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CATEGORICAL TOPOLOGY9] <A}

Abstract

Category theory gives a convenient language for the study of mathematical
structures besides its own study. In this paper, we investigate how the abstract
structure theory emerged in 1930s affects the study in Topology and eventually
becomes a rudiment for the category theory. Moreover, various extensions and
universal mapping problems were put in their proper perspective as reflections by the
category theory and by its duality principle, coreflections become an interesting subject
in Topology, both of which give rise to a new discipline of the categorical topology.
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0. A&
1945d Eilenberg®t Mac Laneo] 9138} category®t functor®l 7o) =dE AT [14].
3 ¥ category theory®] Bl FHZ Z3¥® AL 19643 Abelian Categories [20]7} =2
Al Zpolnt, wEkA category theoryd] HAbE whAlZ]wre] HA] ek=th 2y 1960 oho)
monad (= triple)E F3} equational class7} ¢] %+ category7} category theory®l 23t
BP0 2 category theory® F8te] BE Rofo] F43 =2 o] &7 A&stgr).
T8 Zort A9 22 Al7]e| adjcint situationo] $iAF<F3re] AT o]& w7 Alzbet
% o2l F 2% extension theoryE category theory®] reflection® 2 E§3ti, & I dual
2 coreflection®] A7 &2L3HA JPHo] o5 A [28]d] A =Ho] 1968d] &3
HAoh. 2 F 19714 A3 category theory7t AZHE B2 categorical
topology 2k ©] F-o] 2:0]7] Al=psldth [30].
et ohE g8 Fobe] HAte wimEY wl$ B 9AS A3 e AL EYA
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Categorical Topology9 %A}

obmozH Aol ) WARAH 2047] olHe} Fate) wa

s
H}ZE va@sts Aol o] =89 FEFojg,
BE Fote FAE =8 o, & 2 Fo HAFAAH] dAAIFHojor ). categorical
topology?] 719 2 %o AFEE AFY st glonz A JAPFA A+ 43
gk ALl ou]E =3 o] g1 B Fuxt I}

ole] &0l
HAZ Meyer= [63]A &3 Zo] AFeIE $ contemporary cultureZ
categorical topolgoy® WX StAE F& AOSZ AZHo] Q&stnA} g

“A book about contemporary culture is speculative for other reasons too. First,
because the meaning of the present will be definitely established only when its
implication-its consequences- have become the facts, problems, and perplexities of some
future present. And second, because, however much one may try to be detached and
impartial-observing relationships and movements rather than judging them- it is
impossible to stand outside of culture. For the models and categories we use in
conceptualizing and ordering the world are necessarily limited to, if not determined by,
those which are provided by our particular culture.”

ol o] 4R Aok wg Fule] gl FaAlolu, £ ER Fo EsAIEA 9
ME ZR8AT 8 Ao BARHL Eote] A APHL Y= AT PYE Loju:
AR Fasfh AN of FAF Adste] =du do

24 M= category theory®] ARt 19700 St o] d7HA] 9] categorical topology
o] FASo] st Folir}.

category theoryol W@ ZAAIE W& fols F=2 (1A w272 33, H& A
reference= [33, 37]1A & & Stk

1L AgTz

1.1. #83% <7to] F&& ojdslaln st =¥ /I 2#@iHy = F23% Ao
o] EAE #hAsy] st Fm, &g QAT o7 shA WE I B o ol
2 YA FELE EAHE vso] YUY FEAME ol #HAsr] Yt =3 (limit)ol et
= Mdg 2 Greece AUIFE AAZbs] WAtk 53] Archimedest® E&MY g F&Ee
HA S 23 o]f3ly Foln £ EHE WHIE AYdE Y Zol2 IARE 78 A
2 Z 4EA Apdolt olEL BF ulFEEge 2 UHoZ A yEUA HIAU



YA £99

o AAZ @A st AMESHE F89 Ade 19470 Boldd AHHAUT. Idon
o F2 ALY AHE dedE RAouR o8 A £ e AZE A (yardstick)7t &
stAl HAoh 19417] Awtrlel= F2 A4 (real line) Rol I didoldeng R
usual metricEs AH&EH HUJG 2 Mo dHoz 1 thie] Euclidean space R™
S2 BAHA, E o Yoprt gFzte]l Ay dyoz diFgd we 94rzst d
A AT Cauchy, Abel, Bolzano5ol &ste] +4d9o] etz Zate] A9} ALgse
48e olsjr} o] R 1 o]EE WHAA Riemanne AHTx9 Ao oA BFxst
1 E HEETE AdstEn A=A 1% TopologyE  Leibnitz7b AgSHE W
Analysis SitusZte= ©oj2 27] A& 9T [60, pIll.

1.2. 22y S22t dA AM8sta Qe accumulation point, closed set, open set,
perfect set®] AlZ= Cantoroll 9J3td EEAT. A2 JFEL A= 945719 A
22 Cantorel] 9J8te] Aol AlZE Ak, 3= Fourier series?! 334

ay/2 + 2(an cos nx + bs sin nx)

Bested, 77F [0, 2nllA F Fourier series7t &2 @48 A
2E ASE S 94 THsEY 2 3 RY REAT S
st derived set S’ = {x € R | xE& Z &3t Jolo] MEZL (a bl 3t (a, BINS
b FEAE) = {x € R IxE S9 accumulation point}® Heldm THALEHA 9
(infinite recursive definition)& F3&to] th3-2 Aostyth:

S® V= (8™ (n& A\, = finite ordinal),
S = U{s™In=1223 ...
S 1 o (g

S(°°+°°): U{S(w¢n)|n:1’2’3,...},

of W o] HHFE THHAG (8l

ol

1.3. (Cantor) R &3 % S st
st % Fourier senesﬂ z2 s

o s““ = @go] H& k7t EAdtn, ZE x ¢ S
Ao ,F EFY BE AF5E 2o

1.4. 1.2.9} infinite recursive definition® A& 22 finite induction& Hojut: oy
3, & ooF the first infinite ordinal 02 AZ}H 22 A= well ordered set?] 71do
2 AAd2gA &5 HAFgE 7198 o) FA HAUrt

1.5. Cantor7} R¥ R"9] H &3 &9 accumulation point, closed set, open set-&
% Borel #H57F [a, ble] 2 countable open coveri= finite subcover® 7}3-&

o o
o 1o
%

ol
)
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Categorical Topology2 %A}

ATH5]. 190613 Fréchet= Hadamard®] A xopzf 2 uiA} st =& oA $HstE sequence
9 44E& F7433 sequential space®t 2] F 7 (metric space)g Bojstd AAHA 4
FHE =98t m [61], 19073 Riesz= accumulation point®] 71d-& dwtslsted Te-closure
spaceE EYStF o (18], olE2 BE H4F2E Yehdede 53 Adolirt. 3,
1902 Hilbert= RZA 224 (neighborhood system = neighborhood filter)& =<8}
R® o) 9148 =datsth [39, p.180].

1.6. 19149 Hausdorff= 219 A A Grundziige der Mengenlehre [25]91 A $¢] Hilbert
9] neighborhood systemell ™3 &5 Awtslsty Hausdorff spaceE YAa7toez =4
& Aol Y4t 714 e F ¢¥Ad Ao (A WEL [7]19 Historical NoteZ
Z). Hausdorff’t 914378 =48 & 9458 43 2AsdEd 53 Moscow

] 7t

[}
School®ll ¢}3td metric space®} o] &o] 4%

1.7. 3379 71844 (basic construction)d]l 3}ed, subspacex 19143 Hausdorff
[25], coproductE= 19233 Tietze [67], quotient space:= 19323 Baer$} Levi [2]9] ¢}sld
2zt AoHA . ol Hjstd products 1923 Tietze?l box topologydl] ¢3F productE
A93stg e 67], A productE 1935 Tychonoff’t B &)stAH71]. AA 2 Tychonoff
= 1930l Tychonoff cube [0, 11" (m : 499 7158 Ao stn[69), 1935de] RO Y o
product topologyE Rd F[70], J<9 productE RdFet. ojx %7 YAFIAE
& oHH™s ALYFTY WFE AA RHUA RIAEE ez A AT
coproduct ¢ countably product= A& F7HYS 2 & ¢ Aot

1.8. Moore-Smith7} sequence®] 7N'd& netZ EAsIARD[55], nete 1 BFA ZE 9
ZaaAEd o5t 8&HAE ZIIYR, AH3] sequenced] FHo] YATFY Aol
P =72 AMEE S It} first countable spacedld £ #E3tE sequenced] TFEI}b o]

35 F2E AASE AL BW o8 ¢ £ v 2 F1937d 4 Cartandll 23}
o filterd] Jido] EYHI, & FHEE filterd F27F BE YFF2E AANOE AL
o] Br&XItH9, 10, 7. ©o] A} Fischerd] 9&td limit space$} convergence space®] 7Hg
o2 Add(l5]. 944370y 1 2 FHLS AT A4 category Topol
cartesian closed”} ¢}y 7] W] A&, F7tol| exponential lawE HFd= YFT=F
7} EAQ8tA @e Aolth. gy Binzol 93l convergence space®] category Conv7h
cartesian closed¥ & ©]-&3t A8t AR ES BG4

19353l Tychonoff?} product spaceE 9 3sl31 Tychonoff A& E FH3 A, 1937d
filtere] Yo 2 A48 countable type -sequence, countable cover— 2} | ekoll A ¢
sl HojubAl AUt ol et BAd v Fad AVE olFE ol

i ofN
ko
(o
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94, 94

1.9. 193739 dojt = shte] B2 d& Weildl 98t uniform space$} complete
space’t =¥ Holt[72]. AAZ Heine -~ Borel Ao, boundednessi= topological
property 7} o} T}, compact Hausdorff spacei totally bounded, Hausdorff complete space
2 BA3522 Heine - Borel B8]7F &433] ols5 A3, & completely regular space$}
Hausdorff uniform space’t 9X3st3, completely regular space® compactification&
totally bounded Hausdorff uniform space®] completion® 2 o] extension theoryolA 7}
Z %23 completion®} compactification® AZAZ = AA HAUAG.

1.10. 37z A JgArely 2AMFRAH, 7 A Aol FATRE 98t 1952
Aol proximity structure[12], ¥ 2HEEY F &= (finite family of subsets)d] ZAMFZRE
S8t 1959 contiguity structureZ} 2tz EEHATH45]. ©]E& 25 compactification®
QAT 23 I ¥t 2 F 19749 Herrlichs arbitrary family of sets®] ZAMTFZE
E YEW 7] Y38 nearness structures E=USA T A AZ nearness space®t nearness
preserving mapsZ ©] %02 category Near™ symmetric space (= Ro-space, &, x € cl
{y} iff v € cl {x}Q] 4334 A58 category STop2 coreflective subcategory
Z, uniform space®} uniformly continuous map® category Unif¥}, contigual space$}
contigual map® category ContZ reflective subcategory® ¥&3td. 3#  proximity
space$®}t proximal map®] category Proxi Unif N Cont® A3 U3l 32] = =ZE
symmetric space®] strict extension< uniform space?] completion® &43% nearness
space®] completion® 2 A= 2 94F 73} yniform space®] extension theoryE 7
Holl fAsAt. o]=H AT Z9 conceptual generalizationo] €2 =<t}

11.

1. AE-7v9 914 (topology)©] complete Heyting algebra (= frame = locale)¥d 9l
Zetsho

FTES AF7) lattice ©]EE 01438 JFHn ASFS [74]] LAHAT

do o

2. A4} Category Theory

21. g FxHA QFNM AFg FEAZE Noether’} /M F23 YAE A
ste AoZ gHA Auk Weyle [73]914] 19359 oS3 7Eo] 23t}
“She originated above all a new and epoch-making style of thinking in algebra .

Emmy Noether’s later 'theclogy’ . . . abhorred all calculations and operated in a much
thinner air of abstraction than Hilbert ever dared!” o}1°4, “Emmy Noether with
masterly skill . . . made algebra the Eldorado of axiomatics; . . . her works of maturity

. constitute an extreme and grandiose example of conceptual axiomatics thinking in
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Categorical Topology 9 %A}

mathematics.” &3 39 t}h. Noether?] HaL2 dirdlo] Z3HXA &3 §7F5sre] AT
T aA gy,

2.2. Noether’} A|&3gig 88 F2EY dFodM Hdd3t R Bourbaki & 7t
olste] o]lFolzY, 2EL, 1939dd] =34 [ 5t & (mathematical structure)
£ #9353 universal mapping problem®] 7d€-& =4I 2 F A &3St Eléments
des Mathématiquedl Al ©]5& 7122 3o 259 o]&& AMF AL FHT dojth. 2
Zo] 9458t Botg thE [7IA @A category theoryolAl #H&tnm Qe HAd=ZE, AHA
A FE object® FFER A4S (= morphism)E ©F F, & initial structure®}

5

BN

dual concept?! final structure?] WA & FEI § o]& T3} basic construction -
subspaces, products, coproducts, quotients —-& FHF3st2 Yttt o]& categorystE dowt
AaEhA e A Wu3kA categorical method® AHEEIY H4EE AT Aol 17
Y 250] B3 structuret} universal mapping problem< WF B AS ¥ ©F
Ha gez o3y FxHA $HE FHINA v=s & 3|

7

o A7 AT 359 PHe A= AY 42 A

23 FEAA YFIA Jolue e Az E F2E MY & A= Aot AL
Tz £47F2E wmehedl functors] Mol ASE A [T4INA Lobrgieh,

2.4. Stone-Cech compactification[11l, 66], uniform space®] completions<& EF
universal mapping problem® #l°]i1, & Markoff”} free group, free Hausdorff topological
group over completely regular space X universal mapping problem® a2 &3t
(51, 52]. Kakutani®= Markoff® Z2#7} Stone-Cech compactification® wiz7bx] W o2
TAEE HATH46]. o)== 1948 Samuele] ©HA] ©AS3, elsbA, extension of the
ring of operators of a module, field of quotients of an integral domain, free group, free

o o=

topological group, completion, Stone-Cech compactifications & 2% & #oz 743
o], universal mapping problem®] F84& 733 TH63]

2.5. Bourbaki®] TxH UAL A&HUNZE 19453 Eilenberg®t Mac Laneol] ¢}stoq
category, functor, natural transformation® 7lde] =YdHUTE °lEL F=2 homology
theory®} homological algebra®l |79 =32 29Y. I&L [13]94, “In a
mathematical sense our theory provides general concepts applicable to all branches of
abstract mathematics, and so contributes to the current trend towards uniform treatment
of different mathematical disciplines.” @3 3td oyt 2 F4L A wWolSo =] A&k
t}, © Mac Lane® product Al limite] 4ZF YL 3F WAk @A product®=

universal mapping problem®] #o]i, & &te] BE HopoA & Loz Hodd:=
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AH L tiets] 238 AbdolAnk A A2 Bourbaki: olul HE, Y437 W49 product
g o] 4FoZ Hol A7 7H ZAAE dAYAT. E coproduct (= direct sum)= product
9] duale] 22, coproduct’} & WA AH&SH AT &H product, inverse limits & o gHsta}
o] 1958d Kant categoryol A limite] NEd& =45t cH47]. ¥, TopolAl subspace™
equalizer® E+¥d, olx 1960 Freyde] 9sted =45 3[19], equalizer®] dual?l
coequalizer= quotiento]t}. equalizer® 84 category’} complete, & ZE limit7} &
Ae7) g e FE =718 product® equalizer’t FASE AY S Rolx & & Yt

2.6. Bourbaki’t A9]3d universal mapping problem< category theoryoﬂ A adjoint

situation©. 2 WER}=d], o] Kano] 19583 A &Fo2 =q&tdth47]. 21& F functor
G:A—B F:B—-A

o] thdted, bifunctor homa(F_, _), homs(_, G_) A}°}9] natural isomorphismo] &A3st=
RAog AUt o W, FE GY left adjoint, G& F9 right adjointgti AFejdd} 1=
% 2% d 2, abelian group®™ homomorphism2} category AbelA, Hom functor®} tensor
product® A H = functorel Wsted, hom (L ® _, _), hom (_, Hom(_, _)) A}olel YErY
+ natural isomorphism®& St} Kan® adjoint situation® universal arrow?] &4 3}
TAYL 1964 Sonnerd] ot AF=HATH (65D, Bourbaki®l universal mapping
problem®] 8fe] ZAAd] thdt AHel9 categorical counterpart?! Adjoint Functor Theorem
& Freydel 91&o [19, 2019 A& vetdAD, ol =ZF HdA AdFTHE Bourbakist
2494 O-F Y&l st ojn] &z Mg FHE Aol

27. category theorylAd 714 Fa3A oFE FAZ <9 basic construction -
limits, colimits -, adjoint situation, smallness condition (Adjoint Functor Theorem #3)
I factorization®]™}. morphism% 9 monomorphism, extremal monomorphism, regular
monomorphism¥ I dual¢! epimorphism, extremal epimorphism, regular epimorphism®]
%283, source®}t sinkFd F23 AEL mono-source, extremal mono-source, initial
source, initial mono-source, epi-sink, extremal epi-sink, final sink, final epi-sink%°]t}.
99 sourcelt sink’} ©]E€ morphism¥ sourcet sink® 9] factorization®] factorization
probleme]t}. o]+ canonical factorization®] AUWtE 2 basic construction, adjoint situation
T Ze #F™-o] Ay o599 x7] AF AiE [50, 24, 42, 43, 68, 64, 49, 28, 35, 21, 48,
6215 TEHAT.

2.8. °]/3°lA category theory9] 7|2 ZZo] o[Fo] 7 HALE =AME Aol I 3
A9} category theoryel]l @igt 27| HFd oiste] Al T}’é} It} 19673 AA ke A
AFe Z5sa ¥He ZAAA "Ade Fxolasl]l weekly seminardl 4 Isbell®] [44]¢) A
category® BelE ¢l7] Al F Aubabd AN 1965 e E0E Mitchell®) [G4]15 T3
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Categorical Topology 9] %A}

2 A 1968d9] o]F glo] W@ Aol 1 Axo|t}, FAld category theoryd] G EOZE
Freyd$} Mitchell®] Hute] gld A]AojRernz g Fopd dlsto vwl$ A category
theory7} el LAHA A% A% 2 $ seminaroll Al 1975E 5-E A [34,
28, 11 % categorical topologyol #HH ., o] AFA}Z I A category
theoryE @7ste shats o FEold vlsly Jdldoz @& Holrf

i
e K
b4

lo

29. EE ga3ze 943 T = (0, 1, 2}, {&, {1, 2}, {0, 1, 2}H9] powerd
subspace®} homeomorphico] %°], To-space Sierpinski space, zero—dimensional space<
two-point discrete space D, completely regular spacet unit interval [0, 1] £& d=A
R 9] power®] subspace®} Z+z} homeomorphic©]th.

2.10. Stone-Cech compactificationg T4& w A% unit interval [0, 1% Nachbin®
Hewitte= R 2 X3t realcompact space (= R 2] power®] closed subspace)E 723t
3, realcompactification® T4 81, o]+ reflectiono] ¥-& B IH3S, 221 = [0, 117 RS
D2 X8t Banaschewskit zero-dimensional compactification® T4+, reflection®l

2& EHTH3L

211. 99 29.¢} 2.10.2 Mrowka’t 1437 Edl thdtd, E-regular space (= E9
power® subspace)[56), ¢ Engelkinge E-compact space (= E2| power?] closed
subspace)®] M@e =z #BAsti{14], E-regular space®] category= TopolA reflective ©]
3, % Hausdorff space E®l ™3ld, E-compactification® ¢} 2L #HHoz FA3A,
E-compact space®] category’t TopolA reflectived-& X FtH14, 57, 58, 59l 1%
Herrlichdl 98ty 974379 class 89 Wl 8 -regular space (= 82 member®
product® subspace)$} 8-compact space (= 82 member® product® closed subspace)
2 #&AH 3, 8-compactification® TFA3}e], 8-regular space®] category®} ® -compact
space®] categorye ZtZt Top9 reflective subcategoryd-& FWEIT[27]. A,
completely regular space’t compact (realcompact, resp.)ol”7] 9% IR FFx2UL EE
z-ultrafilter (z-ultrafilter with the countable intersection property, resp.)7} fixedolth [22].
I+ infinite cardinal kol ™3}, k-compact space (= Z¥ k-intersection property& Z+
z-ultrafilter7} fixed$)! completely regular space)S A23st9tt.  Np-compact space =
compact space, Ni—compact space = realcompact space©]®], 2 infinite cardinal k¢ o
3t k-compact space®) category= Top9 reflective subcategoryy-S H I TH26]. ©] =4
Top9 reflective subcategoryE< proper class® #°]%Wth Hong< k-compact space X&
BX 9 k-closed subspace® #&dtx, T X9 k-compactification BXE BXolA X9
k-closure2 TAstAth  z-ultrafilter ™41}l maximal clopen filter& o] &3t
zero-dimensional k-compact space®] W3t E 2L AMEE Do ATHA40]L
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2.12. category theoryd & A3 duality principleelth. #3372l compact-open
topology & &-&3%t=d ZAAHA HIE& = k-space™ compact spaced coproduct]
quotient space® H+td|, o]& 8-regular space®] dual concepto]tt. wWe}AH k-spaced
category= TopolAl coreflectivec]t}. vF3F7EA 2 locally connected space™ connected
space®] coproduct® S 3, ¥ final sinkol sl @3 JoJA, locally connected space®]
category®= Topll A coreflective®]©H23]. 33 Franklin® sequential spaceE AQAFe
discrete space N9 one-point compactification aN <] copower® quotient (E-regular
space®] dual concept)2 characterized}™, sequential spacei= A2 372 quotient spaceZ
A3 APt ol = AYFY category Met?] initial hullo] uniformizable space$! A3 2+
o] Met?] final hull®] sequential space®] category Seq® Hi, Seq Al Topd
coreflective subcategory”’} ®©tH16, 171.

2.13. ¥ ANHLE g&F 2 F32 AHeldoh Top9 subcategory Aol o s},
1) A7} Top9 bireflective (bicoreflective, resp.) subcategory ©]7] 93 FQFEZ
A& A7} initial source (final sink, resp.)ol #ale] 23 gloh,
2) A7} Top9 epireflective subcategoryo]”] $3 HRFEZAL A7}l initial
mono-source®] &3] 23Ut} o] Al Topo) A productive, hereditary$l R 3 St}

2.14. Henlich= limit-operator®] 7H'd& =943}, Top? coreflective subcategoryS
25 A YH29]. infinite cardinal kol t3td, k-closure operator:= limit-operator®] o o]
). Hausdorff space®] category Haus®] epireflective subcategory AE &4 Haus$
onto-reflective subcategory B7F &4, AT B9 extensive subcategory® © v} Haus
o] extensive subcategory AE E33= Haus® YE extensive subcategory®
limit-operatorell <€)3led ZAQ=cH41]. wetA limit-operator:™ reflective subcategory$}
coreflective subcategoryE & Ao 24 g},

3. 48

Hilbert2 8 AlZd g3 gL 1930d o] Noethers AHA & FRFA dye

FxHAG ol= 1939dF-¥ A2 Bourbaki®] Eléments de Mathematiqueo] el 5

, 1945'd Eilenberg$} Mac Laned 93}<] category theory’} E4E QA2  homology,

homologxcal algebradl 7t F2 2t} 1958'd Kanell 2138t Bourbaki® universal mapping

problem& R ¢438HE adjoint situation® limit, colimit®] 7Hdo] =15, 1960d ) Zof o

T34 TZZ adjoint situationg F3l9 HAY 5 AA Hol, category theorys HS E3
HAE wol Z7Iosdd 2 o) BE Rold F4£3) 2o]7] A&
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Categorical Topology 9 <A}

-?‘l”“"ka'g A g7t dugl AEF o] H}rt, 19351 Tychonoff+ productE A 9] &}

, ol ©°] &34 Tychonoff Theorems FH3dtA T locally compact space®] one-point
compactlﬁcatlon o] &, Tychonoffe] A7 o838t Stone-Cech compactification®] 7 €
T Qarae A AE AASA HAUG ©] F uniform space 9 completion©] =HE S
A F o]50] ZF reflection® 2 5o}, extension theory$} category theory’l f1dsHo=
category theory®} YAFse AA2YA A4 3, 19604 FH S5 gt 1971
d categorical topologyehe Eob7l ©@AstETh o &oke % FHAE FAE T,
2-2lE FZ Top9 reflective, coreflective subcategory®] A& 539 o AAAFE &
o8 gkt}h. o]Eo] categorize® 7] oA} 1 Fo AAE vELFoRZ YR do] FHEH
#A 3} category theoryE %53t o2 A/ FdHe AAH FxHo: FAE O
22 AAE 2248 £ AA 22 € £ vk ol category theoryold ] &3 ui-$
g FHoltt. & MY EANA & EAZ At AR g, 3 o2 Zoko 2

=
=
=3 L1

7} category theory2 E¥5H 1, thA] A2& EAS 50 e HH o2 WAt

i)
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