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i-uIHwithmteaib.mg ,
r ED

n > I

r c- {0>1,2, -

- not} -In
r= remainders at n

integer division
g- quotient (sometimes q not specified)

a_=r wed n a has remainder ratduh .

within
.

a-r=nq= multiple • f-n n / ⑨- r)
n divides ca-r)

Example 21 wad 5 = 21--5-9+1 21=-1 nods

5/(21-1) 5 divides 21 - *

• 24=-10 -=③=--fEZf-20 :S}6 3--7.0+3%-39=7 .-6/1-3
24--7-31-30 ↳

10=7.11-30



④ a⇐b und n ⇒ n / Ca-s)
iff

proof a=nq, tri a-b=

n.qetre-nqz-rz-b-nqztrz-hcqq-qjtori-ra.azbhrodn ⇒ rn=rz←→ a-b = n . something
Cove -9¥)

⇐ nlca-b)
Example 21=-11 mods

⇒ 5/(21-11)
true true 10--5--2



Mod operations .

• (atb) modu = @ wed n t bandy words

(171-4) wed 3 = ( turds 1- 4 meds) buds
0 2 + I

(91-12) mod 5 = ¢9 winds + Dined5) words
31 mods 4 1- 2

.ae#i:Iii-ie-:!:-:ri ← re
nai ④ * b@dnJmo.dn

db mod n r*

17*4 wed 3 = (☐ and 's * Gundy3) words
2

2

1912 mood 5 = (19 and's * kind5) rinds
33 4 * 2



• power
Akhmed n = ( a und n * aundn . - - * a und n) und n

example 13100 mod 11--7
.

13100 = ¢§64t→+I3?Y(¥*) mod "wad 11 model

Repeated squaring a-21? 5 4 5

13 weed 4=2 = ⑤ • 4)mall • find 11 = 9.5 mdll

132 weedy = ¢3 med 4) (13 nod a) = 2.2 and a É4$
134 sarod 11--432undll ) (Hindu) = 44 end 4 -50
1138 wud 11 =434 woolly 1134 well1) - 5-5malt =3
1316=

. -
-
-

= 3- 3 md 11 - 9)
"36¥

.

- 4£,
1332= . . -

9.9 mdll = (77+4)mdll =④ -50



negatives :
5. 2 -4 wed 11 = ⑤ -2)mdk -4 und "

- I

lo=-lmd⇐ V1 / Co - fi) )

El . 4) = -4 mdll = 7
-

Factorization into F- pnhe -06 divides

only with 1,-2
Ps-P2)3,577 , 11,13 , 17119 -

- .

Granted : any nEÉhas unique decomposition into
primes

d- 12--22.3 = 22.3 75=5-5-3--52.3

48--22.2^2.3 = 24.3



G-cD=q common divisor -(ais)
Cais)

productof
def : take all common primes (with miscounts)

EI 48--240.3 175=5? 77

36--220. 32 98 - 72-2

602--22.31--12 GCD= 71

tydG Cais)60=22.3-5
50--52.2 GOD(F) %-) =$•
GCD=3! 5-1--10 "

coprimes
"=
no

GCD 1T¥ ) = 1- common factors .
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PP@Twolscompleureut1operatons.com art
17 and 13 to twos complement☒ and

④
su6- 13 from 17 in binary . unsigned Co : ÉÉ]

--
-

- - -
- €32 :3☐

17--24+20 = 0 I 000 I

13= 231-221-20--001 I 0 I
17-13 = 171-1-13) -13 = 1- I 0--0 1- -1

-2-4
, { {

17 = 01 o o o
'

l -32+19

¥÷:::÷÷✓



⑤ convert 428µg in base 5 , % , IF
=É=③É#ÉfIL

53--125

É r

85 ③

÷÷÷17 ÷ 5 = 3 ②
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a,÷HÉ¥⇒ "
"* new.+⇒

•EÉ:÷a^a^ñµ#_*0 0☒¥÷÷¥÷¥E÷:10 I



Second Formula Catbird 17cal's) 17cal c) M( bag

*tame? a onetime 1 not.tw . •f- them
tree "

•

'

E
A exactly one Tn

7tAH)dM☒^7G④
• each one of these clauses corresponds b- a o.in/he

table ⑦(-^I*too



PESO Sets Rule Algebra yutuv

A
B ^r=
=#B- c) U(AnB④uf⑧aA)

¥ t tuna

c

w (AnBni)U(Bnc)ncAt☒))
(AnB②ne)

a "

BNCCANE) u c)
BACK nccuayi ) )
Bn (Abc) -_@-u↳nB



APPBBAO Counting with assess¢SOR PIE
notdisjoint disjoint)

TT WW preferable
gg

36--13 witches $-4warlocks # 12 vampiresA- 7-goblinsdistinguishable3É%s%É% ⇒ partition of all > React
Albie

④ How many ways to make sessions ?

(E) (YL) (E) uol.is

1¥chooseASAI Higgs:& Tessie C
⑨ Sessions with restriction : all wart-deso.se#ewse&niown .'③→uonÑ☒ 12¥ ) (E) +4¥ E)

to
☒session N t.tv#b-eks ix.

"
C
"



se

② session ⑤= 2Gt 2N1- Att 4W
want⑨to break into 2groups Cited " Blue")

ofsize 4 each
constraints :

gÉ¢Bue ; vampires ¢ Redd .

3cases : #G in Red group . If
→won

GV
↳
2

☒ (
49'¥§¥* : (a) red 4 blue

→won
GV

Ed :{¥!✗ (3)redx (50*+2),we4

26 : I# ✗ ( ATI) ✗ (
Girona thy4 blue

.



Ibis triangleCH red G) = ✗ is red

rectangle (X ) blue G)→ is blue .

above Cxgy) -- ✗ abaey ✗=y and ✗=/y
equal different .

④ Any red triangle is above any rectangle

Hay redcxtitrdmjhelx) 1^1 rectangley)⇒dodgy)

negation : there is a real triangle notabove a rectangle
F- ×,y

red G) rtriaylely) A rectangleG) A Tabacisy)
-

④ For any
2 triangles of different colors , there is

a blue rectangle in between (above one, below the others
☒ Xiy triangle strangely)A7(blueA) nbhiecy )) ^

17 (redG) rredly) )⇒ Iz bluecz) A rectangle(2) A

(above G) 2) rabovelziy)) ✓ ( above a)⇒ nature -4×7)



Negation : There are 2 triangles of different colors
and there is no rectangle in between them

.

F- My thrustertriangle(g) ^ 7 (she G)
testeeG)7h

AT CredG)Aredeys) A

G-2. blue natans. Kai ⇒ (:L:¥¥)v(
above⇒]^ ^
above(y ,⇒



PBGO 50cats to drops in 9 rooms . .

What is win

④ guaranteed to be in a room ?

f'•7=k_
per room :

i

.

⑨ no more than 6 cats j
- at least 22 dogs

whatis the maximum A-animals in aroo.vn

R-wakimaii.itwheals = 6 cats + wax dogs

→ all other 8rooms (except R) minimize #dogs
8×2--16 dogs ⇒ R has 50-16--34 dogs

-::→


