Index

Ab (= category of abelian groups), 2.2}
Ab™ (= category of abelian groups every
element of which has order n), 26.2, 27.5
Abelian category, §41
characterization of, 41.3, 41.4, 41,9, 41A
defined, 41.1
examples, 41.2
finitary algebraic means category of mod-
ules, 41.16
is finitely complete and finitely cocom-
plete, 41.5
vs. algebraic category, 41.16, 41D, 41G
vs. biproduct, 41.8, 41.10
vs. exact additive category, 41.3, 41.4
vs. exact additive functor, 41.11, 41.12
Abelianization functor, 9.2(8), 13.2(6), 27.5
Add [«/, #], 40.164, 41E, 41F
Additive category, §40
defined, 40.1
examples, 40.2, 40B
vs. abelian category, 41.3, 41.4
vs. algebraic category, 40.21
vs. products and coproducts, 40.20
Additive functor, 40.14
characterization, 40.16
exact functor between abelian categories
is, 41.11
cxamples, 40.15
vs. Ab, 40.17, 40.18
Additive structure on a category, 40.1
vs. abelian category, 41.4
vs. biproduct, 40.12, 40.13
Adjoint functor, §27. See also adjoint situa-
tion
Adjoint Functor Theorem:
First, 28.3

for Set-valued functors, 30.19-30.21, 31A
involving third category, 28.12
Second, 28.10
modified form, 28E
smallness conditions *‘best possible™,
28C, 28D
Special, 28.11
modified form, 28A
with weak completeness condition, 28H
Adjoint situation, Chapter VII
composition of, 27.8
defined, 27.1
dual of, 27.6
equivalent formulation via set-valued bi-
functors, 27.9, 27L, 27M
examples, 27.5
existence of, §28. See also adjoint functor
theorem
vs. representable functors, 30.13, 30.19-
30.22, 31A
uniqueness of, 27.4, 27K
vs. additive categories and additive func-
tors, 40G
vs. comma categories, 270
vs. free objects, 31.4
vs. functor category, 27P
vs. Galois correspondence, 27Q
vs, limits and colimits, 27.5, 27.7, 28.3,
2809, 28.10, 28.11, 28.12, 28A, 30.21,
31A
vs. universal maps, 27.3
Adjunction (= adjoint situation), 27.1
Algebraic category, §32
commuting functor between two, is alge-
braic, 32.20
defined, 32.1

+ All numbers given are section and exercise numbers, not page numbers.
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Algebraic category—continued
diagonalization property for, 32C
examples, 32.2
finitary, 32G
finitary and abelian means category of
modules, 41.16

forgetful functor for, reflects isomorph-
isms, 32.5

forgetful functor for, reflects limits, 32.11,
32.12

implied by certain conditions, 32.4

internal characterization, 32.21

is cocomplete, 32.14

is complete, 32.12

is (regular epi, mono) category, 33K

is well-powered and regular co-(well-
powered), 32,10

vs. abelian category, 41.16, 41D, 41G

vs. additive category, 40.21

vs. algebraic functor, 32.19, 32.21, 32.22

vs. factorizations, 32.7, 32.8, 32.9, 32.13,
33K

vs. free object, 32.22

vs. varictal category, 38.3, 38.4

Algebraic functor, 32.15
closed under composition, 32,16
is faithful, 32.17
preserves and reflects, monomorphisms,

isomorphisms and (regular epi, mono)-
factorizations, 32.18
vs. algebraic category, 32.19, 32.21, 32.22

Algebraic subcategory, §38
vs. reflective subcategory, 38.1, 38.2

Arrow (= morphism)

Arrow category, 4.16

Associated functors, 9.10, 10B

Associativity condition (for morphisms),
3.1, 3.8

Axiom of choice (for classes), 1.2

BanSp, (= category of Banach spaces and
bounded linear transformations), 2.2
BanSp, (= category of Banach spaces and
norm-decreasing linear transformations),
22
Balanced category, 6.18
characterization of, 17.13
examples, 6.19
normal category is, 39A
vs, extremal morphisms, 17.13
Bicartesian square (= pulation square)
Bifunctor, 9.7-9.10
vs. adjoint situation, 27.9

Bijective function, 1.1
vs. isomorphism and bimorphism, 5.12,
5.14, 6.17, 32.6
Bimorphism, 6.16
closed under composition, 6.20
examples, 6.17
in three-fold factorization, 34.6
reflected by faithful functor, 12.8
vs. isomorphism, 6.18
Bipointed sets, category of, 2.2
Biproduct, 40.4
characterization, 40.8
in abelian category, 41.8, 41.10
preservation of, vs. additive functor,
40.16
vs. product and coproduct, 40.7-40.10
vs. semiadditive structure, 40.12, 40.13
Biproduct of morphisms, 40.6, 40.7
BooAlg (= category of booleanalgebras), 2.2

C*-Alg (= category ol C*-algebras), 2,2
Cartesian product, 1.1, 1.2, 18.1, 18D
Cartesian product functor, 9.8, 19K
Cartesian square (= pullback square)
Cat (= calegory of small categories), 11.2
full subcategories of, 12F
is concretizable, 121
is well-powered, 11D
€T (= quasicategory of all categories),
11.2
is not well-powered, 11D
special morphisms in, 11C
Categorical property:
means preserved by equivalences, 14.16
vs. functor category, 15.5, 15.6
Category:
abelian, §41. See also abelian category
additive, §40. See also additive category
algebraic, §32. See also algebraic cate-
gory
cocomplete, §23. See also cocomplete
category
comma, 4.18, 4.19, 20D
complete, §23. See also complete cate-
gory
concrete, §2, 12.7. See also concrete cate-
gory
concretizable, 3.5+, 12L
connected, 3.4
conormal, 39.6. Se¢ also conormal cate-
gory
defined, 3.1, 3.8
discrete, 3.4



dually equivalent, 14.17, 14.18, 15A
(&, A), §33. See also (£, #) category
empty, 3.5(9)
(epi, extremal mono), §34. See also (epi,
extremal mono)-category
equivalent, 14.8-14.11, 14J
exact, §39. See also exact category
examples, 2.2, 3.5
(extremal epi, mono), §34
functor, §15. See also functor category
(normal epi, normal mono), 39.17
normal, §39. See also normal category
of all categories, appendix
of small categories (= Cat), 11.2
pointed, Chapter XI. See also pointed
category
quasicategory of all (= €49 ), 11.2,
11C, 11D
self dual, 14.17, 14.18
semiadditive, §40. See also semiadditive
category
skeletal, 14.4, 14.10
small, 3.4. See aiso small category
varietal, 38.3-38.6
CBanAlg (= category of commutative com-
plex Banach algebras), 2.2
Class, 1.2
ordered, 3.5, 27Q
Closure under I-limits (or {*#-colimits), 23.5,
23.6, 33F, 36.12, 36.13, 36.15
Coadjoint (= right adjoint)
Cocartesian squarc (= pushout square)
Cocomplete category, §23. See also co-
completeness
algebraic category is, 32.14
defined, 23.1
examples, 23.9
finitely, 23.1
abelian category is, 41.5
characterization, 23.7 dual
reflective subcategory is, 36.18, 36D
Cocompleteness. See also cocomplete cate-
gory
almost means completeness, 23.11-23.17,
23D
characterization of, 23.8 dual, 23.12
vs. has copowers of a separator, 23.17
vs. strongly co-(well-powered), 23.13, 28F
Cocomplete subcategory, 23.5
vs. reflective subcategory, 36.18, 36D
Coconstant morphism, 8.2-8.8
reflected by faithful functor, 12.8
cod(f) (= codomain of f), 3.1
Codiagonal morphism, 18.7

385

Codomain
of a functor, 9.1
of a morphism, 2.1, 3.1
of a sink, 19.1
of a source, 19.1
Codominion, 34H, 341
Coeq(f,g) (= coequalizer of fand g), 16.6
Coequalizer, §16. See also regular epi-
morphism
defined, 16.2
examples, 16.3
existence in a category, 16.8
is colimit, 20.3
multiple, 16.10, 20B
notation for, 16.6
preservation of
different from preservation of regular
epimorphisms, 24B
vs. congruence relation, 21.15, 21.16, 21G
Cogenerator (= coscparator)
Coimage of a morphism, 34.8
in exact category, 39.15
vs. exact sequence, 39.20, 39.21, 39.24,
39.25
Cointersection of quotient objects, 17.2
Cok(f) (= cokernal of f), 16.17
Cokernel, 16.17, 16.18
vs. kernel, 27R, 394, 39.5
Colim D (= colimit of D), 20.8, 23.4,
24.4(8), 27.5
Colimit, §20
closure under the formation of, 23.5,
26.10, 36.12, 36.15
coequalizer is, 20.3
coproduct is, 20.3
defined, 20.2
direct limit is, 22.1
initial object is, 20.3
is “initial”’ natural sink, 20.2
multiple coequalizer is, 20B
preservation of
by full, faithful Set-valued functor,
24D
vs. adjoint situation, 27.7, 27P
vs. universal maps, 26.9, 26.10, 26.11
pushout is, 21.1
strong closure under the formation of,
36.15,37.3
terminal object is, 20.3
vs. adjoint situation, 27.5, 27.7, 27P
vs. reflective subcategory, 36.17, 36.18
vs. universal map, 261
Colimit functor, 23.3, 23.4, 24.4(8), 27.5
Colocally small (= co-(well-powered))
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Comma category, 4.18, 4.19, 20D
vs. adjoint situation, 270
Commutation of limits, 25.4, 25.5
Commutation of limits and colimits, 25B,
38B
Commutative triangle
preserved by any functor, 12.2
reflected by faithful functor, 12.8
Commutator subgroup functor, 9.2(8),
13.2(5), 27.5
Complete category, §23. See also complete-
ness
algebraic category is, 32.12
countably, 23B
defined, 23.1
examples, 23.9
finitely, 23.1
abelian category is, 41.5
characterization, 23.7
reflective subcategory is, 36.14, 38.2
vs. algebraic subcategory, 38.2
vs. complete subcategory, 23.6
Completeness. See also complete category
almost means cocompleteness, 23.11-
23.17, 23D
characterization of, 23.8, 23.12 dual
in functor categories, 25,7
means cocompleteness for small cate-
gories, 18.22, 23.9
Complete subcategory, 23.5
reflective subcategory is, 36.14, 38.2
vs. algebraic category, 38.2
vs. completeness, 23.6, 24.4(10)
Compaosition
of adjoint situations, 27.8
of functors, 9.4
of morphisms, 2.1, 3.1, 3.8
of natural transtormations, 13.3
CompT, (= category of compact Hausdorff
spaces), 2.2
Concrete category, §2, 12.7
category naturally associated with, 3.5(1)
equivalence for, 14J)
is regular well-powered and regular co-
(well-powered), 16N
(strongly) finitary, 22E
Concretizable category, 3.5+, 12L.
dual is concretizable, 32H
Cone (= natural source or natural sink)
Conglomerate, 1.3
Congruence on a category. 4.4
induces quotient category, 4.5
Congruence relation, 21.14
vs. coequalizer, 21.15, 21.16, 21G

Index

vs. conormal category, 39.13
vs. monomorphism, 21.15, 21.17
vs. regular epimorphism, 21.16
vs. varietal category, 38.3
Conjugate (of a natural transformation),
278
Connected category, 3.4
Conormal category, 39.6
characterization of, 39.13, 39.14
examples, 39.7
given by certain conditions, 39.18
Constant functor, 9.2
“Constant functor” functor, 15.8, 15C
preserves limits and colimits, 24.4(9)
vs. adjoint situation, 27.5, 27P, 28F
vs. diagonalization, 35.2
vs. generation and epi-sinks, 26.4(2),
28.5(2)
vs. limits and universal maps, 261
Constant morphism, 8.2-8.8
reflected by faithful functor, 12.8
vs. constant function, 8A
vs. products, 18.16, 18E
vs. pullback square, 21H
Contravariant dual (of a statement) 12.4
Contravariant functor, 9.5, 9.6
Contravariant fom-functor, 10.2, 13.2(3)
Contravariant power-set functor, 9.6,
13.2(3)
Conull object (= initial object)
Copowerof an object, 18.7,23.15,30.19,31C
Copower functor:
has a right adjoint, 27F
Coproduct, §18
defined, 18.3, 18.6
examples, 18.4, 18.8
existence for subfamilies, 23.15, 23.16
factoring through finite, 40.20
in abelian category, 41.3, 41.4, 41.7
is colimit, 20.3
preservation of, vs. additive functor,
40.16
preservation of, vs. finitary functor, 40,21
vs. biproduct, 40.7, 40.8, 40.10
Coproduct of morphisms, 18.15
vs. (bi)product of morphisms, 40.7
Corellection ol an object, 36.1
Corellective hull, 37.5, 37.7
Coreflective subcategory, 36.1
characterization of, 37.3
examples, 26.2(4)
treatment only given for full, isomorph-
ism-closed subcategories, 36.6
vs. monocoreflective subcategory, 37.3



Coreflector functor, 36.1
Coretraction (= section)
Coseparator, 12.18-12.21, 19.5-19.8
characterization of, 12.20, 19.6
defined, 12.18, 12)
examples, 12,21
existence of, vs. adjoint funciors, 28.11,
30.21
extremal, 19.7, 19.8, 19E
M-, 19,7
regular, 19.7
vs. mono-source, 19.5
Countable completeness, 23B
Counit of adjunction, 27.1
Co-universal map, §26. See also universal
map
Covariant functor (= functor), 9.5
Covariant hom-functor, 10.2
Co-(well-powered) category, 6.27
examples, 6.28
&-, 17.15
extremally, 17.9
vs. Adjoint Functor Theorem, 28.10
regular, 16.13
algebraic category is, 32.10
strongly, 19.9, 19F, 23.13, 28F
vs. well-powered, 39.11
CRegT, (= category of completely regular
Hausdorff spaces), 2.2

Dense functor, 12.5, 12.6, 12,10, 12.11, 12H,
121, 14.12, 14G, 24.11
Dense subcategory, 5.21
Diagonalization property
(&, A ), 33.2,33.3, 33C
(epi, extremal mono)-, 33], 34.2, 344,
354
[epi, (extremal mono)-source]-, 35.3
(epi sink, extremal mono)-, 35.11
(extremal epi, mono)-, 35.4
[(extremal epi)-sink, monol-, 35.2
for algebraic category, 32C
(regular ¢pi, mono)-
possessed by all categories, 17.17
Diagonalization Theorems, 35.1, 35.9
Diagonal morphism, 18.7
Diagram (= functor)
Difference cokernel (= coequalizer)
Difference kernel (= equalizer)
Directed class, 22.1
Direct image, 21.1
Direct limit, §22
canonical construction of, 22.2(6)

Index
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commutation with finite limits, 25B, 38B

defined, 22.1

examples, 22.2, 22B, 22C

determined by direct limit of final sub-

system, 22.3

is colimit, 22.1

vs. finitary category, 22E, 32G, 38B
Discrete category, 3.4
Disjoint union, 1.1, 1.2

functor, 9.8
dom(f) (= domain of f), 3.1
Domain

of a functor, 9.1

of a morphism, 2.1, 3.1

of a sink, 19.1

ol a source, 19.1
Dominion, 34H, 341
Doolittle diagram (=

21.16, 21L, 41B
Double quasicategory, 13.16
Downward-directed class, 22.1
Dual category (= opposite category)
Duality

contravariant, 12,4

for functors, 12.4

principle of, 4.15, 4Q, frontispiece

vs. adjoint situation, 27.6

vs. representable functors, 301
Dually-equivalent categories, 14.17, 14.18,

15A

pulation square),

&-co-(well-powered), 17.15
Embedding functor, 12.5, 12.6, 12.11, 121,
121, 14A
Embedding morphism, 34G
Embedding, Yoneda, 30.8, 30.9
(&, .#) category, §33
characterized by (&, .#)-factorizability
and (&, .#)-diagonalization property,
333
defined, 33.1
examples, 33A, 33B, 33G, 33H, 33K, 33L
in such, ¢ and .# uniquely determine
cach other, 33.6
vs. closure of .# under products, pull-
backs, and intersections, 33F
vs. ¢-reflective subcategory, 37.1
vs. extremal morphisms, 33.7, 33D, 33F,
34A
vs. isomorphisms, 33F
vs. .#-subobijects, 36.11
(&, . # )-diagonalization property, 33.2
33C

,33.3,
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(&, A )-factorization, 17.15
vs. (&, ) category, 33.3
Empty category, 3.5(9)
Ens (= Set)
(epi, extremal mono) category, §34
given by well-powered, has intersections
and equalizers, 34.5, 35.12
(epi, extremal mono)-diagonalization pro-
perty, 33), 34.2, 34.4, 35.4
(epi, extremal mono)-factorization, 17.15
[epi, (extremal mono)-sourcel-diagonaliza-
tion, 35.3
[epi, (extremal mono)-source]-factorization,
19.13
(epi, mono) category
exact category is, 39.15
(epi, mono)-factorization, 17.8, 17E, 39.6
(epi, mono-source)-factorization, 19.13
Epimorphism, 6.9-6.15
extremal, 17.9. See also extremal epi-
morphism
in € F, 11C
in exact category, 39.15, 39.22, 39.24
normal, 16.17. See also normal epi-
morphism
not closed under products, 18G
regular, 16.13. See also regular epi-
morphism
vs. free object, 31.9
vs. gencration of an object, 26.4
vs. preservation and reflection by func-
tors, 12.8, 12.10, 12.14, 24.6, 24.8, 24G,
31.6, 32.1, 41.15
vs. projective object, 12.14, 31.6
vs. pullback, 21N, 41C
vs. regular monomorphism, 16.16, 16G,
16l
vs. retraction, 6.14
vs. surjective function, 6.8, 6.10, 6H, 061,
11C, 32.6
with extremal monomorphism means iso-
morphism, 17.12
with section means isomorphism, 6.15
Epireflective subcategory, 36.1. See also
reflective subcategory
characterization, 37.2
closed under formation of extremal sub-
objects, 36.10
vs. monoreflectivity, 36.3, 37C
(epi,regularmono)-factorization, 17.15,34D
Epi-sink, [9.1
vs. generation of an object, 26.4, 261
(cpi sink, extremal mono)-diagonalization,
35.11

(epi sink, extremal mono)-factorization,
19.13, 35.13
(epi sink, mono)-factorization, 19,13
&-projective, 31.6
Equ({, g) (= cqualizer of fand g), 16.6
Equalizer, §16. See alse regular mono-
morphism
commutes with products, 18.17, 25.1
defined, 16.2
examples, 16.3
existence in a category, 16.8
is limit, 20.3
is subobject, 16.4
multiple, 16.10-16.12, 20.7, 20B
notation for, 16.6
uniqueness ol, 16.5, 20.7
vs. epimorphism, 16.7
vs. intersection and product, 18.23
vs. isomorphism, 16.7, 16A
vs. kernel (in additive category), 40C
vs. monomorphism, 16B
vs. pullback and product, 21.3, 21.4, 21.7
Equivalence (= full, faithful and dense),
14.12-14.18 ’
does not reflect identities, 121
prescrves and reflects categorical proper-
ties, 12.10, 12H, 14G
preserves and rellects (co)limits, 24.11
Equivalence situation, 14.12, 14.13, 27.2
Equivalent categorics, 14.8-14.11, 14)
concrete, 14J
dually, 14.17, 14.18, 15A
vs. equivalence, 14.15
&-quotient object, 17.15
&-reflective subcategory, 36.1. See also re-
flective subcategory
&'-separator, 19.7
Evaluation functor, 15.7, 15.8, 15C
Evaluation natural transformation, 13.2(12)
Exact category, 39.6
examples, 39,7
given by certain conditions, 39.19
means (normal epi, normal mono) cate-
gory, 39.17
properties of, 39.11, 39.15, 39.21, 39.22
vs. abelian category, 41.3, 41.4
Exact functor, 39,23-39.25, 39J-39M
between abelian categories is additive,
41.11
vs. Hom-functor relative to a projective
object, 41.15
vs. limit and colimit prescrvation, 41.12
Exact sequence, 39.20-39.25, 39E-39J, 41.8,
41B



Extendable
37G, 37H
Extremal condition
for generation, 26.3, 26.5
for morphisms, 17.9, 17.14, 178
for sources and sinks, 19.1, 19.4
Extremal coseparator, 19.7, 19.8, 19E
(extremal epi, mono) category, §34
given by wecll-powered, finitely complete,
and has intersections, 34.1, 35.7
(extremal epi, mono)-diagonalization pro-
perty, 35.4
(extremal epi, mono)-factorization, 17.15
vs. (extremal G-generating, mono)-fac-
torization, 28.5
(extremal epi, mono-source)-factorization,
35.14
Extremal epimorphism, 17.9
examples, 17.10
extremal condition sufficient, 17.14, 17B
vs. balanced category, 17.13
vs. (&, A ) category, 33.7, 34A
vs. extremal generation of an object, 26.4
vs. regular epimorphism, 17.11, 32B
with monomorphism means isomorph-
ism, 17.12
(extremal epi)-sink, 19.1
vs. extremal generation of an object, 26.4,
261
[(extremal
tion, 35.2
[(extremal epi)-sink, mono]-factorization,
19.13. See also factorization
Extremal generation of an object, 26.3, 28.4,
35.8
examples, 26.4, 28.5
vs. adjoint functors, 28.9, 28.10
vs. universal map, 26.6
(extremal G-generating, mono)-factoriza-
tion, 28.4. See also factorization
Extremally co-(well-powered), 17.9
vs. Adjoint Functor Theorem, 28.10
Extremally well-powered, 17.9
Extremal monomorphism, 17.9
closure under composition, interesection,
inverse image and product given by the
(epi, extremal mono)-diagonalization
property, 34.2
examples, 17.10
vs. closurc under composition and inter-
sections, 34.2, 34.7, 34B, 34C
vs, balanced category, 17.13
vs. embedding morphism, 34G
vs. (€, ) category, 33.7, 33D, 33F, 34A

morphism, 37.8-37.10, 37F,

epi)-sink, mono]-diagonaliza-

Index

389

vs. first factor of a composition, 17C
vs. regular monomorphism, 17.11 dual,
34.7, 34D, 34H, 34L
vs. strict monomorphism, 34J
vs. strong monomorphism, 34K
with epimorphism means isomorphism,
17.12
(extremal mono)-source, 19.1-19.4
timit is, 20.4
product, is, 19D, 20.5
vs. epireflective subcategory, 37.2
vs. extremal coseparator, 19E
vs. extremal monomorphism, 19.2, 19.3
Extremal projective, 31.6
Extremal quotient object, 17.9
vs. coreflective subcategory, 37.3
Extremal separator, 19.7
vs. algebraic functor, 32.21
vs. limit reflection by hom-functor, 35D
Extremal subobject, 17.9
vs. closure under intersections, 34.2, 34.7,
34C
vs, epireflective subcategories, 36,10, 37.2

Factorizable category
(&, #)-, 17.15
(extremal epi, mono)-
implied by well-powered, has intersec-
tions and equalizers, 17.16, 28.7
(regular epi, mono)-
algebraic category is, 32.13
always unique, 17.18
implied by existence of pullbacks and
coequalizers and proper behavior of
regular epimorphisms, 210
Factorization, §17, Chapter 1X
(&, M)-, 17.15
vs. (&, .#) catcgory, 33.3
(epi, extremal mono)-, 17.15
[epi, (extremal mono)-source]-, 19.13
(epi, mono)-, 17.8, I7E
(epi, mono-source)-, 19.13
(epi, regular mono)-, 17.15
(epi sink, extremal mono)-, 19.13
given by well-powered, has intersec-
tions and equalizers, 35.13
(epi sink, mono)-, 19.13
examples, 34F
(extremal epi, bi, extremal mono)-, 34.6
(extremal epi, mono)-, 17.15
vs. (extremal G-generating,
factorization, 28.5
(cxtremal epi, mono-source)-, 19.13

mono)-
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Factorization—continued
given by co-(well-powered), has co-
intersections and coequalizers, 35.14
[(extremal epi)-sink, mono]-, 19.13
implied by well-powered, has intersec-
tions and equalizers, 19.14, 28.8, 35.6
vs. (extremal G-generating, mono)-
factorization, 28.5
(extremal G-generating, mono)-, 28.4
examples, 28.5
given by certain conditions, 28.6, 32D,
35.5
vs. adjoint functor theorems, 28.9,
28.10
five-fold, 341
functorial in (&, .#) category, 33.5, 33E
(G-generating, extremal mono)-, 28.4
given by certain conditions, 35.12, 35B
in normal and exact categories, 39.13,
39.15, 39.17
(normal epi, normal mono)-, 39.17
(regular epi, mono)-, 17.15
always unique, 17.18
implied by certain conditions, 210, 32.3
preserved and reflected by algebraic
functor, 32.13, 32.18
vs. algebraic subcategory, 38.1
vs. (regular epi, mono) category, 33.4
three-fold, 34.6
vs. algebraic category, 32.7, 32.8, 329,
32.13, 32D
vs. dominion, 34H
Factorization Lemmas, 28.6, 34.3
Factors through, 3.1
Faithful functor, 12.5
algebraic functor is, 32.17
cartesian product functor is not, 19K
examples, 12.6
vs. concrete category, 12.7
vs. composition, 12.11, 12D
vs. equivalence, 14.12
vs. preservation and reflection of (co)-
limits, 24.7, 24.8, 24.9, 24,11, 24.12,
24D
vs. reflection of special morphisms, 12.8,
12.9, 24.6, 24.8
vs, reflection of exact sequences, 391, 39)
vs. separator and coseparator, 12.18, 12J,
31.11, 41.14
with full and dense, preserves and reflects
categorical properties, 12.10, 12H, 121,
14G, 24.11
Family, 1.1
Fibered product (= pullback)

Fibered sum (= pushout)
Field (= category of fields), 2.2
Final subclass of an upward-directed class,
223
Finitary category, 22F
algebraic, 32G, 32L
and abelian, means category of mod-
ules, 41.16
vs. varietal category, 38A, 38B
Finitary functor, 22E
vs. preservation of coproducts, 40.21
Finitary object, 22E
Finitely generated space, 14C
First Adjoint Functor Theorem, 28.3
First Noether Isomorphism1 Theorem, 39H
Fitting property, 37C
Five rules of Godement, 13.14
Forgetful functor (= underlying functor),
9.2(6), 13.2(10)
universal map for, 26.2(1)
vs. adjoint situation, 27.5
vs. generation of objects, 26.4
vs. preservation and reflection of limits,
24.4
Foundation for category theory, §1, appen-
dix
Free functor, 9.2(7), 13.2(10), 27.5
Free object, §31
defined, 31.1
each object is surjective image of, 31.9
examples, 26.2(1), 31.2
isomorphism of, 31.14
is sur-projective, 31.8
over empty set means initial object, 31.4
over one-element set determines others,
31C
over a singleton set means representation,
314
retracts of, vs. sur-projectivity, 31.10, 32E
vs. algebraic functor and algebraic cate-
gory, 32.22
vs. lelt adjoint, 31.4
vs. limit preservation, 31.4
vs, separator, 31.13
Full Embedding Theorem, 30.8, 30.9, 30C
Full functor, 12.5, 12.6
vs, composition, 12.11, 12D
vs. equivalence, 14.12
with faithful and dense, preserves and re-
flects categorical properties, 12.10,
12H, 121, 14G, 24.11
Full subcategory, 4.2
Func, 13H
FUANC, 13.8



Function, 1.1
restriction of, 9.1
Functor, §9
additive, 40.14--40.18, 41.11
adjoint, §27. See also adjoint situation
algebraic, 32.15-32.22
colimit, 23.4, 24.4(8), 27.5
colimit of, 20.2. See also colimit
contravariant, 9.5
coreflector, 36.1
defined, 9.1
dense, 12.5, 12.6, 12.10, 12.11, 12H, 12I,
14.12, 14G
duality, 12,4
embedding, 12.5,12.6,12.11,121,12L,14A
equivalence, 14.12-14.18
evaluation, 15.7, 15.8, 15C
exact, 39.23-39.25
examples, 9.2, 9.6, 9.8, 9A, 9F
faithful, 12.5. See also faithful functor
finitary, 22E, 40.21
forgetful, 9.2. See also forgetful functor
full, 12.5. See also full functor
half-exact, 39L
has left (or right) adjoint, 27.1, §28
hom, 8§10, §29. See also hom-functor
induced by universal maps, 26.9, 26.11,
26.12
initially in a subcategory, 36.15
isomorphism, 14.1
left-exact, 39L, 41.13
limit, 23.4, 24.4(8), 25.4, 27.5, 27P
limit of, 20.2. See also limit
of several variables, 9.7
quasicategory of all, 13.8
reflector, 36.1, 36.5
representable, §30. See also representable
functor
representative (= dense)
right-exact, 39L
vs. bifunctor, 9.7-9.10
vs. preservation and reflection of limits
and colimits, §24
Functor category, §15
has properties ol sccond member, 15.6,
25.7, 25A
limits in, and completeness of, 25.6, 25.7
vs. adjoint situation, 27P
vs. exact category, 39M
Functor isomorphism (= natural iso-
morphism)
Functor morphism (= natural transforma-
tion), 13.1
Fundamental group functor, 9.2, 27.5
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Galois correspondence, 27Q
vs. formation of pullbacks and pushouts,
21D
vs. kernels and cokernels, 27R, 39.4
Generation of an object (with respect to
a functor), 26.3, 26.4, 26.6, 28.4, 28.5,
30.21, 35.8, 35.9, 35.12, 35A
Generator
examples, 26.2(1)
insertion of, 31.1
vs. injective function, 31.5
(G-generating, extremal mono)-factoriza-
tion, 28.4
given by certain conditions, 35.12, 35B
Godement’s five rules, 13.14
Grothendieck Universe, appendix
Grounding functor (= forgetful func-
tor)
Grp (= category of groups), 2.2

Half-exact functor, 39L, 41.11
Has biproducts, 40.4
Has coequalizers, 16.8
and pullbacks, vs. (regular epi, mono)-
factorizability, 210
implied by completeness and smallness
conditions, 23.11
Has cokernels, 16.17
vs. normal and conormal categories, 39.6,
39.14, 39B
Has coproducts, 18.18, 23.12
Has coseparator
vs. (co)completeness and (co-)well-
powered, 23.14
vs. Special Adjoint Functor Theorem,
28.11
Has direct images, 21.1
Has direct limits, 22.1
Has equalizers, 16.8
and finite products, means has pullbacks
and a terminal object, 21.9
follows from finite products and finite
intersections, 21.8
vs. (finite) completeness, 23.7, 23.8
Has finite products, 18.18
and equalizers means has pullbacks and a
terminal object, 21.9
Has /-colimits, 23.1
Has I-limits, 23.1
Has intersections, 17.5
vs. completeness, 23.7, 23.8
Has intersections of regular subobjects
vs. completeness, 23.7, 23.8
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Has inverse images, 21.1
vs. (finite) completeness, 23.7, 23.8
Has inverse limits, 22.1
and finite products, means has products,
22.6
vs, completeness, 23.8
Has kernels, 16.17
vs. normal and conormal categories,
39.6, 39.14, 39.18, 39B
Has left adjoint, 27.1. See «also adjoint
situation
Has products, 18.18
means has coproducts for small cate-
gories, 18.22
implied by has finite products and inverse
limits, 22.6
vs. completeness, 23.7, 23.8
Has pullbacks, 21.1
and coequalizers, vs. (regular epi, mono)-
factorizability, 210
and terminal object, means has equalizers
and finite products, 21.9
follows from finite products and terminal
object, 21.6
follows from has finite products and
equalizers, 21.4
vs. diagonalization properties, 35.1, 35.2,
354
vs. (finite) completeness, 23.7, 23.8
Has pushouts, 21.1
vs. diagonalization properties, 33J, 35.3,
354
Has right adjoint, 27.1. See also adjoint
situation
Has separator
vs. cocompleteness, 23.17
vs. reflection of regularepimorphisms, 24G
Has terminal object
and pullbacks, means has equalizers and
finite products, 21.9
vs. (finite) completeness, 23.7, 23.8
hom(A,B) (= set of morphisms from A to
B), 2.1, 3.1, 10.2
hom-functor, §10, §29. See also represent-
able functor
detects commutativity, 29,1
detects monomorphisms, 29.4
internal, 10.4
for additive and abelian categories,
40.17-40.19, 40.21, 41.13-41.16
universal map for, 26.2(3)
vs. adjoint situation, 27.5, 27P
preserves and detects limits, 29.3, 40.17
preserves monomorphisms, 12,13, 29.4

vs. adjoint situation, 27.5, 27.9, 27F
vs. left exactness, 41.13
Homology functor, 9.2(12), 13.2(7), 13.2(8)
Hom-type functor, 10.5, 10.6
hTop (= homotopy category ol topological
spaces), 4.7 R
Hull, (co)reflective, 37.5-37.10, 37C, 37E,
37G, 37TH
Hurewicz homomorphism, 13.2(8)

Idempotents, splitting of, 17D
vs. adjoint functor theorem, 27N, 28H
Identity (algebraic), 38D
Identity functor, 9.2
Identity morphism, 3.3, 3.7
characterization of, 3.6
existence condition, 3.1, 3.8
not reflected by equivalence, 121
preserved by functors, 9.1
uniqueness of, 3.2
Identity natural transformation, 13.2
Image of a functor, 9B, 12E
Image of a morphism, 34.8
in exact category, 39.15
vs. exact sequence, 39.20, 39.21, 39.24,
39.25
Inclusion functor, 9.2
(co)-universal map for, 26.2(2), 26.2(4)
vs. adjoint situation, 27.5
Induction algebra, 61
Initial object, 7.2-7.4
is colimit, 20.3
is limit, 20.3
means free object over the empty set, 31.4
vs. universal map, 26H
vs. universal point, 30D
Initial subcategory, 22D
Initial subclass of a downward-directed
class, 22.3
Injection functor, 9A, 9L
Injection morphism, 18.3, 18.6
is section (in connected category), 18.12
vs. kernel and cokernel, 41.7
Injective function, 1.1
vs, insertion of generators, 31.5
vs. monomorphism, 6.1, 6.3, 6B, 61, 11C,
29.4, 32.6
Injective object, 12,14-12.17
Interchange law, 13.12
Internal Hom-functor, 10.4, 26.2(3), 27.5,
27P, 40.17-40.19, 40.21, 41.13-41.16
Intersection of &-reflective subcategories,
37.4



Intersection of subobjects, §17
defined, 17.2
is limit, 20.3
is subobject, 17.3
unigueness of, 17.4, 20.7
vs. embedding morphism, 34G
vs. equalizer and product, 18.23
vs. (extremal epi, mono) category, 34E
vs. extremal subobjects, 34.2
vs. infimum of subobjects, 17.3, 17A, 34E
vs, #-subobjects, 33F, 34.3, 34.7
vs. normal subobjects, 39.8
vs, regular subobjects, 18.24, 34H, 34J
vs. strict subobjects, 34J
vs, strong subobjects, 34K
Inverse image, 21.1. See also pullback of a
morphism
Inverse limit, §22
defined, 22.1
determined by inverse limit of initial sub-
system, 22.3
examples, 22.2
is limit, 22.1
of finite subproducts yields product,
22.5
Invertible morphism (= isomorphism)
Isomorphic categories, 14.1, 14.2
vs. subcategories, 14A, 14B
Isomorphic functors, 13.1
Isomorphic objects, 5.19
free objects are, implies objects are, 31.14
vs. isomorphic subobjects, 6M
Isomorphic quotient objects, 6.23
Isomorphic subobjects, 6.23-6.25
Isomorphism, 5.13-5.20
between categories, 14.1-14.3
between functors. See natural isomorph-
ism
characterization of, 5.17, 6.7, 6.15, 16.16,
17.12, 30.10, 39.15
closed under products, 18.16
in (£, .#) category, 33F
in exact category, 39.15
preserved by all functors, 12.2
reflection of
by algebraic functors, 32.5, 32.18
by full, faithful functors, 12.9
vs. forgetful functor for algebraic cate-
gory, 32.4, 32.5
vs. reflection of other properties, 24.7,
24.8, 24C, 323, 32A
vs. bijective function, 5.12, 5.14, 32.6
vs. natural isomorphism, 15.4, 30.10
Isomorphism-closed subcategory, 5.21
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Ker(f) (= kernel of f), 16.17
Kernel, 16.17, 16.18
in pointed category, 16L
vs. cokernel, 27R, 394, 39.5
vs. equalizer (in additive category), 40C
vs. exact sequence, 39.21, 39.22, 39.24,
39.25
vs. monomorphism, 16L, 39.1, 39.3,
39.15, 39.16, 39.22, 39C
vs. pullback (square), 211
vs. zero object, 16L, 39.1, 39.2, 39.3
Kerncl pair (= congruence relation)

Large class (= proper class), 1.2
Lat (= category of lattices), 2.2
Left adjoint of a functor, 27.). See also
adjoint situation
Left associated functor (to a bifunctor), 9.10
Left-complete (= complete)
Left-exact functor, 39L, 41.13
Lim D (= limit of D), 20.8, 23.4, 24.4(8),
254, 27.5, 27P
Limit, §20
closure under the formation of, 23.5, 23.6,
33F, 36.12, 36.13, 36.15
commutation of, 25.4, 25.5, 261, 27P
commutation with direct limit, 235B,
38B
defined, 20.2
detection of
by hom-functors, 29.3
equalizer is, 20.3
in functor categories, §25
initial object is, 20.3
intersection is, 20.3
inverse limit is, 22.1
is (extremal mono)-source, 20.4, 26l
is ““terminal” natural source, 20.2
multiple equalizer is, 20B
preservation of, §24
by lull, faithful Set-valued functor, 24D
by hom-functors and representable
functors, 29.3, 30.2, 30.21, 40.17
characterization, 24.2, 24,3
examples, 24.4
vs. adjoint situation, 27.7, 27P, 28.3,
28.9, 28.10, 28.11, 28.12, 28A, 28FE,
30.21, 30.22
vs. embedding functor of full sub-
category of Set, 30.18, 32.25
vs. factorization, 35C
vs. [ree objects, 31.4
vs. full embedding 30.18 30C, 32.25
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Limit—continued
vs. object which is a regular separator,
regular projective and has a universal
map, 32.23
vs. reflection of, 24.7, 24.8, 24E
vs. universal map for a non-emply set,
30.16, 30.17, 30.18, 32.24
product is, 20.3
pullback is, 21.1
reflection of, §24
by covariant flom-functor from Set to
Set, 29.6
by covariant hom-functor with respect
to an extremal separator, 29A
by forgetful functor for algebraic cate-
gory, 32.11, 32.12
by full faithful functor, 24.9
vs. preservation of, 24.7, 24.8, 24E
strong closure under the formation of,
36.15, 36.16, 36B, 37.2
terminal object is, 20.3
uniqueness of, 20.6
vs. adjoint situation, 27.5, 27.7, 27P
vs. co-universal map, 261
vs. initial subcategory, 22D
vs. reflective subcategory, 36.12-36.16
Limit functor, 23.3, 23.4, 24.4(8), 25.4, 27.5,
27P
LinTop (= category of linear topological
Hausdorff spaces), 2.2
Locally small (= well-powered)
Loop space, 26.2(3), 27.5
Lower bound (for a diagram) (= natural
source)

Matching condition (for morphisms), 3.1,
38
#-coseparator, 19.7
Mod-R (= category of right R-modules), 2.2
Modules
category of, 2.2
characterization as finitary algebraic
and abelian, 41.16
Mon (= category of monoids), 2.2
Monocoreflective subcategory, 36.1
Monoid
considered as a category, 3.5
Monofunctor (= monomorphism-preserv-
ing functor)
Monomorphism, 6.2-6.8
closed under products, 18.16
extremal 17.9. See also extremal mono-
morphism
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in exact category, 39.15, 39.22, 39.24
normal, 16.17. See also normal mono-
morphism
preserved and detected by hom-functors,
12.13, 294
preserved and reflected by algebraic
functor, 32.18
preserved by functor which preserves
pullbacks, 24.5
reflected by faithful functor, 12.8
regular, 16.13, See also regular mono-
morphism
strict, 34J
strong, 34K
vs. congruence relation, 21.15, 21.17
vs. embedding morphism, 34G
vs. injective function, 6.1, 6.3, 6B, 6I,
11C, 294, 32,6
vs. kernel, 16L, 39.1, 39.3
vs. pullback, 21.10, 21.12, 21.13, 39D
vs. section, 6.6
with extremal epimorphism means iso-
morphism, 17.12
with regular epimorphism means iso-
morphism, 16.16
with retraction means isomorphism, 6.7
Monoreflective subcategory, 36.1
vs, epireflective, 36.3, 37C
Mono-source, 19.1-19.5, 19B. See also (ex-
tremal mono)-source
Mor (¢) (= morphisms of €), 3.1
Morphism, 2.1, 3.1
composition of, 3.1
congruence relation of, 21,14
constant, 8.2-8.8. See also constant
morphism
coproduct of, 18.15
extendable with respect to a subcategory,
37.8-37.10, 37F, 37G, 37H
identity, 3.3, 3.7. See also identity morph-
ism
left-cancellable (= monomorphism), 6.2
product of, 18.15
right-cancellable (= epimorphism), 6.9
with left and right inverse (= isomorph-
ism), 5.13
with left inverse (= section), 5.2
with right inverse (= retraction), 5.7
Morphism between functors (= natural
transformation), 13.1
Morphism functor (= /hom-functor), 9.2
A -subobject, 17.15
Multiple coequalizer, 16.10
is colimit, 20B
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Multiple equalizer, 16.10-16.12, 20.7
is limit, 20B

Multiple pullback, 21K

Maultiple pushout, 21K

M -well-powered, 17.15

N (= natural numbers), 1.1
N AT, 13.16
Natural equivalence (= natural isomorph
ism)
Natural isomorphism, 13.1
characterization of, 13.6
examples, 13.2
of set-valued bifunctors, vs. adjoint situa-
tion, 27.9, 27L, 27M
vs. isomorphism, 15.4, 30.10
Natural sink, 20.1
vs. natural transformation, 20.1, 261
Natura! source, 20.1
category of all, 20A
vs. natural transformation, 20.1
Natural transformation, §13. See also
natural isomorphism
characterization by Aom-functors, 29.2
composition of, 13.3, 13.4, 13.5, 13.10
conjugate of, 278
defined. 13.1
double quasicategory of all, 13.16
examples, 13.2
induced by universal maps, 26.9, 26.11
star product of, 13.10-13.16
vs. natural sink, 261
Nine Lemma, 39G
NLinSp (= category of normed lincar spaces
and bounded linear transformations), 2.2
Noether Isomorphism Theorem, 39H
Normal category, 39.6
examples, 39.7
has certain limits, 39.9
is balanced, 39A
(normal epi, mono) category:
vs, conormal category, 39.13, 39.14, 39C
Normal epimorphism, 16.17
characterization of, 39.5
vs. factorization, 39.12, 39C
(normal epi, normal mono) category
means exact category, 39.17
Normal monomorphism, 16.17, 16.18
characterization of, 39.5
examples, 16.18, 16K
vs. kernel and cokernel, 39.16
Normal quotient object, 16.17
vs. normal subobject, 39.5
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Normal subobject, 16.17, 16.18
intersection of, 39.8
vs. normal quotient object, 39.5
Null object (= terminal object)

Ob(?%) (= objects of ¥), 3.1
Object, 2.1, 3.1
(strongly) finitary, 22E
“One Universe” foundation, appendix
Opposite category, 4.12
for Set, 14H, 32H
Opposite functor, 9.2
Opposite natural transformation, 13C

Partial operation, 3.7, 3.8
Partially-ordered class, 3.5
Pointed category, 8.9, Chapter XI
characterizations for, 8.8, 12F
examples, 8.10, 8.11
kernels in, 16L
means embeddable in a category with
zero, 12F
Pointwise Evaluation Theorem, 25.2
POS (= category of partially-ordered sets),
22
Power of an object, 18.7
vs. coseparator, 19.6, 19,7
vs, subobjects and quotient objects, 18F
Power set functor, 9A
Preservation of categorical property, 12.1,
24.1
vs. additive functor, 40.16
vs. definition of functor, 9.1, 9C
vs. definition of projective and injective
objects, 12.14, 31.6
vs. exact functor, 39.23, 39.24, 39.25,
41.12
vs. full, faithful, and dense functor, 12.10,
121
Preservation of limits (or colimits), §24. See
also limit, preservation of
Product, §18
commutes with equalizers, 18.17, 25.1
commutes with multiple equalizers, 18H
commutes with pullbacks, 21F
defined, 18.2, 18.5
examples, 18.4, 18.8
in abelian category, 41.3, 41.4
is inverse limit of finite subproducts, 22.5
is limit, 20.3
is mono-source, 18.9
iteration of, 18.13
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Product—continued
preservation of, vs.additive functor, 40.16
terminal object is, 18.8
uniqueness of, 18.10, 20.7
vs. biproduct, 40.7-40.10
vs. cartesian product, 18.1, 18D
vs. equalizers and intersections, 18.23
vs. equalizers and pullbacks, 21.3, 214,
21.7
vs, invariance of special morphisms,
18.16, 18.18, 18G
vs. pullback over terminal object, 21.5,
21.6
Product category, 4.8
Product of functors, 9K
Product of morphisms, 18.15
vs. (bi)product of morphisms, 40.7
vs. constant morphism, 18.16
vs, embedding morphism, 34G
vs. epimorphism, 18G
vs. extremal monomorphism, 34.2, 34C
vs. isomorphism, 18.16
vs. #-morphism, 33F
vs. monomorphism, 18.16
vs. regular monomorphism, 18.20
vs. retraction, 18.16
vs. section, 18.16
vs. strict monomorphism, 34J
vs. strong monomorphism, 34K
Projection functor
for comma category, 20D
for product category, 9A, 9L
onto skeleton, 14.14
Projection morphism, 18.2, 18.5
is retraction (in connected category),
18.12
simultaneous cancellation of, 18.9, 19D,
20.5
Projection functor, 14.14
Projective object, 12.14
characterization of, 12.15
é&-,31.6
examples, 12.17
extremal, 31.6
regular, 31.6. See also regular-projective
sur, 31.6, 31,8, 31.10
vs. &-projective, 31.7
vs. exact Hom-functor, 41.15
Proper class, 1.2
pSet (= category of pointed sets), 2.2
pTop (= category of pointed spaces),
2.2
Pulation squarec (= Doolittle diagram),
21.16, 21L, 41.6-41.8, 41B
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Pullback of a morphism, 21.1
vs. embedding morphism, 34G
vs. extremal monomorphism, 34.2, 34C
vs. .#-morphism, 33F
vs. (regular) epimorphism, 21.11, 21.16,
21N, 32F, 41C
vs. (regular) monomorphism, 21.13
vs, retraction, 21.13
vs. section, 21M
vs. strict monomorphism, 34J
vs. strong monomorphism, 34K
Pullback square, §21
cancellation of, 21E
canonical construction of, 21.3
commutes with products, 21F
composition of, 21E
defined, 21.1
examples, 21.2, 21A, 21B
is limit, 21.1
means product in comma category, 21.2,
21C
multiple, 21K
vs. constant morphism, 21H
vs. epimorphism, 21N, 41C
vs. equalizer and product, 21.3, 21.4, 21,7
vs. Galois correspondence, 21D, 27Q
vs. kernel, 211
vs. monomorphism, 21,10, 21.12, 21.13,
24.5, 39D
vs. product and terminal object, 21.5, 21.6
vs. regular epimorphism, 21.11, 21.16,
21N, 210
Pushout of a morphism, 21,1
Pushout square, §21
defined, 21.1
is colimit, 21.1
multiple, 21K
vs. Galois correspondence, 21D, 27Q

Q (= rational numbers), 1.1
Quasicategory, 11.3
double (of natural transformations),
13.16
every category is, 11.4
of all categories, 11.2, 11C, 11D
of all categories and natural transforma-
tions, 13.15
of all functors and natural transforma-
tions, 13.7, 13.8
of all quasicategories, 11B
Quasi-identity, 38D
Quasi-inverse, SH
Quasi-ordered class, 3.5



Quotient category, 4.6, 4.7
Quotient object, 6.22
&-,17.15
extremal, 17.9, 37.3
isomorphism between, 6.23
normal, 16,17, 39.5
order on class of, 6.23
regular, 16.13
vs. power of an object, 18F
vs. subobject, 39.10

R (= real numbers), 1.1
R-Alg (= category of R-algebras), 2.2
Reflection of categorical property, 12.1,
24.1
vs. faithful functor, 12.8, 12.9, 24.6
vs. full, faithful, and dense functor, 12.10,
12H
Reflection of epimorphisms:
vs. faithfulness, 12.8, 24.6
Reflection of isomorphisms:
by algebraic functor, 32,4, 32.5, 32.18
vs. preservation and reflection of limits,
24.7, 24.8
vs. reflection of extremal cpimorphisms,
24C
vs. reflection of regular epimorphisms,
32.3, 32A
Reflection of limits (or colimits), §24. See
also limit, reflection of
Reflection of object, 36.1
Reflective hull, 37.5-37.10, 37C, 37E, 37G,
37TH
Reflective subcategory, Chapter X
characterization of, 37.1, 37.2
defined, 36.1
examples, 26.2(2), 36.2
full, monoreflective always epireflective,
36.3
intersection of, 37.4, 37.6
treatment only given for full, isomorph-
ism-closed subcategories, 36.6
vs. algebraic category, 38.1, 38.2
vs. cocompleteness, 36.18, 36D
vs. colimits, 36.17
vs. completeness, 36.14, 38.2
vs. extendability of a morphism, 37.9,
37.10
vs. non-fullness, 36A
vs. section, 36.8, 36.9
vs. (strong) closurc under the formation
of limits, 36,13, 36.16, 37.1, 37.2,
38.2

Index 397

vs. subobjects, 36.7, 36.8, 36.10, 36.11,
37.1,37.2,37.4,37.6,37C,37G, 38.1,38.6
vs, varietal category, 38.5, 38.6
Reflector functor, 36.1, 36.5
examples, 26.2(2)
Regular coseparator, 19.7
Regular co-(well-powered), 16.13
algebraic category is, 32.10
concrete category is, 16N
(regular epi, mono) category:
algebraic category is, 32.3, 33K
means (regular epi, mono)-factorizability,
334
vs. composition of regular epimorph-
isms, 210, 33L
(regular epi, mono)-diagonalization pro-
perty, 17.17
(regular epi, mono)-factorization, 17.15.
See also factorization
Regular epimorphism, 16.13. See also co-
equalizer
composition of, 210, 33L
examples, 16.14
is extremal epimorphism, 17.11
means extremal epimorphism in algebraic
categories, 32B
preservation of, 160, 210
different from preservation of co-
equalizers, 24B
reflection of, 160, 210
necessary in algebraic categories, 32.1
vs. reflection of isomorphism, 32.3, 32A
vs. congruence relation, 21.16
vs. pullback (square), 21.11, 21.16, 21N,
210, 32G, 41C
with monomorphism .means isomorph-
ism, 16.16
Regular monomorphism, 16.13. See also
equalizer
closed under products, 18.20
composition of, 16J, 34D, 34L
examples, 16.14
in SGrp, 34L
is embedding morphism, 34E
is monomorphism, 16.15
section is, 16.15
vs. epimorphism, 16.16, 16G, 161
vs. extremal monomorphism, 17.11 dual,
34.7, 34D, 34H, 34L
vs, strict monomorphism, 34J
Regular-projective, 31.6
vs. algebraic category, 32.21, 32.23, 32E
vs. regular separator, universal map, and
limit preservation, 32,23
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Regular quotient object, 16.13
vs. varietal category, 38.6
Regular separator, 19,7
vs. algebraic functor, 32.21
vs. regular projective, universal map, and
limit preservation, 32.23
Regular subobject, 16.13
closed under intersection in category
which has products, 18.24
Regular well-powered, 16.13
concrete category is, 16N
Replete subcategory (= isomorphism-
closed subcategory)
Representable functor, §30. See also hom-
functor
defined, 30.1
examples, 30.3
prescrves limits, 30.2
uniqueness of 30.4, 30.11
vs. dualities, 301
vs. existence of left adjoint, 30.13, 30.19-
30.22
vs. free object over a singleton set, 31.4
vs. universal map, 30.12-30.15
vs. universal point, 30D
Representative class of subobjects, 6.26
Representative functor (= dense functor)
Representative subcategory (= dense sub-
category)
Retract, 6.22
of free object, means sur-projectivity,
31.10
Retraction, 5.7-5.11
closed under products, 18.16
is epimorphism, 6.14
preserved by all functors, 12,2
reflected by full, faithful functor, 12,9
vs. projection morphism, 18.12
vs. pullback, 21.13
with monomorphism means isomorph-
ism, 6.7
Retract-separator, 19.7
induced covariant hom-functor reflects
limits, 29.5
Right adjoint of a functor, 27.1. See also
adjoint situation
Right associated functor (to a bifunctor),
9.10
Right-complete (= cocomplete)
Right-exact functor, 39L
Root (= limit)
R-Mod (= category of left R-modules), 2.2
Rng (= category of rings), 2.2
Russell’s paradox, 1.0

Second Adjoint Functor Theorem, 28.10
modified form, 28E
smallness conditions “best possible”,
28C, 28D
Second dual functor, 13.2
Sect, 6.22
reflective subcategories closed under the
formation of, 36.9
Section, 5.2-5.5
closed under products, 18.16
if reflection morphism, is isomorphism,
36.8
is monomorphism, 6.6
is regular monomorphism, 16.15
preserved by all functors, 12.2
reflected by full, faithful functor, 12.9
vs. injection morphism, 18,12
with epimorphism means isomorphism,
6.15
Self-dual category, 14.17, 14.18
Self-dual concept, 4.15
Semiadditive category, 40.1
Semiadditive structure on a category, 40.1
vs. abelian category, 41.4
vs. biproduct, 40.12, 40.13
Separating set, 19J
Separator, 12,18, 19.7
characterization of, 12,19, 19.6 dual
copowers of, vs. cocompleteness, 23.17
é-, 19.7
examples, 12.21
extremal-, 19,7, 32.21
regular, 19.7. See also regular separator
vs. concretizability, 121
vs. faithfulness of internal Hom-functor,
41.14
vs. frec object over a non-empty set, 31.12
vs. universal map, 31.11
Sequence, exact, 39.20-39.25, 39E
Set, 1.1
of all sets, 1.1, 1.2, appendix
vs. class, 1.2
vs. conglomerate, 1.3
Set (= category of sets), 2.2
dual of, 14H, 32H
subcategories of, 12L
Set-Theory, appendix
Set-valued functor, Chapter VI
characterization theorem for existence of
left adjoints, limit preservation, and
representability, 30.21
full and faithful, usually preserves limits
and colimits, 24D
SGrp (= category of semigroups), 2.2



Sink, §19
Skeletal category, 14.4, 14.10
Skeleton, 14.4-14.8
Small category, 3.4
category of all (= Cat), 11.2
characterization of, 3F
is concretizable, 12L
vs. complete lattice, 18.22
Small class (= set), 1.2
Small functor, 9.1
Smallness of morphism class condition,
3.1, 3.8
Solution set, 28.1
universal map is, 28.2
vs. Adjoint Functor Theorem, 28.3, 28H
Source, §19
Special Adjoint Functor Theorem, 28.11,
28A
Splitting of idempotents, 17D, 27N, 28H
Squaring functor, 9A, 13D, 26C
Star product (of natural transformations),
13.10-13.16
stone-Cech functor, 9.2(9), 13.2(11), 27.5
Strict monomorphism, 34J, 34K
Strong closure under the formation of limits
and colimits, 36.15, 36.16, 36B, 37.2, 37.3
Strongly co-(well-powered), 19.9
not equivalent to co-(well-powered), 19F
vs. co-(well-powered) and cocomplete-
ness, 23.13, 28F
Strongly well-powered, 19.9-19.12
Strong monomorphism, 34K
Subcategory, 4.1
algebraic, §38
closed under certain constructions, 23C,
31B
closed under /-limits, 23.5
closed under 7°?-colimits, 23.5
cocomplete, 23.5, 36,18
complete, 23.5, 23.6, 24.4(10), 36.14, 38.2
coreflective, 36.1. See also coreflective
subcategory
dense, 5.21
cxamples, 4.3
full, 4.2
vs. full inclusion functor, 12.12
image of (under a functor), 98, 12E
isomorphism-closed, 5.21
of Set, vs. concretizable categories, 121
reflective, Chapter X. See also reflective
subcategory
reflective hull of, 37.5, 37.6, 37.7, 37.9,
37.10, 37E, 37G, 37TH
vs. special morphisms, SF, 6C, 36.10, 37.2
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Subobject, 6.22
extremal, 17.9, 36.10, 37.2
isomorphism between, 6.23
M-, 1715
normal, 16.17, 16.18, 39.5, 39.8
order on class of, 6.23
regular, 16.13, 18.24
vs. power of an object, 18F
vs. quotient object, 39.10
Sum category, 4.10
Surjective function, 1.1
vs. epimorphism, 6.8, 6.10, 6H, 61, 11C,
32.6
vs. free objects, 31.9
Sur-projective, 31.6
each free object is, 31.8
vs. retracts of free objects, 31.10
Suspension, 26.2(3), 27.5

Tensor product functor, 9.8
Terminal object, 7.5-7.8
is colimit, 20.3
is limit, 20.3
preserved and detected by hom-functors,
29.4
uniquencss of, 7.8, 18.11, 20.7
vs. constant morphism, 8.5
vs. pullback and product, 21.5, 21.6
Top (= category of topological spaces), 2.2
Top, (= category of Hausdorfl spaces), 2.2
TopBun (= category of topological bun-
dles), 3.5
TopGrp (= category of topological groups),
22
Torsion-free functor, 9F, 27.5
Torsion subgroup functor, 9F, 27.5
Totally-ordered class, 3.5
Triangle category, 4.17
Trifunctor, 9.7, 10A

Underlying functor (= forgetful functor),
9.2
Underlying sct, 2.1
Unit of adjunction, 27.1
Universal arrow (= universal map)
Universal element (= universal point)
Universal map, §26
defined, 26.1
examples, 26.2
for non-empty set, implies limit preserva-
tion, 30.16, 30.17, 30.18
induce functor, 26.9, 26.11, 26.12
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Universal map—continued
induce natural transformation, 26.9,
26.11
is solution set, 28.2
uniqueness of, 26.7
vs. adjoint situation, 27.3, 30.21
vs. colimit, 26.9, 26.10, 26.11, 261
vs, extremal generation, 26.6, 28.9, 30.21
vs. initial object, 26H
vs. limit preservation, 26G, 27.7, 30.16,
30.17
vs. representations and Set-valued func-
tors, 30.12-30.15, 30.21, 30E
vs. separator, 31.11
vs. universal point, 30D
Universal point, 30D
Universe, 1.2, appendix
Upper bound (for a diagram) (= natural
sink)
Upward-directed class, 22.1

Varietal category, 38.3-38.6

Well-powered category, 6.27
algebraic category is, 32.10

Index

examples, 6.28, 11D

extremally, 17.9

M-, 1715

regular, 16.13

strongly, 19.9-19.12, 23.13 dual

vs. co-(well-powered), 39.11

vs. equivalence of completeness and co-
completeness, 23.11-23.17

Yoneda function, 30.6
in additive categories, 401
vs. isomorphism and natural isomorph-
ism, 30.10
vs. representations and universal maps,
30.12
Yoneda Lemma, 30.6, 30B

Z (= integers), 1.1
Zero morphism, 8.2-8.8
reflected by faithful functor, 12.8
Zero object, 7.9--7.11
vs. kernel and cokernel, 16L, 39.1, 39.2,
39.3
vs. zero morphism, 8.6, 12B



