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A
guy is a

set together with a binary
.

op¥n satisfying three axioms TBI

Def A biz * on a set S is

a function * : S ✗ S → S
.

la , b)

shorthand notation : * ( a, b) = : a * b c- S
. .

Exam-ptesps-HYZQR.IC.ci . - and * = torn .

are binary operations- .

ans

2) S={f:R→R}an.d * = -1
, -1,0 are binary operations

function composition fogcx)=fcgcxD on
S

.



3) S = Matnm (R) * = + is a binary operation

• if n=m then * = ✗ 13 a binary operation .

! if S = Matt Rt lmatnies of any size) * = t, ✗ are NOI binary
operations

41 Non - example S = IN and * = ÷ not a binary petaki
'

or S .

a*b:= Nb c- IN for b ta
"not dividing

" D= 0 .

Def2 Let * be a binary operation on s and Hes

His binder ¥ if a# belt take H .

Ex 1) If S = ① and * = + then H= IN ,ZÉ,orRes
are closed under * . .

H' = { new In odd} e-¢
is not

dosgd
.

under

2) It = { f :R→R continuous} e { f :R→R3=S is closed
under * = + , ✗

,
0 E- composition )



Properties of binary operations
Def2 .

A binary operation * on s is commute if

a*b = b. * aV-a.bc-S.FI?S--MatnC1R) with •* = • is not commutative .4s=5f:R→R3
then

0 is not
commutative .

Def2 A binary operation * on S is asso¥e if

a * ( b * c) = ( a. * b) * c-vqb.ee S .

⇐ 1) a*b= a -b is not associative Tnyt !
S = 21

Thmd.it#hetf,g,h :S→ S be functions then
ie function

fol go h) = ( f o g) ohcoxaiz.EE?ItieProof-VxeSfolgoh)ix--f(glhcxD)--(f0g)0hcx) ☐ .

.



Keeping trade E BE operations Ex 2114 Tables

1) S = IN * = ✗ 2) S = { a ,b ,
c
, die 3

Multiplication table * binary operation
*☒ I 2 3 4

. . .
. . . . .axtb-b.lt

23 4 00
b*e=C .

2 2 4 6 8

3 3 6 9 12

y 9 8 12 16

3)
"
Is * commutative ?

* is commutative if

Caa
←
Not symmetric
along

dlatod the melt .

table is

by → *
is symmetric along

the

not commutative diagonal .



§ 3 isomorphisms of by structures

A binary structure 13 a pair CS
,
#-) with Saset

and -*aÑy operation .
-

Deft An isomn of binary alg .
structures

( S
, # ) and (8) * ' ) is a one - to - one and onto

•

"

injective
" " surjective

"

function of :S → s
' suck that

homomorphism'µ¢(É*Ñ= 0/1×7*0441 tix,y
¥ A

§ ,
. c- S

.property .

.,g#I É%phWrite:(5*1=153*4 .



Exam_pk 1) ¢ca*b) -01cal -

S={a,b,c3 * =#

¢ it t =# *
' $

S
'
-_ { # , $ ,&} *

1 =¢1a1*§b)

S
"

= { xiyit} *
"

Find ¢
' :S'→s" which B an isomorphism :

2) ( R
,
-1) and (Rt

,

• ) are isomorphic
"

exp : R → Rt { ✗ c- IR / X > o} . exp is a bijection since its
inverse function is In lnat. log) .

✗ ↳ ex

expfxty)=e×+Y=e?eY= expcx/
• exply) .

3)U={ze①liz1=13Pz*={×ÉÉi"oÉ¥i2it}t
I / 2- •w/ =/ 2-KIWI ✗ try

:-. { ✗ + y
if ✗ ty<Zit

, His closed under melt . I ✗ + y -21T ifeng.INT
-
- - * - -

(Uil [×em show IU ,•) # ( Rzñi*%*)I


