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Category ~ ~ 1945 :9=-011 Eilenberg. S. ~ Maclane, S. jipj0:~7} *1i'iJ~:sL

~~15J:- ~3t General theory of natural equivalences [lJ£..!f--e;J Raf'F ~ '3;l.2...

~, :;W;f& 01 ~~01 11~%}711 g~cS}::ull 3lf+~:9=-0] 7,l~4JI. li..31. ~t:t.

4-i!!:~:m77}fi] oJ:- -t}0:1:s:. f,t~ ~ 43-* W15t~ 5tJrJJIj£. .¥i¥:1 tt~~ 1iff~7}

m~~l 0] ~o-l ~ '3;l~~ 3lf*0I1 .2},{1:: W15t% :9-!l!I~ 1iff~7} ~il-~ i::- j][tif

~£. -.s- ~"i!,{l .¥i¥:1 ttfI:!.¥J.A}o]~ ~~~ :9-;f1T:;4- 01 ~ .¥i¥:1 ttfI:!.~ $i!NI

(class) 011 ttcS}O:1 mmL'~ ~.31. 0]011 ~t% litf~71- Mtf'F~o-l ~~~~ category

~~ o]~ cS}~4.31. "§:zf%4.

0] ...~ £-8:- IUJ.t..'$~ ~ category.2} functor ~ ~~011 {R'6l1,{1 ~-m~l ~m!<l

.31. ~~~ category ~ functor il-:: W:~ m:tE .¥~ 0:1 "'1 :9-Jroll,{l -oe:m!<l
.31. 0] ~~ ~ ~ij 71- "~:zf cS}JI.::>:} ~H=· .~i¥:1 :9-!I!I ({11J7,l ull ftlf(¥ &IDft~

~)oJPi ~ ~~ ~ ttfI:!. (object)E:! Il;~ ~ MfI:!.i¥:1 6J f,t~a':1 .§l!ioJl Ai~ 1I*;i!

0] mljij~ 4- ~:s:.~ ?I!lfI:!.{t-8-J:- ~ 0] il-JI. "§:zf %4.

Category ~~ 11~% flMii::- ~ ~ ID~15J:- lt~J¥.1 :9-Jr~ ~~ ~ category

3tI~.2..£ IDtljij~ 4- ~ -i:- ~011 9J.~~ .!E *5t!f~ ~~~ 1iff~-t} ::111] ~ e.
1frt. ~ ft~-t}i::-ull ~4. 0] ij cS}O:1 category ~~ ~-i1:.~ 7}::>:,l .~~ '(l

B~~olil-.31. ..~ :zf%4.
~~1 lltQE category ~oJl,{i complete category oj] Jt% litf~7} ns~cS}711 01

Jf-o-l ::>:13L 9J.~~ 0] ~oJ] Al.s:.. category ~ completion oil fl% liff~7} J.Lam

beck [2J, J.R. Isbell [3J, [4J, T. Vera [5J, J.F. Kennison [6J, [8J Jl:;oJ]

ftc-t}e9 ;ftl&"~1 0] Jf-o-l filJI. ::L 3tI~ ~ ftft¥ ~ &ID~fiiJ ~oJl ~01 mm-t}¢:j

::L 7t!I!IoJl Ai~ ~ffifIi ~ W.nJ<;15i! 7}JI. ~4. t:-J: Fuch. U 0:~:: Infinite Abe-
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lian group oJ1 category J1~-i- Wt°J ~}Il~l-O:l "'~.£~ 1fit.!!...J£ iif~-i ~~

"8'l-J!.. ~~9 linear topology ([7J 29. p ~ 65. p $~)-t 7l-11 grou¢l comp

letion OJ] 1Ml1% ¥f5E~*~ f:§oJ ~~ "8'l-:d '%.
*_OJ] AJ i::- category~ completion oj] 1Ml1% £*M:Jf-i- ~"8'l-J!.. open prob-

lem -i- imfl- "8'l-J!..:Al- ~.

2. Category 2.1 completion

*IUOJ]Ai ft!:m~ t: ffl~i::- C2JOJJAJ~ ffl~OJ] IiI-~~~trJ.5'..-E- diagram-i?:

'small index category I ~ 7l-~ 4J!.. 1N~"8'}J!.. small category ~ completion

lJa 4~4.

(~. 1) .5'..-E- small category a OJ] Jt"8'}O:l functor F: a - B i=- B ~ .5'..-E-
r F

Jt~Ifh(object) 0] % diagram For: I-A--B~ supreme (infimum) ~~

OJ] flll'5ll AJ sup-dense (inf-dense)i!} %4.

(~. 2) Category C i=- COJ] AJ 31 .5'..~ diagram 71- r supremum (infimum)

'~ 7}~ l%l1 sup-complete (inf-complete)i!} %4. ~"61 C7} sup OJ J!.. inf

'Complete '4tft Cit complete category '4 ~4.

(~JI. 1) % small category aOJ] Ai complete category B.£3J functor.£

Ai inf-preserving oJ:iL sup-preserving oJ trJ sup-dense embedding functor 7}

-&pJ- ~;<» %4 [2J.

(f§tJ 1) B i[- functor CC), A] : a"--Ens (AEa -i-3J product~ .5'..-E

subject ~.£!tl CAD, EnsJinf 31 subcategory '4tt Bi= complete category

0]:iL functor H" : a-CAD, EnsJinf (H>(A) =[C), AJ) i=- sup-dense, inf-pre

.serving, sup-preserving oJ embedding functor 0] 4. ffl. a i= small oJ 4. :::J..

.~ 1-}- ~3!! lOJJ AJ ~% functor.£AJ inf-dense oJ ~ oJ ~ t:;;r:J ~ {;:-:A) o~ ~

-t!lj~ ~;;r:l ~J!.. ~ct.
.!E. [a", Ens];nf 7} ~J-~J- inf-complete ([2J, 21 p.) oli!}i= ~~ ~i!lf~~1-}

-oJ ~ oJ ~J--1l- sup-complete 7} ~ i;:-;;r:) ~:ef.s:. o~ ~il<f ~ ~;;r:J U4.

(~. 3) Category a -i- % complete category C~ small full subcate

gory '4 ~~ "~-* C ~}oJ oJ1 proper complete category 7} ffH:%};;r:) ~~tfl. C
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~ .8. ~ completion 6]?-} ~4.

~ C 7} .8. ~ completion 0] ?-}~ .8.cEcC 0]:i1. :B 7} complete categoryoJ

n:Jl B=C 0]4.

(1J!J 2) f9iJ 101] Ai ~~ category B ;: small category A E:! ~ completion

0]:i1. A7} group o]~ [AO,Ens]in!=[.8.',Ens];: AE:! completion 0]4.

3. Normal completion

(:iEll 4) E7} proper intermediate inf-complete .!E~ sup-complete cate

gory ~ ~.:>:1 ?l":i1. small category .8. ~ completion 0] ~ E ~ .8. ~ normal

completion o]?-} ~4.

(:iEll 5) .:\.~ category t!-} "is"}:i1. I ~ P ~ .8. ~ $51- ~ito] EJ- "is"l-;<}. I..9}

P £I ~* ~ ~~ injection '* projection 0] t!-} -¥-~t:-} . .5:.

(0 I..9} P;: "~~ ..£..g. isomorphism ~ .±%ii};: subcategory 0] :i1.

(ii) .8. E:! ..£..g. morphism f ~ projection lz..9} injection g -4E:! composition

g·h 0] til

(iii) .£.i§:- .8.~ injection ~ monomorphism 0] :i1. ..£.-e- projection ~ epimor

phism 0]4.

o]ltlj % J!!~Jf~ ,*(A,[,P)~ bicategory C t!-]- %Jt:f.

(:iEm 2) A~ complete category C E:! small full subcategory EJ- ~};<}.

(;7} bicategory~ :lfj§(A,I,P) ~ :s.!-i::-4'ii AE:! normal completion E

(ACECC) 7} f¥tE~4. "~E:! E l11£E:! embedding functor ;: A oj1 Ai~ small

diagram E:! .£.i§:- supremum Jl} infimum~ f*f¥i{}t:f. [6J

(i9!J 3) Prod (A) ~ AiE-d- 011 ¥it%J..£.i§:- product 1Ti Ai ~ £.lli A ~ full sub

category t!-]- %}:i1. prod CA) E:! ;frfi~Cobject)~ ..£.-e- extremal subobject £ ~

full subcategory ~ M*'-subCprodCA))£ :;i{~"iS"}'ii o]~oJ A~ % normal

completion 0] t:f.

..£.-e- minimal small-complete extension 0] normal completion oJ.:>:] ~"?:f7l

~tJ9 ~ ~AJ ~.JL ~4.
(1J!J 4) ~ J!~Jf*i'i L91 ~*~ category~ ~i~~£ i5}.JL ff~~ :iit~
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~ a, b oj] ff% morphism set [a, bJ ~

[a bJ- {{(a,b)} (a~b o]~)
, -- if> (a$b o]~)

.£. ~~ ttll L.ft: small category € 0]~4.

Complet lattice ~ ~ ojJA1 ~"5-J:Jl}.2l- 7'[0] category.£. ...~ z}~}~ complete

category € 0]~4.

(~3M 3) ff~~ nlf{Ff~it L oj] ff~}o'l 4 i: lRftI: rff~.2l complete lattice

[./ .2l- R[&Ff ~ £*ff~}-i:- injection f' : L-+L' oj1 ~c5l1"'<1 cpof = f' oJ nlf{Ff € f*ff

~}-i:- injection if> : L-+L' 7} ~,,~ %4J~ nJ--9'-~}:;:: complete lattice L.2} nlf{

J'f ~ f!f;:ff~}::: injection f: L-+L7} ~,,~ %4. [9J

~~ 3oj1 A1 ~ L~ category.£. A~ z} ij:[ ttll category L ~ % completion 0]

~4.
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