IV\ eajk\'\) Jr s
\ = T wil l/m‘ f(wm[

C_’\J we L’l] In ol{ \
H’W‘(I/IA ES@ rolg ; MC
S cWool Od' COM(FU‘I"J Sclemle TN ’mlzrs{w&o J’bc

| cc selts .
k/l/)l\lers\-kw/ 0f @'lrwm%\mw\/ 4
1] YA\ ESC‘”"\/’ - dn \Cab\i\" 'ny?cs Ay UV\\U’&‘&K‘ Mﬂfl"\c Mﬂ-\s"é_s-

MotUe w~ i stivclv@s Tn COWU)U"er S Clence,
Vol 341—‘[55“: i, - %9/jj1’ 2021

[/L] Towm de )"’”‘3 & MRE- {’l‘H?// cﬁ-U«‘&M/zc.uk/wm%&/_////m_“/oo/o@\/

Wao e (ccec,d‘L\// [ A?o"? ) WC -2 (e VV\ILJJ‘I’V\?/)/bIV\? /7Z /‘m[ar 7 p?/?(r,



LEX# A Sloh Prablem

X L’:j_/_’a \f J v S 2 ffcfo S\"‘“a&/\,

EA— o . ,
af\ 3 Sy = Z jx=Y- (fikeo)
\3@\: XX

D ic '/M/cd'\vc Iy for evoy wc,lj {here s Somre :;—‘—
D 1S Z\ykrz'ttzu\/ 'M"C(A\’VO ‘0L .Jlo\f ey jL w\J:j Hhe e s JGS'IQWJCJ].

W(,olcholf«\" ID\/
S5 s 45°) =4



TniecAwdy wnd  excluded middle
TF.AE- \
o excloded middle Wolds (e, we are lf\/o(‘kW\% in 2 boslean %pg),
. The 2194\3(z}oz\(y mjwtm tipes 2 e prec sely Jne painkes) Hypes .

AISo ’/J' @)(C\ocJ'CoJ w\'io\.“(, ‘/\olAS A\/\eV\«ll/\Q .I\A‘{o".\\/t -‘}/1965 2(C Prec;sdy
the hnon- ewpty Hpes .



—,rl/\ l{oi'\\/'\)r y UV\o\{.f“ ?(‘o’\)oé\"(?lﬂ/l (CSMD\\A 8

—

e®

( Aw\/ ?w?asAwm s ) Jhjudese hos 2 equ'JW(w+

CO‘TV (i zlA.Y vhllecse We ?le‘wé)

/}. ‘va\e,c-L(u‘\’k\/ 1< eﬂ «Q\\/LL@VCk "\‘a -—“46 Fra?os"-‘\&m\ —huv\cfkc;n OJ'
Zl 94;19(‘? IIL, ‘,v\‘—eo‘ttvﬁ"\/- (T\AL}. s 2 fzr’('bCul‘z,r Czse oé, C\/\au_@ ‘A Ju§4 (/Lon)

7 Twe 2\3;£rz'iiky;lq1|ﬂeo§$ 20¢ Prc’,c’tsclt\/ '“46 (drch‘s oo( '(}/{ZS OJ, ‘</74¢
jca«r“w\ —> { 2 ~{>ch uhilye e -

(0) TTue 2ly (v\\ec,l'\\/c sels vee e Cedrs s ol Pawerje;@;.

(b> The 7\3. ’W\J. Q/\—F()"'-\\/?CS (e ,l/b,o cetrocts ok J)/]aes
g Jdhe o C v —s U widh Y 2 oniuecie q, m/-fy;)cs



T

2. The zlée)om}au\/ " te(/Jt’Wc 1[y|)¢5 20¢ ?«as@t\/ Ahe. Uholtf(/}/'.‘/“’b Ma
o 4 e 2laebers of Jhe fzmll'z!»uu;b clossiprer monadl -

x E L FON, o A g pocki el
F"."'Q‘,\/ Ud(/ X

= AM\/ vhiverse U g = (c*‘rzo’& ol Mie lAcX‘L Uhiverg /l/(/+.

> —~+

u, 2w
N\ L
e

+WC aOL ]DfOfaéﬂl‘& hJ

Eccw}b T ihte(le‘\/(,-



( Tm 4“46 zlosewcc a} f)(a?osl‘ha;k‘z\ (CSIZI%

We 2z ,]arc,col 1o k@a{) +rack 7 vhiverse leyels.

XC—-—-——-—%\(

N\ o F
D ,

144
D i <z\9z$n'mu\/) L, V- impecdie | 4« every Xoto YT,
J; X &> Y/ gL X %D/ thece 1y 2 (oics}@wz‘}co]) 4/

S A’ka ALe Z(oaw, ol(’23(7/k4 Co(A/l(/VLV’CS.



-~

(A(?JDMLC) ]M({(/L\‘V'\{‘y s (/Vﬂl/(rjé 'W\'Jefwo'éw_}'i

Tn Hhe preSemce ou(cdg@glwml (csvgu'ncz/

p s A, " “ZC&.\\}{J %,L

P m A/U, \T - \'wtec;lr\\/(,/ 14{ fgu,\/ Uh“‘/@f}Q M/’U'/’LLI//LT'{

FCOM how on o
i- We bv‘tu V\o‘t vSSuime Prapa5iiubwwl (65.\5\\/\?,

7 - We M“ wOr\/- cxo(u;{vc(\/ wﬂt\ b(jz,bm'\c, ’mp}iu\l\//
")crUC(Sd\/ LIOE[CU\Z{‘COJ vSs 'I\/\‘eojt'\u'\’(y,



(p\cofé\ fes vhi V\I(ﬂf\é@) . .
L(/h» Vecse S ore :{A(zoj{\w,

Tw wmaw \/ UU?J\/,S : H(PC e "h/\)o 6X+fé/(~»e, W?J\/5 - R( C’l(i‘-
L%UL (<7\4 W X < ) J~ J (Y) Z jtx =Y
€>(kf\«3tol/\ . cl-c;}

5\ SN =20 F¥

/M/LJ’\T (X/"> J‘ 1}/
M e e bocn
ZXLQV\jLav\ X C J . Y \J OL%" - J I e_yn‘o«LJJ‘b
/ T



/ ?w(-‘ll.éul’bf‘ Ca{C U 13 .Im.]{(/%\‘\lo

e

X Y

5 \\> \,
U

.TLw's 506541( l/varL (w\ /{/(4(, szMMce, % ffooodj} iaw/ (CS\ZSMQ
(’J, We iofam,\mlc X or Y 4o live in uhi U e /zr3<r‘ P, M .



___D__..h” Ce S fs'\ vxob,

_ 3= ,

e dype D T g ko (v
| ’ . XU

W\'\aﬁc l/w'('l\/L vnivecse, (s W , las  2zh eclv':uz/ew} ﬂof\/ i Y,.

(\)o—\ P(‘o\)zuc o é.‘s?rouzb\{,.

' [ vzlemc
1] M P\‘z-(-'/\\cl« ) | il UY’(ZVaw'?’\q_.
iz—:\ (A\,, Swan. DO\"ol«o V1¢97+\5V\ S“a&.‘.e, I/\—F(‘U@os‘\‘hov\j n ¢ ut_:(7l TS @_02_2_)

2 XLV

Proof '|'\'\e—o'-f'y oL Construet 10 -5\/5164/% 5 l.l/\o’va“ (U< {'H’f



‘L J"\crc 2 (c o Swwf m,ufhvtj
Mohao \/léorew\ (n oy/v\cm )

——

ﬁaﬂ’)o_&&/ Wwc¢ bl’bl/(/ J’lx\e /’0 OW“MO ml,e_(/lzw(‘{'y S ,i‘{tw\

o T g Ty W e it mlke whof
vniverse > A - : \ Y Wt clhoose here.

\Z/ |/\7> "’Wc 0'13{"1’)(;" Fo*"‘ﬁl\f
A

Then _D_—)W—CCS\"L\'V\—J ‘/\o\o‘s



{ Qé‘hw*s ol (.m’eml\\'léi 7 e ‘{u{ﬂ(

T Do ;]AM}UQ/ dhen 5o 13 Wy (etrut D/ 7 D .



/ ?( aa]«/(/ts al /V\/edt\'ucs 2re ‘Mte(/lr\'\/é

4 | Y M ) Ve
N — 4] f \ PENDRSEANS
W y Dy w L ef

Tindex erf)c {V\ uni ke FT



\ Zuey in ffolfv@ 4\/0% s 2 telnd of oy WlVf% i b embeddd o

n / \J
D Y "
ch /// L =N I(J
N v

Oc: gy €1M.L6JJ t'WZ OJ, A% 'm’ajluo -h/?@ l'wla vy l}?&

IS 2z Séé‘('\‘om,



I 77/\6 (OL&«A\JY\/ '}V’Pé fof‘ﬂ/\ef“ B vh eml}eJng
Fm/u,A ;MJC,FWOJW‘“\/ /oy Ejlxr‘f R\Jk&

) e QX — /l/L>
X —> (Y —— X :\/>
I ’ ‘ NR. Beczue
CO(U((7ﬂ/, Ij. D : 7/(, 1< /l/(//% ""“"{Q/l\‘f() 0({, Jhe Wo=5o
HPreorerr | e

—“Atm p s 2 (C‘Lﬁ/{f‘ 03’ D-’_)u’- ’btyaoa‘l"/\c&\s (zv\(1L

be ( ‘4“/‘,] wALlo(j
Becroge D € > (D——P’M) Jawi j;(‘w\ %

o>l

. // P(‘f 5,4! n2

lc! \ \,;/ L (cﬁdig\’wz'
D




N on - eXlﬂuJ‘\'r\/c /45‘} 2o wz,
Jue  examples we fenow .

More examples }

The _jLaMow’\—vL;, lyfcs/ which, [ve 1u due univerge /Lt+/
2ee A, U infechue ‘
0. The 4}/({9{, ) PmPoQ'Lw‘ms w .

1o The dype o ocdials 0 -

7. The Hype o 1k rative (mln“:)smls n .

3. The Aype U op porrkel Hppes 10 U

Ao The dpes o oo -mogms, parnked oo - gmzs,

Wonar ls Sre-Ps 14 47
C The dpwe Uy = Z Piay, @X) of
P2z e lewments af ey “f)/fle, X ™M

G - T\/\(, Crlcle (s o’é_ S Iz-Hl.CCS L /l/k‘\r-



SOM{; Caum{(r" — €X2 Wdo‘(§

(Wen) Weale exclued méd'eMéék Sfot” euéry Prdl, 2P o P
Z gevrlend 4o Do Morgen Law.
Ty suy o e followivy ypes s infechue, dhen Win holls,
1. 2 = A+,
2. The simple dyes  dotamed gom IN Ly derheg "
2. Tue type of Dedeknd cezls
A The Hdype N, L s a2, (T % 2 L),
5o My dype wdi 2 gpacinesy celotion 2ud e Pa'lwlvs 74’”&
o Ay dype of e et XA Y wh Ko Y painkd.



Avml‘/\cf Caun—k rf—CwaagLo >

A“ (o oSrtw.Vlj vee Plo Ol\/& gl__:_.!{
pret Pt

Al pSe, T Y P2,
(TT#P. Yl
— | M7, Yer
when H\( p ¥ 7 l\/Jf\A.; s Jnown 28 e world’s S[wr/cf! 2 Xlom

. 0J O{Aa[cc/
(,J\’\\J/\ ‘.\S "\7‘ VZ‘(J [ bUWlé “‘ﬁPO_SCS CFOU(‘\/M-‘I/\ S ng_,t&co\) 468‘2)

Ty fhe wlyp(, = x:- {( )(,] al Thhabiteol 1[)/]0{5
}S I'l/\{eo-l\k/{, ) i\«Q/V\ 211 P(‘opo S.J«o\nﬁ 20e PFOIQU{‘.\/C»



‘ AV\ €><7’)"”J°I¢ (Cl%L('J to "}/\/‘L |0f‘<«\/!0'v\$ (ounLV‘{)(ﬂm(}oL(,

T‘/’c ‘Ly?é Z X;/M// 1 X fa, halx\’efmbﬁ\/ ‘lL'/PCS

/s Mtz(}u’/a‘

_Tlll$ &a/}\/fd v lr“U_S‘l(‘Z‘l‘Lo'M 0(], 4{144 Al'jﬂﬁrwce 66“01601/\
P(‘”]JOS)"(%»’ ‘)’rumCZWtLém 2  Odouble M@gzﬁam'

( T\AZ/\/ A Qé[vlu? ’E/VCL \Jﬂ, €>(c(uo‘¢J (/V\ibu (c b\O(JS)



( ‘IkAcCoMPoJa(dl(;jvy of ,'h’ﬂntl\k, wéyfcs {

Ln COW\FV—I’ML(&V‘/ Rar l'h,.‘oap-f—m’} ‘,-0 ."J%J“OL\/ o}ed.‘,l?u(. )Oraf'?r*’llcs

4 5 - 7 /
OA{ y?c — /Rnu,’; _’”/\«(.oﬁ’V'\/

WVC ‘/\0 Maq»‘(‘(“‘lu|:dl oltétJ?L(é ?(/GDCK'IIZ\SJ /7&0\,- ;V\“C—(/‘{"‘V’C’
T €ypes.

de, - _
O’CCVW\?OSF‘WV\ X :‘J: e 4+ XL, 3(10 X 411

T OZ XN /(Xo*'xf /:X)XX“ x Xy

__IJ, D iu{eml.\/(, lyp(, ’Aas 2 olcc@twpog'n[(oh)
then ek excleded middle bolds.



| Whew s 5 sbdipe o o jehuc e 116l pedie?

No“ 'Z\UUZ}/S— W(/ ‘/\7,\/@ letn ‘“/Ift qve 1S ilf\‘&/i\ué/ Ed ,{g
Sthtpe = xiac . (| XUl s ot in cpuecal i fective.

A shlpe ZdD . PU o) an mede fpe DU
vdh PP — _(l% ;i U U- IMfeoi{vt %
thece (s 2 olcsl'aur‘to\ +uvch(um ji D"‘PD s, —fdf 2 J:D /

10 PGd) hels ond 15y o=y
2. Pd oimples fd=d. sg k= (X = X)

[\}e.e,o\s rolaa Sitlrns
| pre I((/«L\VC ‘




g (Afa/c}arzdzuy)ﬁf{z{ob/ 1[}//065

A 4rpe D ows (slgebeiott)Uflibly iy fue edensicn prlion
pe s
N
D )
Czn Lo 5,/./eo[ e LUy }bradoask((a'm -

E\/Uy rFZr‘#z_?/@{&Mm—z og/ D Col E& ‘€X‘(&VLO[£O] "{o 2 <’]LA'7\>
& |tn ot a D.

A(?Jﬂzib %/ZLE'MAWJ « fxuhlw;jg@,l [9\/ > j(,uI/](,‘ZLa/V) U : (?»D)—%D
§.JC. 7L/ Q,u,(_r)/ jr FAD sz (L/{ry ?TP/ Ve hﬂ/é UjL ;j( P .

—




FHLBV <> }W{«ecwll\\/c

1o The dicecheon &= s by defimiten.
Bt [ehis cecocd dne oniycrse levels.
Ty DWW s MU inpeckie  hen s u—flbly.
( 5o nofice Hurt due Univere A7 1) fdraa#m in die toncluson >

7 - FN" ’\‘4{, O[LQQ’LL?V, => ,  Wo P{F,’L«m 4[145, f«d((aWI\V*O Ca\/\§+(u(/+(aV-) «

X oY Foe D =10 MC
7( \\3 / /5 (J{}O:J/ U o fx “I’VOK/\ LJ — é
D CISENES) ond L =T

~

2§ FJ_SSIL)\/L, ¢ hoveed o

\Zt Prv@u\l‘\.oh



\/—Z_hkz Secomn d Qﬁ/céc+(?v) wli@ —ZY(J({QA vhi K rde L‘ZVJZ’(L/

2. Lg = bvoe DWW n Ay U‘fﬂtlz(ab\/ {leen o s al

AN AT = nfective.

\/\)L Oéfv% «\(/’&/% O‘W\VtﬁlffS' wthj(Mo’rJ/W\l\ L)/ ﬁoma ézc[{
A jtdhlh WIJ((/\ %& 2loe e COMS’MUCWL(&M

4_:>z:>1, IOL 7 4”% prw g YWuT \T /M({J,’M/M,w
(J( ALY, M[/l~'|m(_ec/+'\‘\/{,,

. Notice ‘Yl/lﬂ‘k/ 731051/)/ “‘\46 umverse, \J i /Jtﬁjo-\)rﬁm-



\ 5 bbi hess 9 2 Aypes

We aue 2 ﬁ%/c@i ondiken | which we Know ot o be

o () t1rkby
Necesst 0% CEY she ol e €Y7w(p/¢j 2[(411\/ y‘vem), J

p—1 R
< //" Q<r”\> 2] A
j/?> \ ¥ g i p QJLF)
> X AX

0 W ;—t\la'c\'\‘ky Cl’Z.\)
@ C P’/_lfl_@ CoMlomica) M1 6: A (Uf) —— TYF‘P AL&P}

[/n) 2 0()7\/6\/\ 5504(}\/}, Vet f{.;lolay

x  The %y?c /\/L. s &\zﬁ;\oy 2wl &2 M(*)1@77%, \'X(\)( A




{:\z%mcss G Z-‘MD{S @({ A*/L\éjca\rm Z )(:Y/L. #\Y

S

E"Z tzke Axalg(x ‘X’;’X) 7‘” ‘Ihc erfc af o= mrgms.
W%W/ T XY XY —AX =AY vy onivalene 3 expedtel

—I_\"ﬁ\« fTX/V 3L & 2w eﬂ\“\\l’l\wq} Ax = AY.
Lewmr, For awy T g the Same Ape 257,
‘|<§, T id A , ‘H/w/\ 'Tj, ,v/-f_\f /]Lvr 2N/ j(:)(:\/'



)
L

Foc 2wy P-F we hove 2 Cahonicl eﬁ&luzlmw) (ﬂiT?:f- FP) ~ F’Pg :
'zl/\,a[ F o F’%/UL

Lewwmr. The C""W?fh QW“‘\/ Ca%orrll'm/\ I/\Olols ]J, the ,Iéa/{a(/v/wa MAZID had 2
\5504(01/, el 2\ 7 ZJZ.% e @ P—>UC

P> A(ThrFp) = 1p:P-A Fp
2N > (pFH—> Tga)

'TAB COMGI;H“C'/’\ 1S fo)/ ng\/’]{a GlﬂﬁJk JLdf MZSMA‘LS/WWV\OQKJJ 9(‘0qu e.-‘_c,
The only 5@ s Yo chooe 2 sebable T weh T 1~



/ /pl'scusslonj

1 M\/ oC | Z'),m\ ‘MJ&(QJ[ Ih 'H«\eu\’\u'rlry Come s ‘from Wy work. on  Sezcdnsble

types 1 whidh T e Weawy to construct /o/@uerC// of Jbvevu/
VSihay oedmals Ho messere Jheic Comlexity
These 4\/09«:5 2(e ‘/O’H(y gf,(?z(z‘;‘f’,o\ (41/\0#(/“0%45 /m[a Z
seppcrke fhe fo)vr@ eyen dhovgl mpechive q%au 20 nde Composable .
9. There 20e equzton Joo 2lgeboric flaloimmess st ke Hoe hoAlon

duein Wwole Z(gf,‘:rb’u,/ I /67/(;‘ Camcloh'w? (A/'L‘“'\ Z[SLLN dg 4‘7/\5/ ]D'MJML_
le,f Clais) - mon ZZ.
2 W(A.l(’(, 2 poper s el 2uzilibe ,we M()rl't Y ol “Io rerd T\/PCTOPO\%\/*J



J 3

INC«—\ X Y e—>2Z
e AN Hf/(%k = 4l

/

M /
Wl A ‘ ;\/Hu @

X)J

(w fr“«m Ju r?w? ﬂdtsjﬂ'w '\‘ML



