Basic Set Theory
{} [Sets] Let X beaset. (NcN,cZcQcRcC)

N {1,1+1,1+1+1,...} Fails: ADD(N)(1), MULT(1)(0)(S)
N, & Nu{0} Fails: ADD(I), MULT(l)

Z < {xeR:x=0vxeNv-xeN} Fails: MULT(l)

Q< {xeR:(IzeZ)(IneN)x=12} Fails LUB

JU ={xe X:(3V cU)xeV| (U ={xe X:(VV cU)xeV|

(countable) X finite v |X|=|N|

f (X) [Functions] Let f bea function that maps Xinto Y f : X Y < (Vxe X)(3lyeY) f(x)=y
(inj) (Vx,x'e X)x=x'= f(x) = f(x) (in) (3g9:Y - X)go f =id,
(sur) (vyeY)(Ixe X)y=f(x) (sur) (3g:Y > X) fog=id,
(bij) (VyeY)(31xeX)y=f(x (bij") (Elf’l:Y—> X)(VXG X)x=f7(f(x)
A(VyeY)y=f(f(y)

(X,<) [Order] Let(S<) beatotal order ontheset S
) (VxyeS)(x<yaly<d=x<z () (VxyeS)x<y=x#y

© (YxyeS)xzye (x<y)v(y<x)  (c) (Vx,yeS)(x=y)xor(x< y)xor(y < X)
[Bounds] Let b element Sbe a bound of X subset S

(ub) B(X) < {be S:(¥xe X)x<b| (max) (3be B(X))be X = b=max X

(sup) [(VseS)s<b=(Ixe X)s<x|<b=supX

(lub) (VX = S)(X = D) A(B(X) =) = (Ise S)s=sup X

K [Fields] Let K be afield then K satisfies ADD,MULT,DIST

ADD (C) (Vx,yeK)x+y=y+x (A) (VX y,ze K)(Xx+Yy)+Z=x+(y+2)
(N) (30eK)(vxeK)0+x=x=x+0 (1) (vxeK)(Iyek)x+y=y+x=0
MULT (C) (¥x, ye K)xy=yx (A) (VX y,ze K)(xy)z=X(yz)
(N) (LeK)(VxeK)Ix=x=x1 (1) (30)(VxeK)x#0=(IyeK)xy=yx=1
(0) 00=0 (S) 01

(DIST) (VX y,ze K)X(y+2) = Xy +XZA (X+Y)Z= X2+ yzZ
Ordered Fields also need: (OADD) (Vx,y,Ze K)X<y= X+z<y+2Z
(OMULT) (Vx,y,ze K)(x<y)A(0< 2) = xz< yz

C [Complex] C=R xR isafield satisfying ADD and MULT in the following way
(ADD) (u,v)+ (X, y) =(u+x,v+Yy) Inverse: (—x,—Y)

(MULT) (u,v)(X,y) = (ux—wvy,uy+Vx) Inverse:( 2X 5 2—y Zj
XT+y Xty

Conjugate: (VzeC)z=2,+2i=Z=2,~2i Absolute: (VzeC)|doVzZ=\Z+7
(X d) [Metric Space] Let Xbeaset and d: X? — R} beametric then(X,d) isa metric space
’ (pos) (Vx,ye X)0<d(xy) (vx,ye X)d(x,y) =0 x=y

(sym) (¥x,ye X)d(x,y)=d(y,X)
(tri) (vxy,ze X)d(x,2) <d(x,y)+d(y,2)



