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@6;1:. ABILITY. - _[HEORY

> Let Llocshe oa co/mp/e,fe - ‘&heory .
Med (T) de_%olzes ﬂne ca:ﬁe,gor o-F models
OF T _with elesmento as ow(‘Ph (SNS .

Mod (T) (s +h th :
(a) olo ects : (m, /'na me Modef(jT) A “;.t subse:t

(b) mon hiswms : (’m A)—> (N,B) MOp A—
-such ‘f:le\a‘t fd‘ a.?l A for‘fmufa,s EP(V;,EE B cvmo[
ol saal il B e A m#cp(@) e 50(3@1)) "Netice

et g Wc)e-(: be. 1-

T\IPES__OVER_ A ) L, e

L Let I bhe am or‘de,recf se_f and put\r as
veatecbles _

DE(: A/Vz I—‘ﬁyp over (M A) is a set p

GéA _{forvmqufa,s ;/}q, Hoe, \I'D..FIQ-[OIES LV

w/chr) - maximal. . mwst@m'ﬁ‘ with
1 B cw_rgffzfzes rs the set
3@3:“ afq Y{’orm 5&75;2-#1 sowm .ee I—gffle

‘- in_  sowe £ - elerien y eﬁ( oV m.
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the <ot all qré,ALvé] such that q = 15

i

|

| Let S (MA) be the set I-type
}Qv*er‘ (Mm,A). Usua”y T=m={0,..., m- _{?ﬂ. 5’&2
USua,Ny \writes S; (A)  imstead .

L.EMMAi I-F there exists am ]0 ’H/L AB —b[ﬂ, B)
. SI(')W. A) = S (7, 7@(:4))) wfr)er‘e. one.
| fd@w‘ﬁffy nm% ZZI@;

{
i
|
.

(1.2 Le Ff w (T,A) £ Sn(d). For amg of-

) X.= e , L s ( .
idg,ﬁie. (¥ ?a& g gl) YP’;’\/ k
Sl tawr”

\DEE_ O’He,. says is d é%bl e&;’:t &%

| Cepy') ’:'6 MA d inable m the

| Whet s the depe/mdme on M7
ae (dp ¥ )@:» M E ffi‘(cm)J am Ly —formula

'LEMMA 2 It does wmot OjePé’/‘/Ld on M (I’K

—ﬂ,e same  Sense. as le/qu,iD

l
1
I
|
i
!

(1. B)Fuas-r ExacprLe 3 et £ be g

;F ri theory ({o,1, + IX 5o
50444;48 c/ho,r“aczt‘.e,m o O) S 2
let T be. the -Eheor‘)/ o«f ebm:ca
closed :eJch er:s lc_.
Tt is kirown ( r‘sk ) ‘Uﬂai T is camp/eﬂfe,
and has a.tc. (= titiec ehwmm‘.;o%)
To 5%0»4; iha:& o -E)zpe in S, (A) is
Pd&Fl/VLCLb ices to show (b cavse

& €.) HZ,Q,JC @ ) s de{:mbe roW

!c\, B%/ea% CO-M/L \ect-ion! OF caulas

, O r~ X
TQ ’ IX f(j let PéS(?ﬂAS

i o0k determmed by  kuowi wh;c
q(x a) € Z(xyl, arg N P/ ;A/vzﬂd which
?_Fa 7“0 are (m e

me com a,ssuwe wle thet A is
o. subri /i Tlo ove o cu:hes PS5
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iis N P tdeaJ ad P s prime.
o S’OOW fhcx{: s de‘la:/ualafe/ ole

shows : g ke (%,¥) € fo,y] the set

{beA"' (It(x b)-— )ep} (the same AS

p"f") is delinable in the sewse
oaé there is an A~de,ﬁtmb/e relod;:oﬂ
iR in M svch thot ROA gives the abov
aney 3exmera:f;e,d by Hf'berzi

Basis PTh (oSsume  here thod:

.is o  sub lE. d). Se,lech o basis g

a;. Ome O'IDPY Hllber‘t o Nollstellon=

socﬂ:z (X, b) € 34 r all 1‘:€'m,”’
(t b =

G(: hi=0 . 50

li( = A-A
Qrtb)o 94 @WY,F\H(/X\Q&) o o)

(f?.GZ LY=0) ep

60 e VA ovelr del in—

o amiiy type ki efi

(-)exampre © Let £ be the lamg

| abelian groups (={0,+ N f) o.g be
the theor\y /w.ofvz-tmﬂa,l dnr:stlole

torsion-{ree! abelicu groups . T is kuown
te  be comn lete awud to have QE.
, an (M,A)y amd assvme A s a sub-~
8r\oup e,:sscu‘:l divisible). Then pe
(772 A) is deterwiimed by cond itions
A(?’)-— a  omd A(R)# b where /\ aned O\
jore . Z - limear oombvnai;;ofns o-F ond
a,b eA. It 5uFFtc.@s b ehbg tact for
a .thed linear ' M(x),the set ja (Mry=a) €
cpfois deﬁwmble i M. .
DVL& I’ZGLS ffﬂa:t P aJr‘eao/ ]ﬂOrCeSo
(&) a  cectain svbset
Q- basis P the rest; over Jclf)f: @ —space.
Be/vl@(‘OJ:QCL by A
(b)the exact [meow de enderice o]@
the other elevnents on {:he ba sis -
Wri-te, X ~ o basis. Thew

(x)= i rced ec]uq,f 1’:0 sowme fo’):
WAV (a other eleme/m‘{::a) , A limear 2’ 16
ree over subspace, gemaaiad by Iﬁ
e occurs —tr‘z\rla,”y (n F" lt S :fm ossib
For‘ [ [X) a, to  be im P Other’w|se ome has
AN ) = MeCessary and - sullicient

covd it gm Fos r'><>-a, to be im p. 1
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U.5)exampe: Let £ be the sawme as v (- 4), ond

|
|

vamed by vorjovs A (R)= O-L,A;(23 b
/\ Aare, 4‘{(%%% bieA.
o 'Q °m (t4)to show

Exezac
the type, is definable ,
REMARK® Exa/wxples (t4) & (4.5) are imstorces

e i

T=Th(z). Ove has the Presburg@r‘s efmm-

nation : every ranola DA 125 Vo) 15 egu:m’

med (T) to a Booleart cornmbirmation Ce:?
Pmu)a,s AX)=O or AR)=S Omod(%) where

Nand A are linear over Zi.
A (G.-V,,) over o set A is deter-
J/u,hef‘a

Mfodquy arguamemt

e_roJ re,sult aJoout /M/z,oo'u{es

OF - E}fv( a ring Q let £ be ihelmﬁage
o?p a,be[z groqu Pus 4~ ary ]Qv%c‘ttoms E,

ol reR . R-aodule is %Q‘tum“y

am & — sﬂf‘ucﬂ:ur“e Fac s :

(.L)’The,ne s a M(ogue o{) ’Pr*esbur:cj'er

(Z)Alio:gpes are de@imble.[j

(16)A NON- EXAMPLE ¢ (Sugﬁestvmﬂ that 'f:ypes ][)6\1[

be defl%a,bl i the pres Q/VLC_GZ

of‘der) L be the [
PW){T ({oe:zﬁ, - :e. ¥ ai::? “Tﬂ Th(ﬁ?) Ovne
has uamttf«ers e,hfwu%ai:o'm (Tarski): ; evety

y)
" ()
m&w;wfb e?eiz%er‘ ]f(m:O or 3&)0

| 73 q €2[x].
es over A are detervuined by

ariovs (X, &
A=K, n=L .The types are &s ]po“ows __
(I)X< =00 ,Je X <R, Cbllfz,;(clearly de,ﬁyna,b e)

(i)x > +w
Gil)x=l (deFrmbie)
Ge) x>ty x<nt te. . x<s,allseR s>R ;

(¢) x>n’, or X<f?,
All chpes oce de,Ffmble Thot el 4-
ﬁypes are.  de. (/VLQbfe IS. . &Pecm,f pr‘operty

R I d;
3 eyl "ok AR comitatie

d of ¢ a.fge,br‘o\,tc mnombers).
ey A-frelg o, o
CLAIM _l_YPe t) is ot de@(%&ble

vivadevt to  a Poolan

The -t_YP
YO or Qjk,a)y=0. Specta/case:

g



- I{l so, jaeh: a<~l—.}' is de,{-’imble m A, By
Lf—arsh:, any  set deﬁiwab/e im A s a f«'fwiée
umiom I, g]wg,ls whose emdpoints are'im A,
conitrediction.

exere.: Show thot R is the ouly amodel oF
T over which all d-types are definalble.

A A . .

1%, 2’:554.’5‘“; 5
VAR
5,5 ¢
’t‘:‘,’.‘

NJ

(+7)DEE: T s stable i ery type ever o
A P et e il

LeMmA 2! T s stable iff for erecy ML win
Mod(T), amd adl éwxry m*de@mb[e relation
Ren M, ROME is deFim.oJa)@~ L(

Rooe:

Svppose . the. secomd assection They
every type p_over s de—,ﬁimb/e , for use
£ in sowme MM realizing p. One can
de‘ﬁm/l,e dpq{/ i terrs O—F- t , so _ome can
de]ﬁi/we it  on ;

CO.’VNEFSEIY)_SUPPOSQ m'<7? a/md /2
is_a - k-acy 9)- def:ma(g/e _relotion. Say R
15 defimed by W (5-5,E), T in M.lLet
be the type of T over M. Select E(&,.h)
defiriimg " Wi Them O defimes RNMA.

@) Rank. (DIMENSION = NOTIONS)

1) Rambk ( relative ﬁo;r): Oue will dﬁﬁime
o local raumk , dependiang on . am €=
panvle . PRYY  length R)=m . It is a

neosure. lex Jitti '
QZ;Q(‘-/\/LOJOIQ secg?ﬁs‘iwigy \Iartgfs' (&%E)Gér

r -
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Let @ be as above, amd Y&) be
o focmulo. over A, One defimes re-
corsively the metion RE @) =Ryw)>x
for x&On. One has « F—[c:(:i{:ious object
co grecter tham oy ordimal. So:
(YR*W)ZO iff ¢ lis comsisteut;
()it « is limit) RUY)Zx iff R*(Y)2p, for
all p<«; . -,
| Gii) R¥(W)z o+ 1 1# thefe is a b (im
sowme  elevuventary exteusion the
v bient /Wwde.ly such thgat RF(Y A
APR,B)>x  and Reyan P&, b)) > .
| This imdouces +the de]cimf{:iw OF"

€Y, R"(y)%m( iH RéWza & mot RYYW)>xed;

(2) R¥(y) =co iff RAY)z =, for all xeomn.

.-For a?la/z? wgi(ff)o(g/éhﬁt T is stable if
| ! h '

@2)perE: Let F) be a type . Themn
| pe

OoVie
de-{’—i%es Rf 2o be the least x su
it for Lome Yep, R~

M@RWW)QO #f wlor rather, the set
defimned by Y) is nom-evnptly .

| i (?:R‘Zﬁ?)zi i#_‘){;here is a b suof/)\
; 2% (%, ) aud —7P(x, B

are bot}f/\f/w)*w— eﬂ/vxp‘t':yq.’w\ Fo

E Picture OF how ome witmesses
;lUna:ﬁ R¥(Ww)>x . Look at binary trees:

o/é\i

O?\/O\i/'\ tn/\u

NN

stop ot «.

The brawches correspond to x—
;sej:ﬂ&mc_es of ©O's ME 1 IE 72 ¥ '&hey are
ey St FCTPar N
ve s e X Qas
a,ssociaie,dw a tree as oab uq'; , With Yodes

tagged by yari tupl le—
‘wg?«taryy ex‘tejjifom .UF Seg : Bt o= v

r
|
!
|
i
|




i(i) R¥( 2O . is d by sowe X
sa:tisf}‘;ifmg v. ¢ ‘tagae. ;

|
@RY(w)=1 - ¢ — by sowme b such
| ¥ . / \ fﬁg:t Igwﬂlpn?f(yg—é))lgp@)m@}&

by =
elewient O-F WA(P[Z,E) elevent O-F ’WA"J(PC‘?\) b).

ERP)>2L E ~rion by B
- tag by -go“"/o\. o+ tag by by

iaﬁ the '%erm_gtff)v\.a,{ : M_pcsles oy e_!‘ef)vw&v;'_t_s;)
\ A X A PR, b A PR, by )A1PR, b
'Tzﬁ/\ —:9'%(?, L&; YA P, Zﬁ W 9\-7)9;{) (r(,chp YA ﬁc,o(x-?sj_) |

(.3) Lemmad - CProgePtieg_ of comle ):
Wi Ta b Y=y, then RUy)<RUY),
= Gi)if psg are types, R¥(p)zR¥g).
' ROOF :

! Exercise . [ | ’

@4 Fix ¢R,3) amd YE,x). Let <. Consi-
der the (PFO//OWI'M{} ['H(Jcpl 1_})}0() (may be inwl-
ving mew vowriobles). ne has vario bles
Xq rLé—Z‘K “}7'3 )EGZB,—{’OP sonvie ﬂ?<0(.(?n_
cofrespends to terminmal nodes, and Jg
to  aon-teraminol modes ) T, W, x) con—
sists of all WR,) ,for allq, and of all
@ Rq ) Yam ), for all p<x 2soch that (R)=9,
| = PRy, Y0h) if qpy=4. (For x=2, it
corresponds to the picture givem if one
IdWﬂ'FEES 'é‘% ’ RS A RS AR €t
a. Mmeode withe the brauch —ie.,fornction-

terrjnoding +here .

(eMMA 5: (i) For Mnew, R‘?(l)))z-’n itf C(e 'w)

T is comsisteut (equivalemt toﬁsq:tnsf i’ed)
simce rmew, this is a -Fj/m}t—.e_
setd; | Gi) RO 2o (B oy, w> is

- comsigterit , iff TH{Q, Y, «x) is comsistent,

1 ¢ sowme xzw ;f‘F RP(p)=co.

T Q) Obvious, from  picture.

@



5lz/s?

| (H)SUPPOSG, R ( )2 /W”po(‘ each mew.
Then, T"(({D,W,%) is comsistemt. So
r cp,’ly}o() is cownsisteut for omy w«EOm
(by Co[ilmapac,t/ness> This :Mphe,s Ry
/O( .

LEMMAé For ‘leed N< w, the comdition
on z that R‘P‘”)(\g)(x EN2m is de]em—
- able.
COF -
[”(CP,’(V(x 2.3 'n) s a meée. set OF
rmivlas im this case . To ge.t de‘F‘ iom,
exrséw'tia,(y Qrua/vct:-f'y out “the xQWnd
s -

(EMMAT: Suppose R¥x=x)<co. Then
P A, O/VLdPPP 26 (A)) cJP(CP) IS defm»f;.ﬁﬁg
rROoF:

| R¥(x=x) < co uwzphes R¥y)< co ]fof‘
all Y. Choose WY(,.)&p svd/: thod
R¥( ) R‘P('q)_)- NnN<w. For amny b either
P‘P(Qy AQRE,B)<N  or R“’(Y/w @(x,b))ﬁ%
{’or o-l;lxzerMse RY(W) 2> n+
Claim : for beA" c(?(”b)ep e
5‘*’(;})& AP BN 2 n ! (Thereby  defining
| 18
| T %, 0) EP , thewm WE)APKX, b)E 50
RO (W6 /\cp(gx, b))z EVr) ¥ ¢ X
Now sug pose R CIP(—)/\(]O(K,E)))>’VJ By
the a,bowe RE(WIA1QB)< 7, But i
cpcy, = —upr &) €p ,and so RIYATIQRE)>
Z ;. xyA—a(P(?,b) € p)- T

.’

E Ove will prove. that ilc T is stable,
then ol R’@(x x) ace fimite . This r‘e,grwres
COWH‘&MQ

Det : Let be ty A.D
Det ée%m b L5 ey, o

~type 1Eor~ am equi iveleuwce  class
(P

‘{LEMLQA I-F d e P Is de‘iﬂwtable, ~For‘ all p,

thon thete are wiest max(lAl, i1y




_ @-types over A.

PROOFE:

| Clecwr, sivce  @(x,a)€ p «» (dpf)E)e P,
ove has at aost maxCM{,hsz) Possibt"-

lities for the formvla (defiming)d,@.1]

RemArk: Let (D3).(4) be the set all
. de){fi%able m-types over A. 7(7)/69/14

. (DS (A S S (A); ol

< ‘SM(A)I = 2. e el (this is opt:wal)-
| Ouvie has [(DS)mA)| < TT#of ¢-types.
For a defirable type , #of P-types s
bovmded b wiax (IAl) |Z]),so ome has
1 (P3) (Al < [m ax (1A )10?2]' L)a i LR

suitable choijces

.LEMMA‘a'-SuPPose R@(X=><)=oo. (Tzfiis s Q.
Pr‘ope_rty of T-) Theu +here exist
A ond p such that ¢ is Mot
_ A—da]ﬁi%q,b/e-
PrRoOF :
_ One uvses (.4). Fix ow ordimal o
ond 39;(; c,ow:sis‘t%_&y OF CFG?Q,—{Q@) J i‘F
UE=L5 amd @ (Ko Yep, ), if ¢UPY=0" Toke
a. aode | 075 this , aand A the 5e.‘t\0F
all coordinmiates o]é +the uterpretection
of the ¥z'’s. There are W=32" such
-)76; sSo c:ord(A)S'lf’. =
1 Suppose %,_ omd Q. distimct . Then
the ivterpretations Xqu omd X, have
.diﬁet‘enf (P-types over A. Thew there
are at leasl 2% CP—t\/Pes ovesr A) amd
ALY, I} dpp is delirmable , the #
ci @-types over A s at miost wax(l4),
| l) omd js at least 2*. Choose «=
= .2“‘)+ 2. (w timmes). Inq this case,
Ys x <.

50/ one has:
LEMMA 10 Su thot for any A
. dp® is Afgff@?mb% Tﬁ)e/m R¢Z{=x)<)oo-}
PROOEI I
; C/ecu". U




;COEOL @’ﬂne -Pof owwt,g are equcml@vt

() T is stoble;
25 all R¥x=x) < co ;
(3) all types ever vay/’v are A-
| deFWLOube
'PROCE .
| 2)— )« Dome.
x (1)-——»(2) MOOlI‘FY the q,boxre Proo]e)
rep m[ﬂ/gﬁu\ o Maodel M C-F
SLSAMQV; og/‘a:a{,l (ujsu'vua Upward

w eMM oler1i
| % rest s trvial. ]

DEF Let k2lZ| be a cacdingl. T
— is K-s ble i‘F [SmA) s K c A
de(%a(z y K .

LEMMA fL SUP ose T stoble. Thew T

| s K- 5 toble ~F0(‘ oll K suvch that
K" = K; (eg,:{ B |£[=Ro, then K=

? =2.8'3 Wor‘ks

+ROOF :

| e hos [Sa(A)= ICDS)M(A'H

< maax (1AL £ 59 o 1A= K > (£,

awd KY¥=K, e hnas the (‘esuH:

| The cowverse will b K> Iaé{

oond T is K—S{'aJo(g: 'U:)f’/w T li stable-

?. Str*octqu: assue T Mot s'ta,ble)

z -tr‘\/ to 39:(‘_ ot least kKt ‘tyPes

over sowme ~odel of cardinality K)

vsm@ the roR criteriowv

spli img-

(Z 5>Fumdamnw{®l ecdec, heics etc.

Def: (i) Let p(x]éSm(A) cp(_‘y) be a/mOf—
o {lor‘/mu [a. . Omne saNs thai ¢ s [ggrese
| f 23, ¢F,2)ep-
, (n) c{( )" cla.ss cz-F ={¢: @ is repre-
: sent e.d p}
'(?i,’) [he ¥UQ_A_,da/vmeA/dz&l orde( cm(.‘r)
is the set of classes |, onev <, of
-Eypes over wmwodels . (wmte, PS4 s-&’-




s

clp) e cl(fzp and prg, if c;l(P)deg{,).)
LemMMa 13 : PSg = PG

'PROOF

'Tr_‘ma,l Wi

%: L.eJ: p be a iy Pe, over oo model M,
Y One says that g is am hetr
20 ST EEY St

L.EMMAiL{ Let p be o type over a mode(m
ad let L>M, McA<N. Then there
isa,q_pgo\re.rA qamhearo{lp.

?EOD

Cofm ider Tlﬂ(’WL) l all x,a),
a. im A, SC'F e%oﬂ r‘epr‘esejjfed ’1(?7 Al%ze. ttr::
pf- 2 caiibiae o e diess <The. cowsts‘r‘_wcy
s trivial. O

Mot ivotion: g v a Pree- ex{:e/msscm oP
y & % ta sort oF “tessor product
(5]

, 1o 3e/merml % s ot uwug,(ue

LE’MMA 5: Soumme hypothesis lerama 14,
h__ﬂ_ﬁ__;ls de—FmojoP(e) q ISQ%JMlq,ue

FPRooFE .

One womts *o c‘eo&de | ‘ﬁ/, c:l.)<.—’:c_:¢r
| Consider f{)(x,y) A (dp W) (y) e \s Mot
represemted ;(hecre s WL -
OJO > So, |{: is aeot (‘epresw-(:ed Wu%
I-F @(2,'&)6@;, then %F(JP(P)CQ) APP\
h‘:lne sarme Al vammnewvt to - amdge{:

ﬂ (3) DecInNABILITY 4AND AUToMORPHISMS

(3 1)%EE G (’WZ/A> dEMOtsf -ﬁhe group AOF

- avlomor IS’VWS Ix:
Po:fvrtwfse s aqrouv a.cts %?*elatians
ovgd on types thus: (i) f N is a k-
ary relation), od a € Gti("m +then



@

Ys {X: o'z € } i Gii) i s a For‘rmula
PR, 8)%= O&,%); (i) i {> is o type,
L {pe 5yt x5 £ B )

(3 2)TueoreM: Let XS M*. Thew X is defi-
wable i M I-F-F fof‘ all (z’?’l , X)X ( V)

(m the | wlmc
ary e IC}’W % O COWQSPW
oi a,/ o €Gg (nim
s idan Senpis prasss ik G I
| h% Y- Y
PRoOE

See lecuture otes 044 gMOoleJ
FT?/)'Q,O(“Y D see  lecture. of 26/

This ceadily i/w:PHes Beﬂh’s theo-

Cowusider the {ollowi roblewn; let
(’m X) be as q_,bo-Fo W;ﬁtsP%o{ e]Qm-—
able. coom owvie ﬁ/nd (71 Y) > (m,X) such
*l:lna;[: the orbit of U’VL der G.{(’VL/’WL) (s
larae while ™ IS 5""4&- | 2

érp/w;

(35) One mreeds a little more qemeral-

neers (3385 P felowivg mdlend of

THEO Let XC’I}Q‘é ASM. Then X s
' e I’VLCL le usi

only constarits
~ all C X)<(7Z,\/) amd. ‘ifu

| < (MfAY, Y=

| L£ Fixa (Y e Ge(M/A W?TM
ilsisce 2 orbi;EXA() {eo' w%ex o)ﬁ YF!K }

| ,xA(\/) ho._\r-e o bovwde

imdex im (’ﬂj) vniformmly im M.

EXAMPLE : m C as a F:e/fol K= {cf A= ¢
Ocbit (R) has exactly tiwo Q%A%
ary (n,R)>(M,R).

DEE: X lm ost Adeﬁr able /(.
Orbtélz\l f’-i’mﬁe 'MGJ m;\l,)/“}(m)f
(um,o'er* 610{ (TL/A))




LemMMa 16 110 X is alvmost A-—deﬁmble in
M, there (s om i/vrbeger‘ m soch that
[IOcbit (Y)| s w1 (umder "Gg(WA)) for all

| Roén,_\l)ﬂm,xy

| CO’M/:POLCJ(L/Wess‘D_

_ What i the ¢ sintacti Y vivelent
of’ almmzﬁ —lze{’-iaia.é’ilﬁty ?.m Squteien

. Suppose X is almost A-diﬁimble im
M. Let m be the lub. for the |Orbit (),
as N,Y) vories. Select (MN)p(M,X) soch
tha t oY) Yoo, Yau-s | is exactly the orbit
of Y. Defime am e.gfui\rnlwc.e. celation S
o k-‘t‘_uples (k= arity O]C X ) by: 5(?,7)'0-9
< A\ (% é\/é «—*?‘eﬁ‘j) . Thewn S s @(77/4)—
imvarijomt .

| y & ho'moge.me,iﬁ argu/vw%t as in
proof of " Beth's Eheor , one cam cov—
clode that S is vmiforamly “€(A)- definable,
.1&1“ all moedels ha,\n'%a m distimcd Y's. S
‘has at mpest ™ equivalence classes —
the classes miay ' aoct be A-defimable.
However, each is definable using para-
wmeters .Fr'om any ocvnibievt model
with wm 'Y's. . |

| Toke am A-defivition o-F"?’Say b
OFK,y,-). Thear MNE 3 exectly § classes -Foz
9. So satisfies it also.

| One. com  defime any eguimlence
class b\{ cho:;s‘lfwﬁ a -u‘;uPIe E from
. Bout VY s Q.-F—HMiﬁe Ui e

e quivnlevice C,[Q,sse-sjso is ‘m—c‘e]cifnab(e.
.Si, one has

| ORE, '-(Kuekgr I+ X e alamest A=
. delinoble 'I/I/\) ’m,{ ihet‘,e 15 Om Z—éafimabfc
| vivademce celation with ]Qimi-f;e,l\[ many
| Cie%\,sses, such that X is.a vmion of
b imiﬁely maony classes.

S - See Chawg-Keisler, p.252. 00



12)2/¢% | Notation: FE"(A) = set oF ua\ral@nce
relatiovis ow fw—tuple.s/ mbe usw.?
Pa_rovvwe,te{‘s A- M,d hosg fimid
classes (all relative  toam 'OIG’M
/wwdé

B.4) Ove goes back 1o Peth's U)eorw
Hies ) take %( ot de]a:mbfc in M usimg
Para/meters -F(‘O’VVI M . Now try to qet
o large  orbit -Fo X im a small wo
This relates Chamg Makkai (see C(/mﬁ
'Kefsler p. 255

An' ecsy com ad"/mess a uremt
shews ﬂaO&, ;( :5 %o erey Mo ble.
B, by Beth, IS S, o
oe G Mim) 5uclo ot \/°‘#=Y C{e.a_rly n
cav be ose cordinal less
or eci_ua,/ ‘to, th(M)) Prov(deci ‘ml 2 ldéf

n

°) 0'6.61(’”/7%)

Write  Xg= X, m =M, Ma=M , N=Xs
Y= X_L' For eac Oq(‘ O{” c‘zsﬁimc:f__
efe/men/n‘.s B> gne de]cmee

O p> € Gg(’rh/’n) sﬁdth@t X ’ﬂq \50

U O-o.t =0 % = e on

879) P ‘to<c.2>fm-5'£:r~uc;(: I52% .>?.'* (for suntaile
y..) Gt- systemr  coumsisting Of
| (i af-vsw‘:f‘uctures My, T<HK

((n) r ec:i §eZ’ a svbeet );g -EO-F ‘Tg’,!

(i) for e tr\ CH stimcl <ele-

| Pt Sl o

"Vl/te/w,'f.s Z, an av CPhism) T,

Jm,q-, SO 'ct}lf\FOC& P g

T ) Mo =T, Xg= X

B L\r)( 4} <"6) <4€A,yﬁ & ;:-o) with  §p< &,

e Xs T 520

| é { z z X
(&r(igéfgfsi ’ai"gie 2, )m) j* Ksz )
(il 5,5, € 2" amd’ 8’,8’&.2, and 85;6

r&h@m 0“«3”&> e OVM eK'{:%.&IO’VI O&' G-ﬂsi,&))
T, b fixes M poimtwise. .



©

SUFFose'Jchfs con be domne c  the
least W such that z2¢> card(Mm) (2 iaﬂl)_
(Note. that @ < Iml) So, w.log. ,h the My
con be chosen o-F cardined (M) - Let
Me, = L;_m My . So {mcol= l’W\,l . For each
.]E il"] Y >(§{~ F\gas]ea. c,lefu‘ f)v(vxe/o\%im )%S
e Xpre | A o +¥#Q { F Kq by (). By
71"6«1‘51(1)f (Moo, X\c)> (Mx, er-s >(fm/ 1) )(b)’ () -
Let Ti9y =lim SRR d_(use i), Then o-q),g?e
e GmeTm), amd” TXE L X, o, the ocbit
. am Xg has cordinal ka,&">\mm|=f/m—]-

1345z I\P(l)h/, ome gives the idec. of the proof of
— the comsistemcy of () —(ix). As for the p
_o-.F Robimsou's or BPeth’s theorewm 5 constcuct o
— chain  of  w-howogemeous q'mode,ls) at
each s}:age. doimg ome of three 'Uﬂi'nﬁs:
(&) saoarme as im Robimson;
Ab) sare.  .as  im Beth j ‘
(c) extewsion o extemsion of a

M -Fi’l/li-te Ff‘oﬁ.gwemt O-F the origmal
o

THECREM I8+ (A Vyersion OF ChMbgaMakka.i):

| Suppose X is. mot de\ﬁimlole- m M,
where M>(L|. Them, for all x2Iml,
there is a model (N,Y)»(M,X), M=%
so that Y has orbit (relative to
Ge (RIM))  of  ecardinal 2 x*

PROOF .

Dovie above . []

THECREM 13: 50Pf905e. T s owmstable . Them
| T is mot K-stble, any <2 bl o
PROOF: _
lemee Pick © svch that dpf is ot de—FiM.aJale.
AE‘:\[ .Pownweurd LEwevheivn- Skole«z/m) ove
cam - assvime ml=1L] - Choose &z £l and
use. theocert (€) to gel (ﬂ,Y)}(m,apth) [nl=
has - cardimal 2 KT. .

| laiw: P has av heir g over N with
fzijrz\[) (Lock at proof of existemce O—F
| for ot 60{ (/Wu/ﬂ.)7 dﬁf' ‘P: YG-:} \/ Jo 40‘#3'




I.Thus) simce g s also am heir\, P hase =
2Kt heirs , od there are = K* types
over N, couitradicting K-stodoifity- =3

@) ForkiNag.

E1) let Acm oand pc Su(A). One wants
ide/m{:if’? a.  mnotion oF ”-Free, extevsion
| P to , I~F A s iﬁsel-F a. 'wwdef/ ome
has this viae the etiom oF heir .
| Simce A=¢ s Possible/ amd on the
other hoad wmodels’ hove to sa:ﬁis-Fy
axiovns (€., of the form ¥dyyiy)) whid,
,For‘ce. to corrteyn for‘fwzufa,s to be fepre-
sevited | one commot use the exact
avalogue of defimition of heir.
| It~ tuems ovt that for stable . T
that given amw ’n-ine P, thece exists
a Pr‘i\nfeged element ’f’eoﬂq(‘l")} writtem
P(p) arid called the bovnd of p; suh
thot the t\]Pes = P,wiﬂ;) d(gﬂ = /5(@,
_d%serve +to0  be collled ”]Er‘e.e, eK-(;Wsio'wsof

P . These. ¢ are ot yMtQue,) _bcr(:
subjcc{: to  severe f‘orbital’ coustiojvts.

DEE: [et ASBC M. Suppose pes(®. Th

| p s _d{_efimbl e al fvf:f:sf &ovgr A EF e\r;;
(pP)N B is of the formn XNE, whete X
is de,-,cimble cdrvvost over AL

EXAI“:LELE? Le:f: n{ =‘i=£§ ouv‘.d T=theor asr.
| e@}uiuﬂme/ celation  with m Ycl:fssw/
adl lfnelml‘be RS DG u.wnple-l:e. theory.
There s ovaly ovie JA-type oOver, &

1 Let M be a’ wodel. There are exactly
n i—-‘t}/Pes ovef /m,) one 'FOF each -e?uim_[_
evce class . Each euvch 'ﬁype s c:lerﬁi——

moble alavost over @ .
EXERSE: By comsidering £ with imfimite
 mamy  eguivalevce | felations, all wit




11/2/5?

ﬁf‘ggfe dass(es , omd r‘ela:t_ﬁqo’ i1 %i;
certainm  wa haan sovineth)

do with bl/l):no.ryatdrf%es)/ -Fl Mg%
ex le where thece’is omly ome
1-t pe over ¢’ but rmow there are
2% ftypes over a 'wuodel M, each

one OJ’VVLOS'L over

non- exampLe : L Hias L exa,w‘ile}

with m—F:M:-ﬁe«ly sses, 4-'
M a amodel. This WC there s
only Qsov:e_ 41—ty / O\rg.r m oJ’V;fws'(;
over MmoIe (X) sayi X
all e’ m per g T

per: (Now- focki Let A<B, be a
| type oxner BA%)T%% g does %oi -&.
over A there is o maode

A—CBQ?TL od
m, q defimable thjﬁsﬁ oﬁer

5(4-2.) Commpletemess gﬁape‘d;;t &F o (T):

:LEMMA 20: Amy  chajm i 6w (T) has <
I l-u.p. a. g-lb..

PROOF *
| Let C= {C’.g re (A, <)} be a chaim,
fa/w.o’d Cg—-c’ P")J Pa & 7?‘-" ovel sSome
Mo

. Leﬁ = is represevited im some
P;} od T2 ((){CP CPCP is t‘e_];resw-l:.cd im all

’s
IPA }O'we wouts P+ soch that I3 =cl( ,,)
cvw.d P- soch thet [T= dCP__).'This will
pt‘o\r’e_ the lemiavic.
More emecally, given how o
ge:l: p suc%n that cllp) = P'{
Add to £ comsto Cy )y Can  OAMD
o # 1-ary relat jow 5y/w1{oc>l N (imteumded
to  devote ‘an elmefwl:ary substructure
of a mwdel of T).
s Comsider the [following: YT ; (i) N
s an eleren submv»odel(xezﬁnr
each cwmola e ) one, has axioms

FE- Loy A /\N{.hf\ Y& — %C‘)]), (i) for




(g

/257

BCLOI/) (3¢, y)é,(—' ove has the axiowm

(Fne G '( el (& 2

Gt (8 er 74T, AT

(¥aeN —-;tf(o,'n) (i. e, (.P cl C-(:ype ic)}
I‘F thls s cousist ovie e

;Ey Pe, - Ee_N (c,)) suc.h -Lha:[: C'KP>

Pq,ct%gfsal,ﬁ] v for D’. or P by comm-

(see: V. Harmik & L. Ha.rrvnﬁf:orm:
Furndmmwta,[ o-F Forkivig — A Bore
ovd APP'Ied Log:c./ 1934>

:(45>BQ.5[O problew: Let p be a t
over A . Whot con oune scuy about
variovs ¢l(g), @25, g over a aode|?

DEF A '\'; ( A ed (%
. :'F ¥ ts f"epﬁ‘es;\;‘e‘g&d )‘M’Me—&“ - 35}3,2)
q over a rnodel .

LEMMA Ll SUFPose PCx) meeds P(x, y) Then

'Uaere is rvmula, 6(w) (over A, with
fa W > l&-:g{: a e
_?(x)e (R) -i:ha.—b 'T‘!-'3w (W), amd
F(R&YA SO — V QE,T:), where 3

= are. sola‘tuples g -
PEOOF

|

ose (x) meeds (<,5).
L RmaAl S has B ¢ s
T‘epr‘esem-k ed im aw exteusion o-F P
m . So, the llowing is mcom.ss&wh
*DiaﬂCm); C>_<>/ "7(‘9»: fw:)/ r:t,!/ A

’Haer*e s lfvu = (x),
t"”'-eri Ty 5ch Wy o SRV
| = q, 4m
L?/E/bd Tfl—-g( 2% 03 ' 'm a,ncg_ sob-
: i T' -3 w S(w),
and Tx b cz)/\sé,o)—? Ve (=9, ), where
¥Yi. are su %UF es of ¥y

f The covverse is clear.



LEMMA Z2 (Zlegler‘) Let T be stable,
Suvppose. T meeds PvY. Them either
p  meeds ¢ or p meeds Y.
PROOE :

SUPPO.SC::.. ot .
| First get g_wde[s My, M, o wer A,
and eleaments b m m; 2'm; 1,2, such
that Type (b IM) 2p, and ypeCB\m )

does ot re Pese/w and Type (b

does ot Pefgresezm.{ CP) 57 Rogfmsol::%
theorm one coan ﬂet ’}’l}’m_-‘DA) .u‘%
im ’YL) ﬁpe(b m) Tee.(b,lm deoes

ot r‘e—pr*e.se/n{-, pe (b,|M) does
wot (epresewt ‘lf e Com assume
that ol mmodels are c.oun/rl:a.ble. and

thot there is a oe Aut(M/A A) such
-ﬁlfla:t b.i. = bz_o'

Note -tha:t b, orer MT behares
ltkc B:(_ over m (a/wd Seces el r*epreseu{;
f}) Axvid B, over M does ot tepreseut

Clare conn a,lso asSs0MYNE 7?/ m
Sivce ’P Mee (F v 'l]U b\l le/lmrwxc:;
-’&_L there is a R € P @(Ww) over
s st
LK) A — % " e i
: :ﬁ\{g 15 u f (x):MO} be raef-
.axrm,g f‘e Qcy i+ e —
cessary b \rgt.moug v"ﬂzﬂcxﬁ;) amd : W& 50 )
I one these dasaum{:ao’w.s is . Meeded
them -L‘Jne respect|ve ﬁ)rfwau/a (@ ocy)
is meed z 0"46 coel  assvme ﬁber‘e

s oul isjunction , with ¥; = 5.
é)%szder‘ the elemeuts w satis-
Ye\/: Cimn N) BW). One bhas TFF&)A@(KW)-P

—-»%v’y)(x w). W is im M, owe hce.s
Ta R(.b)/\@(buw so me C(Pv )(b,_,w)
’m,°' and Q(W) then ’ITL°"l= —7 I:?L

! Use. an A-lsowuor- ¢5fW1
e M to get zm:da o mvew b, .,_
sobnmodels - like. M and ’?’YL'T Do the sawe

imside ’ma"' avd so om.,
o corcluateahakhals £ @)-—oo/

comtro lc:f:lon/l 1
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THEO&E_M 22: There is o leasl elewent
~ Im the set o-[’- classes GQ)/ 9 <«
't\/pe over a avwodel, g2p.

|
Clcufw: Ol( {(P(x ¥): meeds (P_f‘
< cha of o =

To show 'H’us-“: = cloas
over a wmodel , use usua,l

arguiment. | sl  legafabi k2 to show
co'ms:.e'b&ncy

This s called the theorean qﬁ

th loou

the wrltes ﬁ(P) ( OUﬂé Qf,p) ‘]Cor‘
Ehe N%s daf (= dees mol
ew E

L-Fork,) le:l: P (? is c?..F Moviforkmg exten-
slo [:’> P)=/Cg).

.(‘{J—l) Multfphcif_\,[ -

TH oEEM X4 S se Is e a
_ Ecvvwd el , aij??o %UFPO: :P(f;;] =gl O;-e;heq

q.lsmhetr‘ofp(a/wo[ t‘g_e;rof

'F"Rocx:

cp(? ¥,2) be ww,a{ formola. ,  omd

aem, that re ted |
g one y g qoﬁrmowacp(‘f:y,a) ﬁ:erie;:eseu&
a2

te k ot
{Pr‘mlco’vaU tabl SC%I;OS;F a(/:é rfmd{q,

’LP? svch that r sowie
A'EQ, Q‘f’(y;cx,fj L RY( ) (Look
,a., &VVV‘W\,Q.. J w ose.

’wa gmmh le.’wvm 7

s ola a,'(:
W’W&Z P z)) = Ude, 3{: com/swcge,{ e m]'qu

/vvuo __EP y }
&m % ”R‘f ) e 572 dn
Wonits ) (we(,x gbﬁ&”ﬁi E’ jon M . %
s a de t e coudrtion om L’, say S(b>),

;O'ne. womts E" M ’m ch 'tha.:t YR, bP
AS(b LS Since c:lcP)-* &)

is is  iammemed]
Use. such to de.-va@ (d.*cm(y ,E) over M.



One wamts T im M such that cp(z,?la‘.)e

ep- Or e%im[%tly, amwibient model =
E CF) (7, X). has awbiewt model =

| / g .
- (=E) gd[,lcp)w, a), and M<Lambient

;Coggz_:l' is a type over a. model, awd
| 2 dj&sP’nsoé ﬂ)rgp(d.ﬂ.g., as In the secowd
- defimition, vsing p) over p, thewn g is
=\ o heir O-F P-

£

PROO
| cllg)2 d(P):ﬁ(p)= Pg)=2elg). [

CoRol (to cerollar a.bod*&)i I 1S ovexr oo
| meodel 7/d.*m.ﬁ. omfr‘PP iﬁF ‘] is an
heir OF p-
PRCOF | .
{ EUPPOse. g 15 cm heir OF P- Then
cl (g) = =3 CP)=3CJP)- (1
LEMMA 25: Let pe S, (A). Then there is
am AbQ.A} M—QISLGI, such that P dmf.
_ over- pla_ -
PROOF :
| Cuve uvses a Léwenheim-Skolew - like
ﬁu"gwwzwt.
| For any A,QA)’ILE, p fbrk.s over  ply,
themn (b(pD\*)Q{b(F) 2 s will be witme ssed
fby meonwns o &~ FOf"mula. cPCE,V)) armgd
there are at amost K| possibilities’ for
@. These ¢ will be reeded by p, but not
.gy PlA . B\/ lemmo. <L, if p meeds WKy,
It I1s becavse there is a {-’iﬂfu'ﬁe R(? < PGES,
de/Ft’Vlecl over o f-ifw'—ée set} & & 0Gv ’ also
cvrer o -F-I'M:"ﬁe set in A) such th ambiedd.
muodel = 3w (W)p REAABT) —NQER,W) , W
coblgbles, ol . Add to A the Limte et
.Zt?wo)\red E;ad'f;he obov‘\e/l /Iékuvll (faﬁ:gpom
[ nme t - AaAre 5 S
tf/ﬁsP kind . ﬁﬂ (F OF

LEMMA Lé6: There s a looumj) m(P) .5,3161
[ (this imeg?uadi'l;‘/ (s oPt(fvma,[ ) P over- A-JSUJ.

thoct c Mo Mz2A, are M0
thon mp) %o'nﬁrkflvfr extermsions

Tore.
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| -
et o dimd

= “m

Use [Erummiol @5) to' get Ach (AL

o o\re,r‘ plz A Use Upward Liswen heim—

% by A,,C%-(’m)!m,l <.
T T
; Clodam is om;quely detersmimed
by %Fmo

h Ca)= pp)= plpla)E el (o Pm, )<
c (33>, or eofé.) [b%) ﬁf)—pP:?g:s hZ:%)

I?rz% %&o’:fgehas ot aost 2¥ Posssbl—-
ies

CogoL.: Boomd is imdependert of medel.0]
The amimimaal bovrd AP I called

E’Vmol‘hp :crl:)_( of P

f4~5>('d.m,1€. & alnwwost over ©

LEMMA 27: Let pe S,A), pege S.(M)-

| .SUPPose, E gm , AD?*eP g- Thear 2
?EOOF

i I:F fth thewv as m Kueker's thwm.

orbit fo over

ovie ” large .
Bu*f: -Eh 1S %r‘c\.d(cts amolti; phc_; ty I
Letjesmé‘})) p_.c;es B, BeM.

thean ere Is
65 (m), 9'2g, g’ alvost over A.

Ri tewusi
Pf . c’”‘w R m%xg .

LEMMA 28; Let pe Sm(A €5..(m
| Q,{/vwost O\Te;lj*efq ) /?Q;‘ M.F(ouZa/r P

1
T —

| See Piley J IcSee: posad wall,
1GOR.OL The two de’qu{:lo’ws of dn-F agree.

;‘Paoor—‘

I



S eSM(AB o d.
Hmse F dfn /trmlcre S,

. Go 29,
%3 le/vmma, L2 r* is ov—er A.

2y
e P S S et
Z,G-[Zil" d’VL-F orerc p, & so c_?,dﬂ]? ovel

(‘(6)7146. Fivite Eq’,uumlWCe Relation
Theorei :

THEOREM 27: Let ASM orer A ard
9,92 be 5;5&4@:& Mz'nﬁork/tﬂ exﬁeusrous
OF w M. Th«’/q;‘ -&here zs a ]ﬁm.g{:e
eq,umle/mce, elo c A, sxch

v thot  gx)U g,0f) F— = (7,7)

"’—“I/mmedm,{:e Fro"vx the alaost
ever  chorocterizotion . []

(B ORPER — FORKING  SYMMETRY,

(5 1 Colﬂeu‘ Le{: meA, (x)és
()€ S, (A). Then s a Co o.
if  erery oé(A) -For'vv%)/a. in is sﬁ:t (cg.-
ble in (:e,q. is Fmr/:.e[\! &'Lblelable 228

.L 3Q : (l)'r—y CCCIA) is am heir (C"
T{(re. 52/’171()10}) 15 a coheir o?fﬁgﬁ fm)>
m A
(W) The .sww;eJ mierolﬂam@twtﬂ "heic’

- awnd "coheir'.
PROOCE :

Exercise - ]

(5. Z)Oh)dgr‘ M has o ocdec some
o Rm Our;z) o((x,y) over M F (A )i i
t‘* L y<w, ME aﬁ(a.t,a.a) SFF

l<<1



@
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EMA f‘F this h emns, WL03 X 18 am

- £-Jormwloe, foc it 1 occurs, replace
a; by G TN AR (t.e concaterration G-F
& & )

DEF : has aan ocder if sowe model

/BFT has o order.

LEMMA 31 A ccrw.PIe,te ‘Haeory T has awn oreer
there is cow a_‘forwula, x such that
each k<w, TF’x can deﬁrme an

order of f@vugth > k.
PRoo:
Co'w\.Pa(;bwe—es 1

(Note The currenwt discussion OF Forkwug

sywwe. r‘y does et depemv.d “the
OeFt_:fu:d between the two de EMF&IOM;
m.

Cu the d
terwms fof Ioo?)mdsei ot Q-F‘MHL_IW i

THEOEEM 325 ('T s uok assvwmed to ke s‘[‘a.]afe)
Sopposc m has Mo order. Let &, b
M s Mbl&w’ﬁ mvwdef m* be SUC‘J’)

that Type ('E/’ITHJO. is e-:r‘
T'\'/Ee-(b !'m). Thew g\ﬂa.d s O~
ewr Ty € (b/ WPC(Q./’M%
| s am he.ir o(P ly‘pe (a.
PROOF :

; Svuppose  not . S:fnce Ty e(b/’mua.) s
Mot ]EMEE:J sa:l;:s-Fnabe % cmne <om
cgbfos?n*g(i '7% S)L)Jch&:ha‘i_ 9}!‘) m* f;”rx(cx (o)
X {(a, B all b in
Cowstruc ,B\/ recursion &, b, i m,
I<w suvch that : («)’m*i:x(ab)'g) a.l{ l<u0/
W (H) *I=o<.(a“ 3 adl sty 1<ud.(N.Qte: )
is I r~ ndé;c tive purpases)
ose 'Hms s domne . /5(?, Yo Relo)
be o&(anF) Then MF[b(ac,bt,aJ,bd t-Ff’,esA,

gwmg order.

For (i) & (i), proceed by t%ducttw
Suppose. owve  has &, By oy -
m N; A(E,B) A /\.—mzr P5edt A, ocfa
(D) &Gf) Now Type (E/O’HUQ. is O‘VVI heic éi
’I?Pe (b/’m) ‘ovie’ ' com th



—

b im the result, to (justif\/ replaci b
by B im M_such that ME ATx(@E;,T') A

AL ATax(B, T) A x(&,T), Evidewtly,” ome
covr choose G4y as T & by, os 5. ]

THECREM 33 : Suppose T stable. Theyw, T
" hae ap order.

l177ROC>[—'-':

| Le:l: M(?lq) be aan oé]for"\/mu[o_
.de-FiMimg ot order. Thew R x=x) =co,
simce wve coun (by CD’VVLPQ_C:‘YWGSS> get
order d%se, ovnd useew spl:t{ifwg ‘o boest
rovwk . ] :

ﬁ_E_OREH 24 SOF?OSQ T stoble. T;( (&(LMUB)
| S Th heir Ty Calm) i ’1Beeb U
s the heir of o iy, 1 ‘
PROOF

L Theorewis 32 & 32 .11

above by sowe a2 im Mm. yQuam-bi]Ey og\_t‘

TueopeM 35 : (Fockivg Sywmmetry ) Let T
. be,s sfa“:uefmw NN (a.l__Eu?:) forks

ovrer :Try'pe (a/C i# 'Fy;c(b/auC) Forfas
e e lhis

| Assvme the [ollow] r statewents:
;(J; Typa(&ﬁo"u@) ]fj-fw- Mﬁoﬁ)&uh Type (b/C);
(i) one has el M 20l soch that
Type(biMy) duf. cvec Type(B/C);

§(l'L'l) oue has Mg 2C such thal ﬁpe(a:,’mz)
dnl. over Type (&/(C);

Gv) the sonmne N, , Tlfpe,(fo;[m_(U'mz) s the
heir OF Type ®/My)-

| Assvrme ’m,_,’ﬁl-z/ &, b are im sowe
;Mmbf&vté Traod 1-) _
| By (i) & (iv), Wpe(z;;/miumzP dmf.
;éD ype (t/C). Afm_,d{ so  Type. (b

mf. : Y

| ki over anpdels, Ty
Z‘E\a{’foo\rerﬁ Type & 1M, ), w/hiagf)e

Type (&/C). Simce CEM, , ome that.
lype (a(TEUCl) dut. over Type. (&/C)) =
covtrodiction.



iNo—rs ttow to u.s‘h_ﬁy stquPt:mas' Giiy=(ivr) ¢

| (i) Let P&x) ypPe (E/chC,} Clhoose
m; = —ha_UC. o g & Mom- forking extew-
slon OF_ to 7)?) (Note: o suaaes‘l';!o%

that SQ.tIS‘FIes g-) Choose Sorvme %
Hn ’the Ouvvlbte/wl: aaodel ; realisimg £
b realises p (3 oqer auﬁ So, at cos

: blo ‘eart  avodel t
Eima “a08, % Rt m, = (M3 Y,
i) .
\nMﬂFo' Giii) & (N') Flf‘s-t choose M) 2C

arnbi arwod lace & b
ﬁg—g.na,lo!es ¥, omnd © b\, vv?rE:o.,Hee W . er&
down  cordition uaramtee.r

Type(TIC)=Type(a(C) ; amd T3 Im;) d
ovr V':I:\,/_Pe'(vié( 'ryfx’e G m)"Pﬁ?;(‘;ac%/mic)}g

T C"z’% s ‘ﬁhe heu
b
| \/Pe (See Q,lso hw;-é. i P \\GLY )

See PR-A 77 -28 ow well
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