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Type Theory, 1

Donnerstag, 13. Oktober 2022 09:47

1. Unkyped Lombilo. Calowus X
M‘(’”‘& M ML“'.* 1u( \") |R mawunszwm

27 dynds o impbmenlali
4 1,5, +.R

T

Boric: cpmabons i - coloudun s atpplizabion and.  absdnachion

Deborihn 1.1: Abe sk A of ol N\~ dovws

: b V Bean idink sl ... Mo sel d " vanialle”.

I TR A e ikl dfnd, by
(1) (owimbl) A x eV, Mhm x EA
(1) Copplinkin) 4 A B €A, Mon (AB) €A
(3)Cabshackn Y M x €V, AcA, M (Ax.AdeA.

Sk fom: A=V 1 AA) | (AVA)

(“absbansd sz/ ppse—"
M ¢ Q) (3) (2)

Goumf&'\l X\ Y2 (ex), Gelea)), (Ax.(c2)), (y("\x (xz)) € A

Nolokon 1.3 olomsky ol V. & bic, x x' %" Yr. Yo Yz -
M 4 /\Z A4Bl(4XIY.|X“IY4.Yz,Y?.

frrbn .4 - supudacheel. idsokly, =
S (1) (van) xTx , »#y (mlf d s vanble i vk same)
indudion | (2) (gn) (AB)=(CO) f A=C amLB D
dbnd =50 . A)‘(’Ax 8) i A:B

(Ax-A)#E (Ay.A)

ample 1.5 (x\,)g(xy) #(xa), (Ax.x) # ('Ax.y\‘i(')‘x.y) $ (')\y.y)ﬂ?&x.x)
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Type Theory/ 2 W Jm\u&mﬁ} MW‘M
Samstag, 15. Oktober 2022 16:48 /J

Debiidin 1.6 = M madbiosk Sk of subloms o o X+ Ao
(1) Coan) Sk () = (i}
(1) (opp) SubCABN= Sub(A) o Suk-(B) u {(AB)}
(3) (o) Sk ((Dx.A)) = Sub (A) L £(Dx. A)}

A€A s clbd . Cpgun) sublovm. of BEA i AcSb(B) (and A%B)

Sl - (1) (:u(&uow\ly) A e Suk(4)
(1) (dnorsicily) 44 A € Sub-(B), Be Sub(C), Man Ae Sub(()
G : follorn hrivially by induckion. /um%mm yroph ey
brample and dalinihon 18 “lm“a( swblovms
Q;./r((y('%x.(xam) 2 M(y)u%((%x.(n\“ u((y(')w. (x2))}

= {y} v Sub-((x2)) v L (Ox. (2N} v {(\,(')ne. (x2))}
={y3u Sublx) v SwbG) o {lxal} u L (Ax.(a N} o

u {{y (A= (2}
5 fy X (xz),(')‘x.(xz)), (y(')(x. (x2))}

Thee n(, skl 4 (\/ (%x.(x2)): MM ko :

o
7 AN AN
Yy 1 R x Y Y x
o solty swh((ey))  Suk{(yx))
=‘[x,y,(¥y)} s {y,r, (Yx)}
X 2
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Type Theory, 3

Econams 1
11 Sk ol sabdom A= (O Oy ey (e BCB)

Sub-(A) = S«L((Q\x-(’)\/.(xy)mu%(«aﬂv)(ﬁvamuf“
= S«Jr((')n/.(x ymu{()\x.()\y.(xym}u S«Ir((&b)) v
0 Sk ((b-a)) o {(Ca BN A-a))} w LAY
= %axy\)u{('Xy-(xy“}U{('Xx.()\y.(xym}uSv.lr(a\u
0 Sub (Bo{(a )} u Subr (B uSub(a)y {(fa)}
o {(a B)(b-a))} v LA}
"{x,y,(xy), ('%y-(xy». O (Ny. Gy & b, (aB) e,
(La), ((a 8)(B o)), (D (')\y.(x ym ((a M(!lm.)))}
[ % caloulun only comidens
buncdionn in ona veniabl
i v R ey

£9: R Func (R, IR)
*x lr :IR=1R

u.‘.,)q“'(x’{g)“ )
Nelokon. 1.7 : amociakivilly and. recedance %@ﬁﬁnw
(1) dhge ks possbboia : AB = (AB), A= (%)
(1) agqlicakion s bff amocinlive : ABC = ((ABC)
(3) ebckin 11 night assecinkioe , use onlye one X : Axy.A=Ax. (By.A)
(4) applicakion dahes oucedmce ov0r, abshackon : Ax.AB=2Ax.(AB)

Gwnrh 1.40: («('Xx.(')‘y.(')\z.((yz)x))»a.\l)c) =(Axy2.y2x)abe Eo“rl:u:a.
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Type Theory, 4

Mittwoch, 19. Oktober 2022 10:41

Duliikion, 1.1+ fro , found. , Linding veninbls

ol Ma scks FV, BV, and BV Se mmz, dofusd. by
(1)6on) FVG) =G BV(G)={} BiV(x)={}
(2)(epe) EV(AB) =FV(A)uFV(B) BV (AB)-BV(A)uBV(B) BiV(AB)=BV(A)uBi(B)

(3)(absh) FV(AR A= FVCANGY BV (. A)=BY(A)ulicIa FVCAY  BiN(h. A)= BiV(A)u i}
A variolle x in colled, e [ bound. | bindirg in 0. lown A i x €EV(A) [« €BVCA) [ xeBiV(A)
txample 112 FV(%x. xy)’ FVCey) \{x) = (FVGe)w FVGING) = {x,y}\{x) 3{)’}
FV(x(Nx .x‘/)) = FV(x)u FV(Ax .xy) ={x}u {y} =fx,y}
BV(Ax.x)= BV(x)u ey a FVGN = (T o{x) = x bk BV(&x.y)’{}
BiN(A\x.y)= BiV(y) o fx} =1} ulxy = {x}

Debinibion. 413 : clossd. N devm, combinalen, A°
b\ o A in <allid dond o0 cmbinabor o FV(A)- {3
K= CAC AL A dosed}

Debiibion. 444 = A*Y, runaming | lpho, comowion = o0
T AN, iy &V Lk AT dode. o X b binod. by ey

L 1 fhae occunsack af x in A l*t y: x(')\x.xy)*-":y()\x.xy\

T AN, x yeV widh y & FV(A)uBi(A) . ﬂum“im"maml\z' '
" Yt;...ymumrs..#m

&t 'Ax.A";%’.A""Y and, Ay "W A fon Beea rnamee 84 9\y. A>T
Cdmd = de Jull al‘-l\a. COTONSION :

('1)(lwwniw7) ¢ 4 ' FVC(A)uBi(A), Ahen Ax.A =c Ny A=Y

(L) (compakibilily) Y A=B, Ahon AC=2BC, CA=c(B, Az.AxA2B

(3&)(!04&% i) A<A

(36)(W) Y AxB, Mo B=cA

(e hamididy) 4 A+cB and B=cC, Mo A=cC
Y A=B, Man A and B sre soid Ao l’c'a%awmlium"m'affkwn.
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Type Theory, 5

(Remank 1.15 - Mmmww’fmmdwaa”mmwmml»h
ﬂyeFV(A) )xy mouu l’wm.ﬁyy\

('Axy)z sy o“’"" e
ﬂyGB-V(A) 9\*‘/ X ‘"”“'u ﬂ«m Ayy YN bound. Ao recond A

(')\xy >~)z n'Ayz ('Ayy y)? » Ayy
“f‘”‘?m”wwﬂfw w&awmwmm
Sehavien mde m(ulm(
Trom wmeLM‘m\gkthﬂ,‘ idankical :
M:MW*Mm'A-M
Mv‘mv A114F : salsskibdion
M) xCx=AT=A, y[x=A]y

(l)(aﬂx) (BO)Cx=AJ) =(BLx=AT)(C[x+=A]) Ao arod

(3)(atnd) (AxB)Lx=A]=2x.B TWM’""*M

oy B)Dx ATz e (672 L= AT) o & & FVCA)
d.q«dsm M{wwm“ WM‘,"’K

Remank. 1.13: A*”Y and BLx=AJ are neb \-hnm Mmdaﬂmb

no vk o caphvung nﬂm,bwbdd«k) MW’MM{nqAIM
']@yH:V(A)m. x & FV(B), dhon (3) simplfin -

Oy BILx=AT=0y. (BLx=AT)  obory16

@mm?ma,wma(zwuddm A "Y‘cA[x =yl
Gmmr.h'] 19 : (Ny.y<)Lx: xy] (Az.2x)[x=xy]= Xz ((2x)Lx -xy])
=02 ((aCx= xy])(x[x xy])) =A2.2(xy)
Nedalion 1.20 - @wu:dm?‘ corvoenkion - Mmo{fmlm*MwLMM
au WM cadh othon and all {w.wuaﬂu ()‘xy.xz)('f\xz.z) - (ﬁxy.xz)(’)wv.v)
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Type Theory, 6

Econcing )

2.1 Romowe bockh and combine N-absbrackons in e
follonsing N~ ey in acondbnct wibh Nedewhion. 19
(@) (hx. ((x2)y)xx))
(%) (()x.(ﬁy.()z.(z((xy)z)»))()\u.u»

(9\)« (((xz)y)(xx))) = ()\X.Xzy(xx)

(ax. (. (hz. G ((xy) 2 M(Ao.0) = ( %xyz.z(xyz))(?\u.u)

1.2: Mank oll («u,!&emi,wd l,ma(m? voniably in
ab(%u.uv)x(')«xyz.(xy)(')cx.bx(zb»y)c

ab(’Au.uv)x(')«xyz.(xy)(')(x.l)x(zb»y)c... fee fround., Imdwa

2.3 W*%&Mmﬁ A A arw L‘quimlm‘«A&
('Xx.x(%z.xy»z :

(e) ('Az.z(’)«x.zy»z (b) ('Xy.y(')sz.yy))z
(c) (’Az.z(’)z.zy))a (d) Av.0(Dz vyv

(@)v (B)x (c)x (d)x
Lk W*M\L%’m’ A Aows are L‘qnimalmlA&
(%2 2x2)() xy)x)

() (hy.yx )«9‘2 xz)x) (8) (cxyx Dz yzly)
(c) ( ')(yyxy)(my xy %) (d) (Qo.wx)o)((Qv.vu)x)

(v (B)x (c)v (d)x
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Type Theory, 7

.5 (Em{mm Mo Momm? sulsslidudions
() ((')xy.yyx)[x“yzj
(4) (')\x.yo\y.xy))[ymﬁz.zx]
(¢) ((xyz):x*y])[y’* z]
((xyz):\/== 2 Jllx=y]
((xy.z.) :\/‘= 2])[x==yfy‘= 2]]

((')xy.\/yx)ﬂx’=y2] =(C'>\u.uux)|:x‘=yzj
= )\u.((uux)[:x’zyZ])
= v (b x=y2 L x=yz1)
= ')\u.((u[x’=y2])(u[x’=yzj))(y2)
e
('Xx.y(%y.xy))[y‘}z.zx] =
‘(’Xu.y(')&y.uy))[y*}z.zxj
=)\ ((YO‘Y uy))[y =z 2xJ)
=v. (y Ey =%z zxJ)( 7\y U\/)[y Az zx])
=2u.(%z. 2x)(’)y vy)
Eixyz;Ex.-y%Ey,f] -(yyz)[y:z]:zzz ®®
xyz)Ly=2 X y] = (x22)[x 7] yzz -~ )
((xyz)[y* z])[x*y[y" 2]]=(x2z){x=2]=2z22

’lfxftFV(C) Man Alx = B][*/ =(C]s= A[y C][x B[\/ =C1]
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Type Theory, 8

Qeboribion. 4.27 : mzlrf B- neduckion, 0 | ruder | conkaclum
(1) (baria) (5x.A)B —=p Alx:=B]
(l)(umralw’) Y AeB. Hhon AC=BC, CA—0CB, Ax. A—e)x.B.
A wbdesm. o Mo ferun (Ax. A)B is callid. redx (‘roducible acprupsion”)
and :I(:x =BJ b conhachum. e

123: (1) (D (')\y yx)z)u . (9\)1 yu)z ""o 20
w‘mfm.ﬁ ‘1""“\ (')\x (9\ k)Z)U s (>\X zx)u —’a 2U
amwnbion (1) (Ax. xx)()\x xx) =6 (Ax.xx)(\x.xx)

mudwr» 1.2% : B- neduckion, > | B-comemion. | =p
A-»B 4 IneNe:3Ao, . Aa€A: AZ A, Az B, Vicd0,. .-} A= i,
A=eB 4 InelNe:JAe, . An€A: Az A, AuzB Vic{0, .01} Ai=ohisav Aisi=eAi.
U AnB, Mon A and B sne nciel Ao Be * fiker commnlible” on” belo M".

ﬁamt& 1.25: (')\x.(ﬁy.yx)z)u% (%y.yu)z‘*e(%x.zx)u =0 ZV
buk (Ny.yv)z »ﬁ“ (Mx.2x)v
forma 1.26 : (1) 2 exdends 6 A =2eB=> A% B
=p piknds e in bbb dinechons: Ao Bv B> A= A=eB
(L) % i m*(wvoc and, Aamiline
=n M4 &n zqummfwa nedakbien
Ramenk 1.7 compare (3+43)-(3-2) = 10-(3-2) = 10-6 =60
(3+7)-%-2)= (3+1)-6 = 10-6—60

ax'+hxte & a(x*+% x)te = a (x*+ 218 ) *c
mdiwaken, . “alxtf)l-& ¢

e
e 3B i oheme valie fr = -F

=«
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Type Theory, 9

Wm'l.lB : B’m\af. {mm,B-wnafw'w
A i i B~ el fo. ( ok B-of) §f A oo o rdoc,
A has . B~ newmal @wn/u; 9'mmﬂm7435m9'n¢:/\=93.
T Mad mBumMaB-meM OFA.
fomme 1 19 : 4 A w in 3'44 and. A8, Men A=B.
@wm‘»(:.430: 1) (Ax.(Ay.yx)zlu s 20, 20
20 A B'm? e{ ('Xx.(ﬁy.yx)z)u.
(2) 4 Q- (Ax.xx)(Ax.xx), Aban 2~ Q wnd
Q) hes ne B-nf.
(3) Y A=Axxxx, Men AASAAASAAAA . and
AA has ne B-nf.

(%) (Mon) . = hon) O
(Do) Q) = v ] »

Qo) Q har o 3‘4, dem‘ﬁemdd,
4%9.4»101\% nedex. is thesen m‘maluu;t
Rarmark 131 G (2), Me cammm. of S .28 o ok b,
sinct (170 Q) and Q=0 ful O is ok in B-af.

Definikion. 1.32 - reduckion. path
A Jinike raduchon pabh from A is o mquonce Ao, Ao such Mol
A= A and VielD... . 1}: Ai=s A,
A indinide. naduckion. path from A is o sequence Ao A, ... such Mol
Az Ao and VielNo : A; —s Aias

Neuer Abschnitt 1 Seite 10



Type Theory, 10

Samstag, 22. Oktober 2022 14:27

Wm’l 33 : nseah neumalizalion | Mmm&m}m

MMWMA‘ 3Bm, B- n{ A-%B.
A mequ ik aduckon. gakbs from. A

Emm‘»h’H‘r ) (o) Qm«m}s@*wafumq(
(2) Oix. ((Xy )/x)z)u AA A‘mﬁ&tmmﬁwm?
(3) Q0 and AN ane nok MMM
Vi 135 (Chunch- Rosen, aonflonce, disoond gy}~ A
Gk AB.B.<A widh AB,, A-mB.. DL
W, Mo is & C<A such bhal B,~sC B, C. :“"c 0
A —
wllocivs - (/'%A)B“*oA[X:B]
Mtﬂ (D,) ']f A"PB Men AC=¢BC, CA"’PCB, )x.A*o')\x.B
bomitie = )'J{ZA - B, Mon A 2B
o & 0 (l)A-"nA
""\s:(")ij?oB. Men A+ B
(D)4 A-B, B=rC, Men A»nC
CQam'I:j{uﬂiw%ndaMmla{m DP, e does ids Arammidine clbsune
m—",&eamt Bineng nelokion M‘M DP = ids Aarurdive
oswne, snd, A B, B. such Ahok A=B,, A=B..

'ﬂ‘ﬂ A’ Aq.q_.Aq,z_'..._. Aq,mz B., .
A= A““‘_, Atn—.... 5 Am.q b BL

N’

Neuer Abschnitt 1 Seite 11



Type Theory, 11

Mittwoch, 26. Oktober 2022 15:54

Nl

Tﬁm_, B»,.” Am.‘m i Bz*Aq.m. 4
U«{n‘uﬂkf? 5 doown A Aalu{q DP:;.? Az Dxx, B=Axxx, Man

B(AA)

A
M(AN)
A | \o o

A(AA)»}’ AAA BA

Neuer Abschnitt 1 Seite 12



Type Theory, 12 0 nalafiom in sol. Maalic
Mittwoch, 26. Oktober 2022 16:49 "s"fu sorulloncous sene (ie. MM* A?)

v
Colukion - MWW ﬂMML""s/mA odh. =8 C 3% C - C =g
sk Mok~ salofis DP Cltn o dots o).
N by tloim 1
=s: (1) A=sA
(D4 A=A BB M AB—A'B' ,
nmallonsows neduckion
)Y A=A, bon Ax A=k A pomibhe, . prblon a2,
(4) 4L A=A BB Mo (Ax.A)B—s A'[x=B7]
e, .- 4/\": A BB Mo ALx=B] AlLx=B1]
(Bw*« @% induchion. on A”SA‘:
CGM":A"SA'M A=\

ot A[x‘B] = ALx=B] K«(w‘udm on A
Cau’M: A‘x 42 AE\/

x[x=B1=B~*B"=x[x=B"]
y[x"B]=y sy =y[x’=B'] v
(e 1.2: A=PQ)
PQ[X’= B]=(PLx= B])(Q[x= BJ)
() =¢(PLx=B'])(QLx=B")
= PQ[X‘= B‘] v
(a2 1.3: As2x.P on A=Dy.P
(Ax.P)Lx=B1= Ax.P~ Ax.P= (Ax. P)Lx=B']
(;\y.P)[x’= B]= ')\z.(PY*'[x* B]) (EtFV(B))
(H) =% Xz.(PY"*[x==B") (¢ FV(B))
= ()y.F)[x* B'] v

Neuer Abschnitt 1 Seite 13



Type Theory, 13

(ened: A=s A" because A=PQ, A'=P' Q" bk PP’ Q=Q'
(PQ)Cx=B] = (PLx=BI)(QLx=BI)
() %(P'Lx=BQLx=BN=(PQ)x=BT v
Cose 3: A-s A’ Becawse A= AP, AP o A’)y.P. A=’AyP‘wM P-s,P’
(}x.P)[x"B] =QAx.P =5 Ax. P“ ()sx.P')[x“B‘]
(Xy.P)[x“B] =Az.(P¥"*[x=B]) (2¢FV(B)
(H) = Xz.(PY"*[x=B']) (2¢FV(B)
= ()y.F')[x* B']v
Ca&‘t : A-s A’ Efauw, A’()‘x.P)Q. A.E P'[x“Q'] o
Ar(yP)Q, A<PTy=Q7 aihh PP, Q+Q
(AxP)Q)Cx =BT =((N\x.P)Cx=BI)(QLx=B1)
*(Ox.P)(QLx=B1)
() % P'[x=Q'Cx=B'1]
=(P™2[x=B'I)[2=Q'[x=B'1
= (P™*2La=Q'Nx=B"] (2¢FV(B')
= (P'L=Q")[x=B"]
(( )«y.P)Q)[x‘= B1 =((Qy. P)Cx=BI)(QLx=BI)
= (Ve (P Lx=B1)(QLx=BI) (2¢FV(B)
(1) =% (PY"2[x=8'7)2 = Q'Lx=B'1]
A=(PY*[2=Q'])[x=BT (2¢FV(B)
=(PLy=Q1)x=B] v/
Cloim3 - () 4 Ax. A =B, Mun B=Ax A" widh A=eA'
()4 AB=:C, Mon sibher (= AB wikh A-sA' BB
ev AsAx.P, (=P'[x=B'] noidh P-sP' BB

G by s idchn. . . ./

Larnme. 1.21 N

Larama. 1.21

Neuer Abschnitt 1 Seite 14



Type Theory, 14

Mittwoch, 26. Oktober 2022 20:14

Clairn. &t : =5 A&MM DP.
Cha VB.: A=B.% 3C: B4 Be oy, indackim on A8,
Case1: A—2sB. fecamne A=B,
C=B,=B,=A=B.=(, B.=(>(C v
Case L: A—=s B, becawme A=PQ, B.=P'Q widh P-5P' Q-=:Q'

(aae 2.1:B,=P*Q" wibh P-sP" Q—=sQ"

/ C=P"Q" widk P",Q"<A such Aok
mldm‘wn;'a)b qu, P“. P““"slw, Q""SQ'". Q“"’s Om (‘H)
\ = B,=P'Q'P"Q"=C, B,= P'Q"P"Q"=C v

Caull PE}x.R, Bf R"[x” Q"]W‘t”l R"’sR“. Q"sQ“
tin3 = Xx R-2sP'= P'= Ay R' wih R-:R’
C=R"[x= Q"] nibh R™,Q"€A such Mok
R'=R" R*-R", Q=Q", Q"Q" ()
» BP0 = R)QRT4 Q"=
Goim2~ B2 R'[y=Q"]=R"[x=Q"]=C v/
Care3: A—sB. Secame A=2x.P, B,2 hx.P' widh PP
Guin3C > Xy P-2sB, % B.= Ax.P"wibh P-P"
C=Ax. P noidh P" €A much Ahak P'>: P PP (1H)
=B,2 %P % Ax.P"=C, B2 Ax. P = Mx.P"=C v
Case & : A< B, hecaume A=(Dx.P)Q.B,=P' L= QT awibh P2<P" Q=:Q)'
(aae & 1: B.=(Ax.P) Q" wikh P+ P*, Q=<Q"

/ C=P"Le=Q"T oibh P" Q"< A such Aok
st Pl PU Yo Pt Q:Q", Q"% Q" ()

Gunz—s = B, P[0 )P L= QJeC,
B,* (. P) Q" = P* L= Q"3C v/

Neuer Abschnitt 1 Seite 15



Type Theory, 15

Freitag, 28. Oktober 2022 14:31

(ase r.2: B.=P' [y~ QT with P-sP" Q=:Q"

/ C=P"[x=Q"] asidh P",Q"<€A much Aok
sy Nt P'o P, PUs P, QsQ", Q' Q" ()

Caim2— = B =P'[=(Q]=P"[ = Q"]=C,
oien 2. — B.2PLu=Q]=P"[x~Q"]=C v
(i, , Cloim, %, n s drasnsikooe. closuna of = = »» sadisfar DP v/

(')\xy.x)mz.zz)l:)(()\uv.v)con (3*:’)'(3'1)
2R N\
Oae)Oovded) oy dOezdbd  40-G2) G

Np fP N/

(N2.22)d 10-6

» i

dd 60

Econcins 3

3.1: §d A= (')\z.zxz)((r)\y.xy)x). Menk all rudoxer in A, M
ol rduckion. pobhs end Ahs Bnf of A

(')\z.zxz)(()y. xy)x), (')\z.zxz)((’)\y.xy)x)

(')\z.zxz)((')\y.xy)x)
Hr e
() y. xy)x)x (@) y. xy)x) (Nz.2xz)(xx)
Fr e
(xx)x((')\y.xy)x) ((')\y.xy)x)x(xx)
e VYo

S (o))
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Oktober

3.1 M zerp = ')‘fxx one= Afx fx, fwo= =\fx f(fx)
add = Q\mnrx mf(n fx mol f = )mnfx rn(nf
suc = ')\mfx.f(m fX)

Skenr (1) add one one =% two

(2) add one one o molf one zero
(3) suc zero =e one
(%) suc one =pfwo

add one one = (%mnfx mf(nfx (A fx (Afxfx)
» ‘)\f ')\fx fx)f( ’)\fx fxf
"”)\f .')\x x)(fx ')\f f(fx =Two
molT one zero 5()mnfx.m(nf)x)(')\fx.fx)(')\fx.x)
%&fx(‘)\fxfx)«')\fxx)f)x
"%&fx.(')\fx.fx)(()\x.x)x’%’Xfx.(’)\x.x)x

#Afxx = zero e fwo=r add one one

SuC zero = (')\mfx.f(mfx))(')\fx.x)";')\fx.f((’)\fx.x)fx)
e }fx.fx =one

suc one = (‘)\mfx.f(mfx))wfx.fx)"T;'Xfx.f((&fx.fx)fx)
8 ')\fx.f(fx) = fwo
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Montag, 31. Oktober 2022 10:53

3.3: ok frue = '>\xy.x. fc:ll_seE )\xy.y,
nof =)z 2 fdl.se True, iszero = %z.zmx.fdl.se)frue,

iﬂe‘-—')xuv.xuv.
Shers- (1) not (nol P)%P A‘f PeA nidh P-sstrue

(l) iszerg zerQ s True, ISZero Two *p false

(3) ifTe frue ab — a, ifTe fd\,se ab b

not (not P) % not (not true)

=(Nz= folse true)(Dz = folse true)true)
»(Dzz folse trvel(true false frue)

> frve dese true fdl.se true
7, folse false true % frue

iszerg zerq = D\z.z('Xx.fdl.se)frue)(')\fx.x)
%(}fx.x)(ﬁx.fdlse)frue # True

D\z.z(')\x.fdtse)True)(')\fx.f(fx))
> (')\fx.f(fx)) (’Xx.fd[se)frue *
» mx.deSE)((‘)X.deSE)TrUe)“’7; false

ifTe freeabs O\XUV.XUV)(')\X\/.X)GE ~n ('Axy.x)ab »d
ifTe fd\.se abs (r>\x uv.xuv)(?\x\/.y)db"’ﬂ ('Axy.y)ab 7 b

Iszerag wao

&
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Gm%w".??: Q(AEnB, Mon Jhwne in & (SN auch Aok
A%C, B=(C

(mei reheoA v Ak,
.u.n‘lN AO. AneAMK}LMA A nZBA a:GAtn"' D:“An ,‘ZGA,,!B

S%m-Vn {0 n}ElCe/\ A"’aCA w C ﬁxw‘«w&mmu
i=0: fd o= A
Thn: AC, A= G v
i=1=2i>0: fd Ci-a €A such Mok A Cor, A= Gog (W)
(e 1: Aca—e A
Theram 1.35 — fob C; € N uch hod C.i 2 G, Ai=e .

Then: A. Ao A, Le A G A=G vV
Np S P
Ci-a = (
(are L : Ai = Ai-1
ol C;2Cin.
Then Ao A'M ls‘-A' L.2. Ao"'ls C A"’aC‘ v
Yo

Ci-‘lzct' m“%&:ﬁmaﬁm«a

Crolling 138: (1) P Biv . B-af f A, dua A0 B 2ot

(1) A A-Jovn far @l mesd one B'nﬁ.
Guoef fo(fom Jmcw* M Theowm 1.35, Caw”mr 137, and Smma 1.29.
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e, ook Muran. Toing. compbbres o Ao - calldu
Theoram 1,39 : Sob Ae A Thon MRone is & BeA audk Ahad AB%B.
@weF: Sb B =(Ox. Al (Dx. Alxx)).

Thon B =6 Al(Dx. AkxD(Dx. Alxx) =AB, 40 AB == B.V

Defiidion 150 : Y~ combinakor
The N- Ao Y = )\y (Ax. y(xx))(')x Y(xx» is called Y - combinaen.

Rermank .41 1£ A<, MHLYAMH.MMBFA A(YA)=sYA
Corvequance - aﬂmwwmnqm&mmwuals&' \

Xgﬂ...X... Thaorem 1.39

Defie A= Nf .. f..

Thone AX =0 .. X..
fnce, o soloe X0 X___ ik sulfcr o fd XEN
nsibh AX=p X, bl such an X ovisks - X=YA .
boanple 1 42 :
(’l) Selise Xy"‘“yXy

Xy =ryXy i X=»2y.yXy
Ai')\f\/.yfy
X=YA= (7\)'. (')«x.y(xx))(')\x.Y(xx)»(?\fy.y f y)

Xy o (Ax. (')xfy yfy )xx ) (Ax. ('Xfyyfy (xx))y
- (Wx (xx) )(')x (xx) )
y-Y txxly Y'Y
rd y ((‘)xy y(xx)y)(‘)«xy \/(xx)y»y

= YO Ofyy fy ool O 0y y Fy ooy
< yXy
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L) fdc n =s ifer (is2ero n)one (mulf n (fac(Preol n))
nshore Pred = ')mfx.mw\ah. h(a f))m\u.x)ﬂu.u)

fac =6 ’}\n.i ﬁe (is2ero n)one (mulfn (fac( Preal nm

A= )\f n.i He (isaero n) one (mulTn f(Preol nl)

fac=YA= (ﬁy. (')\x.y(xx»(')\x .y(xx)»okfn.
(’AXUV.X UV)«>\2 2 ((A X xy. Y)('AXY x»n)('AfX f)()
(O\mnfx. m(n f)x)n(f((’)\mfx. m(Xgh. h(g f»
(Au.x)Av.udn)))

e O -2 LT

L’lmd- nadexx. F0% Aimas

(3) fd div, mod, eq mddmulbfwwd
collate = Xn. |rll (iszero(mod n fwo D(div n fwolsuc (ol n three)

ISPGHOJIC = ’>\n|< eq n (|< CO“-GT? VI)

k- Mafr‘«““‘f‘ ollatz den
fihdperiod = Y( Thl( ‘:Te (ISPel‘IOCIIC h '() ( ﬁe (lszero (Pred I())

(f three (Frecl n))(f (suc n)(Fred k).
T‘Zan, co“a‘[z ﬂmree =0 Ten, co“a‘[z Ten =B f‘we.

isperiodic one three=s isperiodic fwo three =a True

isperiodic three k =r isperiodic four|< “p faLse
for. all. nahunal, ruumbens k

fihdperiocl n ﬂwee e n gn h=one s ns two

fihdperiocl ﬂnree ﬂ\ree fas a B'#L«a w«MauMm‘s(L
Ae Ao 3n*11mﬁum w’d«!
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Thosrem 1.43 : Mhe ) - cadoulun i/sluw? wmp(dt

M:
MW dofe
Y= )y. (')«x.y(xx»(')\x.y(xx»
frue = ')\xy.x
fdlse = %cy.y
nol =Xz2:z false frve
and = 7\xy. XyX
or = '>\xy. XXy
ifte = Axuv.xuv
zero = 'Xfx.x
suc = hfxf(mfx)
red = Amfx.m(Xgh. h( DA .x)(Av.v)
Zdol = Q\mnffx.mf?n fx)ﬂf
subf = Amn.n \orecl m
mul { = Q\mnfx. m(n f)x
iszero = Q\z.zﬂx.fdl.se)frue
leq = Amnn. iszero(subl m n)

eq = \mn.and (l.ecl mn)(l.eq nm)
div Y(Af an.ifte(Leq nmladd suc zercl(Flsubt mnlnl zero)

mod = ¥ (Af mn.ifte(Leq n mi(f(subtm ndalm)
Pou'r = ‘)\fs x.xfs
fsf = ')\x.xTrue

sec = ')\X. x false
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Corsidon Ao !b%omgw nw}um. (dmdewlMémmﬂvs{mwTM):

1. v halt ikl gk~ ot Ao Mo

171 - r % Ibial seode: 1

- - L W-A{mw A" ini

1 /] /I r Q/ 1 A{“d a “4“6 . l “

3 1 r halt

319 _ L & T'u‘al HTPs://marp‘\eﬂ.ihfo/turing.Um'.
S R

URIEI SO

'Wcmpmdlﬁnamm‘ddza“ﬁn ™ Xna/a»]mnafwm
(dfafe, symbol. of head),(tupe Left of head, fupe right of head)),
[ T _ 1< 2ero, one uMMmfmeM

halt 1,2 ,3,4 «* zero, one, two, three, four Mfm,m.{
ohoanks - 2 in foud ek
2.4 t & ((four. one), ((zero.(zero,one».(one,(zero,(one,one\m
1111

Gool: Mpwwm)'ameufddmdak%Tmeu.
W dfoe Rl bl fnchim:

slate = ')\s.fs”fs’f s) syml) = ')\s.sec(fs’f s)

Tapel = s fetlsec s) Taper = Ns.seclsec s)

Lenl = )s.fs’[( fape‘, s) Lenr = ')\s.fsf(faper s)

headl = 'As.fsT(sec(queL s)) headr = 'As.fsf(sec(faper s))

aﬁaend = Ala. pair (sve (fst U)(Fair a (secl))

droP £ ')\l.iffe(iszero (fsT U)

(Pair zero (pqir (sec(sec U) zero))

(Pqir (Pred(fs'( L) (sec(sec L))
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fub updafel = hsabede.iffe (ond (eq (fale s)a)(eq symb ) b)
(Paif(Paif C “\eao". s»(Pair [dfOP (TOPELS))(GPPQDJ“CIPQV S)Jm e

urdafer s )\sabcde.iffe (omd (etl (STQTG S)Q)(eli (SYMIJ S) b»
(POW (Pdif c (keao'r S))(pair(dﬂ:end(fapel s)d“drop ”dPEI’ S)m e

urclafe = s. ifte (iszerolsTale s) s

(urdafer S one zero zero zero N
(urdafer S one one TWO zZero
(UPAGT&I. S TWO zero ﬂ\ree zero
(UPAGTGF S TWO one TWO one

s Three M dped ot

(urclater zero zero one

(UPAGTGL S “\ree one |our zero

(U c]afer S fOUf' zZero one Zero

(UPAGT&L S fOUF one |Jour one J

false 1)

uPJaTeloop = Y(Afs. iffe (iszero(stafe s) s (f(urc]afe s)
Then urdafeloop (Pair(Pair one one)(pair (Pair zero (pair zero zero))

(pair zero (pair one one)))
R B'a’l Pair(Pait zero zero)(Pair (pair two (Pair one [pair zero
(pair zero zero))( pair one (Pair zero (Pair zero zero)))
and. urolafel.oop (Pair(Paif one one)(pair (pair zero (Pair zero zero))
(Pair one ( pair one (Pait one one )
R B'm{l Pair(Pair zero zero)(Pair (pair three (Pair zero (Pair zero

(pair zero (Pair zero zero»»)(pair one (Pair zero (Pair zero zero))).

flu?uwwl.urdqfeloop mimics Mo Mwm«.a{ﬂm WI\JM?TMBAJ,
ib Baf wih il A TM ddy and in Kl case in oqual do Me fial dle o Joe TM.
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Thoorem 1.t Y - Ropeaded. “Lfdmerk” B~ naduckien. findds Mhe B-nf if ik oxishs.
Romenk 1.45: Mumuwtand.wncf«mm
) A=VIAN I (AV.A)
) vanos o binding variabley ane imelovanl — = = =
) amtwlalwn = B- neduckion = subsbilubion
') nowld = B-af, can be neached. by Jormed compuladion ol Sollmed nedex
aw,MMM*MMWWMA-M
‘) Y'MWWM*WM,MWM
) N calodis i Tunion, complele  — Chunch. = Tuning Mwis
')WWG"X-M/M&M for Loguc:
= s} - applicakion M.mﬁm-adudm
'Mam*ﬂ‘n{, Mqawwm‘ai
= sooup Junchion, fon & foced peind, counben - induidive
Gunint
1 Grwkack & N dom X sk Mak X =» Dry. ¥y
A= 'szy.xzy
X=YA= (9\)'. (')‘x.\/(xx»(')‘x.y(xx)»(')\fxy.xfy)

X = (')‘x.('Xfxy.xfy)(xx»(')x.(')\fxy.xfy)(xx»

> (')\wxy. x(ww)y)()wxy. x(ww)y)
= A xy. x((’)«wxy. x(ww)y )(‘)\wxy. x(ww)y))y

o ')\xy.x((')«x.(')\fxy.xfy)(xx»('}«x.('Xfxy.xfy)(xx)»y
R ')\xy.xXY, s X =p )“‘)'XXY
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b2 Gakuck & A down X sk Mak Xxyz’:l’xyzx.
A= "Nfxyzxyef

X =YA=(Qy. (. y Gex) .y GOV f xyz. xyzf)

X ~* (')«x.(’kfxyz.xyzf)(xx))mx.('kf xyz.xyzf)(xx»

0 (Quxyz xyz(uu)Auxyz. xyz(u))

= Axyz.xyz(Quxyz xyz(wo)(Nuxyz xyz(uo))
o Mxyzxyz(Oc O\ xyz.xyzf)(xx»(')«x.('kf xyz.xyzf)(xx»)

NI ')\xya.xsz Y. Xxyz =p xsz

l|'3 ) (omhud 4 A- Ao, fll) ML‘, M fil:Nib”\zn‘MTibmdwmfm,
i N sLuc(suc(...(sus zero)..)).

—o—

n Aimes

fib = Y('Afn.iﬁe (iszero (Precl n)) one(iﬁe (iszero (Precl (Preo‘ n))) one
(add (F(pred W(flpred (red )

fib one °m flb fwa =» one,

fib three =» two, flb four "0 n\ree, flb five "0 five,

Neuer Abschnitt 1 Seite 26



Type Theory, 26

Montag, 7. November 2022 16:00

2. Simply dyped Sambda. Galoulus D
Definbion 21: Me ssh T of alll simple Ao
Sk N Be an. ininile nch .. A sed of "dype wriahls”
L T=VI(T-T)
(1) M%IM%J T mons dygec. / funchion. dype

M (1) Q) (2)

Wlﬂ: LB, (L=2B), (F=L)=(L-(B-=YNeT
Nokakion. 2.3 : elomenhs of V: L.8.Y,6,6'6",T,. T, T,
shmanks of T: A B XXX Yo Yo Yo o it vl
Joahon. 2.1t : (1) dumge aubenmsh ponsboia - LB = (£-2p) X Jrom apptiatin
(1) emons e nighl amecialise : LB Y = (L= (B-Y)
() () L=L L 4B
(2) (am) A=B= (=D iff A=C aad B=D
Qunank 2.6 We Bame o be cosfol abouk diffounk Ayper of osinbl.
) Aevm waniable: 2, b.c,... €V

) A%lm% L,B,X,E\Y
) meda wenieblbs: A, B,(,.€AuT

Definikion L7 - alebervenk, A:T, sibiech, dype.. doclanalion
WANTT, Aun A:Tin calld & shakensnd widh subyech A andl Aype T.
A dedonakion s & slakmenk whose. subjec s & voniabl.
We raad A:T an "A s of bype T" on “A fan Aype T".
wm&w*:»m»w A”:,: A:S,AT=G=T
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Remenk 2.3 - Cublosh
')if A-L-B,B:L Mo AB:B
'),i( x: o, A:B A Ax:LA:L-B
Nele: 44:£*B“Y,x:£.yzﬂ Mon {,yy:Y.
ne bracksh 3 ne bracksh 3 (Gmarmruln,du)
'&mk‘wam: M'WMW-,‘W
M‘WI M&W%bwwwwm,
qu(‘w: Ma%@md»fmmwmluaflwmw,
WQ.?:') Ex.pu
"]@x:.c-’.c,y:('ﬁ"’-f)"ﬂ Men Yx:B.
- ']{L W 2:8,0: Y Mhen Dzu.2: B>Y-8B
and. (')\zu.z)(yx):Z'ﬂB.

= muju‘e At"u. M= (ﬁzu.z)(yx), ie. M Jv.“,u {a XY,
ach Mal M far a valid Agpe:

MM iAmu“Jiwlv'u, s dzv.z: A-B, yx:A, M:B.

(L) Azv.2: A=2B, 40 2: A, Av.2:B.

(3) Nv.a:B, se B=C-D, v:C,2:D and Mhus A=D.

(%) yx MMW, Ao Y:E"F. x:E,Yx:FMJ. Mus A=D=F,
(5) Cheore E=L, A=B, C=Y, fhen x:L.y:L"B,z:B,u:Y

and wwqw\ul* yx:B, Yo.z2: Y28, dav.2: B2¥=B M: Y-

Nedadion 210 : Mwmmmww
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Encins 5
5.1 G, Agps b Mol - 1. s Re Mg cowe ey
My Deyy Doy Gy () o)

xx cuakel by (app) 3 x: A-B,x: A= A=A-=BY, s xxy coneh be. byped

x:L*’i—*l,y:L > xy:L-'i, > xyy:L

xy cuahe by (appl 3 x: A>B.y: A, xy:B

Xyx ouahd M(aﬁ;)# xy:(=Dx:C3

C=A-B=3 B=A-B-D E,wxyxwm”’cl«“ad

x:L"’J:,y:L > xy:L# x(xy):eC

x:L"’i,y:(L"L)".C > yx:.f.-‘) x(yx):L

0.1: Tind dyper fon zero, one, and fwo.

zero = ')\fx.x, one = ')\fx.fx. Two = '/\fxf(fx)

x:dL f: {-L> fx:l, f(fx):,[ » zero, one,fwo: (L=L)= L[~ L

2.3 Tind A‘fM fn Ka}xy.x and. S'é)\xyz.xz(yz).

x:.(*L*’L,y:L"L.z:L") Ki{L-=-L-2L)-L=L)=L-L-L
Si{L-L-L)-((=L)-L-L

.k : Yind dyper fon A‘é')‘xyz.x(yz)aml B=xyz.ylxz)x.

x:LoL y:{=L2: L 2A:(L2D)» (L~L)=L=L

x:L=2L, y: {=(L-0)2L,2:L 2B (L) = (L~(L0)- 0> L~L
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Whlﬂ: Mo sk Ax 4&“ »pm.‘W N- Aenms
U Ar = V |(A|r/\n)|(')\V“-An)
.ﬂafw%l.'ll: m‘u)«,Mﬂmd—
Awaawwwa{w”ﬂhwmﬁd:
VoBao VaB il Vo VoV e
% Tise cnlech and A:B is & shalemend, Man. T A:B is called 0 judgoment
ashich we mad as “in Mo codexd T, A MA«“»eB".
Joniwadion rudos @m A

W’mlﬂ:
(vax) MEX:T Y X:Tel
(aﬂﬂ M~A:S->T M-B:S
M=AB:T
(ebh) [ X:S+AT
M= 2X:S.A:S-T

Ewmpﬂ 114
My: LB 2Ly LB Q)y:[-B2:Lr2:L
() y:L-B2:L+y2:B
(1) y:LB+Xa:Ly2: LB
(5)()*")\y:L"B.)&z:.(.yz:(i*’ﬂ)"l.*ﬁ

Yoy fomah: Pass reprasak conlech  Fot b o

- Yeromnd.
(a) y:L"B (mf““" >
(b)||2:L B
) Y:.C"’B (varn ) on (a) .
@) |zL fom) on (b) ~ A7B Gk
) lyz: (app)on (1),(2) A=B A .,
(4) Az:lyz L-B (ﬁ):(g) B (-]

(5)Ay: L4BNz:Lyz: ((2R)2L=B (abid) on (%)
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Sefikin. 214 - Doyl
b prabypad X Ao A< Ny i callel fgal f AT fovsame. conkeoh ™ s,y .

‘Jtu\‘&l.ﬂ: Az:Lyz i lmgal Because y:-("ﬁ**)&z:.C.yz:L-’B.

(1) Wl - Agpedngss: 2+~ e, -2
(1&)1““0».&”04-‘:@.}04\-‘%:2
(2) Iﬂmdwﬁmﬁ M&‘m:‘w |
(3) Izm,M WPZ:‘W /(Ahml'wéhn:m.)
Laden: (3) unelecidable !

Fxm‘&l.'lé :

(1) Findl T, T auch Al MEdy: LB Ly T.
) Qoo " =4 (e free vaniaklen)
) dy: LB Az Lya: 2
) (a) Y:«C*B

- Chapabity, qatiy)

(y) [hz:Ly2:2
(3) )\y:.ﬁ"B.)z:L.yz:... (aﬂa‘)m(y)
) (a) [y:£-+B
(b) [[z:£

(x) .yztz.
(y) 1da:Lyz: ... (abod) on. (x)
(z) )y:.C"B.)zth.yz:... (a“)n(y)
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) (a) [y:£=B
(b) f-:L

(w,) fy:?

) ||2: 2
(x) yz:... (%)M(wq).(wz)
(y) [Na:Lya: ... (abd) on (x)

(2) )y:.C"B.)z:eC.yz:... (alnl)m.(y)
) (a) [y:£=B
(b) [[z:£
(w) [|y: LB (ver) on (a)
W) ||z:L (ven) on (b)
(x)|lyz:B (app) on (wi), (w,)

(y) [ da:Lyz: LB (abd) on (x)
(2) )y:.C"B.)z:«C.y;:(L**B)"L"B (alnl)on.(y)
Nede: -) Deniwalionn ane ned unigue in qual
) 'Velu” Mal x:L "'e[:,y:(.("'aﬂ)"ﬂ - (')\z:ﬂ.‘)\u:x.z)(yx):)(-’ﬂ.
) a) [x:L=L
(b) y:(aC—a.O—'B

() 110 8. 90: X2y Y=
‘)(a) X:L23L
(b) )/:(L—’L)—'B

(y1) ;::B.’)\u:Y.z: 2

(y) yx:?
(z) ('Xz:ﬂ.')\u:)'.z)(yx):x—'ﬁ (a‘»‘»)on(yq).(y;)
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‘)(a) X L=2L
(b) y:(oC—’L)-'B
(c)||[z:8
(d) v ¥
o [|Evm G
X v:§.z: 0" on
(|| XeBAuY2:B=Y=B  (abbonl) ook
(y.)|| yx: B (app) on (b),(a) mm":m)-mh
() || (N=:8.%0:Y. z)(y x): Y- (a“») on (yq),(y;)

(3) Tl A such Ahak (1FA:P=Q=P (find “ichabidonk”of P~ Q-P)
)(2) 2.P-2(Q-P

)(a) x:P

(pl2:q=p

(‘2) ...:P"’Q"’P (aln‘)m.(y)
)(a) [x:P

(b) Y:Q

(x) ;l?:P

(y)I..:Q=P (absd) on (x)

(‘z) L P=Q-P (alnl)ou.(y)

)(a) [x:P
(b) y:Q
(x)|l1x:P (ver ) on (a)
(y) ')\y:Q.x:Q-*P (abd) on (x)

(z) )\x:P.')\y:Q.x: P-Q-pP (alnl)m.(y)
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st

6.1: il T T suck Mol [ =2Ax:(L>B)-L).x (')\z:.c.y) T and gimi‘a my“c
diiwshion in flag foumal.

(@) E

(b) | [x:(LoB)=L]

(c) || [z=€]

(w) y:B (van) on (o)

GO | [ AL y: LB (absl) on (w)

() |1 x(N2:Ly):L (app-) on (b),(x)

(2) ﬁx:(‘C"’B)"L.x(;\z:L.y): (L-=B)»L->L (abd) on (y)

GQM Mead x:S-'S-'L.y:X-'.[,z:L-'BF-)\u:S.)v:)’.z(xuu): S~Y-8
by giving. ih congloke dorinkin. in. flgy fmal

(a) [x:S=8~L

(b) )/:Y-’L

() ||[z:L>8

(d) ||| |u:S

(e) v:Y

(v) xv:§2L (app-) o0 (a),(d)

(w) xvu: L (aﬂs-)n(v),(d)

(x) z(xuv): B (app-) on (c ), (W)

(y) Av: ¥ z(xvv): Y-B (a“)on,(x)

(2) || Av:8.2v: ¥ z(xvv): §=Y-B (alnl)m.(y)

6.3 : Tinal A suck Mal OFA:(LY)~L) = (L=T)=B~Y and. gioe ids complike
doiwhion. in flag formel.

(a) [x:(L=¥)~L]

(b) | [y: L =7]

(c) || [2:8]

(V) |]|xy:£ (app-) on (a),(b)

(w) (xy): ¥ (app-) on (b),(v)

(x) )\Yz:BY.y(xy):B-‘x (m)n(w)

(y) ')\y:.C-'Y. Ae: B.y(xy): (L=Y)=B>Y (abd) on (x)

(!) Ax: (L-'X)".C.'Xy:f.*Y.)\z: B.y(xy): ((.C"X)".C)"(‘C"'Y)*B'*x (absd) on (Y)
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I“muniw secdemens : A&M‘W‘M’u‘wx
ldoo: noad = as =, 20 PP Q2P fecomar P2 QP (mlthwM.

LR B.'llthﬂm’ P,Q).

(o) [x:P Mm.xi:.sa.ymfa{?.

(A y:Q Morume y is 0. proof of Q.

(x) [Ix:P Tbnxh(w)aMaFR

(y) Ay:Q.x : Q=P So Me. fundlion mapping y Jo x sends o proof of Q
kaMa?P.

(2) Ax:P2y:Qx: P2 Q=P Thua Hx:P.y: Q.x prowes P Q2P i Mo sply conkech
The above. sbsovsaion is callid. Cumy - Howard. - omsrphism. 51 PAT- inkengrelakion
whoe PAT slands for both. " propesidions o3 dypesr” andd " prosfs o1 doums”.
HAWM)X:P.')\)’:Q.XM ih duwirakion M%Mﬂw
(bolh can. be racovensd by Me "well - dypednais™- alysribh.).
Gooral. gropecdin of 3
Romenh. 117 : Monchom ayplachical idhnkily, =, Sub, (ineper) sublown., frer, bound.
Binding, FV, BV, BV, dsad., combisalon, /S, A", sanwning, lphn convoion,
=, alpn commeliblo, andl alpho. oquiveluh geroralie Arivielly from. .
Definikion 118 : comain., subconkerh, pounudakion., projachion

-) The elomaiin. Jom(r')sfa.anlod MV, AL Ve:Aa is dhe M4
vorables (V,,...Va).

) Tin & subeondech of T (T €T ) if sl seclanadions in I abio sccun in
I in Me rame ordor.

) Mia & peamadadion o ' 1 T and ™" codain Mo same daclanakions.

')LsuaMPadaMefthithma‘.rnf (rre)
in Mo subcondet T o r',.da&m dom ()= dom (M n E.
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Montag, 14. November 2022 12:30

me‘&l.']?: ) dom(()=(), elom (y: G, x,: To, x.: Ta) = (y, x4, x.)
) O¢ x,: T, £y:G,x,:T,, R

) x,: T, y:@x: T s & Pvumdalwn eF y:Gix:Tox: o

) y:G’, X, :T., x,:T, ! (Y' x,_) = y:G’. x.,:'[,

Jomme. d 20 (,&WWU&'»&.MW wndanMn?, awum‘al«m)
() BT eAT, Mon FV(A)E don (1) —
afler. polenially nenaming
(2) ']f MeAT, 7T, BKen T'-A:T Pw‘\zmm m@afo;.:
(3) 9 AT, Mon TTEVNFA-T -

() B PA-T, T peumshekion of ™, Moo T+ A.T
Cuoof

1) MHM:WMMMMJMM judgmanks bhal nenl
:m:‘"w‘m’ inko My doumwakion of =T HA:T.
(aw’l:}hhmwbmbnaf‘h(m)nuk.
Than }usf“z{auu VoToooo Na:Ta AT wdh A=N: T=T;
{bzwm.c i€{1..n} gad FV(A)={AYc{V.....Nu}= dom([).V
Coml:}i»l&:.com&;mafm(«ﬂx)mk.
Thon 4 s of dho form T'+BC: T mwidh A=BC ud}alﬂzmu!um
4 MeB:S>T, M=CS
Conrequanlly, FV (A) = FV(B)u FV(C) € dom.(I")./
Tan 4 ia of dhe foun T'+AB:R.C:R-S widh A=AB:R.C, T=R+S
and } i Me conclusion of ", B:R+-C:S. am
Comrequanily, FV(A) = FV(C)\{B} ¢ dom("B:R)\{(B}=dem (I")./

PABRM&MMMJ

(2),3), (4) can be proved. analegourly
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MQ.Z?:(Q\WMM&*MM&{&:WMMMM
(M PeAT nidh AV = A-Tel
(Q) M-AB.T » 3SeT: M'-A.S-=T,M+B:S
(3) P=AA:R.B:T = 3ISeT: MA:R-B:S, T=R=S
forma. .23 (aubdenm): 4 Ae A, MW,MMMaFAiAW.
(Bwof: samy anduclion. on A and (tonuwhm-ﬁmwno.
Ewm‘ltl.llt: Sl AE('Az:B.)u:X.z)(yx) and B=2u:Y.z € Sub(A)
Then X:L".C,y: (L-L)>B+A:¥~B,
x:f,-'.(:.y: (L-L)>8,2:B+-B: YR o 2:L+-B:¥YL.
fomme, 105 (uniquanon of dyper): T'+A:S TeAT= G2T.
(Bwuf: wu\dw‘mmiﬁ
IﬂwnllG:h')ﬁ%Wﬁrwmede&:
() W‘Wm: 2 ¥ doum : 2
(1a) Ta“uawywnuul cendexd & doum, : 2
(2) Ty chucking:  conch e e
(3) MM cevdod"‘z:lmu.
Guoof - formaline algorithms domernhraed Befone.
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Reduclion in A
Definibion 2. 27 : aulsskibudion,

Dvan) xLx=Ad=A, yLx=Ad=y
(l)(aﬂx) (BCYLx=AJ = (BLx=AT)(CLx=<A])
(3atd) (Ax:T.BYCx=AT=2x:T.B
(Ay :T.B)Cx:=Ad=Az: T.(BY*2[x:=A]) rhane = ¢ FV(A)

B 228 (sabbsdilokion): awde: T B:S imptiss X ¢ FV(B)

/ B Ale. Bue Yorioble trma (2.20C1)
7, XS, AT and T'¥B:S, Mon 7" ACX<BI:T.
Exoncisnn 7
1.1 Buove Me Subslibulion famma. by induchion.
ok Mk 1" -B:S S Mhe Tiowiog Smna. (220 (2.
Cuoef By induckion. : aume slodenent is e fir. ol WMMMM%M
:"‘;&."ﬁ",‘."m’ of F=T"X:ST" AT and shens F= "= ACX=B1:T.
(are 1: } is Jhe conclunion a‘ Mo (var) nule .
T 4 i of dhe forn Av:Tar i AniTo X: Su AmaTacsso Amn: Tmea F AT
mif AzA; T=T, {bmwm.e i€{4...m*nY s As¥X, T=S,
B A%X Mon ACX:=B1=A, obornsse ACX=B]= B and S=T. In bobh cares 4 Rolds. /
Caul:}hlﬁ:.mw&maf Mo (app) nule.
Tao 4 is of Mo frn T"XSTHEF:T apibh A =EF and § is Me conclusion
4} MX:SM-E:R-=>T, MX:S,M=F:R.
(ovm}uaﬂ:,, r".r';t-EE[X"B]\(F[X"B]}:TM 4 halds. /

CIH) =At‘)'(==BII
(au?»:}ulhmudmdmaf Me (abol) nule .
Then } @ sf Ahe (aun, XS QAY:U.E U=V ik A=QAY:U.E, TsU>V
T+ 8:S and Fue Yeoriobls bwwa (2.2001)~
ond } u Me conclusion a{— XS r"Y:U—E:Vand Yé¢ FV(B).
(.M,,’,..Jl.,, ™ I"",Y:U,l— ECX=B1:V, 4e P'.F;‘-?\Y:U.E[X" B]: Tand }'W. v/

(1H) (absh) = ACX:xB] & Y € FV(B)
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Dienstag, 22. November 2022 16:44

Definidion 2.27 : m/i"f- 3~ neducdion | 2
(1) (Boris) (hx:T.A)B —p Alx=B]
(l)(m\faﬁwsd) 1# A-’ub. Mer, A(= BC. CA"oCB.}x:T.A-’Jx:T.B.
Remenk. 1.30 : M nobiom nedex , condrackum , B-neduckion , % , B-comemion. , =¢,
bole. cornserlibles , bede. oquiralonk, 3~ noumal form , B-rovmafining
neduckion. palh. , +oeak nevnalinakion, , sbeny nermalinalion gqononalize
Arivsiallly from. .
Remerk 2.31: Me (Runch - Rouer TRosrem and ihs corsllanion Aol in ).
fomma, 2.3 (aubpeck neduckion.):
Y TeAT and AB, dhon M=B.T.
Cuoof:
U sullices o shors- T'=B:T if A—20B mnd woe only comiden Mhe (barin) cane
(MMMMWWM)
Thenn Az(Ax:S.C)D nidh [ x:S+C:T,M+D:S and Bz CCx:=D1].
%J&Wda.l@nfmmmgd P~CLx=D1:T,iLe M"=B.T.V
Euun‘:& 1.33: X:L"I..Y: (cC-"-C)"'BP(')\Z:B.}urf.z)(yx):Y"B and,
x:oC-'.(.y:(I-*-C)*BP)u:X.yx:Y-'B.

Theerom 1.34 (M'm,mmbudau): Mbrllmml*hwnmﬁm?.
Cusef:

AM@. .f:d»m.(p"/\r is called subsbidudion 4M(¥)¢\L//Mmm

T sablkokion § v e J: e e, A ALV = 20V, Yo O] whore V(AN dm()= 0, Vo
JTA¢AxlAu wimoliningd=:SN i TeV

Tna pu ThE LTV G plyBe R ABeLSN 4 TR

T & covkeh T 8 £ ()= suloskihadion.| dom (f) < dom () A YX: Te P J0V€L (T,
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Cuoof By induckion on. T
(ere1: TeV.
Thon. £(T)=SN.v
(axed: T=R-S. -
28 XeV, keNo.Na,.. N ¢ SN. and BeLIR), Man BESN and. Ao

(iH)

XN.... N BEL(S). Gonsenuantly, XN... Nu € £(T). v

(N (tH)

4f A€ £(T) and BEL(R: 0, Men ABE LIS SN and un A€SN. v

(e J: £(T) i clpod undon."B- oxpamion.”: if CLx=DJe L(T), x€FV(C), Mhan (Ax:U.CID € £(T).

ti,..e. HW i
(oue1: TeV iy Sty

Thn. £T)+ SN and. il (1x:11. 0D €SN f CLx=DIeSN.
(eaed: T=R-S.
s eI\ = (Rk-e,Sk-o) ] St-qsv
b Re5D*(R.9), VkeN: RS o R i 2ol
K min Clee N ISy W
i0. T5RAS T RAR=S,5. 3R ReSxeV,

Thon CLx=D1eL(T) =

= VB, «£L(Re): C[x:=DIB.e £(S.)
= VB.<£L(R.):VB,«L(R,): C[x=DIB.B.,€ L(5.)

= SkeV

v 2 YB.eLR.): . VBxeLIR.): CLx==DIB. .. By L(6)* SN.

!
Thur VBoeL(R.):.. YBee L(R): (Ax:U.C)DB, ... Bee SN =£(50) =

= VB.eL(R.):.. VBrgLRe)):(Ax:U.C)DB. ... Be-€L(5xr)
=

s VB «L(R.): (Ax:U.C)DB.€L(S,)
2 (M:U.0)DeL(T).v

(e 3: if fr: dom(T) = Aw,Xo* X Mo fr e £(T).
2 X:-TeT Mon fo(X)=X € £CT) by Claim 1.v
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Uaimt: if TAT and fe LT Mon F(MeL(T)

Bron] By induckion. on. A

(are1: A€V, A AP oy b o 1220
Then #(A) f(A)‘ £(T).v

(arel: A= BC. (,mmu 2202)

Then IZ:“"'B ST, r"—g"S {mwmAmSadcamwm‘&l
{(B)et(S-*T) f(() &2 (S)

By dofiidion. - £ we Mus geb J(BO=J(BIF(Q)e £(T).v
(axe3: A= AX:R.C. (,mmmu:us»

Thn FXREC:S T=RAS fou noma Aype S.

fl Be £(R) and : dom(f)o{X} = As, XEY+Q(Y), XrB.

{{))

Thon € £.(T",X:R) and dhun FOLX=Bz5(C)R(S).
kK pouible L comonion of A/{;—\—}

auck Mak X ¢ FVCJCT) for o Ve Jm({)

(aim 2 Mhon implisn POOX:R.CIB=(AX:R.F(CNB & £(S)

and, comequondlly JOOX:R.CYL(T). v
g g doim 34 , Claim 4
Mlogeor we goh T+A:T 5 A= T (NELTIEON. v
(Remank 2.35: (awumh)"’

) TRere s ne sl - a"Mmm}"(QNMmfwmu)

) Ckence o B- nfh i WMM(MMMMM)

')ﬂo‘mu?h?alﬁ"'lum Ma.{wxd.rom‘-

) N s ok Tuning complole, bul nakual aumbens, ¢, - can Be. dofined.

(&Maff«uduumm‘uulwm&mwmﬁ* qmﬂu&'zd?oﬂ‘»wnl&
MX“MWTM‘?MY_ mgmﬁ*mm

Yo : (T-THT, Yo o L0 ). e o
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Mittwoch, 30. November 2022 16:31

3. Second ondon. Agped. Sambds. Galealun 22

) Mskacken. fom. denm. ) Mokackon fum. hypo.
') Applicakion of doum. ') Applicakion. of (de) dypen.
fxun‘dz':‘.’l:
(1) "The" idenkidy funchion

Ax:L.x, Ax:nalx, Ax:nal~bool.x... idenkhy funchioms on L, nal, nal- bool.
AL * A Lx... “Mn“ia‘p«“?

t ' .
g o o g [ ok st b,
B- reduchion : (AL: * Ax:L.x) nat =6 Ax:nalx
(2) Uenakion :

Mox: L f(Fx)... ihonakion of f
DiedL:# AL L Ax: L F(Fx)... qouoral dovakion.

suc: naf=naf = Dnat svc *®s Nx:nal svc(suc x).

3) (mMm

0= AL # 2B ¢ AY: #. Nf: LB Aq: B¥. dx: L. qf x) ... qunanall composikion.
F:A=B,6i:B+C = ©ABCFG e Ax:A.G (Fx).

Cuuck Ao (T~ Ay

Wu‘ﬂclmﬂaf A% Ax:Lox? Mau*k A« Ax:-Lx:*=2(L->0)2

Cooblom.: We noand kd«d«'{){')uf,:*.')\x:‘c.x widh AB:* Ax:B.x (L- convenien)
Bud Ahen: AL ¥ Ax:-L.x:*=2(L-0).
"

A% Ax:B.x: *-=2(3-RB) T'Mmaddwnhﬂbmmw

Selukion : Indreduce IMM lc“m: A A Lox ML * (L-L).

A% Ax:B.x :TMB:*. (B-B)
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Montag, 5. Dezember 2022 13:31

frample 3.2: ) ALiw Af: oL Nx: L[l TLw (Lo d) =L
AL *AB: ¢ Y: *.)f:f."ﬁ.)\gt B-=¥.xx:L. 3(fx):
ML *TB:xTY: % (L-B)=(B-¥)>L-Y.

murlm')‘l

an 3.3: ')1-,&“.0», T, AL~ dews, Aw.
T, = VI('IB-'TB)I (TTV: *.1[1).
T veniable t—mml“n tp«admlvluu
Ar =V HAr Av) HART) HOAV: T Aw) TOAY: % Ar).
Tvaiabh Thtodr Tacondordr T ok ordnn T sacond orden
Opplicalion  applicalion absbrochion. abshraclion,
Nedadion 3.4 : ) Qulowmesl Mﬁm W&ww“d.
) hpplicakion <ad > ke pracodsnce sver. 1~ and TT~ abshschion
) WX'MW‘MM&M@{J&W&WWkMM.
&m‘z& 35: TMLB:* LoB>L=(TTL: % (TTR:* (L=(B-LN.

Remenk 3.6 : ﬁﬂm‘wmcfwn‘.&tl%d A-caloulus N> Mok oan'A oxplicilly rneddofined
gonmalice uvially do 2L and. obl. upcoming, dypins, sypdens.
Wbﬂ 3.7 sledemenk, A:T, T:*,(')\l‘)cen‘ex‘,e(am
W Aehs, TeT,, on A:Tand T: % are called shadoments.
AL condech and domain are dofined necunsimely
) 0 is @ AL~ condech, dom () =(). & anpbyr 20
) Pl X2 conkech, TeVoikh Todom(D), )
Mon T, T:% nadd-codech, dom(T,T:#)=dom()-(T),
) Y T e AL~ conbexh, TeTa widh FV(T) < dom(T"), XeV\ dom (I°),
Mea T X:T 1nadd-condexd, dom(T,X:T)= dom()-(X).

Neuer Abschnitt 1 Seite 43



Type Theory, 43

Euun'&3.8:()5L:*;£:*,x:£"£;£:*,x:£"£.9:*;P*£:*,x:£“’£.9:*,y:£*3
e AL~ condeck and dom ()= (L, x,B,y).

Jenivebion rules for 21

Definikin. 3.7

)(m) MEXT f Tis @ A1-condexh and X:TeT
Gitead) (aﬂx) M-A:S-T M+-B:S
M=AB:T
(absl) M X:S+A:T
onigft on aoell [M=2X:S.A:S-T

B catfe (an)
,qe'un) T w i M & Ad-condexk, Te T, , and FV(T)cdem(I)
(uitak] (01111) M=A:TTX:*C M=T:*
M=AT: CLX=T1
(abst) M X: %= AT
CEAX*ATTX:*T

buample 310: Tod T, such Mok OFAL:# A L>L AL () T.
‘) (a) L. *

(D IAf:LaL A LAflfx): 2
() )\I:*.)\f:.("’.C.’)«XZ.C.f(fx)I... (Ma)m(y)
) (a) [£:*
(b) | [f:L=L
(c) | ||x: L

(w) f(fx)zz

(x) A Lflfx) . (abod) on (w)
(Y I L=2L A Ll - (absl) on (x)
(z)')\.C:*.)\f:‘(-hc.)x:.c.f(fx):... (GUQ)m(y)
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Dienstag, 6. Dezember 2022 15:53

9) (a) [£:*

(b |[f-L=L

() [||x: L

(v) fx:L (aﬂzf)n(b),(c)
o) || 1650 (appl) on. (b))
(x) 1x:£.f(fx):£-’£ (abd) on (w)
(W IAf: LoL A Lflfx): (L=2L) =2 L=L (abid) o0 (x)
(z) ')\.C:*.)\f: {-L. ')x:.(:.f(fx) : (abd d) on (y)

ML:s (LL)L>L

So (V- AL e A =L Axe L f ) Lo (L=L) 2 L= L
and Mus T AL2 A L= L Ak Lf(Fx) : Lo (L) Lo L

:(Mlmh?‘&)
. sweny DL~ conkech I oy Me Wiing. fomms.

(\) "'+ nat: ¥ (amumplion)

(B) r'"()\I:‘.lf:.[-*.c.'Ax:.C.f(fx))noT: (aﬂJZ)m(z).(A)
(nat-nat) = nal-* nat

(() T+ svc:nat=nat (wmp‘ipn)

(D) r'"(7\.[:‘.lf:.,[-’.c.')x:.C.f(fx))nuTsuc: (ﬂﬁ:l)m.(B),(C)
nal- nal

(E) T+ fwo: nal (amumplion)

(F) '+ (Lo A LL. AL f(fxnat suc fwo: Gappl) on. (D), (E)
nat

- corwension. andl. (3~ roduuchion. in A2

Definikion. 3.11: =

(1a) (nenaming, derrn) Yy FVAWBI(A), MRon Ax:T.A = Ay TA®Y
(18) (nanaming, dype) % B& FV(ABI(A), Mon AL:%.A =2 AB:w A
1 B FVMuBI(T), Men TIL:x. T TR 2T

(2),34),38),3¢) (WMM).(M). (M).l‘w‘i«:ﬂg) A in X
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Mittwoch, 7. Dezember 2022 19:53

Bfiikion 342
(1) (b, fosk sndon) (hx:T.A)B = ALx:=B
(18) (B, seond ordln) (AL:%. A)T = ALL=T

(2) compekbibiby) 4sin X

Exmnpﬁ 313: ()\I:*.'Af:.(*il.')«x:.(.f(fx))naT suc fwo
-0 (lf:naf"’nat Ax: noT.f(fx»suc two

=a (A x: nal.suclsve x)) fwo

=a suclsuc Two))

Gororal. roperdion o 22
M?.'Bsze%m, fommen and Mosrems Al hold in AL
) See Vaniable fomma
)Mfm«nﬂ.
) Gondonsing. famma.
) Covmubadion Somma. (ifl Ahe powniked. conlezh is sifl o vabid A2 conkech)
) Generadion. fomme.
) Subdenm. fomme
) Subsldubion Semme.
) CRunch.~ Rovson Thoorom
) Subjecd Reduckion. famma.
) Sheng Novmalimadion. Thorem.

'I«fpa.mfmm in ner fongorn. docidable in Q.
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8.1: Tid T auck Al [ FALBY: 2 Af: L2B.2g: B"X.)\x:.{,.g(fx):T and

(a) |£: *

(lo) 3%

(c) || ¥ *

d)|||[f:L=B

(e) [|][lg:B=¥

0 |||[p=

(s) fx: B (uwe)en(al).(f)

(1) q(fx):¥ (sﬂl)m (e).(s)

(v) 'Xx:.(.g(fx):f."x (absd) en (1)

(v) ')\g:B"X.')\x:L.g(fx):(B"'n"L"x (abud) en (v)

(w) 'Xf:L"B.')\g:B"X.'Xx:L.g(fx):(B‘*n"(B"‘n"L"x (abud) en (v)

(x) )\X:‘.')\f:L*B.)Q:B*X.'Xx:o(..g(fx): (absd) en (w)
TY:x(B-Y)-(B-Y)- LY

(y) )\B:*.)\X:*.')\f:L"B.')«g:B"X.')\x:L.g(fx): (absdd) en (x)
TR:*TTY: % (B=Y)+(B~¥)+ LY

(2) XL« \B: = \Y: *.')\f: L“’B.'ngﬁ"x. Ax: L. g(fx): (ﬂ“l)m(y)
TL: TR *TTY: % (B=Y)+(B-Y)- L~V

Shord version :

(o) [L:*.B:*. ¥ % f:L+B.q:B=Y.x:L

(x) [fx: B

(y) [qlfx):X¥

() AL« NB:»NY: *.')\f:L“’B.)g:@"x.')\x:l..g(fx):
TL: TR *TTY:* (B ¥)+(B-¥)+ LY
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Freitag, 16. Dezember 2022 12:37

8.2: Tinal T suck Mol nal:* lsool:*"'('AL.B:*.'Xf:L*.(.'Xg:L"B.)\x:I..g(f(fx») naf bool : T
(a) |nat:*, bool : *
(b) ||L:*.B:*f:L=+L,g: LB x:L
W |[fe-L

o) || £

(w) | lq(f(fx):B

(x) [ 2L: * 2B+ f: L".(.'Xg:.(."@.)\xzi,.g(f(fx»: LTI (L-L)(L~B)>L~B
(y) |(OL: *.'XB:*.?\f:L".(.')‘g:L"B.)\x:L.g(f(fxm nal:

TTR: . (nat = nat)>(nat +B)~nat=R

(z) |(OL: ‘.)B:*.'Xf: L“.(')\(JL"B)\xi.g(f(fx») nat bool :

(nat = nat)> (nat < bool )+ nat -+ bool

8.3: Tiel A suck Mal nal:* = A-TTL,B:* (hat=L)= (L= nat = B)=naf 2B and
gitoci‘a tmfut dvimwakion. in f(aq M

(O) naf:»

(b) L% 0:*fnaf>L.q:L~natf =B, x:nat

(W) ||fx:L

(x) ||9(fx): nat=B

(y) |lq(fx)x: B

(z) | ML *.)B:*.'Xf: naT“.(.')\g:L"'naT" B.\x: naT.g(fx)x :

ML TB:# (nat=L)=2(L=nal = B)=naf~B
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Dienstag, 10. Janner 2023 14:41

B.h: Tid A suck Mal ()FA-TTLB,Y: . (L2 (R-L)=¥)L~Y Mwlgimi.‘s am‘ldt
doivskion. in flag Joumad
(a) [L: % B: % ¥ % £ L(BL) Y. x L
(b) y: B
(v) |1x:L
(w) )y:B.x:B“’I
(x) | fu: (B~L)~Y
() [ Oy Bx): Y
() XL:*.)B:*.'XX:*.'Xf:L-'(B*.C\"X.')‘X:L.fx()ytﬂ.x):
ML e TTR:*TT Y (L= (B-L)=¥)2L~ Y

8.5: Lok nal = TML:#. (L2L)=LL, zero = AL Af: Lo L Ax Ly,
one® A\ *. )f:[,"i.')\x:i,.fx, suc £ ')\n:naT.)B:*.'Xf:ﬁ"’B.’)x:B.f(anx)
and shons Mak ()= zero:nat, O-cuc:nat = nat, suc zero =s one.

(a) L. *{L>L.x:L
(y) x:L

(z) zero: nat

(a) n:naf.B:%.f:8-B,x:6
(v) |nB: (B-B)=~B-B

(w) nﬂf:B"’B

(x) anx:B

(y) f(nBfx):B

(2) suc: nat=nat

suc zerp = ()\n:naT.')\B:*.?«f:ﬂ"B.')x:B.f(anx)\(')\.(:*.')«f: L~L 2 L.x)
~4 'XB:*.)[:B"B.'Ax:B.f((')\ﬁz*.)f: L"L.’)\x:i,.xmfx)
» 'XB:*.)f:B"B.’)x:B.fx = one
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B.GZMJ.EW@(,:*.LWMM in e MX:L,B:*, B ia inkabuladed.
Inkengrel Min obrervalion in Hhe condech of Me Gy~ Horomul - isomenphliam.

(d) )(:.L.B:"E
(z)IxB:B

ﬂluhMMdewthmum.wlMu“M".

8.%: fob bool= ML: 2. LL~L, frue= AL: . Axy:L.x, false= NL: *Ixy:Ly,
shens Mhad () true : bool, )+ false - bool, and M nof : bool # bool
such Mal nof true false and. nof false *sfrve (Rind - cf Econcine 33).

(a) L:*.x:.[..y:;C
(y) Ix: L
(z) true : bool

(a) £:*.x:£.y:£
(y) y:L
(z) false: bool

nof = Nz: bool. z Eool. false True
nof frve = (Ma:bool.2 bool. false True) frve

* Trve bool false True
= (N *.'Xx.y:o(,.x) bool fa[se True
a false

nof false = (A2:bool.2 bool false frve) false
“a false bool false frve
= (W\L: *.'Xx,y:o(.y) bool false frue

" frue
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Mittwoch, 11. Janner 2023 11:51

1 Lyt diplising, v dqpu Mo sisien 30
hAd: Mq‘mhw MGy = AL Ax:Lx.

hAw: QMM«\,WMW {~L, B~A8, (T"S)“U"Smaﬁaf‘h{om ‘i
MMMA«“&MMM AL:* L-oL wilk (DL:*. L-L)B = BB

Whal are e dyper of AL:%.L~L and AL:#AB:#. L+R2
MW: AL:* LoL:#o% gnd AL *AB:.# LB k2 uox
Defiridion & 1 inds, K, 0, sovhs , 5, (praper) dupe comsbruchors e o fesane
VK= # 10K~ K) dansks e ek of alf finds (*sapes dger”), 1"
) 0 dansles Mo Aype of oll Binds (Ma only " supen i ype).
') *and 0 are called rovds and nse dake s Jo cilfer sland for* o D.
') % B:0 and A:B (and B#%¥) Man A s callod o (praper) Aype cosbruchon
wlrl -)&‘*-aa'u-n-n‘(as-u)-eaelK.

)Mo hawe 't fovels of slademonhs sad. jurlpensoh
M'l(‘vm):x:f.,')x:L.x:L"’I.
WQ(GMM):L:*,L-‘B:",'A‘C:‘.L"I:"”‘.
Evotl 3(Rinds): +:0,42%:0 ¢2291.0, (s24)2. 00

fel 't ( supen siper. bype ) : D,
Wema,bma."wdqm\l Rain”: x: L ¥2%. 0
e sypdom, D
Definidion +.3: Aw
Aw =Y [ (Aw Aw)l (AV: % Auw) .. Mo rel af lwwndwdm
Romenk & 4:V={a b.c. .} V={L BY Y} T=VIHT-T) and
Ar =V IAAIN(OV: T Ay) are & in A,
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Mittwoch, 11. Janner 2023 16:34
Joniwadion ruudes ﬁm Py
ﬂef«uMIrS :

Aled) (OF*D /Mnufub\m:s=!bm5=n
“ (o) T eAs” i X dom(D)
(sident) P AEXA
(M);(maft) M-A:B M+C:s 4)(4:49'“”-1)

I"'.X:Cr-A:B
(M)/-(F&un) M~-A:s =B:s
M-A-B:s
(epp) TrA:S=T IeB:S
M=AB:T Pt
(abk) T X:S+AT M~S-T:s
M+=2X:S.A:S~>T
(o) T+A:B "B:s i B=B
MEAB s

Remank 't.6
") (m)umnxgothww:
- welending a wnled
-mm,mwwmaauwm.um.
Wmavmwd%«wed.kdkﬁmwmmm}l
(m)ulmguwml Man in A~ and N (Laud dnlaluMm@t).
) (M)a%mkmhaaM%Wme.
Wilhouk U re couldn' 4 W,n.*.(:*,ﬁ:**‘ﬁ:* oL veen
L% Bw-B:% (rince nve couldn'k oblain L %+ »: D)
1) WW-W&A&(«Wl)Mm'AQ.M&weMW
Wau&wdmwwvafudd (c.f (cﬂ;)n«feifS"TMa.M).
hMmmmMm&mmM(m)wa,wg.
Mex:B-2B fom M+ x: (AL * L2L)B andl T FB-B:»*
We sccond premirs of (corns) is nacamany because, o.g., for aff A one han
B=2Y¥=a(AL:*. B2Y)A orven 4 Ais nod M‘M
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Donnerstag, 12. Janner 2023 12:26

Erm‘h‘r.?:
(1)=.0 (send) QReovlencd dovisakion:
L% (a)|B:*
()L * (vax) on (1) (&) |]|L:*
x:d (1) |1 L~L:*
3) | x:L (vax) on (2) (15) | AL % LoL: %%
) [I L= (wmk)eu(:l).(l) “16) | (AL :* L~LIB:*
(5)[*:D (mea)on (1),(1) () ||[x:OQL:*.L~L)B
3% (“18) || x:(AL:* L~L)B
(6) || L:* (o) on (2),(5) (Q0)[Ix:B~RB
() ||B:* (var) on (5)
@ || -8 (fom) o (6),(7)
() %>% 0 (fow) on (5),(5)
3. %
(10) [+ O (roeak) on (1),(1)
L%
|| L:* (vax) en (10)
D) || L~L:» (fm) on (10),(41)
(13) | #% .0 (Jrm) on (10),(10)
M) [ AL > LL:®—x (o‘s‘)m(ﬂ),(ﬁ)
(15) |3 : = (var) on (1)
16) [ (AL * L~-LIB:* (ﬂpp)en“'l’).('ll:))
(19)|B~B:» (fom) on. (15),(15)
x:(AL:». L-L)B
‘18)|[x:(AL:* L~LIB  (war) on (16)
(19)||B-B:* (roeak) on (17),(16)
(Q0)[1x:B-R (cone) on (18),(19)
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Donnerstag, 12. Janner 2023 14:48

Gororal. roperdion o dw
MQ.B:%MMWMMMWMQQ:
) oo Vaniahl fomma
)Mﬁumna.
) Condonsing. fomma.
) Counubekion Somma. ?
) Geaonakion fomma. Capask- from. (cows)
) Subdenm famma indad 537,
) Uniguonass of Typer fomma. (ue do (comw): 1"+ A: S, T'e AT S=0T)
) Subsldudion fomma Samme. (o) rule
) Cunch.~ Rowsen. Thosrem. /P*frB '“*Hf
) Subjeck Qoduckion. fmwa. - ylp ey g
) Shong Nevmalinakion. Thoorem.
Exonciser I

71: Gue conplole me‘wmcf (Jr(x-%)»e-0 god L:#B:2-(L-B)2L: ¥,
(1) *:D (sedd)

(2) x»3:0 () o0 (4,1}

(3) (s%) 230 () o (2),(4)
L *

(k) |L:* (van) on (1)

(5)[+:D (r0eak ) on. (1),(1)
3: %

6)||L:* (roeak) on. (4),(5)

(B |[|B:* (var) on (5)

@ || L~8. 4 () on (6,(7)

W02 Ga)on (31,(6)
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7.2: (use MJM»“WOF LB:#*xdy: LB 2:B=L+zlyx):d
and L:* B:e—sw x:B(BL)")y:L.x: L-B(RL).

(a) L:*.B:#.x:L.y:I,-*B.z:B-'eC

1) yx: B

(2) z(yx):.\C

(a) [L:%.B:*>% x:B(BL)

(B) y:.C

(1) ||RL : =

(D) ||BBL): *

(3)|Ix: B(BL)
() [ 2y:L.x : L=BBL)

9.3: W&WM* L% x:LF '}y:.ﬁ.x (AB:* B-B)L.
(a) |L:%.x: &L
(b) Y:L
1) [Ix: L
() Ay Lx:L-d

(3) ')\y:.(,.x:(')\ﬂ:*.ﬁ"ﬂ)i
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Dienstag, 17. Ja r 2023 16:12 / Mu

5. quuin‘)mqu,m‘m Jho syplem AP

I Aw: dype comhuclen, dnpmfw’ oul«“ws. AL:* L-L.
AP Mype comhuclon, da‘mdwg on dewns, Ax:T. A nhone Abso.A(“n.

(1) Sebs: fob Sn Be @ sod for oll n: nal (may Miok of soh & dypes).
Thon Dn:nal. Se is & dype (dgpe coshucdon) dlopencling on. Me denm. 0.
An:nal. Su maps n do & sod So (seh- valued funchion)

Bdhor inkenprodadions : An: nal. Su in & * familly of dyper’ o an” sndured dype”.

(L) Buoposikons: {ok Pn Be o proposikion for afl n: nat (i.e Poine dype by PAT)
Thon Dn:nal.Pa is agein & Ay Clgpe consbuckon) dopercliog on Mhe donm .
An:nal. P maps n do o proposikion Poonn, ie. Dn:nalPe in e pusicale.

Eamphe 5.1:
(1a) 4 Sa={0.n.2n..3 Mo (An:nal. S)0 s {03, (An:nal. Sa) 1 =6{01,2,.3...
Whel i Me Jupe of Dncnt $u7 Shoud be nat =¥,
(h) 4 Vo= Lo wdivi <Y, Men (An:nal. Sa)5 rcuces do dRe soh of all segquences
of nahval numbeu of fungh 5. Again ik dype should be nat - .

(2) 4 Pa.. nis prime, Men (An:nal.Pa)3 s Trve, (n:nal Palt 2o {alse...

and An:nal.Pu is dhe prdicale “do be prime”, again wilh polenkial Aype

nat - ».
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Mittwoch, 18. Janner 2023 12:25

Yoinkion b o 3P
W'ms.iz (ompanisen il N :
Aled) (F*D /‘"""‘""*“‘m"“““” ilondicel
Y alwe)  _TrAs” o Xedom(T) islandical
et M X:ARX:A
ek PEAB TeCis X4 donlT) ke
M X:C+A:B
(M,’(FW") M~A:x [ X:A+B:s M~A:s TIeB:s
M=TX-AB:s M~A-B:s
(dﬂl) M= A:TX:ST M=B:S M~A:S-T M+B:S
M=AB:TIX:=B] G M=AB:T 7
(ebsh) T X:S-A.T M-TX:ST:s CX:SHAT M-S-=T:s
M =2X:S.ATXS.T [M+=2X:S.A:S-T
(o) TM+A:B I+B's i B=B iclandicel
M +A:B N it

(R.uwz’ts.?):mi#wmu ﬁdmwo. ')\PMJ.'X!.':

1) '\lﬁndnef == ypes o T~ Mypes in (.fam).(a”l).(dnl).
) ﬂlemqudz 4:@&1‘.[%» in (fw«) (s=%r0 Amurd e @ dem, ne XL:*.Lin)P).
Double nole of (foun):

s% A Biw po A B:* (eg. Tn:nal.nat: # wilh inkebilant )\n:natfn).
§¥0:A:%, B:9 40 A2 B:0 (eq. Tn:natl.# : © wilh inkebiland An:nal.Pn).

1) Cclend conlecd of socond premins of (foum).

1) Aakomedically saduce subpieh Ayoe in lugel) (TLx=B1),

‘) There ane m“'"(“min')\l’ Buk noe nride A-B fuTrx:A.B 4# x ¢ FV(B).

) AP fan all Mo *vice preperdin” off D,

(Ramank 5.4 : The fermakion nule s abe called “produck nule” becoue «.T[-A“muww

o Gl bk of ol o Ao § A i ok bpe i 4
Ave odomenks w,.a,, Aen "Tx:A.B=BLx=4a.JxBLx = a.]" T-dypes are

Mus o qeraralizakion of Me (ankesian. produck and of Me space o funchom A~B.
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Mittwoch, 18. Janner 2023 13:50

&m‘hs.S:
(1)*:0 (sed) Redencd douwaldion:
A:* (a) [A:*
(DA :* (vax) on (1) (B)||P.A-%
(3)|*.D (roeak) o (1),(1) (c)]||ix:A
XAl cmeA R (“11) | [ [Px - *
(4) [l =.0 mt‘;? (e ) on (3),(2) (d) y: Px
(5) | A= %0 iy sbatitont (faun)eu(g).('f) (16) y:Px
P:A—>% '/’“-'*'A;‘fm “17) ')\y:Px.Y:Px"Px
(6) [|P:A~= (var) on (5) (18) ')\x:A.')\\/:Px.y:
(F)[|A:* (roeak) on (2),(5) Trx: A. Px—Px
(8) ||*: 0O (roeak ) on (3),(5)
x:A
D |[]|x:A (vax) on (7)
(10) ||| P: A== (roeak) on (6),(F)
(1) |||Px: # ot v (ogp) on, (10),(9)
(12) || Tx: A.Px:* (fdun)en (#),(11)
x: A
y: Px
(13) Py: % (reak ) on (11).(11)
(‘1%) [| | Px = Px : * (fown) o (11),(13)
(1) || TTx: A Px=Px:* (fown) on (7),(14)
x:A A
y: Px N
(16) 'y: Px (vax) on (11) F mmpx
17) %,:Px.y: Px=Px  (abd) on (16),(14)
(18) ')\x:A.')\y:Px.y: (ebd) en (17),(15) U

Tx: A Px—=Px
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Mittwoch, 18. Janner 2023 17:30

Minimal predicale fogic in AP : u\cdm% 3.V, sch, and pudicales
PAT: - )'lfa.humMdauh“xP(bz P)WPMWMMQW&.

MmmWPuaMGfPMpudeMM'
VY 1o inkabikool of o WPM Ken. More is a0 procf of P, 10 P wusd Be fabse.
Yoro do ancode Basic onkibios of minimal predicele fogic in WP 2
(1) Seds
f«w&%u‘wz& »e S %,
%Mef%mlm uauuzfe«m‘ S4a§
- nal: ¥ nal *nat:*, 3:naf, An:naf.n:nat - naf.
(2)
are alio oncedud as dypes, 26 P
Ao PAT, & Adovn p widk p: P oncodes o P (iJf Pis duwee).
ey s kP e e o P Gl
AMP&&MW&MLA&M#JIW,MP:S**&»«
predicale on Mo sol 5.
Tor cack a: S we Men hawe Pa: *.
mo{/«ﬁuepamiywrou‘wmv&d»ml«“m.wpa Se infabidaded :
)’)@PGMMM A0 p: Pa anmp PW!MG
) 4 Pa is neh inkabidaded , P eloes mol foldl for a.

(‘t)’lvqs&ukn
A=B wilk A=B (=Trx:A.B i x&FV(BD.

Mﬂ.’cahn )A=B i Awe.
)']fAmbwz ARen B is Awe.
Y4 A is inhebidades Men B i inhabideded.
) Tene in o funchon mapping inkabikanks of A Ao inkabikanks of B
')Mhmfnﬁ‘&f:ﬁ"ﬂ
') A= B s infabideaded .
Thus, Me dudh of A= B is squivalonk do Me inkabidahion of A->B.
We qed 2 - inkoduchion and 2 - climinodion for free!
(absk) = (=-inhe) [bumeA] (app) = (-ofim) A28 A
: B8
B
A=8
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Mittwoch, 18. Janner 2023 19:06

(S)Vnwmal '
Ve S: P(x) nibh Tx:S.Px.
'}w‘o{cahn ) Ve S: P(x) is Awe.
*) Jor oach x in Ao aed S, A&WP(HMM
')%’.MXMSMR‘WPXMM
')MQ@MWMXMSJO%W#PX.
')T&wmmfmﬂtf TIx:S.Px.
') Tx:S.Px s infabidaded .
Thas, ‘hMG‘Va{eS P(x)uqqu‘olh adeafTrxSPx
We ged V- inkroduchion and. V- eliminadion for free !

(absd-) < (V - invho) Lol xS (%)a(v-,,ﬁm) VxeS:P(x) NeS

: P(N)
Vx€S: P(x) Mok TX:S.T is noell-foumed ,

J in haken. for qranled iV -inkn
Compane (M),F.X:SI-A:T M-TXST:s
T ponk of conkeck s M =2AX:S.ATX:ST
%Mwmm M«&Mu{vx‘&m’ \fogzP(x)
(aﬂx) M~ A:Tx:S.T Me=B:S
M~AB:TI[x=B]

oo ek of PCN) 7 N e

Remenk 5 .6 : mwwnqahnmpm,wmnnmwww
in AP (Mkw&mmﬂ%m).

Ewn‘nb,S.?: PAT isderpredakion of Example 5.5.

(12) A:» P:A=»we+TIx: A Px.*
YAisasdond Pis o pudiale on A, Men VxeA:P(x) is o praposikion.

(15) A:» P:A-»%+ TIx: A Px—=Px:*
In Ahe rame MM\?.VX‘A:P(::\*PM he Wm

(18) A:» P:A-»we ')\x:A.'Ay:Px.y:TTx:A.Px"‘Px
hﬂzmdﬁl\?.)x:A.')\y:Px.y umMM/MﬂF
VxeA:P()=> P(x) wnd Ahun VxeA:PG)=Plx) in Ao
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Mittwoch, 18. Janner 2023 20:54

Frangle 5.9 : 4 fagical drivakion, in. AP

Shons Vx€S: Yy eS: Qlx,y) = YueS: Qlu).

Nehunal eoduclion :

(a) |Asume: Vx‘S:V\!‘S: Q(x.y)

(B) | |SehveS

1) Vy‘S:Q(u.y) (V-2lim) on (a).(“
(2) |1QCu.w) (V-elim) en (1),(B)
(3) [YueS: Qu,v) (V- inke) on (1)

(‘r)Vy‘S:Vy‘S:Q(x.y)QVVGS:Q(U.U) (V- inkw) on (3)
AP:

(a) [S:*

(B)[|Q:S>S»=

(c) || |2:MMx:S. My:S. Quy

(d) u:S

1) zu:TTy:S.Quy (app) on (c),(d)
()| |lz2vv: Quu (app) on (1),(d)
(3)| |1 Av:S.2vu: TTu:S. (b)) on (d)

(%) )\z:(TTx:S.Tfy:S.Qxy).')\u:5.zuu: (eddt) on (3)

fo:S.Tfy:S.Qxy = TTV:S.QW
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Mittwoch, 18. Janner 2023 21:43

10.1: q«sea.ahrut me‘wwef S:«= Q: S"'S"“’"nx:s.ﬂyrs.Qxy:*.
(1)%:0 (sod )

S: %
()|S:* (vax) on (1)
(3)|*:D (roeak) on. (1),(1)
x:5
(4) [l =.0 (oeak) on (3),(2)
(5)[5u:m (fom) on (2), (1)
=
6)|[S»=:D (oeak) o (5),(2)
(B|5-+5+:0 (fom) on. (2),(6)
Q:S>S—»%
8)|[Q:S~S—» (vax) on (3)
(D|[|S:* (oeak) o (2),(3)
x:5
(“10) ||| x:S (vax) on (9)
“11)|[]Q:S»S-* (roeak ) on (8),(9)
(12)[||S:* (eak) on. (9),(9)
\'/:S
a3 ||[[y:S () on (12)
%) (||| x:S (roeak ) on (10),(12)
(15)[{[{|Q:5=S~* (e ) on (11),(12)
(16) G.% (roeak ) on. (12). (12)
“17) Qx:S—* (aﬂ;)m (15),(1%)
(“18) Qxy:* (a”;)en. (17).(13)
“19) \Ty:S.Qxy:* quun) en(16),(13)
(20) Trx:g.nyrg.Qxy:* q’emn) m(']l).('”)
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10.2: fd M=G. % P:- G~ . f: S-5. q: S"S.u:nx: S. (P(fx“’P(gx\),
v:Trx.y: 5.((Px“‘Py)" P(fx» and A=Ax: S.v(fx)(gx)(ux).

Wi prosikion B % s A & g, ojsch o2 ine & hoolensd. dvioulon B,

(a)|S: %, P:S—»«

(8) |[[5=8 g:5=5

(c) | | [u:TTx:S. (P(fi) = Pgu), v : T,y :S.((Px Py} P(fx)

(d) x:S

||| fx: S qx: S

(1) Ux: P(fx\ - P(gx\

|| || v(fx):Ty:S.AP(fx)=Py)= P(f(fx])

||| v (Fxdgx) - (PLExI=Plgxd= P(F(Fx)

(5) V(fx)(gx)(ux): P(f(fx» /EB

BY 111 Ax:S.v (Fx)g)un): The:S. PEF(Fx)

10.3: {4 S be & 2, QR Mmla‘wms.f.g ‘Pwlmpwm S Ae S, and avume
Vx,y‘S: Qx.fy)= Q(g(x).y\ , Vx,y‘S: Qx.fy)= R(x.y) ,and VxeS: Q(x.flf(xm.
Chons V€ S: R(g(ﬁ(x». g(x» in AP

(a,) S:#,Q:S»S »« R.S»G »«

(B)|[F5=5.95=3

(c) u:Trx.y:S.(Qx(fy)"Q(gx)y). v :fo.y:S.(Qx(fy)"ny).w:'lTx:S. Qx (f(fx)

(d) x:S

(1) fx:S,gx:S,f(gx):s,g(gx):s

(2) Y, (g( gx))(gx) : Q(g(gx))(f (gx)) - R(g( gx))(gx)

(3) ||| | ulgx)flgxD: Qlgx)(f (f(gxM->Qlg(qxI)f(gx)

(D[] | wig): Qlgx)(f (f(gx)

(5) u(gx)(f( gx))(w(gx)) : Q(g( gx))(f (gx))

(6) ||| ! vlq(gxNgxMulgx)(f(gxilwlgx)) : Rlg(gxNigx)

() 11 2x:S v (q(gxDlgxMulgx)(f(gxilwlgxl) : TTx: S Rlg(gxlgx)
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6. )C=’)\2*'>\Q*'APZTKQ(«W0{¢WW
Wemonzﬂa{dmahmnub bmﬁimaﬂm‘dum:
ﬂef:}dmﬁ.'l:

}‘(M’l‘) ()"*‘D Mve nuder in one s =% g1 =0

O oe) T eAs” i Xe domlT)

(et M X:ARX:A
. );n(ma!t) M~-A:B M~C:s i{X#Jsm(P)
et ™ X:C~A:B o o in e

(M);((om) M~A:s, F.X:A"-B:S;/:&‘m*mp:

M =TX:AB:s. «=A-BUX¢FVE®)

(a,ﬂd M= A:TX:ST M=B:S
M+~AB:TIX:=B] @

(abh) T X:S+A.T M-TX:ST:s
M =AX:S.ATXST

(onw) T'FA:B I'eB:s f BeuB
M+A:B N Geteat)

Remank 6.1 : The allorsed. combinabions of s, and s, dofize whick sydem nse are in.
o0 ReN-abe 0 (% %), den. dopending on Aoun :

G D OFwLoxil-L
- g (*.U).Wd.qwdm% en Aeun :
f;:; %;:; A% P:A=>%+TTx: A Px:*
| (2,%), doun. dopending on dype:
e ¢ OFALEARLL L fe
. @.0) TL:* (L~L)L~L
A N (0,9, Aype dopending on Aype:
(2 o OFAL:x L-L %%
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JMQ\CA&MWM\’MMMJWWW

Sefuikin.6.3: Ma sch € of A~ spromions
€= V%19 1(EE)I(AV:EE)I(TV:E £).

MG.H:%W fommenr and Mosrems Al Aold in AC:
') Thoe Vaniahle fsmma
) TRinning fsmma.
) Gondonsing. fomma.
) Conmudakon. Somma. 2
‘) Generadion. fomma. (afwd-(.m(cow))
) Subdenm. fomma. inoad. o 5T
) Uniquonoss of Types fomma. (due do (conw): M +A:G T+A: T=>S oT)
) Subslidubion Semme.
) CRunch. - Rossen Thoorem
) Subjecd Reduckion. fomme.
) Sheng Nevmalisalion. Thosrem.
ogic in NC: MaJM% L= A v and3d
M-(5): e in AP (%,W,M.W,WW@M)

(6) Morundidy / lives in. ML, ie. doniwakon of V- L: 8 powible in N2 (c.{. Ecocine 2.6)
Sl L=TTL:* L.
Yudificalion: ) B L in A Men afl preposikions ane .
')ﬂlumlﬁmﬂmiaaw«n‘mmw
prupesibion £ o an inkabilank of L. Suck o funclion Res Aype L .
W.MAW«MﬁJ&M@:{L
'Wzgz‘.l:hdeioumd.l eliminadion for free !
(ew)“’(l*idw) A (a,ﬂx)“’(l olim) -'-
afined. noch

_L
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(7) Negodien.
Sd =TTA:». A-’.L
We qed - inboduckion and. - oliminodion for free !
(absh) = (+-inhs) [paneA] (gpp) = (+-dlim) 2A_A
s 1
1 1pA and B dogalhon. imply C, Men C hotes on. ibs Swmn.,
=A b1 Mk o B bt i ndindt
(8) Gorjunchion 7 Tl onden: m*frB."“(A*"B)mﬂimmw fogic.

Gob A= TTA:9 T80 TTC:. (K~B~C)=C and umike AnB fn AAB.
'Wzgel/\ inkroduckion and. A - dammlm{m{&we‘

(A-inke) A_B  (A-glim-1) AzB (A-elim-n) AQB

AAB

(A~ inhe-ne) A B & (A-inho-sec- M) Pru:A [ryv:B
YC:(A2B=2(C)=>C M-2AC:*Ax:A=B=C.xvuv:
TC:e.(A-B~()~C
(A-elim-pec-1) YC: “”B"C)"C o (A-ellim-pec-0-M) Cru:TIC:e.(A-B~()=C
M-uA(Ax:AQy:B.x):A

(A-elim=nec-n) YC: (A=>B=>C)=>C & (A-olim-pc-n-M) Dru:TIC:v.(A=B-~()~C
M-uB(Ax:ANy: By) B

ﬁAmBWC.MC Rolels on ik onrn, it . Med A or B felss s nedundank.
(7)mwndun {Smmd.e'duun:duqafv Tud onden : v‘T\'A*TTB*"A-'Bm&‘mahuLMbW

Sed vETTA: . TIB:*#TTC:#. (A= O)=(B~ ()= and noide AvavaB
thdv MMMMV Mu{m\@m‘

(v-inhe-1) (v-inke-n) (v-efim) AvB A=3C B=C
AvB AvB C

(v-inke-pec-1) A
YC:(A20)2(B=>(0)>C
o (v-inhe-pc-1-M) [rv:A
MeAC:*Ax:A=C. Ay:B=+C.xv:
TC:s.(A-C)=(B=(C)~C

(v-inhe-sec -n) B
YC:(A20)2(B=2(0)>C
o (v-iohe-sc-n-M) M+-v:B
MeAC:*Ax:A=C. Ay:B-~C. yu:
TC:» (A*C)"(B-'C)-'C
(v-dlimsec) YC:(A20)3(B3C0)2C A3C B=(
C
© (V°dlm-b?£'“-) P"U:"CZ'.(A':Q)“(B-’Q-.C r"'V:A"C P'_w:BL-.C
vCvw:C
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Dienstag, 24. Janner 2023 16:45 42 Px implins C for off x in'S | Ao C Rofels on i onen,
i.e. Mad Py implis C for ol x in S i» nedundenk.
Second. erulon enceding of 3.
(10) Ccisdonkial quankificakion i mdu:BiTFS:*.’T‘TP:S-i#.-TTx:S.-Px,mb‘ oba in. classical Logic.
Sed I=TIS: . TTP:S»>*TTC:#.((TTx:S.(Px=>CN=C) and nmide

I%€S5:P(x) for ISP, N M codd i sk V3 TTS:0TTP: 5 .S, and e Ve S:P6 i YSP.
We qed 3 - inkoduckion and 3 - eliminadion for free !
(F-inhe) AeS P (J-glim) IxeS:Plx) VxeS:(Plx)3A)
Ix€S:Plx) A

(3 - inke ) AeS P(A)
YC:((VxeS: (P2 CN2C)
o (JF-inhe-rec-M) PeA:S Mry:PA

MeAC:*2y: (The:S.(Px ).y Av:
TC:#.((TTx:S.(Px=>CN=C)
(3-olim-nee)  YC:((VxeS:(PLISCNSC)  VxeS:(Px)2A)
A
o (I-elim-pec- M) Prv:TC:».((TTx:S.(Px=2CN=>C)  Mev:Tx:S.(Px=A)
vAv:A

(11) Axioma
A amamplion. . ok o, cokec

Summerny

(1) Seds G:.#*.

(Q)BWDM P

(3) Cuedlicales P:S =%

(‘r)'lmpfwdin A2B=A->B (=Tx:A.B if x¢FV(B.

(S)Wq. VxeS:P(x) =Tx:S.Px.

(6) Mbsundidy L=TL:* L.

(7) hogahion. == TTA:w. A L.

(B)vadwn AETTA:*TIB:*#TTC:#. (A-B-C)~C, AAB=AAB.

(7) Qisjunchion v=TTA:# TTB:#.TTC:#.(A~(O)=(B~C)~C, AvB=vAB.

(40)&Mm‘mlq A= TIS:*# TTP:S»*TTC:*.((TTx:S.(Px=CN~(),
I%€S:P(x)=3SP.

() heioms Aol assumphion. in. Jronk of. conkeck.
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frangle 6.5 : (AvB) = (A3 B)
B AC: (TTC:#. (A= 0)+(B=()+0)~ (A= L) =B,

(a)
(8)
(c)
(d)
(1)
()
(2)
(3)
(%)
(5)
()
(6)
(7)
(8)
(9)

(10)

A *

B.-=

x:TC:#.(A-0)~(B~()~C

y:A-Ll

xB: (A-B)~(B~B)-B

v:A

yv:L

yuB:B

Au:AyuB:A-B

xB(Au:A.yuB):(B~B)-B

v:B

v:B

Av:B.v:B-B

xB(Au:A.yuB)Av:B.v):B

Ay:A~L xB(Au:A.yuB)Av:B.v):
(A-L)-B

Ax:(TTC:¢ (A~ C)=(B-0)-().
Ay:A=L xB(Au:A.yuB)Av:B.v):

(app) on (), ()

(app) on. (d),(2)
(app) on. (2),(5)
(abh) on (3)

(app) on. (1),(1)

(var) en ({)
(ab) on (6)
(app) on (5),(F)
(abh) on (8)

(ebh) on (7)

(TC:».(A-CO)~(B-C0)~C)~(A~L)-B

Mlenahime for (c) and (d) for full enceding o " and v

(¢)) [x:(TTL:«TTR:» TTC.#.(L~0)~(B~C)-~C)AB

(d) y:(TTL:». L 1)A

(c)||x:TTC:#. (A~ C)~(B-(C)~C (com) on (')
(4) y: A-L (co) on (d')
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Cranple 6.6 Guoef of double negakion from. exchudoe midle

(a)
(B)
(c)
(1)
(1)
(3)
(%)
(5)
(d)
(6)
(7
(8)
(7
(10)

(1)

Axen: TML:*. Lv~L

3.«

x: 03

Acen B:Bv-B

Aeen B :TTC: * (B~ 0)~(-B-0)-C

Acen BB : (B-B)=(-B-B)-

)y:ﬂ.y:ﬂ"‘ﬂ

Acen BB(?\y: B. y) (-B-B)-0

z:003

xz:1

xz03: B

Az:1B.xz0B : -B-0

A‘CEM BB()\Y B y)(')\z. "B.XZB) . B

A 7B, heen BBy : B,z ~B.xzB):
a3+

AB:x . heew BB B. )z B.xzB):

TTR:#.--BR~-03

Colendiad exchonsions of AC
+) Uninsemer: Seb Oo= 0 and, asume Oi€ Bisr for of i€ N,

) Sum g

Ade udos " —A:% [T ~A:0i g4
Mr~A:8. M+A: O

neplace (forum) rouih. M~A:0. MX:A+B:0o; .

M +~TX: AB:Omtijp

(app) on (2),(B)
(app) on (2),(B)
(app) on (1),(B)
(ed Rec)

(app) on (3),(%)

(app) on. (c),(d)
(app) on. (6),(5)
(abh) on. ()
(app) on. (5),(8)
(abh) on. (9)

(edsh) on (10)

MA:* [ X:A=B:* [M~A:0i MXA=B:0;

M~ 2X:AB:.» M~ ZX:A.B:Daatip

-)Wm:-’)\D.

Neuer Abschnitt 1 Seite 69



