ASP?—C-‘F'S of Cartesian

Differential Coi‘ej ories

K.A. G. Seely

(joist work with Rick Blote & Kobin Cockel )

(wuzd .maTh. mijiff. c../rgs/)

Pfé,(l‘“lf;“aﬂ'ts (-—o car fesian dlﬁrutﬁd cn_fcacn-e'es Y
Lo oicriiee B

(sems) _
L:q&f/ndduhu! cn..f‘adr t  ench Bau sef s a coumotatie

naunaid
F( f-‘\) -=.C 1.4‘& 3 da'a.JmmuaL.ﬁc.anilr
(semi) ‘
A wap B fs(mm TF alse
(‘)c‘*j)l'\ = £l !-‘jl\
ol = O

| form o addbise s0bcateyary %
Ve incusion Y, <> 7 reflects (ses.
—
- " S e pres?rnﬁmj
| Covumo fatie twomocds wnt? “sef " waps ‘mrm.?“:w
| ﬁrn o Ma.ddlfwe ; MFa.de"i'oe, Cn.f?dﬁ
laft additwe: because qpertuc aa def d poictinse

N addobive : becawse weapss ueed wdl- preserve neornd S
These Vol do are o Y, .

M;ﬁu‘aﬁ-j axawple i |foche spaces with a&jﬁczrca.hfd—dl




Cartesian (yft additive Cn:h% Rao products &

O’fj H
T, , T, A are oddefive
° F'j a.Ml..ttu{ % ‘ij o &M&‘!‘-ug

EClUllUd.dj.uf% e T, T additice
«f,q addetice = <9 U addfuwe

Etiu‘mfuf‘: ,X; has L:Pm&oc-'["', X+ e X creatfes prodvets
gmba.tu‘.f‘-. eack o&_l- A has a chosen %&f_ﬁ\&_mﬂch
(+,0) -wf,,ju,(, wotl x* tg = <(@XEYY , faTity)
e Orng = <04 /O8)
|C¢ub{25mu '.a.ﬁ‘ aAJJuJefauc:fcr’ ! (pres +,0, beﬁ"h

| Gk S acomsmad on Cosk: aff 0dd” cat X = Ko is Cark bt add”
a\f-&;mtdrju a.“ju..f‘ Gz:x—--xf it Carf Cadf‘oﬂ

\"Z»cn.@{s.héu Y - S‘r'w.((-t slece c-itamy X{AJ
‘ = Yl coKlisli caf 7’ Ax—

’{jreiude : A ¢ poundle™ Qn.—“‘eam]r BCF)
_/uJ"Afc x (s o {lf{" addhue o.-_gh'{cac-r‘( )
Objeets : (X ,A) o X
Mavphisus : l (F‘r.p)
(v,8)

xxA A
lr j%‘
4 B
Coupenchon * (F.F)(G.9) = (<F,7VG, £5)

BOR) Ras addifoe shuctve O = (o,0)
(F4)+ (G.9) = (F+&, £+9)

uhare F e addeh
iu tha I"‘a.r:‘.

Tduudihy : (12,1)

["‘.m Qd&q.’f\uq_
v vl fnf'ou‘n*

If & ek X s Garfesian .ﬂ{f addifive , BCR) bas pmd.ud‘s

=(,1 il L e =
1 (, ) (Xr .)('F,E,ﬂr) ( .V, )<ﬂ'.?ﬁ,1'.) € ’g) [ddthj

ﬂ_‘n ﬁief‘: X Cu‘fc.s;uéjf' addifive , se s B(X
Usre : %{'pojcd't;u' Bx) LT x ;. &rfwméf/-aé&ﬁu
[;:wcé#, oed (3 a ﬁém‘fu:n , u(&g.fém are addi e

v fibres
(KK, )UK i

2%




e
4 bumﬂa jqu.{'tm JI > tL-,CLf‘aALCou. Bm’?‘ls&r'\tj :
« ¥ s (Qﬂ adddiue X
P F',bm P"A oce oddfive (Vob_'\ A) X‘l £ P_'A
« £ Yy Y i edditive (fmg £:A=8)
¢ Fov any £1 A8 4 X, oy ob X o Yo C(Xarer€), 1A dauain
,C"x-.=@ _‘L.,. X
=g (&
Taen: f ¥ —2X & o boudl filmtun
() Y is GfF addcioe
iy IE XK is Cartescan %Mk , each XA cartese
o Y s Cartescan Lf addfive |

T!...aﬂ..hw u--y;
f+q = (549N FFees)

v
‘Fri_i}x o = 05

A) —= X
PFees
: 4 "Mhsﬁ-—’,-& add cacl M

R

2>

Sot If X is (eft additie | BOR) —> X isa boudl fib®
B Gurtesian bft add™ | 5o o Garfescan i add Funchor
suppose v haos a/lff addctie sechon o P
4 ACA) = (doA,A)

C i,
B(XD = %% df) = (DIA,A)

This Bas sewe (uteresfing Crusequances |
G. A0V AQ) = diFy)  becoues (cndee (% conpud)

{DIF1, mFIDIg) = DIfg) @
%- A (Fre) = dé w‘j => Dif+9] = D[]+ Dly)
89 d(<F37) = <af,dg> => Dy = (DF1,Diyl)

Ej diD=1l=(m,0 = DII =T

d('ﬂ'.)' = (’ﬂ:-‘lTa,‘?TT- ) = ':D[‘IT-'_( 2 Foﬂa
(ﬂ Sl.:-n"lnr(t{ 'DITT(] = T T, )

%I’fyun.a-ﬁwj ecTo6 ol
Yase are jost 1 durivatioe roles”
91{ Listed ¥Rose - .-

a3




Tlare's even rusve Shructume b“ﬂ arvund bare :
G0 o vuap £ w Linear if thaee W e waoag ‘F’
Sotpal DIFI = W F°

Thawm :

—

. SU“-LG.wn.f) 'F t! Uuﬁoﬂ.( d.b-flt_r'wt.:utd.
(&qu e & ¢fr Ln.-lmj 'Sm‘hm <, o>)

e do s a fouchr s and (uear sﬁumadddiw
=ub c""’{-.ﬁwr

- £ L de (f)
. be_}a-_}?m; are linear (see (ast slide) ;
?f ;,j Ld».lqr. So (% (-F,j)

a.AnLt:h;n. ; So <

TF we add ‘Le cndition Hnt do ,u‘féa u{e«.fﬂ?,
Can pv’L s ga- Tler w partienlar “GQ,05DFT s (mmr

(-ﬂr auu.{af) Y (a. Va-ruau.i"é-) [C'Dté]

g
Thes coun G&fosl..nd/‘:.lj_l‘fw'f&ivh e Fa): di Browo c:féjmea
X = BX) < BV (%) <5 B¥(x) <
Whare Cmupesctin f}:jdu'éj Ve lLglr ovdar choe, nuills.
5 BUKX) has triples fir ctjects, wuaps %

d'sd"cn. wfcf'ﬁn&ura.aé
‘f"‘l D"’ hnsnrole at ! ﬁl

G'(F(z®) Fly2),F(2)) +6(Fxy92), F2))
(ot BRY coupeosdim ot lnser lawel )

cJZld‘ &)~ £')

23

L ntre duction 4+ D ffe.ren tiold Categories

. Maf‘:'dm‘hly Awqmp(e ajfé-u.&f (?jic-_

sﬂ‘.dm
- eokles i Cn.‘f:)ay ’[ cpf‘n & & slarenae
QMJ Spees
e

o Differental A - calewlos 9[ Ehplhard & ?30"«'

5’222".7,1.. —~

Owr oam: J
gty “resexstrust e ER I,
SJWM{,‘

'B“:c 54'&“3 T enowdad enf%ar] wHtl. cowonad on I

s

Ve “base e“'@"fﬁ o) Junps a G

Cokleisle waps are “Swestl "




L ,_iouvs‘f‘m.ﬁiu of ks Yhis o ks

4‘ Swsetf mp'F”R‘s-“' TR'& '3[5(9;--3.!? - (z"f-sz 5 zs- X_'j_>

2% +Jz aE xY

Tts Jocwbian ( -5 i gt

For closen <'x,3,2> L o a Cinesr w?ﬁzﬂm’l

7 au
Gl s uostl
e GKlesl
M-PS

{‘f-_ Fron  F: Ac RN —R™
“EgE-  DIF): A =GR R")

Seo ttn el &ﬁfaj e would Love Hes

P aQq
g s ﬁnéq.:‘:{:"
Dif): (A — (A —=B) x

Hown

o aved ¥ au--dﬁr closed struefore | we sbatl

e Dirl: A®lA —B

Ot line
C‘om'ft
Basic wetions mmk-.dd
w

. C,oa..gje,bm Moddll{} o o (semi)addite
,Dlﬁ'whd sawu.n.‘{‘ﬂ.t waeuatdal c,_:f‘:jnj i

(’g.i:ejm : J U alow YBes (n
j o dfwﬁa@ méuaW{M

- sxauup@.s
o zets & relatious (ewit? "by ”ﬁu.c.ﬁr )

o suplattices (witt duslof free alyebrafonater )

" a-mmur‘h.?"l'wf noels + ":ert;\ac’ ”dzn'nquw.u
(cm Vmof)

, S, cwstrockon {jawuu’rsu previous es)

. fxfbude':? ¥ 7’ﬁo€7
L Sﬁpq:je- (Hnoﬂ)

re

e ( ol e e




Basce cpmfoct

—— — p—

nat e ‘f‘ru. nc(n.ﬂ ca.a"‘l-
(S-P_ ) n.dsld'wt 33 vt ga;eh&u(“ﬁugn’r?

((:mu&-fh-“""- e (sewd)addifive
uwowod anriched bot wab AbGrep - -enrichad
Ko assomphhlf'

60 bed-ﬂ 3'-

: conlyehra wedulity |

. ac‘;f‘h'p&- Cc:muu-ai)

e A
s T e— (X —[Xx®'X

m:ﬁ:rnﬂcoa@o.ﬁm <P
x . Ix
- (!x,A,e) o Cowenotd ‘f/ {A \4

o
Ix — _flrb_f)r IXe—Ix®Ik — (X
a £ aAnf e e/

(x®fk —xe/xe/x Canassste
oa

o S:!IX =X i o conrounsid umvfkfsu
IxSox  tx Sux o e

(& {e
"\'T'{‘ fxoflx — lIx @itx
Sad

[uc de 't assowme 7‘-‘-?-";, o auy ﬂ?ﬁalwmqﬁm

Tutvition s 1R =B i "« dpperentubl map £ =5
(but we weed yesve structore 7 m(?je.‘t’rft's)

Storage
CWASM&*MM:’IMQW ¢ /
a Ccomoncidal ﬁaurﬁru‘uﬁm s =/
1&‘” (x, Xai) e (.X/ @,T) awsoviesfs fé

Srikt) — T et 5, Vixxy)— 'xe!Y

Sae 1
St 1 (borp2) —5 |(xv)erz — (xe(y)e!2
o e
I {xelyx2)) — [ X @ (Yx2) ey [ xo (IY®/Z)
)

®S;

I[1ex) =2 1) @1x [(xet) = 1 x @ (D

I e/ in, 1“5‘
';)t]: - Ti?x {£ "'1: Ix ©T
(+ diigram. for sSypsssastry £ apf P ale)

(as cocrad )
%wﬁtg‘z | reqoinig Vot [ be mwa{J/M s shove ~
Ave'd waeut ;d‘k:o bt et € (mzdﬁ»udw‘. MJ

4
F(XxY) — G(x~=Y)
3 Ly

Fx® FY — Gx®GgY
e

F(1) — G(1)
5 /5'
= TR

suek 5%
fr G <Id




A-Cs)mcn-f’x wtl cououwad .{} Pmd.m:*
has « atv_aazmsﬁrmfték o Yere is o
Cowtmm'e(aﬂ Mu:ﬁru&.}'em
v d =t : Qx, 1) =S {RX )
s f e . ( -
S Vot 3 b couwonsidal

Concmuiiboll PP, 1.V 2D

e I(xxY) = [xx 'Y
ey =& ok

e
Far'a._ (;HM..._) sangidall ant g 8 pr‘bo(ur_fr !

ﬁ LAL!- o Cowionad A (S‘aﬁ«m) S\LJ'YCL‘;,: frawe. A .e.’w‘u.

—;quwg a ( cotmunutitur) Cna_%a_é‘ra. 4«.-4,..&:1‘7

1o,
) Defue A = [X -—*)!()uX)

I(n)
g: !X = I(1)

Sy
— /x®/X

s.
—_— T

Ice!m

(D) Defie 320 10xxY) 25 tl0xr) @ 0xxY) — Ix @Y

§: (1) =—>T
{"?’\

E)(a.ﬂeéd

o id e anq eat m.:f-f-jﬁ.."l‘c Pma(m_h
. ! R PN (nati‘-

¢ Dual ﬂ "aﬂr.ﬁ'm 'uud-%u J
o T frec alyelrm TCX) = @:o x©
o Tla ﬂ[}u g?j,mmhtc a.ﬂa.l-ﬂfl S(jm (x) = @: Xq?s‘
v Ve axterior slyeba’ AL = E K SA

-y

D u‘f{‘erc,u(‘t.n.ﬂ Cawb t‘um"crrs_

Dy @ X('A.8) — > X(A®I!A, B)

£ i
A — 8 .{.‘A—w(A-»B)
AolA — B S
DLL]

Ti;.s \uns{‘ 'Bu.{“tlsfj 3 =l
. nq,f'urn.d-.‘j (Fn- cmkma.{'w:) N c.J.tl.tf'lUtb

e “constauhs lowe darw =0 ©  Dle=o
prdod cule (o) (DiFley)+ (i) (co)(Fody)) = Dlscsoy)]
¢ " Linser paaps Lave emotant oliriv ¥ Dlefl- Coe)f

- chan role D61 9) = (08)(DIFAOS1FIDIY)

There 0 a_“eireunit caleudys” ﬁ( a0 e




Mufu Z)cﬂ%rmﬁaﬂ cg,fgarfe:
e Llef? additioe '
. products

e cn.rfcsa'm d{ﬂtrcnﬁd M
£
|

"T&:.‘.fc: fﬁarnf
X- -X —— Y iidlt L.;'“..-f. ,.
B | e L2 s

sat several oxiaus :

j Canfesian it aldibie

(cof] Dy [F+q) = DIFI+D L9 5 Dlol=0

(cP2] L hek, vy DF] = Lhw) Dulf] ¢ <k Dxlf]
<O,V> 'D‘-[F}l - o

[CDS') Dx[ 1} = T ) 'D,[TI‘;] = T (i= off)
ceow) DL <8,9H] = (DIF), Dulyl

(eos) D[ £3) = < DI}, mf>Dxl3]

(c06] (1ot Du[D#]] = (1% )DlF]

éﬂ(“ Fin din vector spaces over K (o C..
itk o'l diffrentinble maps X

= Dk 3‘-‘-’"‘ éj Tacobian "J-uf‘-z:b—”ﬁ

 am d‘ﬁ a! ﬂ

ee_,pa.d‘i—ez earlier example &
O
ﬁl#] : {u.u’.w>, drst)y —
2x+yz *z ]
( -y -x 3:") & (u"f’w>

- ~su-rv ¢ SEW >
,__.<(2”5{_)u“.{-uq.rsw 3 Su~cv +




‘L mear faps 3

P & cart Liff cat, £ io linear (f
DLFl = mf

Pﬂ!P! TZa wmfs ﬁvu cun adddive subcat Py,
o caddfat ¥ 5 Yy Rao (bi)prdoets 3

J

| y‘bl- [ y flf‘&.dr (Sos & creates F’DG&JC?‘S

etk Lr’m&

o = d;ﬁfumhi-.? caf™

dfie D IF) o xEBy , p

S(x=Xx) L5 s6ax)e S(x=Xx) — 3(x) @ SOx)
M
(v mi:u!d':w;t*f“") l o
- X © S(xX)
Nefation : o Ve d/ff cosbuuntor
Wefatiom Df."m qfw | D4
(D e conk Lt o) Sx)
Su'& dea\uu{
(onbled b i Lo loyic)

TE X is a Carfesian GCTFVQ“KJ cat, se s X[AJ

ob_j = OLJ. o x>

fmaﬁa XIA] 1t swpl slce caf =

_%:unj. X[LA]) v Cactasian %aﬂd“um Alse :

(¥Ady)

s diferental DUST = ¢ DA 2 “packel dancabrie”
A
= (o, (m,—w,m» (¢e5+1) DLFI

ﬁ;()mq +Ei , ouR c.ugﬂJosf' toerk ‘('fm;{ Yé—. %g;;ﬁu\ , 6‘4’/‘
austlor approack z:jjesr‘r Jﬂ(f : develsp « foruc
Caleclos . LWL /a—c.n.uu.{'elr 5 sved a calewlos

/un,hﬂ-% ookes " (oc-_-_{[; i

S0 ...

a3




Stk wetl e ‘usvad " perwa hoe ur_:lv.m m(:li‘zuAD
Wa. Caum paur varialbles (thik s owr t'-nJ‘ (AM p
r.u.-i{e.ms (ke ¢= 4> ) (Gssome wo r_.__ﬁa_.lque...)

Uswal ferw GG.u.m.ﬁu rales £ prbahm’l:r Sems | subs bt fton
(as wasded foy Cartfescan LGPl oddibive eats )
m d%flﬂ-!\-&p f‘hrm aé;rm.q.fclm rué £ !!

e s:5
Thu‘-g_g'w%ﬁ.fa.cl&ltn, (s) o vl Sa-‘sf'JS&!’x
(or v pradm:l‘)

PSS e tT

’

Frew:3

e 2 mew T
X

B Hase ?-.‘- ain ',a.u‘"-q..a Jtu'uqfu-rts “|
ax

éﬂ.‘ (ft - (Qza‘fé’xj!’ 13"¢7> +£‘.u—
.?ax-f-bji bx#

ot _ br
D&Sl) & ( -3 -~% J

Jz*

éf afrons ( usval gob sfifotien rb(n.s

a [ E3 i
(‘Dﬁ‘:l) (;*{- By e = %i(s)-u-r ?6‘(-:.)&

pﬂu::)

00 G
a——(s) we=o

(DE.2) 96—(5) (wru) = 53'((3) W + %—g(!)-ﬂa_

DE3a) 3R (8) = W
pt.36) o

x,x')

‘.d&mﬂ%@——r

aCt:,tl.\ t‘, aﬁ
a (H-w = (ﬁ(ﬁ)‘k x ;;—CS)!A.)

_ atLsvx]
ox
(3.3)-(o,0) =

(3.8") -(un) = (3) -«

a{_—,l;sfu?
3=’ (s ) w’

Dt 4)

r ’ r
(Dts) 2 &tt;xlfs).u L 2 {'.a/x]) (B ¢s) - )
] o variable w X
["D":.é} ?__(f?i{f)_:) (-w = %E {23 5 ""'TO“M..
ox' a
Facks: (“Basc (o)
| a8
- gf(-)(_c'j\.c) - 'gi;t‘b‘)-u =0 tf’u-’m“‘-“' ea X
appeans &

3—)(’5") (ﬂ.ﬂ-)’at-(sjgt |fu..mu&“¢¢lh9¢ apmeans
ta Cﬂm‘d.q.m_p)

?_L N ) tuw) = LT ()0 + BELSAS el

%‘;"ﬂ (5)s) . (o )

5,8) Cu,u’) =
,}( ) - Cu,u’) a(x,x)




ie

Seondnass u.ferﬂ: f‘efa_f‘wm/ﬁf d%fc«fmﬂ 7‘&5‘7 v

[‘BF!& 5 JP:_JJCJKJtM SHMLJ(-S 67001.‘#'0"4-83 m,s-(s GF
anm a.ssczuml’ ‘f'(lerS = ofo‘jec}s fen 3‘3«‘&:{3 —

suitably fyped waops

The assiguwact i exteuded of Lllwos fo all ferucs
[2A F 2] = dua E3 ) L
[ bt} = [xrb )+ Jert] ot
2k ft -t - [x - (—t) ] M(F)
[xe(t-t)]) = (txrtd, o Ixrt D

[ 9620 - [Clrra] =ep
T Lp'rxd xep’

ﬂ Pl--a-f(s)-u.ﬂ": ((E?Fu.]}o>}<{r,.3]‘1>>
[Mm if l r&e}mm] Dl tepxr+¢ D)

are ‘sati s
Pag

s'f#d- LS fi"an:&‘ftc;n 5(;055 a Sevad t‘kferapro_("q."ﬁt.rm 4
ferms wt- cmj canfestan aL.ﬁfo_reu(‘iaﬂ ““{%j“”"(

14

Au axa_mefe v }(e,rz’c e ;.d‘e(prefa:fzéu df s fermn

a;A,ﬂ:B,x:A l—-fcx.j):C a,:/’(,:jzﬁ F 9(ay): A
a.-.A,j-.S - a:A

a:A,v:8 IF (x.9) |
3 ax (jc“!‘j)) o Q. - C.
—

(SﬂfpﬂSf.“j Lufmf&f(m: d A,B,C,& F’j Aj/uuy mdﬂ&)

Note r [(ay),x) FFeay ] =[am =) kg MLF)
= {tkaprz ), [Lapx)ry D M)
= LW, W™y M(£)

[y - 2 (gam)-a]-

= {dtagyrap, 0%, <tay) ¢ 91,15 DliCay))
+ £ (xy)) ]

= { ¢M6,0%, < M@ 1YY DL <7, mmy M)




£C
Coupleterass
Coustroef +£e cQass:f\'jmj c.a.rz&suua. d%m(‘mj caf
g S
Oijcch : products aj pr@ibr}e ‘{*jpgs
Arcows:(2quiv. classes of ) segoents x:T, + t:To

as vsvald "

xﬁt 8 Ty =Ts
C,...F-sfh'oa. .
(2 t) (x> t’) = (x 1 [E/x'])
'D%Eumf‘\di

Dlxpt iX=Y]=(x",x)+ %—i(z) e’

for Srampte fore's e uei:f.c.}{..« 0 e chace role (cv.5):

"
Mo varra bt OFS
G om:.ar‘m _

*({zﬂx}w?{(z}-x, rr,cxH-t)> ((5',:)) P g—;(_‘j)-‘j')

Dl (= nt)tjl-os)] = ‘D['xl-r Sft/‘j]]
= (x,x) P a;__:rt/ LT N
x

=) e ) (3 oo =)

= (Dlxpt], Tlxet) ) D[y 3]
(0.5 (quud)

A‘”\ -EJKMF(Q J(I koo Vo Term Cﬂﬁ&t&g “claauns P
m&éedﬂfw ferus ) teomScclor ?‘ﬂ Q“‘l ovder e.&m»»

/L‘U& (3*‘-9-! eardier ux 4#!%'7 th&fﬂ'st’f‘(oh tea
BY (%) )

* of &)
ox

() i x”

z -’ L
;_31 ()c(z)). (}iCx)-xD-{gf(xj - )

L NGONE-ASTEREED

+

Cadast: " (Fix2) Flym,F®) + 6 (7" (xy)  F D)

e
L Conx) BTA) , ((1o7x) DIHY , (RDK), 714D D[4
W

[C';J (=)DIt]

23




¢C

A f;‘ao_,ucf{x

e,
R slides frm w9 FMCS 2007 ftalk
(Cdad‘ Uu;uus((\} . Juue Qoo )

afu!-'i;j Lo Vea corcaad S uas be
Arawn 1&"“‘ Fle adel fure shrocfore ?d
o Lt add tive eateyery.

fidioal wite

Doriny CT 2067 , we (B:C $.) shesed Aot
i~ a d;ﬂ'.nu.hi.( s/‘wajt categery P&
Jf-fr'vfuj Prans fore does 1 et Lave Yr vawersad
prp ety € s !(&'L&.ralzf’ttuﬁnjj ge A

‘s a"pm?uf.’", udF"smeure: ) e o
Jodes Kok 's 79.,4&.;3.

Cﬂ.usif-‘ca.f' . 2 _@_efres eulalione.

X Cff addifice cat : aMo"m.nfrm wuﬁjo{aj:gfgd g

{3
VA..E——-—;B &U}UM%‘-—%X

a*l« réi’f (addet o
3 S = e

[5+r¢uj Cﬂ.&S!fchn.‘hm L X{A‘} dﬁ.ﬂstncd Vﬂ]

C!uslfcﬂ.hm s refentive ”(f frn ol f adddive wn B
‘F:‘.j w alse adddive i B
AxB xS (x)

—
X has weak b'fua-a.-( (@)m—f’l‘ﬂiﬂtf&.ﬁm i
¢/ X"Y v biaid-'frix'.z_
e l -

2 Also - uu[(a.? rep (zoat)
3 X8Y - 3{;&;{'[»«30

. sf’h:nj f.cp (: m'ﬁr
all slices)
. refeutive rep .




| T_J(c. Pom.‘{‘qj(aﬁé"fgts 7 s

ZF X 5 o Carfestan fsz aallitire cal ¥t
fefuﬁu a&.ﬂif&ﬂ‘ta« & /-e,af‘ G-S-Qu-fa.ﬁm , ‘f—f;.‘.\ ‘fgcrc (.; -
Gﬂmtcn.ﬂ coweswordal acaturald (‘Somﬁ‘{l’fﬂ

s: S — S S, (AxB) = S, (A ® S,(8)
Setays ——+F )
5 Mf_mm;\
.9“040." 3.., € A “:I-E;_/\_/_)

1_5_.39[ X (.oﬂﬁ addibe untl retentive d-_utf-u.hm &, mpfutuén.f'rm

o X,, 0 Gn Ne c-.fm
(mﬁf."j P oa ?‘umt—fﬂc ucwm.JJ cat cnd® Pmafu&(?
& a cowwcrad S witt an ise s/m—vz frl.as-agrmnfrm>

Iﬂ 7"&.04/(:»;7 Suﬂ , we rM -ch.-r.ut:ue Ceen mﬂw
noute o sved shoectvre | 3.«;,,@5';::7 S 7@-— o stet
~+ dmumu_-j A ﬂzs‘f'j Vo stroctuve | ..

M'sgp&lﬂi—dwm ﬁmdtsb{'mfwwm: c-d'df"ﬁ
cuihadle shrochore anX | o wdvcad S ar Vo lff adjout Sy
*0 x,{ < X [":oi‘f‘u“ “ = relewtoe addcfuse cf_f:ssr}ct:.f!m 3

£ {|ewser r‘()flseﬂ- f'wu\

’:[)gé'nm-u'ﬁms:q J/ N S-cat s a ﬁamue.h'\':. vuruodal caftarb st
prpdpch, a wouwndal conuomad S!.{\re. S-csos
. A, rprgsﬁrrnag‘ cat © = Mﬁma‘_f" wdﬁ f'lh)\f'm‘%

f fract daussi—ﬁd shay rS'JSLm 9 ws; (+eik + o uﬂf'&mfm'h 3
1 ::t.u::- "'d.,.d vwalan X | of +a sn;.fh ﬁ‘mﬁm gorea ‘J Sleces XLAJ )

- A-'sbvaaz'cn_‘l‘ w & 'Prv.afzrraa:cnf wntt refewtre

Feusor I?ffﬂ-am‘f'n.ﬁm i

Tl A coubesan diﬁermh-ﬂ C.n-f‘rjo wntt ﬂ&a‘l‘tﬂd"j‘w
rifrl-xnfu‘flw Ras o addifive fewsor on ta mlc.-f‘ﬂ
Aians vanps (e by e wndtiocad @)

IZF X alse bae nfeutive da.s:cf;.au’wu. - X&;‘ b a a{%ruﬁ;@
S- cat

AT dene o bk cye wout:

o Twa'soragd ont, e s0bcat af’s‘jﬂe‘uiﬂ.’ waps (thase vt ﬂ‘ﬁ‘)
& on S-cat

¢ Tla woklaisl cat 4 an S-cat wa ‘pre shrage’ caf-

¢ Exact S-afs < 43"‘““‘ waaps u a "‘f‘onjf.' eaf

“ A cant. diff. cat el & o pre stovags cofageny - whied a00
Linear 't.hauro{ﬂl-('! 5"&.«'(‘ ,eua.m-re 5 o !(’zxrad-'u-f‘




