A+F3&WA, 2.10, 2119 S(X)¢ UX)E +
Asqd. a8la, 2+ AL, “discrete space (= finitely generated space)el 7i'd
quasi ordered set?] 714 YA} S AH([3]). Specialization orderg T3, €M+
z9 Y47 =9] WA AYPHUL ¥ ol ol F e, AdFx &MEE e EA 3o
Be dast Ao Ad(21, 23, 27).
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2.14 1.69] Heyting algebra L] el&, L9 BE U4 ad disto, g
aA_'L—->LxmraAx
a—_'L—=Lxm»a—x
7} Galois correspondence (@ A _E a — _9| left adjoint)¥d-& %3} wabM complete
lattice L°] Heyting algebra®]?] 913 "R FEZAL a A _° 499 joing RHEZHE= A
ojt}, & RE S € L% a € L4 disty,
aAN(VS)=V{aAs]|seE?Ss
g 9E38E Aol complete Heyting algebrag frame & localeo] & 3dht},
webA, A43L X9 94 IE frameoltl. Ehresmann® 19 #1x}¢1 Bénabou:
1957-8'd frame ol €& T H47x9 AT/ Zledivte A4S AE UAE T frames
local latticeZt SHRITH(8, 19D). ¥4Ft X9 4w 7Hxxm X9 Y43z g dFges,
frame® generalized topological space, pointless topology &€& pointfree topology2t %2 1
Aet. T frame Abolel @7t A9 join# FF meetE HEY ), o]E frame
homomorphisme] g 3$tt}, Frame® frame homomorphism® categoryE& Frmo & vebudic),
25 2.63} o], contravariant functor
hom( , 2) : Frm — Top (Frame Lol 9|39, hom(L, 2)& Sierpinski space S¢ %
Fzt St BRI,
C(,S): Top —» Frm (C(X, S) = X9 44 I (f & (1))
7t B, 2.79 &< n, eo] L o AHoHEr. o ), € 1 X — hom (C(X, 9),
2)7} homeomorphism¥d ¥R FEX 8 X7} sober spaceeli, n i L — Cthom(L, 2), S)7}
isomorphism¥ ®, L& spatial framec]2} 3t} Lo] spatialo]7] Y3 WRZEZHE Lo
A4E X A4 39 frameH isomorphic! Zoltl, A, diFH o 2= o] spatiale]”)
A "WRFEZUL Lo ZE 947 LY prime elementS 9 meet® UELE Aot}
1952'del Biichi= 94339 #4E& 99 A4Z characterize 3ATHI3]). &, Yo F
functorel 23t sober spacet V&9 category Sob¥ spatial frame®) category
SFrm< dually equivalent, & F category Alojol duality7} A3ttt Stone dualitys
zero-dimensional compact Hausdorff space®} Zol vj$- &g Y4F 7o g Ron},
B £ Hausdorff spacet sober¢|Z2, $9] duality™ Stone dualityo)] wisle, uids) =
category® WF3 ok X frame2 complete lattice®] 22, complete lattice?] &9 Fg
BE &A= A7l7E otdH3T o] ¥ Johnstonee A€ -F el ¢t Tychonoff A&7t A
dl wh3te], FrmellA Tychonoff A8l AdFelel Tl FHEL HUOE framed
@ @aAol 2A Fouso], framed] WE A77 AE @¢sA AP m YoH26, 27,
3810).
Two point discrete space 2, Sierpinski space S& HA AT ZY £ATL=9 FAS
TFaded, 99 3L [0, 112 29 Stiale Algstd ol TFASE Y3 o] &o
continuous lattice ©]& o] t}([21]). .
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3. 48

F8AL 7]E WY 2 ARl doljd WE Eolrt FAlY AN sestE A ¥
Ao JFoA 2 AAG odEn & o 3F AP AFsd Jes: Aoz gddr)
Fote] WA #HAe A7 ned #3, B A dojun v A dF dAH FriE
golol st T 7HA| WL 2T FAHE /AR ok AR FHe] A9 ojxHY =
U AR ez Azte] e dad] o dAolt mElr o] =FEAE Faie wye
A5 8E wHAY.

AT Bl FA 20471 H, F2 Yo gl YA FA4501 M
2 204719 &MFZRY 1 o)A €AMTR - FR2 FAAY £MFR - = YY) E F
ol7b ASE HAAY & Utk Y=o BAHE €MTRE FAAY EHFRE o)y
i Qloh. o] Dedekind completion - ©] Z$-E &4 Dedekind completion = R -9]
completion2.t} HA FAE Aoz A 4 U

20417] 435se dHe2 SHTEY H4TEI AR AT LFAHY 23]l ¥
Aoz F Zoprt @4 dAHHL, £ M2 HE& & vadA S22 category theory
(= functor theory)8] £33 1 ZAHE A & FUh
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