
Lecture 1
CS 117

,
S26 O Katy Craig, 2026

Course goal i transitiontouserdivision 7)

"What is a proof?""Let's prove interestingthings!

This is a mathematical wa course
.tingI You must backup your claims usingclear

, logical arguments.
4) You must be able to preciselystate important definitions and
theorems.

Pro tips :

Q Buy and read the textbook .

② Come to office hours
③ Ask for help, , earlyand often !lOften it's a tiny missing piece thatthrows Yon off. )



D Whyanalysis ? What isanalysis?

#It takes everything you learned-

in Calculus and puls it an

rigorous mathematical footing.
# Analysis is the mathematicsProximation andofap-
turbation usper allowing-

to understand and formulate
mathematical models in
terms of how they behave

in the limit or when
-

#led "or "nudged. ""jj
more data, more computational↳powerr...

measwermen+ inaccuracies , robustness
to adversary...





Numbers!
Natural numbers IN =El , 2,3 , 4 , ..
Integers 2= E

...2 , -1 ,0, 1,.3
Rational numbers=S :mine,

nF0
Real numbers IR=?

T R is all the numbers-ntuitively Y
on the num ber line...,↳ f

O

Goal :define IR.

operation onDAbinaa function
from X** to X.



Bef
: A set F is a field if it

has two binary operationsladdition and multiplication)

thatsatisfythefollow
(x1)a+ (b+c) = (a+ b) + c
(A2) atb = b +a
(A3)7 ! element OtFS

.
t
.

VaeF
,
a+O =a

(4)for each at F
,
G ! bEF

S . t
.
atb =0 ; denote-a := b

(M1) alba) = lab)c
Ima) ab = ba
Im3)7 ! elementIEF 1503 St .

VasF
,
al =a



(M1) for each at F1503, 7 !

bEFs
.tab=1 .

denote " = cl : = b
.

(DL)a(b+c) = ab +ac

Remark
: I is not a field

Thm : Q is afield

Using the definition of afield, you can rigorousby
prove familiar algebraicproperties -

Im : If F is a field
,
then

Va
,
b ,=F ,



(i) if atc = b+c
,
then aF

(ii) a 0 = 8

Of:First,weShowi .By
Y

a+c = b +ca+c + ( -c) = b+c+()
=> a +(c +(c) =b+( + (c))(4)
=> a +0 = b+0
#a =b

We now show (ii). By (B),0 = 0+ 0

a
: 0=0 =20 +a . 0

(A3)
=>Otc0 =a · 0 +20
(i)
=> 0=a - 0 . F



Along with the behavior ofaddition and multiplication,
another equally important

to
attribute is that its

elements possess an
"order" from left to right
an the real line .

Def : A field F is an ordered-

field if it has an-

relation = So thateb
Coneither a b or ba totality
102) if a b and bea

,
then a=b

& antisymmetry
103) if a = b and bes

,
then at

Transitivity
104) if a = b

,
then at=b+



105) if a b and =0
,
then act be

BefGiven an ordered fieldFand a ,
beF

,
if a = b and

ab
, then write a b.

Usi defin of an orderscugfield, We Obtain familiar
rules about insqualities .

Ihm : Suppose F is an ordere
field. There a

,
b
,c EF

,

(i) a =b = - b = -a
(ii) a = b and C=0=ach(
(iii) 920 b = 0 =) ab = 0

f
(iv) Oa?

,
where a= aa

(v)0(a= 04+



Of We will show Sil and (iii).

To see (i)
, suppose a

b.

By(04) , a+ (a)+ ( -b) = b+(a)+ (b)
.

By (l-A4) , -bE
-

a.

To see (iii)
, suppose az0 , b20 .

By (05) , 0 . b = a - b
·

B
yprevious theorem, 0

. b =0
,

which gives
theresult .

RmK : For
any
ordered field

,-

041.

#m : Q is an ordered field



Ex : [[g0] : ge is anOg
ordered field.

Rmk : We will show on the
-

homework that
any

ordered
field F has a subfis
that is isomorphisto Q

An important propertyofanordered field IS
...

Thm : Suppose # is an
ordered field .

Thenpig F
with p<G, 7. REF S .

t
.

prg .



Of : Let 2 :=+1 . Since 01,

, so 0

By previous thm Cul
,
O

TP

ByP=p+ D

Therefore , Wit

104 (04]

p
=4+ E+

On
any orderechfiel

T-
we
may define A notion ofabsolute value and distance .



Def: For any
aF

, lataifazo-

a ifaco
.

Thm : /basic properties of 1 . 1)
-

For all a ,beFy
(i) (a) = O
(ii) labl = lallbl
(iii) lalza and lal-a
(iv) (a+ bl = (a) + (b)t

triangle inequality
Of : Homework

Defi (distance) For anyGbeF,
dist(a ,

b) = (a- b)
.

xla - bl
< Incr


