On extriangulated categories, exact infinity-categories and exact dg categories

In this lecture series, we will report on recent developments concerning the
three generalizations of Quillen's notion of exact category mentioned in the title.

In the first lecture, we will introduce extriangulated categories following the work of
Nakaoka-Palu (2019). This notion generalizes both, the notion of exact and that of
triangulated category. It arises naturally in the categorification of cluster algebras with
coefficients. Here the relevant categories are due to Pressland (for many examples) and
Yilin Wu (in full generality).

The second lecture will be devoted to infinity-categories (modeled using quasi-categories)
and more specifically to exact infinity-categories in the sense of Barwick (2015 and 2016).
The link to extriangulated categories is given by Nakaoka-Palu's theorem (04/2020) stating
that the homotopy category of an exact infinity-category carries a canonical extriangulated
structure. Such extriangulated categories are called *topological* extriangulated categories.

The third lecture is motivated by the search for a suitable notion of *algebraic* extriangulated
category, i.e. a class of differential graded (=dg) k-categories whose H/0 carries a natural
extriangulated structure in analogy of with that of topological extriangulated categories.

We will present the solution proposed by Xiaofa Chen in his ongoing Ph. D. thesis. It seems
very likely that Lurie's dg nerve functor transforms an exact dg category in the sense

of Chen into an exact infinity-category in the sense of Barwick and that the exact
infinity-categories obtained in this way are precisely those admitting a k-linear structure.



202/-12 - /7 Lectieq £

Oh txtriangulated Gtegore, Lyacl oo - (4;475/7&/ 2ot trecd & cergor

fn: O, Rerrminaes or cxacf cafegorres  (Quillr /972, Mobuo Yoneas 1240)

Z f«r/f/'a/;a/méd c'a/;yﬂﬂkf ([ Nekeokz - Fatlec 20/9)
L. Eracd oo~ catigorres ( Bacwick R0/S & RO/ )
S Lrxect ? [@7?70/72{/‘ /4 /f?‘da/}i Chen X002/ /

O, Kepninder on txaccl czregors/sr

Z @ care @7,
/20 QXA e ¢ . //?05/? or oxtos Shucten T /% c’f/ﬁ '/
C tract :  aettitive WiV gonfleAory ,//;A;;,?/? ExO — @fx 2)7



ZA’W//&J ; Axferspon LoiX et /@{70/7'«/ off @belie,
m;é/zw'z/, 2. prrdtedl @,.«://om'z/,
Gabred = lheilln crmbeaisiisy Hocsrre: C il avacs =
E o M/a«/@%/ mz% G At T b
oot s C —+ A=Lexlb) < fotl | Kookl ——r [/ ERE)

Soreok T
Lex &2 /

7 Extrenguliated catgorres (Nekeoks - ot , ROLF)

7 1 [frolivators

5«//7’470/4 ved (é/!foxy':/ @i & Lo 77007 /me/a/"Zm%W of Lxacl c’dl/z/ﬂﬁ'a [ Lriten )

anz //ré/%a/p/ea’ Ké:{faﬁ?f 4 /%(//oe , Oro Lhensticck - Vecaber ). 73% et 2o



9 Obtain wnifoea //oﬂ/f for  Lheotrrn Vel (/A rrsier vagatons ) 1 404,

Lxec! m/e/m'a/ 4 év&yuéé/ (ez{';a/fq/ /17, o porrm Gealment of ZR- /Amyr
Oleee Zo  Tyorma- Kbhoott ~ Ve OSV/F)

) Axiomatize th clew of sxlendion - clored Jek @ligorier of ;’/7'4/; wlated
64/70/72/ lirr the Jérre Wiy bl il /&éjonk/ ax'or71852¢  the clds
&f whtrnsin ~cloredt sxbcar gf abelisr 54/70/7'4/ / :

‘9 Détacn the rmpec /}«a/m work /’of Lhe (4 /70/*/",4'@/'&/7 of deerfec aj. weths coghll cvents

/&/7(/&»42/?}( &/:/./ —Lectoce — Sthroes .4:/7 //aacﬂ/ Zo
(ﬂfy&nﬁkaé'an 0 / Llec /e ﬂf&//é[



(2 Shelch of chginition

Arn Lxtpanswlsia Fegory & #e dara oF
© an aaFrve  Cafegory c
 an Kadstive bindor £ CT x & — W
([ oink - &= ExlF )
o Gr adiiic ' walizeton 7 ‘s wnaiy Je EIEK) &
an z;a/yaémc clads 4 é’é'%/am/
sl 4 —> & L2 . P
modide i 1elofSbr Gip)~ (0l p) F 3 { _ﬁ{ —ﬂ&;
¥ ey ez
a”ﬁﬂﬁ/y a1 ax/07%.



Lsscotial aew ida: Jn e dff of et kL o Uy s
we are_plven & cra of egicerces Jo‘/) Whesas fek e sk Jeren 4 c/ads
of s geceneet /a/amoév;agd é’ z /)kézﬁc@/,

70 Fourad sk forn oon

Lel € be an actifre cotipery anx [E CT7x & — A

bt g’ 47 ve Y e

Tom o (ol e dirrents S€ B2 hririons of 2 by A,

/f/mny/q; D ZfC s tracs, Zake BE = éxc/i/ 7. =) . e

2l 4 & é’fr/’ (Z,4) sopreqoorcle fo sn  cxiirsion /// /b ageci. )
5/{/ P I 4 —L 2




4 mw/é/wn / A — 4 //2/%/

o= Exl (2] 0 Fal 2) — ExlAIZ) & f
2nd’ & /7107/5/'&»?7 P Z — 2 f/é/é//

/"‘s 5,\;/1?,/[7 c ExlIh2) — ExlE(27) X/—’;"“cf ,

%J’f Cor e ﬂa/ﬁ/
S O 7T DJ(/JH}" /f/"_’ﬁ//"’z/

R
s(d)r f = L2
/l V7] l I

5//?557 N —— ' — 2

Z) Z/Cf /Y /ﬁ&ﬂ/a/méc/, Cohe &= = /70/775/7/ Z-) .



Tt /j ’:/ﬂm/g/Z// én/f*’-‘—%m Ci) ZA) 2w

We Al fpr27/%s W&/m/nﬂ

Wf}/ s A my//%/c'/m OF tkrterig)opy /4’0/»7 Je FZ L) Lo
Je ECZ L) L oz Y4
la, ) € ClhtX)e E(Z,2)
st o, = S (¥
_,//r;pf/a; 7) C tract ¢ [¥) s7cans lexercipe /) thef thek 4 g b

It NS —Z
«i @ av @l‘“
Y



2 L5y
,? ’ 5//7&7, o (%) eanw ”l o lz"‘

207/ (2-2% Lecfiene 2 Z’ -?/“’Z/t’/

Oy 7 702422507 for £ 4 a farmily 5 of mieps
Sy 4 0 BN — [sep 45852 F
e sepelences Sty Lz o ase of 5 Ak
canted LXZrran //z/ gr Lo //4%‘04/, A /7107/4 e
/77 o0 dnd he o 7/5 s A 4’((///4%&/7/,
Woyte NS Lz SN b0 saiare sha X (/,/)= s/5).
Q;/, o palratby SO A5 e ///



(/) /é/ tlach ma//ﬁ/f//ﬂ &/ Lt 2ons (e, ) o & — 87
[ze é/,kf" ZJ‘""J’// fck 0 & olcGra
/}/ — Y — 2 ——-d_——v
“«| @ 776 |7
Y A

57
/7 e (X 7, o) ) caleal & /77&//4/5/)77 0// ,(.4‘.’[//‘7&7/4/_

[2) S=0 & L2, X) //2/// oz f//x,’/,ezko/ﬂféf}f/c

[5 [o2] _ &=
L RSP L P i

(8) Zop SE 2N and S'& f/g///f”// £, Pl Zahos

of S@5 € £L20Z, fo b)) = FlEN FIZI)PEL po L2 k)
2’3 1) o 57



Jo P el s of 4/1747&/1//(/
S —y — 2z -
gt N —— bt —2 2 97,
Coy (Naknoko- Patec 2003): Sr /,{’//7’52/7/:0/5/?&’ m/707 /o a
/f//ﬂ/e (€, FF,s) whex
(£70) £ W z2n eaxrtve (&/707
(£71) :CT ke & — A Jva biadicSve befordr
(E72) 5 W an addlye ptakszisson
(E73)  &lven «<xlrangt 4ty Laz 2

774 /f’/—‘—lﬁ”———f)z/ ----



and G Ltorn. j’jé/d/‘{ A ’[‘-"/
« | e
/{//7/—7;/
here fo & /7,074///77 (te,28) i B — 5 o9,
N —y — Z
| 2| [z
X7 > VI —— 2/

/0/77/774(/ AP

éf 73)7  Grven (XJ//')u///f/r/ ar o (E73) ara a . SLeak
| [zr
I

/



hck Sy ¢ /77:777/7//)77 (b, ») i S — & 3
N — Z
| | [z
N =S = 2

10/77/774(/!1,
(ET7#) Gver the plock /Xﬁ?kn/é/
/f _——{—?y .—/—a—, Z/ _fg:—b
I L7 |4
L o T e g
l% e
= ¢ --2e%y

/‘ ! /
X‘v é/'i/(



e (o Aa//n//é/c 72 a’('ﬁ//ém fo el
® ; A/r
///{/,///é/ dnad //,/, 7,) ax otz of
1(5’/7'47/(1
o (7)) £ —> 8/ a moyéx‘/m of LXferrsyoeiy.
(ET¥)T
é‘ﬁ’am/p/e.f . y E sxsidf e C=E wik LF= ,Erdé g Whe clavgicnl fole2abrion.
Z) T trisngutesed oo C= ] wita Bz flom, (7,7 =) and # c/puscal ralieabion,
3) 7_//7'”:/«/4»4/, Cec 7 2 }éﬂ Aetoron corAd f/"/‘”/{{/’ff; £ = ,%mf/,o, Z-),

S Inacced A} e fatszabion 47 7.



%?o, JNP] L E be vn txacd czte oy and J<C E a }éﬂ J//Zmréjay
Mhog obyects an projective-rrjective. Ectw &= E/LD wi
e é/}émé/g/ LV & — //'mémz/p} .5(42’ /72 =) arx
b e pptvZalior s ot f} that of E. Then (6 E,5) 4
/X/ﬁ'an/”éé/f
?((7'4/ GO - J/Z«//m/z £ 4 Fobindies guzct and Fii Y Vbibigory o
e /r'a/'aaéixc - /;7/2; VES. Than e pecove Happels Thm

gl’é/??//c o Ll ﬂ /z %«. /0/“ /’;7/66/%: d{é Vet 9/ ///04 /42 .

/

&
A 72 27 =0, Za=O
Q



Horn /1 Jy J’&///'ﬂ/‘ec/i/c erel E=meod)] 4 a Fwbeniies abelienr (2 707y
whih 1 glably Z=CY. T M-geiver of /A

-

7z 2

E wntiit Lo fipe olecshe- ﬁ/A{:j /ea.// 7= POLOS zna 7= 7@/’ @S, .
//z /z/rz: fnf(( 7, / 7 // Vers / e Jee 7&(//&/ M/A W'ﬂf?/

/”\

Ter, £ i T //2/// Gn @daifve (a/é/a/?%'(wékn of 2P "

b)) Jre /44/1/¢f,



G gfubte c‘é)?;oy 4 m} frav ,Z/'ﬂa’«awiefé/ S and 5,=7J,= 25, .

T /ﬁéyé ?Wyd/tﬂ/ A 7 @/(;/a';q C% y ?/{ Ay, o 2-C4
/4 //'eéf/ Lr RAXISye (M?ﬂﬂ%@’éﬁbﬂ ﬂ// He  etecrfer dﬁzifa witboat éﬂ(% coe s

25502%tedl it e ] gaeviver  (AA S gt BT )
Mow sortider e puoheat C= E/(B). é} the abore ﬂ% , A infesk an sdresyaletid

Sttt rocre /%/n E. T /WV&’ A



T 2Go her a weld- dftreal BF "%‘07 ( Zyerna - Nokaoka - /b ) W /@%Za/zr/
We fave the - xranrile
5 —p 5

/

(hich Looks Lde 2 wn /’/4/’&/7) erit 4. G- zx//?'dﬂ//e

5/' — O _— SZ B,

(which (poksr (ke z /Mléfyé ). The /4/%/5'? ;= f//@ ) i //&c/ Froberwis
M/okyaé%/ ard §F26le 2-CY wilh  srteble Mzgyyy c=£=sc,

7
wrntaind e badc chesfec //'//7’9” 0?'«4’ 7 = VAN 4 T =507 .
~7 . > . ’ . - by, .
e Y a// Ll T ) v Y Jee %al/zr ?"‘7 5 - e ('e/ﬁ/ay C wi

7 //2// a FZobensier 11//7&74:/4&/4/ c’a/e;an/’é‘mérm p/ e m//eya/mé)y clenlres %:6/4



with Mz/%&'(n/f. ¥ 0 ear ek oy s 74(//.4 s ot aand & Tobeswws

LMacl (d}é;ﬂm/kﬂéiﬂ/z V72, 41%”7//‘ Jozy Heen ;eﬂ!/aé'zc/ (2 62) sn Sty Wes Zhews

[Tk [ore ime/a/ nofors Han f(x/nkd/a/a/(z/ (é/;707 ' e e & :
- Ja’//zrijz— Zriedtte - é’af./% — Howwear: (09720) : W(éé? Liaet wop. s ('m{—/o/;&/

= HericAenol— Lize — Nakaokz O5//7 ') . p- lz{’dﬂja/d Ve «:/yﬂnkr

18 Exlrirguleled Fernddors
Kcal : .f/ I cnat T’ ax /ﬂ'a/ya/a/ea( (w/(/a//'z./ a z{/‘féy/; /z/raé/ JT— T’ & /a/.'/
['z,;ﬂ) wAete F T— J! 1) adaefoke amo / £ —'—'——’Z/f, W an //pmo?y///'m

SHh for ek Liagsd N2y =22 sn . T, sepecanc

r Lory S pe ZFx
FS Frk Sk



A G triangl of T

Dy, [ Servedt=Tenrenhases — Shoh 03/fe0]: Lel ((, ) ana (B, F,¥) be txlrans, caf
A zx/n;vya/wéa/ Junchor foom C to 2 4 Jrven {7
= 2n adiFive funchoc Fol—2
= & el lrapiforrnchon [T E(?,-) — [F(F?, F-)
SuA Fhay /9/ oK 4,\'//7'47/(: :4>—,;’ 43 ’—/;C I o C, we Ao the
axtpiaryle £ g L F& Ry -7

Oy [Hacgland (2008]: Y FrE= D 4 folly farrid ans [ E[Z,X) — FIFZ, L)
Vi /ﬂ/ezé'n, then $he trmntsal /'ﬂvf/a of F pdlowedt with e sz?/&/;;, Vo

Jnfest Ved /mm Ll A el zn /{A’//Z{lﬂ/‘a/é/(é( ;ag/m;?;a? of 7%



15 Bave rejelts

let (€ £ s5) 4 ,/xﬁ/c:?a/méq’.

ﬂey. [NE]: Given zn cxthrésiyte ,42—{;*5 2 S C fhea @k Lxcct sesecencss
£l02,8) — 2,8 — (7, 4) <, E?7,8) — F£(2,8)— E(7,C)
ClL?) — &g ) — EH,7) —ii E(C7) — FEB?)——F147),
whin for g:C'——C  ue put Syg9 = 39,

Znot ﬁ/ //4 — A a/e/aa/ £?= /*f

/’

s &
s, - d/ For zn “/ﬂ'a?; /49—'—"5—/—’( ---* Ve Az

s a pibon (—> S =0 = 7 4 e MmTrachon.



& 7n « maVA/)m o7 &bzf?'a/;/e/

s Ve
p——— & & e
kjp//’ = v'(/ //,/ l‘f
/ ’ <7 I___{/_
Ao & ¢ -

we fack
f{_lf_/f”_d/__d_/{ g (& ¢=> m,;’ﬂ = Z_,*J‘/_O => _zj_ _,Z{/_ﬂé,,—/_,./_
g a4 moyfé/)m y 4x//7'47/¢/ (e, v, %), ,/ éﬂ; ) Crrorny L, U, t) ek
jvehble, so it K Aira

Sk The axrorrs /'/)7/? ’JA///:/ vecroror” J/ E7 f‘/ wheke e (//é‘// //vm te a//é'(/ /m/ o

f_r b S
L /A S T
= .}__—9..-”7>-:_-.4>
v v Y v



[7]
i If KT b rmophim ant S an infliton, thn N = g0

Y an In //r/'an_
Frep. [NP]: Q) Bn axtracselatea ccligory o ixacd (Pt Jarme torftelor.) Y
tnflifor & rnono ans cadh e //a/‘on 4 .
§ Lt & be adithve arat Z:C—C an authesuivetoce. Tut
= Lo (7, 2-). fa//wz (CEs) 4 /r/»‘an/a/aé;( D fooe
e z%zﬂ//z./ JEEYR Ay L X o wrrapond o Lhe Lxtriarstes
V=852 Fo | Gy C hriomes Sracguteda and (L. E. <)

iy the ex //7’47. cal. 2)soc. wIA fhlr ///'M/a/f/f/ (d/(/o?y.



RO029-0/— 08 Lectiews 3

L8 Strm somituchions of ixtiransuleted loteqoricr

Lt (C Es) b wrdprangubtea &;?___- fl/
Dy: oo bt Fel & projectiie 77 y 4 —» 2
V2 a//'zc/ ZEC 4 s W7 yop— / 5%
vl -z
Buotorrts A

//’7:, (NP Lel P E L b < /«,é ﬂz/ze/707 /a/ma(é; /m/'ezé’n —xh/«//mr,
Then  CI(PR) inkersts an wxtyarsuleled it from C .
fh: 2y & Fwteoics sradt and P e nwbatipoy o7 ad preive-rofectires,
Ve prover fielles - gl B,



Slebeateqmprer

%a/. [KP] . Lef <l o/z & M XSt IOrn - Clofed J’é(é(ﬂ/(f&y //,"(, /f/
Ar—f —>2 -~ /s an /X//?&ﬂ/é antdd X7, #hn e 2).

7_/(/7 /9/ /.E/pa 5’/} VY /fzt’//?'a/g/zz/a e,

‘7‘\,@)

Subs //’}’Z?(/?té//

Za/a, /. Hctihend -Lic- Mekzoke, O/ /7 v3 ] : Led FF € & b o breatetsHie sueb 8y }/aﬂ%/.
LY the ctosr of F -t latsors (0 resp. # - &//a/'on/) 4] STkt LUTHer

M/??/vp//'///'&/), /Ae/v e (3 %: 5'4_,, / 4 ////74"/7/6(/&/:/’4{



2, fxact oo- (é/gyo//é/

Ze) o0 suleges er

4
/

Fh The tecyrr oo - m/éaoy YL et /éf Y (o0, 1) - coreoor
/el & ///y/r oo - (4{70// 7 wher all  g2- /Wofaﬁ//m./ ﬁ/
n=2. a4 {7&4/'V¢ & e,

& whef 7y g 00“(42({;@7 7

o Then zre 772025 /@w%fn z/w'ya/:ﬂ/ ) atiedr, //

) a M/e/oy C tapiched s th (4@07 @ o7 /70/7/<'a€
spaces (it (A2 T | VG ard corzpesiton and

net Py ar wonsinicos )



2) 2 54/5/&7 C vvicsud in Hic /Q/éfa7 sdet of 127770 triee
B2 /5/ bl Hor sJel)
3 a rlefre ('4/;6/07 , lt & ('éé/a// C eraves wivs &
cloy O 0// /77074/}/77/ ot sis He icerhper arid JSGHE
it sopyonthor (idtn : reforme (7S )
R R N JLoer)
Tk i) g @asrmds el %) is ézﬁ/mﬁ? vt advanisgeai 2 Lurie s word
(serecal thowand posger divelpry “methematiz gp A hororony ‘2. drver 2%, Feorretsy )

A ﬁ‘?ﬁ//%) Vo /”f&m:va// of #)



Sorropls il sels  ancl gLary/ caleqgors s
’ / v
/@/.' . Hesodeon. ne

Z//( féf/f;ay 49///’/774/
é'd/cy&//ef 2

@?/ s T /7/7704,\/ (‘M/zf‘oy A e M Jwbcare. 07 o / cef wphar
ﬂé/'c’é// Gre e /ﬂffﬂ' lptewed 2/ (m{é&ar/'z/)

In] = Jjo</< ... <af | et
7 siogleld sl 4 a fapctr A7 — 5L, 4e
pride S, = [TINT gna calt if the sef of r2-d1mplices p/ /7
Derrore ? 552 the e,g}% o7 f//y}a//a/@z sets (Gind: risht f-meated’)

fjﬁ%ﬂ?//f ; .»7 G oz Joreld cere oy Sy grerve Ay F /?/??//2’/4/

2
M+ (o] — N, = Zan (7, 7)

= /44'7/4/77/ = . f, in TS



j;/é/ﬁm/ M= Oé'&l) el MA = /m&yﬁ’r}’/ﬁ/ B — A &I/ﬂ’/ ar

7”7 7

Ve cin Moover mfryﬂ//'/b/? & F ﬂ//é; e fhree Aflce 72a 2L
%
_ £ 7 ] / 7
s=(a"a54) s o us > 2 L7
Qa\“ ha 2 4 - 7z

MA# > /é—'i/?

WAL an /;?77:/ A o e  hree ﬁﬂcﬁ//

S—

Wt /}774/:,/ 7877, 1027 ant 77,27,

.
T+ 5= (B, — ) => [B—4) = %S /\%:—’///'”422
Iz .S ) = ) Z%/;///

s’ 2.5 =Tz

=l — )




Ve tateece : N o cal — sSef sy /«éo%//az%ﬂ/

Tz - @///'/24 7&(4//'(‘4’&&//&/ 2/ ///'77;// il sely whih av Yo b

4 .
/7281 ¢ /cﬂz/d:/ hen perves o7 (él{(/aaﬂ:./.

Vy.: For nel, th ofandas 17- Shylex 4 # ////fﬁﬂ/ﬁ/é //aﬁtéz/
A7 = sty (7, £27) - A7 — 5
fh:  Tha, ‘;2 e Sorede Lemirrz, for adh pirplhicel 28 4, e
fodi the //mz,ﬁ/ (A7, A) = A, .
Do, e /aaﬁ/ay oN° 2 A7 4 % Srrrp el Jchrel

//2/:/2 /; @ﬁﬁ)m - // [/;7]——?[/7]// 707" J’éfy?(ﬂ'%z/



% O<isn, the torn ST € U7 i the soprais

subeef //V(/? {7

NE) = f film]=17] | 470 Zrf # I0]f
7%( /ﬁ/ﬁ ﬂ‘ﬂ N apers /}/ OL,r < r,

fi"ﬁﬂy/e,‘ ,1= &7

/ 2
z, z, ”’\
A% A///;/\//\s‘ /@4{4@7; 24°. /
o >0, AR
4 /
o O/;oé AL /\ L NE 0A5

I0F INNes Jner Aorr AOF 2717 .



Lepma . NE g50L Jr fhe pperve of & (mé/ﬂ7 /){/ ek
/7er Suors 0/ A et 2 tursies ﬁ%%/y / , le
v
y ﬂ (/ ' < 2 / ﬂ (7 — ¢ /}/
% ’ ~
N Ty
9?/ ;A /éflw'(mf/cﬂ?/ Y & (//‘///‘//‘a‘e/ fef whek coiA wrrce
S aarnit a  [r0f ﬁf(!ffﬁ//% o gice /) ///////'7;,
S T Ay 1n 5ot Jo back £o Bowsiaprran— Vo(fz’ (973) who

@ sk pplicial ke ik Aua syl we g /ﬁ/ﬂf (Zoer)

cay )%zm ?ﬂd//'fé/( /7l ’ )



lel C be a ;zza//(e/?/@7.
Terminology i e ok of C ax 4 O-arirptia. (g
The  L-prophtim B C ate ik o~ prptie s &
Mo 7Y g€ Co = forn (A,C) & & mopham /4 Joxie Lo defud
2 Mo =99 € C andt # Zaged ar A, = 7g <

// e Side Lo - /7?074///72/ P J P / A/
o / - 7 Z )

/Af/ %/4)& an sanes foss /[ . // ) eral LGcA //r///y
A=

42 7 %4 //é/cdf a ﬁvﬂ = crnigece / wﬂy’//%b// ! A



?5,’/, o Dy /y/wﬁé/; m»é/oy AL A s /ﬂ/fé'/m7 ) (m/e/a/y Z 4
- 0%’:&/ £ 0//'/Aéd)=‘ o

( 7- 2200y2/2 10074 Ao —4,)
stsf 2 bt lipiy redation

— &7&/776/)/77/ A, —4 ) =

- @/77/&//%'0/; ﬂ{ %/2(&( éﬁ /////y ) /y/ﬁ\/ 74 gbove ,
5’&/7/&/ j/(a:/wﬂ/ ierr Af=92f

/f/;/ﬂ/;./ 4; (ﬂ)é’/ﬁ//?// 72 &ﬂé/7 of Cr2AC 7 Ao/l A
Gl Chene 2 g /}77/70/%4/)/ M}{/Z'/C(ﬁz‘e : ed r- /?7074//»77/ o7
4 /xzé/ preogphiimt i A bud oty O-cyety Y Za (4, X)
//,2// /)7071/9 2 g A S betier aﬂaé/; L ol e /;/



V4 ””ﬁ L7 e ﬁémzjf osurechve 4/’ catgorre, |, fe S T=0O
/{7/ J///?O, Derr e h /e’ AN, ° /c/z/a// & moyé//m i A
2) Jeyal (and late lurse) Juaon tindid clurcal cofigoyy Hory fo geediatponi.
h /d/z‘fao/ﬂ/, we face noliry of ﬁ/jo; vl object, éﬁi s tbtian ekt lizn )
brrarderran [9laks ... whyik ,)7%{/2//?& b H clogial notore when appircdl 2o
nerves of cargonis. o M segeces] we /.’cd/e wfe Yhere roburd.
3) Jo aeck ? (mé/wy F, lare d//70/ 2 guap '('4/?/07 Ny cateet 1
G rierve (of, sehon 25 of K Hicostr) and sk thet W ometigy cotpory
4 M% arorveatly ouiyalnt fo Gi e o7 el s
Y Lef A b a éé;z,% ) joretrangidevea of arlgory. Lef



£ =k
[ %]

. |a (¥)
K|
/Z ’c_’/r 2
b 2 /rmaé/;; Lorors72te T2 5ve gecate % A (e fhe — ar rro-

e

/A/»n./ 57 Z% anx ab-ce=5) ). Ben (¥) 4 & Az‘/y
b/eas fegrin sgeanse o7 N 24 4 e canonceal 2o

voe (Ao — 4,84 ) —= 4,
4l snvechblt v HA, se JH e S gecaste Gecorzrs ﬂ//;o/ Gcasisan
v e /o&n/ﬂé;é/ /4/(/07 A



5) Led H be a2 /w/nk//a/a Yoot f /é/;;a;? eret B & « //z//?'d.ﬂ/a/é}éa/ flZ
7 f((//ﬂ/yay_ oo B S S i s % %&7, /ké(é/?wy, Lef Se A%
The porryna (M/ﬂ7 // aé’ \ Y Sar aé/'
= obfecks A=, [ omoph g #A, Ae AR

7('
- Myyé/{//ﬁ/ ; ~ T~ lom. a AA .

sl €
e B < A,

G somriria Categocy 4 lrpnTant for Sadgiy S doibnce gf ¢ AL ag) Lo
He  totr2s270 m;?/a; b ol of i forrm AC fr z & carlgory C
Gut 185 of he form AE Jor an 00 = detlgory Y

e oo - pfegocy = NTPE \ X NP



2.2 FLxacl o0~ cafegorras

@/ (Lerre): A eo-carl [= 74(44/‘../?(/ ) A pan e ?/
(1) of aamit a (Arey) 2we object OEX
2] if azmit ot gaik Viiny) peoatci ond iqprodics
(3 /5 /f//*ﬂ; /4/:/«7 A N oaattive .
V75 ”&//-; aatisie Y & oty o7 an 00 = aaregery
Loarnples ;1) F=MB, & an oLty adu caf.
Zj A <FE 4 M oo~ S,  flebk it ﬁ'ﬂ/'é [A,?// m/m&é/c/x Jre an

oy, oo- cpf @,



ﬂ/ (Gaaisk, /v/lf/ma/m/m/ ﬁ7 é. /o/,m ) Lol £ b an aatlibve oo— sk | G ckzif
2002

st on £ i & ters I of /Azj«;; ) rcassepan Igcats

-

S <

|l
O —2

A /(///240 tie ctow of inglabons L apa afllon e ) wheh &

cojeod Lerle /‘/o/ﬂa;aéxbﬂw i b Zory, ( l__é_:l , £ ) arna’ +%.
(£0) + B @ a dffabon ana ar o flebbon.
(E/) 7 /h/%émx asre ctored ks MM/W/M’on/ Garf Jo ak abflebony
(£2): ¥V /’—(‘."’/ e YV /,'/f'—"’/’, b # & /7y /A’///fau///kéé
ALy

/1 . ,[/’ and ¢ an /'/;/’/aA’an
/(// .—/——-;‘y/



._/——37 .
(EZT) v F Z gt V2 —— 2, thr d < @/«/JM roseak

b L
//j l} ﬂ/?d’/’ sz 4&//4/49/7_
g ——2

The s (&) A ceteet an tract w-(.y/'/a7.
_,//@/77//(! 0D Z the pave of of 6 Glaitirr tract T (é/&éoy /%

can S //1'/:/' p} 74 onflitbory,

- /f/_,—-, N4

2) F an o oo- 60»{’/07 , S a 4’7’7 brcarte fria roearcs L |V
& — 2

ot oAbz —0p 4 ! thor! tact in AE.

3) £ & gtebt po-— /o}ffa// (The ©o—verpon o & //r//>'a7, ? (0/?@/;, /i
/ﬂ//'xo/ar, HE B Mmyﬂ/m{ﬁ /ﬁ‘éya/e/e/ ) and J th crers of



A —9

el n’//f/ B Lz e Ve Lran Sgiases é,__,él i &,

Loz » Led (£,)) & an exacd o0-af and X E€E attrnsion clord Thn

(Z, /é,) N an el oo —cF

L),

— 2

A — 5
ﬁ’fM//c s L E D e gtebe so—car (wirh ad A,{o; &cars, Jé

il U € AL N an 2k fao-aik of & f-tirectien or - £-sfsacdies ,

then X <€ Z/./Ar ’ﬂ/wﬂfz(éfé/f b 74 ﬂé/'/(é 05/'/5)/ becorrer &

wezel oo— cw/707,

Dyzr [KPT ﬁ//mf (E, 7D 1y an Lract M'(¢;4/o7_ Therr AE camres &

o 2p
2iacnscal zx/ﬂézgfa/a Ve Jrrectiise.

K : ygf //7&?’4(/2/!4( (d’/{'/aﬂ?/ of e ‘/9//’7 AE an coded Zé/” %’ cl ktr @k



2) Motaockz- lale give g el (bad ivoted) groof, /4//(/04/5'14:57 , o7 (@
un i fobiry ansis of M Gatirel- Gty ermbeatting thcosern

— Hijplorrra Hicsss caondtec ¥he Jigpesvision d Guisare jfows
Thwm (Herncnc , 0(20) !  For tadh saef ©°-car (E L) #her & z [funiveqel) cizdf

%ﬂaé/ Fr & —T, whi 75 & Sk 0"”(’4//7&7, whreh
/rnolecct!  pn 17«”4/«/7« 0 / Lxocl 02-caf onfe an LXIVon- COfed ficb s,

0/ T 2downed 704 i  Lial  Jhweicin  safbess e /zm 7,

(Hs o 9) Theer ,al /a/a/o/«/m,( M/x?'ay, cal @ LXignon cord Jubcar & 24‘/'47, ‘el
2 Zf En e peve of & Guitty wicd cer S, e T2 /A;{y

e of hi gh- drvex coripory :&; (E).



ﬁ/m /ra/é/n (windter wrvers fwé'an é} /ﬁ;o/é Cher) . Whal A an 4?://4/2’ iy cell 7
Tn obber words i Woak [ an skeef ? /e oy 7



