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Problem 1:

Answer

Answer

For each of the following groupoids, determinefiitowing.
G = (23' +)

(Zs,+)'s characteristic table is shown as below. Ité@nmutativesincea + b = b + a for all
a € G,b € G, and the table is symmetric across its diagoftak associativesincea + (b + ¢) =
(a+Db)+cforallaeG,beG, andc € G. There is aridentity elemen®, sincea + 0 =0 +
a=aforalla € G. There isno zero elemensince there is no such elemerthath + a = a +
b =afor allb e G. There isone idempotent elemedt since only0 + 0 = 0. For equation

ax = b, there is a solutiorior every pair ofz, b, since every row/column contains all elements in
the collection.

G = (24—' +)

(Z,,+)'s characteristic table is shown as below. Ité&nmutativesincea + b = b + a for all
a € G,b € G, and the table is symmetric across its diagohak associativesincea + (b + ¢) =
(a+b)+cforalaedG,beG, andc € G. There isan identity elemer, sincea + 0 =0 +
a=aforalla € G. There isno zero elemensince there is no such elemerthath + a = a +
b=afor allb € G. There isone idempotent elemerts since only0 + 0 = 0. For equation

ax = b, there is a solutiorfor every pair ofz, b, since every row/column contains all elements in
the collection.
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G = (ZS'X)

(Z5,x)'s characteristic table is shown as below. Itdsnmutativesincea X b = b X a, where
a € G,b € G, and the table is symmetric across its diagofttdk associativesincea x (b X ¢) =
(axb)xcforalla € G,b € G,andc € G. There isno identity elemensince no such elemednt
thata x b =b xa =bforallb € G. There isa zero elemer, sincea X 0 = 0 x a = 0 for all
a € G. There istwo idempotent elememsand1, sinced X 0 = 0 and1 x 1 = 1. For equation

ax = b, there isn’'t always a solutiofor every pair o1, b, sincedx = 1,0x = 2 don’t have any
solutions.

G = (24—'X)

(Z4,x)'s characteristic table is shown as below. Itdisnmutativesincea X b = b X a, where
a € G,b € G, and the table is symmetric across its diagofttdk associativesincea x (b X ¢) =
(a X b) X ¢, wherea € G,b € G, andc € G. There isno identity elemensinced x 1 # 1, while
axl=1xa=afor alae€G,a+0. There isone zero elemeft, sinceax0 =0Xxa =0
for alla € G. There istwo idempotent elemenisand1, since ony0 x 0 =0,1x1 =1. For
equationax = b, there isn't always a solutiofor every pair of1, b, since0x = 1,0x = 2 don't
have any solutions.
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The setz = {0, 1, 2, 3,4} with the multiplicationx o y = x.

The characteristic table for the given set is shawrbelow. It isi0t commutativesincea o b +
boafor alla € G,b € G, and the table is not symmetric across its diagortais associative
sinceao (boc) =a=(aob)ocforalla€G,be€G,andc € G. There isno identity element
since there is no such elementhatacb =boa = b for allb € G. There isno zero element
since there is no such elementhataocb =boa =afor allb € G. They are alidempotent
elementssincea ca = a for alla € G. For equatiomx = b, there isn’t always a solutiofor
every pair ofa, b. For example] o x = 2 doesn’t have any solutions.
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SetG is defined as the natural numb&rsvith the operations A y being the minimum aof andy.

The characteristic table for the given set is shawielow. It icommutativesincea Ab = b A
a = min{a, b} for alla € G,b € G, and the table is symmetric across its diagoiak associative
sincea A (b Ac) =min{a,b,c}=(aAb)Ac for alla€eG,beG, andc e G. There isan
identity element, the largest elemdntn the setsincel Ab =bAl=bforallb € G. There isa
zero elemend, aA0=0Aa =0foralla € G. They areall idempotent elementsincea A a =
afor alla € G. For equatiomx = b, there isn’t always a solutiofor every pair ofa, b. For
examplel A x = 2 doesn’'t have any solutions.

AlO 1 2 3.
0/ 0 0 0O O -
10 1 1 1.
20 1 2 2.
3|0 1 2 3.

Jupiter

It is commutative since the characteristic table is symmetric acrits diagonal indicating
a*xb =b *afor alla € Jupiter,b € Jupiter, and. It isnot associative A counter example is
R(PS)=RS =R # (RP)S=PS=S. There isno identity elementsince no such element
a € Jupiter, thata xb = b xa = b for all b € Jupiter. There isno zero elemensine no such
elementa € Jupiter, thataxb =b xa = a for all b € Jupiter. They areall idempotent
elementssincea x a = a for alla € Jupiter. For equatiomx = b, there isn’t always a solution
for every pair ofa, b. For exampleP » x = R doesn’t have any solutions.

Saturn
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It is commutative since the characteristic table is symmetric acrits diagonal indicating
aob =boafor alla € Saturn,b € Saturn, and. It isnot associative A counter example is
R(PS)=RS =R + (RP)S=PS=S. There isno identity elementsince no such element
a € Saturn, thataeb = boa = b for allb € Saturn. There isno zero elementine no such
elementa € Saturn, thataec b = beoa = a for all b € Satrun. They areno idempotent element
since no such element that a = a wherea € Saturn. For equatiomx = b, there is a solution
for every pair ofa, b, since every row/column contain all elements.

Uranus
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It is commutativesince the table is symmetric across its diagonditatinga ¢ b = b o a for all

a € Uranus, b € Uranus, and. It isnot associative A counter example B(PS) = RS =R #

(RP)S = PS = S. There isno identity elementince no such elememte Uranus, thata o b =

boa=pb for allb € Uranus. There isa zero elemerf, sinceT eb =boT =T for allb €

Uranus. They isone idempotent element sinceT ¢ T = T. For equatiomx = b, there is not
always a solutiorfor every pair ofz, b, for example§ ¢ x = P doesn't have any solutions.

Neptune
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It is commutative since the characteristic table is symmetric acrits diagonal indicating
aeb =Dbeaforalla € Neptune,b € Neptune, and. It isnot associative A counter example is
R(PS) = RS =R # (RP)S = PS = S. There is andentity element, sinceT «b = b « T = b for
all b € Neptune. There isno zero elemensince there is no such elemerthataeb = b ea =

a for all b € Neptune. They isone idempotent element sinceT « T = T. For equatiomx = b,
there is not always a solutidor every pair ofz, b, for exampleR e x = S.




