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these two sets desermine each other:
() IkeF = {f]Ketf; Cokfe Ker

equialenly, we abso consider the full subcategory KeeF of 4 whose objects are in
KerF.

A ser ¥ of morphisms of the cxact category A is said 10 be an exact pokemed if it s
sisfies the clasare conditions (i 0.3) of § 3. The isokernel of any exact funcior from A
s tavally s0. Comersely, f 3 is an exact isokemel of 4, the category of fraciions
244 has & threcarmone calcudas (§) by whase means we can prove that this catcgory
and the projection functoe P: A2 A wre exact, wih ke = £ (Thin. 7). This,
the exact isokesnels coincide with the okernels of exact funcioss, while the exact ca
wegories of fructions wre preciscly those whose fsokernel s exact

On the other hand, the maaihilation kemels of the functors coincide with the shick:
subcateyories, s in the abelian case (Then. 111, 16 K is a thick subcategory of 4 and L'is.
the associated exact isokernel, the exact category A/K = X' A solves the usiversal
peoblem of annihilsting the obeicts of K. This alio proves that an exset caiegory of
fraction .:mm category s abelian, as i happens in the frame of regular catcgo-

F={A{0: A=+ A) € The F};

ally, m whole category EX of exact csfegories (in a universe] and cxset fon-
ciors has kemels and cokerels, with repect o the ideal of funcions which nibilic
ofl the cbjects (5 12): the kernel of the exact funxior F: A — 1 is s unrbdtion kernel
KeeF: its cokernel s the quoticnt B/NimF, whete Nim F (the normal image of 1 is
the lease thick subcategory of B containing #1d4)

The comstruction of the exact categories of fractions is made by means of dhree map
diagrams, of type (2, or equivalenty of trpe (3), where the dot-marked wrues e

@ At g e )
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It derives from & thece-arrow comtruction of the category of relations Reld, here re-
called i § 1: fndced 54 can be obtained a8 the (ordinary) quoticnt A" /R of a mub-
category A" = £4 of Rel A (generated by A and by the reversed arrows of 1), modulo
& congrucnce R deseribed in 5.2 for the diagrams of ype (2)

A denotes ahraps an exact category and B @ category,

1. - RELATIONS (% EXACT CATECOKES

For the basic theory of éract cacpories (in the snse of Puppe-Mitchell,
see [Pug Mt HS]; we juse recall here shortly their definition and their categories of
relations, as well s their transfer functor for subobjects: (in §2).

An exact cacgory an be defined a5 a casegory with zero-objecs (inial and terol
e, such that every rrorphisn has o kemel and a cokernel and factors (uniquely)
through 4 conorenal opi and n termal mono. As 4 consequenes, every mono is normal
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and every epi is comormal; finie products and sums need o 3t i they do, the cate-
gory i abelian, by means of a unique sdditive strocture; the main digrammatic pro-
pertics of homolagical algches hok: ¢4, the 3% 3 lccnmu, the five Jenuma, the conpee-
ting morphism lemma.

An evact functor between cxnct categories has 1 prescrve kemels and cokerels,
ummmmﬁmmwmmsmmmm it aho preserves the
e

An cract caregory 4 i canerically embedded i s canegory of relarons Rel [T
T2;BP;G11; this is provided with a rgiler involution & =+3 (2 = s, for every mor-
phiam 4) and with an oeder rclation # < 6 on paralldl mups, consistent with <om-
st knclaion. A o= A —B deeines up @ rrorlien  dgs

A

o ”’":’“\e
‘\/“ \-/

whose oo squases are bicaricsian in A('); this disgrasn cootains the following «cisin
factoristions of the rebaion & {terminology s in [G1D:

ernery factorisarion, along the sobd parh. with
Fan'a')

toerary fnctorisation, skoag the dorted path,
with g =w'p"),

Upnatermiry sod coguateniary factorisations, dlong
the lower and upper path).

b cateyoey Reld in wmialy comsructed by means of fost-map agrams in

of Fractoes {vhere there st bmolutson) sad here v i orly ther

The composiion of relations is obtained by limits and colimits existing in A:
Imverse images (pullbacks) of monos and direct images (pushouts) of epis. Using
temary factorisations, the composicon of the selations. 4 = pof-mi:

(1 I an exact category o square consinting of two puralel ons md e parsDel et s 4
pulhack (i it s & posbout
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b= gegei B C s the slnting path of the folloving disgram:

where the square {x) i commutative (cpi-mono factorfssion of pw), () i & polhack

and () u pushoar, Analogously, for coternary factorisations, use the disgram (6):
A—mse—asr—nj
N : x
Al

]

=

*
0 A
s
X
%
¢
A zero-prescrving functor F. A4 — B beoween exact categorics is oxact i i extends
a0 volution. prescrving functor Rel F: Rel A — Rel 8 (G1],

2 - DNRECT AND INVERSE IMAGES BN EXACT CATBGORIES [G2]
For cvery object A the ordered sets SubA and Quo of subabiects and quotieats
of A s modidar lattices (with 0 and 1), antiisomorphic via cokernels and
kemels.

A morphism £: 4 —» B detcrmines two transler. mappings of subobjecs, the dier
nd uverse imapes via i

W fur SubA—+SubB,  £,im) = im (fo).

2) [ SabB—sSubA, frlx) = ker(tcokn)f) = pullback of n slong £,
which form » mdaler camection. Subf = (f,, f*): SubA —+ SubB, i.c.

() fu: SubA—+SubB  and /*: Subf — SubC sre incressing mappings,
W L =xNfoRx, [l Gi=yAfasy

thor x 6 SubA, yeSubB)
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I particular, (/,, /*) is a Galois connection (£, 4*). Globally, we have an evscr fun-
o, the gl funcior of A4:

() SbmSubiA—ME, A=SubA, freSabf= (/7).
ﬁmAwIhrmmmmoﬂmmnmwhxwlﬁhnmt)m moda-
lar connections.

The direct and imverse images of monos extend in the obviaus way o sclations: if
@ =prfom = negog A= B, we get two increasing mappings:
) G SubASUbB, s, = ptfam® =g,
n 4% SsbB—sSubA, & =mo . =gt na’,

‘which no longer form » Galois connection, bu verify properties that can be soen
in[G2]; here we_osly oeed the fct that sl these trmformations are comisient
‘with the comporition of relations: (he), = b,z and (hu)* = o'

These mansormations  desesiption of the fonxcior Rel S, Reld =
Rl Mk mmmh\ﬂh-mzudmhwdmuﬂemd
Increasing mappings bevween mosdular latices 1621

Oceasionally, we shall alw need the transfer mappings of quoticnts slong
A =B, related 1o the previous ones by the ker-cok antitomerphism:

fi Quod - QuoB,

L oip) = cok (-kerp) = {pushout of p along f) = cokfutkerp).

B /% OuoB—Quod.,  /lg) = coimlgf) = ook *lhera)

3, - TsoRnns anD BACT BoERNILS

Ghven # functor F: A~ B, defined on an cxact category, consider s fmbermal
IKeF, i, the st of morphisms of A which are tumed by F into isomorphisans of 5,
and let ke be the full subeategory of A” whose objects are in Ik F.

A set X or morphiams of A will be said 10 be an st okl if:

{ilcD) X contsins all the isomorphisms of A,

(k1) compasition and decompostion: given b = gf in A, if rwo moephisms arc in X
the third is 100,

(k2] factorsation: i = ap is an epimano faciocisation, £ belongs to 2 i p and
do; funher, given a commutatve square (1),  m e ¥ then ne X, if pet
then g & ¥




(B3 W (2] is n puiltock and (3) u pusbous: f & Serg e 3 (in both), & Ses.

=weX, peXmgal

P
21 = I
] [

Tt

Clearky, the isokernel Ik of an exact functor F berween exact categaries s an
exact isokernel; we shall prove that also the coaverse is te (Thm, §) and that The P i
i cxact subcategory of A7 (Then. 11). A motphism of & will wually be denoted by a
dotmarked arrow: =

4. - SOME MROPERINS GF EXACT SORTRNELS
An cxact isokernel £ of A is trivially the set of morphisms of & subcategory of A,
containing all the objects of A (ik.0), 1. Moreover
4) (#.1) @ composition of rwo monos (resp. epis) bebongs to X iff each term

(.16) i the commutative sspare 3.8 v and g belong to 3 iff n and p
do,

Bl if m 2 in SubA wnd we X then w

ifp %y Quod mnd g X then

«) given w direct image squsre 32 (w = £lw)): if fo ¥ then g @ 3 if m and fare

in %, w0 we g and n,

€*) given an inverse image square 3.3 (p = (g if fe £ then g & ./ are

in %, 20 are ¢ and p,
4l in the presence of the other axioms, (.1, bl implies (.11
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Procr: ) and b). For (k. Le), note that the square (4) i a pulsack

thus, ifme X, dso b e X (&.3) and m 100 (ik.1); the property &) follows wivially. As w0
(. 18): i 2w and g are in ¥, abo w8 (%2) and p w00 (k1)
) Factor f=r {epbmono) and spply (K.L.2) to the diagram (3%
PSS
i

31

&
=f7f" and 0 on

now, if fand ¢ are in E, w0 are f7, /7, ¢, " (k.2), whence abio p and m (.2, 5" and

B (1) and b (5.2); instead, 5 X, soarch’, 5% ", /% thenp, m and g*

w0 (Lol lst, abso g’ is in 3 becunse of (i 1) the lst case follows by
¥

3. - Faacmors

We construct now the cateory of fractions A, where ¥ i an exact
okernel of A

A) Consiler the nbestegory A = £4 of RelA generated by A aie by the re-
versed arrows § of I cach morphism ¢ of A" has o temary factorisation:

m AeTeralialig £

i mpa

Ibecause such maps arc easily seen 1o be stable under the composition of relations
(1)
Lex R be the following relation between parallel maps of 4': oRy i there s &




commutative diagram in

TR -
1 1
@) LB Sy W
H ‘
" I
RS S | e

. if there & some < p,  (1he dotted mosphism of ') the relation 1< 5 is described
in the upper hulf of the diagram,
We wani to prove that R is & catcgory-conguence and thar X' = A'fR.

B) It will be uscful 1o remak that, given » commurative dingram:

Eht -y
T
) t.47%
vl raes B i=3p8
A s Z 1 =4

then ¢ Rge indeed the intcrmediite morphism fun precedes both o snd 4, with respect
<

€) 2 s transitive. Since < is rrivially 50, it suffices 1o prove that, # 5 and g< ¥
A
e o
| R [|
) el %
I+ v
Aerie—viac s @

dnmnmrmdh;bu&wmdunm consruct v by means of the pallback of
. ¥ and of the pushoat of 1, 1"

D) s consiseens with comsposition: this is nos wivial, 15 < i mot 30, I suffices




e

o prove that, if g<¢ and 1< then pER3L the hypatheses spply the dis
e

N
SRR
Md!nhul’lh:-dmiﬁuni:nd(udxmmhmlolouw.?lr:m-

position of the raws wil be cbisined in two sieps; fin, by canonical factorisation of
the cenial part

HER SN
o

=

second, by three pullhacks of manos (X, ¥, Z) on the left side and three pushouts of

“epis (U, V, W) on the right one:

o .
3 e i e

e fctriion o (s hecppar i) 2 Cp (o he ko ik e comple
te. By means of two new pulihacks (1, K) and one pushout

Ll e ({

\L

\\

e Ve

<P

ot

we Interpose two Intermediane morphisms = (the path A, H, [, L, C) and ¥
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(ehe path A, H, K, V, €} of A", proving the thesis: 7z RzRzR%; pose that
the last two statemenss follow from eemark B).

) Tt is now easy 1o verify that the: natural fonctor:
91 PASEA, Pf=(f]1=]
composed of an cmbedding iato A" and a nasural projection, is indeed the category of
fractions of A determiined by

First, Pmumymmpam«“lmmmcphm by (ik2), it suffices 10
peowe this fct for monos dad epis; now, f m € £ is & monomorphism, the relations

[m]- (] = (=] = | and (] Lor] = 1 follow From the dingrams:
4-".(?“44 Mgt

(1) " "
R 5 e
A==4 M0

where the second (4 pullback) caleolaes  composition in A% anulogausdy for cpimar.
phisms p e 3.

Fuher, o functor F. A — 1, with vabies in an arbitrury caregory and tking every
map of X' inta an isomorphise, ficters uniquely through , vis the Funcror:
an G XA, Gl = () Ul
O course onc has 10 show that this defniion is consitent (sransforming the disgram
(2) by the functoe F) and preserves compasition (wansforming the diagram 1.5)

6.« Facrosmsamsosss
wmﬁlfm Wi\ﬂwwwtdﬂulcvu)wnphmaml *A has the follo-
wing demary fac
m a= I ],

with £ in 4 and p, a in & (resp. epi and mono,
Facuting f = »4" and forming the following bicanesian squases:

l ‘V"f !/‘ ‘N’
S AT

oae gets & second three-amow factorisasion, the dotted path, with b = m'p '8 3
e 614+ g1,
with # in X and 4, n in A (rsp. opi and monol.

@)
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OF course, the disgram (2] contains also a quaternary factorisadon (the lower

puth} and s coquacermary one (the upper path), which we are not going 10w
here.

7.+ Exacraunss pmverms

Thenowes: 2 i exact as well a5 the Functor # and the isokernel X' = Lt P} if B
jan exact category and the functos F: A — 8 takes cvery map of £ Into an iscnsor-
mmrumwmmumcrm_--mmﬁ. P

Gh:mmuphimumd its factorisstions 6.1-3:
mn =31 = Y[ ]! = el (6] gl
e have

o kera = [57(0)] = (kergl, coim= = [gl,
cokz=lcokn], ima =g, 0] = I},
3] w0 ff moand ¢ are in E, #f £ in 3 in this case:

L E ¥ e Rl el 0 B0

Puocrs A) 0 is sm nitial objoct in £-A: i suffices to prove that any morphism
0— A of A" is equivalent to the morphism: 105y, a8 it is shown helow in (4); analo.

woualy, 1o prove that 0 is terminal in X701 A, we (300

0+l —> Xsam
.
1) | i
el — A et
At e
Lod ||
A=asA—rDe—i)
B) Using the images of subobjects along relations, recalled in 267, we prnve

o that = [5]: A — B s u zevo morphism in A i £°10) & £1 according o our
two factorisations of 3, the laster is given by:

(6] 000 = me. fPput0) = mo U101, (0 =g"huu(0) = 47(0) =




from the lower middle square, g = ; from the upper ooe:
® PRSP0 20l O] = a0 = s (1) =su,
50 that /*(0) & 2 (by 4b1) and 57(0) = /*(0) 100 (by 46)).
Coaversely, assume that & = (0) = m/*(0) & X; since & s, J = ms in A, and
A=0
) 5 7410) = 0D = o) = L) = 1
Thun we can form the commutathe disgram of A

demr—toasty i
) H i‘ ;P "
£ 0 1
A=S<a—r Bwe B [#]=[i-0-kj=0

because of (ik.1); thus, by the Remark 5B), (3] = [¢] = 0.

€) Noww, it is asy o sharw that ke [5] = [kerg), an the other propertics in (21
indeed, [p)Dkerg] = 0; i [51+[¢) = 0, then (231°(0) = £*5°(0) @ X sncl we fores the
diagram

BT SEP RIREE GBI S0 A
an gi I. t I’l'm
LIt A

from rgh 10 lef, by diect und inverse images of monos: » = "¢ 01, 5 = ¢*0),
301 = $15710 .2 e P ek the v ntscl e () o 05
morphisn, ¢ s easy 1o check that [4] factors throogh [e*(01):[5(0))- £ ") =

=0

M&emhm:hemmlmnlmh&:dsm(hﬁnpmdwdml‘ 4
i an cxact category, as every morphism factors thiough o an omeephism
and & pormal wono: [p) = e+ 1" [yl

P is cxact by the previous characicrization of kerncls and cokernels in ™14, More

_—

e i sl i



= it
genenully, every funcior G such that F =GP i cxsct is sbo soc if g=mfg
A

(12)  kerGlg] = ker (Fo-(Fe)™+Fq) = ker g = Flkerg) = Glkerg] = Glker].

D)} We prove now our charscterization of isomorphisms; the conditinns given
1 (3) are deaily sulfiiens, a5 we already now thas all the morphisms of £ become isa
in 271 A Conversel, pote first that, £ 3+f+s: A~ is Reequivilent 10 1 in A", then
far:

Bf®

l

(131 'l

Tof,

5 ¢ i s 2 by composition, und f 100 by decomposition (1k.1), By disgrum 6.2, it fol-
ows sl thas, if an eodomorplisn of A" in cosemary facoriation ¢ = 5 59 b K-
equivalent o 1, then ¢ and n belong to

Consider now two morphisms 7, & of A, such that JpR1 and YR 1: wsing the
eomposition of their coternary factorisations (1.6) and the previous result it is exsy 10
deduce thas 5 and ¢ verily the conditions (3). It follows at ooce that TkeP = ¥,

8. - Coamacremzaron Thiokes

As an ouline of the previous results, the following coaditions oa # set ¥ of mor-
phisens of A are equdlent:
) X s an cxact bokermel of A,
1) here exkits an cxacs functor i A= 8 (sith values in some exact cascgony)
whose isokernel is X,
€} the catcgory of fractions X714 & cxace the narunal funcoe P: A X
also and fkrP = 5

9. - FACTORBATION STRUCTURE FOM EXACT FUNCTORS
Let Fi A — B be an exact functor and ¥ = ke F; then F faciors through the cate-
#ory of fracions P A2 A:
) F=GP=(Ad—=X"4A—B),
by means of n exscx functor G which is comenive (ic., reflecs the isomorphisos):
indeed,  Glp+f)=(Fp) ™"+ LFf )+ (Fw) ™" is iso, so i Ff, whence feX and [p-f-
B iso in XA
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Thes, every exact Functor factocs F = G, through a sprojections P on an exact ca-
regory of fractions and a conservative exsct Functor G; such a factocisation is desenni-
up @0 isomorphism of exact categorics, ay the conservative peoperty of G give:
e F = e GP = ke .

10, - Asunation KEENILS AND SEREE QUOTIENTS

Given an exacs functor F: A — B, consider it auribilation hersel KetF, Le. the set

all the objects snrubiled by £ and et Kee  be the full subcatcgory of A determi-
ned by these obiecs.

Pasinly, KetF and Ik F determine each others

() B = {f)Ketf, CokjeKerFl,  KeeF = [A[(0: 4 A) e TkrF]
In order o characterize the anndhiltions keoels, say that & thick sbcategory K of

n exact category A is defined the following conditions, a5 in the sbelian ca-
52 [Gr, Gal

k0) K s a full subcstegory of A, containing all the zerw oljests
(Be1) given o short exact sequence A’ —sA-wA" of A, A belongs 1o K iff both A°
and A" do.

As s consequence, K is an exact, imvariant sobearcgory of A, L¢. It is exact I ine
own right, it embeds exasily in A and every abject of 4 fsomoephic 10 some objects of
K belongs o the luter

Again as in the sbelian case we write 4 /& {ihe Sere guctiont of A modulo &) the
solution of the universal problem of snnifilating K. among exect functors from A into
somie exact category; we show below that the solution exdsts and Is the associated cate-
gory of fractions.

Equivileatly, the thick sef of obsects K = Ob X satisies smalogous axioms: fust for-
et in (1k0) the full-subcatepory condition,

11, - CHARACTERIZATION OF THE SUBCATRGOTIES

Trwomoa: In the exact category A, the following transformations between sety of
morphisms X and sts of objeat K
1) Pk ={A|t0 A —=A)e L}, Kr2IK) = {f|Kerf, Cokfe K},
esuablish # h\uwow comespoadence beiween xact iokermels and thick sess of ob-

jects. Further, i X is an cxoct isokernel of 4, the full subestegory £ of A7 whose objec:
el bl o b i s RS G

s e et
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=35 -

The following conditions on s sct & of objocts of A are.equivalent:
) K i thick in A4,
) there exists an exact funcioe F: A = B, with vakics in some £xact Category,
wéh that KerF = &,
) U) 1A I exact, the functor P A — 2K) A abo and KecF = K.
In this cise P satises the unversal problem of annibilating &: A/K = ()4
very thick subcategory and cvery exact estegery of fractions of an abellan categor
ry i abelian.

< A) Let X be an exact isokemel: we have 1o prove thr K = K(%) =
= (A ](0:1 —» ) € 2} is u thick set of obiecte in 4. First, & contains all the sero-obiec-
1, because ¥ contains all the lsos. Second, ler be given the sho cxact sequence
A" e A" of A and consider the commurative diagram;

21

m are (ik.2), hence 0 are p' (k.2) and m" (1e); thos A
s&mm; a.\.u,- also A* docs.
assume that A" and A” are in K, 10 that p*, =, 2", " 5} fomm
e
==
) *J‘ 3

0 >—r A —em 0
¥

the pushows of (r,p"), which is given by the cokernel of r, Le. 5 ths 462 (k.3),
"6 X by hypothesis and p & X by composition: dhually, abso sr: 0 —A is in X, whence
dek
B Now E b & thick set of obiects and we prove tha Z=XtK)=
= {/]Kerf, Cokfe K} is an exsct isokernel of A; we make use of § 4d), replacing the
condition (k.1) with (ik 1,5
The conditions (.0, 2} hold wivially. For (ikLa), consider the composition of rwe

“ AT
and the associmed short exact sequence of A:
(s A" AT AT AJA"




thus (tk.1) proves that the two monomorphisms (4) are in X' (Le, A/A" and A" /A" are
in K) i their composiion is 50, (i, /A" is in K). Dually for epimorphisms.

(#15) Given the commutative square occopping the lower left position i (61

HAL >—+= L —sLAHAL)

|

H A —= &H
(HVLVL >— AL — ANHVL)

complete the disgrams by two cokernel (A/H wnd A/(H V L)) nd three kemels: the
uppet row s short exace, by the 3 3 lemma. Now, if the two azrows from H are in X,
HAL nd AfH are In K, whenee s0 ate L/(i7 /A L) and A/(H VL), and finally L
(tk1); thes the two arrows ending in AfL are in L.

(3) We prove the pulback cuse, which we split in o, A pullback of 4 mooo
along @ mono appears in the left upper square of (6), which sgain we can complete.
Now, if L s s in £, A/L s in K, whence akio (H W LI/L s 0 and thesis follows.
Last, n pullhack of a mono along an ¢pi appears in the lover ek square of (7), which
again I8 commutative with shoet. exact rows and columns

o
%

HAL>—> AL —> AH

%
|

It s now easy to check that if H/L —A/L (resp. A = A/L) s in ¥, 30 is H —A {resp.
H=H/L.

€) Let & be an exact isokemel of A and [ the associated thick sct of abjects: we
peoe that s an exact subcategory of A”, Since £ contains clealy the zerc-obiect
00, it suffices to comsider & morphism f: ¢ —b of £ and prove that ity kemel-
cbject and cokernel-object in A7 belong to I we can assime that the Z-morphisms
A" A" and b: B B* are bath monic, form the diagram (5), commutative with
exact rows and columns, wnd the sssociaed et sequence (9) produced by the




porgLop—wc

!

o Foret Loy —wc

Lot

K A —> B —=

e

‘9 K —sp—tic o ——c
Now, A¢ s in K by Iypothesis, wherce alo ks sububject K7 ind Kerd; thus the
et sequences:

(1) K =K Ketd,
an Imd —C' L™ C5
respectively prove that K' —K” and €' C” are in X

D) The rest follows now trivially from the fact thar, for every exact functor
F: A— B, the isckernel and the annihilation kernel are related by the corrcspondence
(1), A thick subcstegory or a Seste quotient of an abelim category modulo a thick
subcaregory are known 10 be sbelixn [Gr, Gal

12 - Tun smvcTme oF EX

E Flmlb[.ndmhmiqkﬂwhnh-ﬂkksﬂwndehw&mm--w&m-
Mmlvdwmﬂmﬁhmmmwﬂcdu{wl
' for

i cal ,
some universe 1 (%), together with its full subcategory AB of abelim U-catego-

X (or AB) hs 50 2¢ro-object, as s terminal object 13 jost biiniial but it has 3
maturad idcal of <] merphismss: asame that an exsct furctor is nall i it aneihilates
al the objects, or als i i factars throvgh some exact category whose objects orc al
20 (cquivalens ta 1).

Every cxact funcioe F: A — 8 has 1 kemsel with respect to this ideal, saisfying the
bwious universal propey. namely its anmiblation kemel KerF, ie. the full subcate-
gory of A farned by the objects annibilated by F, £ has l50 8 cokernel with fespect 10
‘i ideal, which can be obeuined as the Serre quotient of B modulo the normal imags
NimF, ic. the last thick subcategory of B contsiing FLA).

AU this proves that EX s a semiersce catcgory (with respect 1 the el of mull
functors); by the list statement in thm, 11, AB i a semixscy ssbcategory of EX.

I ) L every object and ety morphism belonga 10 1, 58 well 1o the sei of ssbobyects of
o -wnhnrtnlhhmfwm!ﬂnmﬂ-yn&ammkmlhe'ﬂdﬂﬂmv‘ﬂlhw
tick, we o bt sak the hom-sets 10 be small,



e

It s casy 1o see tha the caegory X i nor genersliusd exict with respect 10 the.
abore ieal: in other words an cxact functor F: A —» B need not be an sexsce mor.
phisaux, .. need not induce an somorphism from its normal coimage (4/Ker F) to s
pomal image (NimP). A counieresample s given by the tamafer funroe F =
= Sub: Ab — M of the category of sbelinn groups: F is not faithiul [G2] but Ker F iy
plainky the fl subcutegory of 7cro groups; thus the nomal colmage of F is A5, and F
determines & norvfaithful functor into s noemal image, whatever it be.
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