BCM I : Take-Home Midterm Due May 26, 2010

Division: ID#: Name:

1. X04000O00O0O0obooyuo3ooooboooobooboboobooboo
gbobbooodgooboooobbooogn

X—Y|Y —X|X—X|Y—Y

00 (mapping)

00 (injection)

00 (surjectivon)

000 (bijection)

2. (a) P,Q,RODDOOOO0O0OO0(PVQ)A(~R) =(PA(~R)V(QA(~R))D
0000000000000000000000000

(b) A,B.CO000000000(AUB)—C=(A-C)U(B-C)0 00000
() 0000 000000000000 0000000000000
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Division: ID#: Name:

.mO00000000a,be ZO0O0O0O0a=b< m|b—a (< Jec € Z such that b—
a =cm) 00000=00Z0000000000m O000000O00a =
b (modm)00000000B0ee ZO00O0O0O0D0O0 [a)=[az={reZ|x=a}

0000000000000 Z,={[d|ecZ}0000000aeZ 00000
po 00 pe: Zy — Zy (Jx]—[a-2) 000000

(a) a,b,c,de Z0OOODO0O0Oa=c00 b=d000 ab=cd000000000

(by m=12000000us:Z,,— Z,, 0000000000000

(c)m=12000000u0:Z2— Z, 0000000000000
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Division: ID#: Name:

(d) D000 mOO0O00O ged{m,a} =d>1000 p, 0000000000
goo

() 0000 mOOODO ged{m,a} =1000 p, 0000000000000
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Division: ID#: Name:

4. X, Yy OOoOOf:X—-YOyg:Y -X0O0OO0OOODOAcCXOBCcYDOOOOO
gboobooooon

(a) D000 gofO0000ODOO0000gO00O0O0ODODOOODOOO

(b) AC f(f(A)NB)00000D000000000OOD0O0O0000OO

Message :00 (a) 00O O0OOO0OO I(BCMI)ODOOODO
() DOODOoooooooooood
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Solutions to Midterm 2010

1. X04000OOOooobooyo3booobooooooobobooboobooo

0000000000000 oooooooot

May 26, 2010

X—Y |Y—X |X—X|Y—Y
00 (mapping) 3t =81 43 =64 | 4*=256 | 33 =27
00 (injection) 0 (3)3!=24| 41=24 | 31=6
00 (surjectivon) | 3- (3) -2 = 36 0 24
000 (bijection) 0 0 24 6

00000000000000000000000000000000000|X| =
10, |Y|=70000000000000000000DO0OOO0OOOOO0OOO
godddoouoooobbbooodooouoboobbbbboooooooo
gdoddgoooooobobboooouoooobobobbbboooooooo
00D0D0D0000|X|=n |Y|=mO0000X OO0 YOOOOOODO
s(n,m) 000000000000n<mO000 s(n,m)=0000s(n,n) =n!
O000000000000r0000000000X=I(n+1)0000M0OCOOO
I(n)=1{1,2,....n}M f(I(n)) =Y 000 f0000s(r,m) 000000000
D00f(n+1)0 YOODOOOODOOOOf(I(n)=YOO0OD0X =1(n+1)
00 YOOOOOOOOm-s(n,m). 000f:X —Y OOO00Of(I(n)#£Y O
00D000Y\f(UI(n)={f(r+1)}00000000000000m-s(n,m—1)
000000000 mO Y\ f(I(r)00DODO0OD0OO0OO0OO00000000
O0f(n+1)0000000000COOO0O0OO0OO0O0O00OODOOOOOOOOOO

s(n+1,m)=m-s(n,m)+m-s(n,m—1) = m(s(n,m)+ s(n,m — 1)),

0000 s(n,n) =nl, s(n,1)=10000000s(4,3) =3-(s(3,3) +s(3,2)) =
3(30 + 2(s(2,2) + 5(2,1)) = 3(6 +2(2 + 1)) = 36.

gbobogobobbuogobbboooobbuooobbooobboooobobd
gboobbbooobobobboooobbbooobobuoooooooboog
gboboogobobogobboooobbooobbbooobbbuooobooo
0000000000000 Magma Calculator UO0DOOO web OODOOOOOO
gbbobuooobobboooobbbdao

http://magma.maths.usyd.edu.au/calc/

Free software 0 O Osage (http://www.sagemath.org/) 0000000000000
gooboobobobbbbbboooooooobobboboooobboboooood
gbooboobobbooadobon

'D00000 (1) =,.Cp0



2. (a) P,Q,ROD0D0O0OO0D0OO(PVQ)A(~R)=(PA(~R)V(QA(~R))DO
0000000000000000000000000
0. (PVQA(~R) =(PA(~R)V(QA(~R)DDDOOODOODOO
0oo
Note. 100000000000000000O0D0O0000
(b) A,B.CO000000000(AUB)—C=(A-C)U(B-C)0 00000
() 0000 000000000000 0000000000000

0. 002000000 P(x),Q(z), Rx)000000x€A, zeB,xel
goobooon

(AUB) = C={z | (Px) vV Q(x)) A(~ R(x))},
(A=C)U(B=C)={z|(P(x)A(~R(2)) Vv (Q) A (~ R(x))).

)
000O0() 00 (P)VQ@)A(~ Rx) 000000000 (P()A (~
R(z)))V(Q(z)A(~ R(z)000000000000000000(AUB)—C =
(A-C)u(B-0C)0O

ggoo

3. mOO00O00000OOa,be ZOOUOOOa=b< m|b—a (& 3c € Z such that b—
a =cm) J0000=00Z0000000000m 00000000 =
b (modm)000000000ee ZOOODOOOO [a)=lalz={x€Z|xz=a}
0000000000000Z, ={[d|ecZ}0000000eeZ00000
po OO0 pg: Zpy — Zy ([ —[a-2]) DODOODODO?2

(a) a,b,e,de Z0OOODO0O0Oa=c00 b=d000 ab=cd000000000

O. a=c000m|c—al00 c—a=em 00000 ecZ 000000
Ooboboobdb=d000d-b=fmO0O0O0O0 feZzOOOOOOODOO

cd—ab=cd—ad+ad—ab= (c—a)d+a(d—b) = (ed + af)m.
0000 m|ed—abO0O0000ab=ed D000 [

(by m=12000000us:Z,— Z,, 0000000000000
. gogooboooood

( [z] >:<MU]M[QHHﬂ%]m
s ([z]) 11

(¢) m=12000000pu0: Z1w— Z, 0000000000000
0. 000000 me([0]) =pe(6) 0000000000

( ] >:<W]U]P]B]M 5] [6] [7] 8] M[N]UH>
pao([z]) 0] [10] 8] [6] [4] [2] [0} [10] [8] [6] [4] [2]

gobbboogobobuoooobobon ]

000000000000000000000 u0(0]) = wuo([6]) O [0] # [6]
000000000000

24, 0000000000000000() 000000000000 (] =[y]= laz]=ay] 000D
0000000 =y 00 z=y0000ar=aqy 00000000 [ax]=[ay] 0000

2



(d) D000 mOO000O ged{m,a} =d>1000 p, 00O0O0O0O0O00ODOO
god

O. O000000Op([z)=[1]000 z€Z0000000000azx=1
000 ax—1=my 00000 mOOOOOO0000Oazx—my=10d|m
O0d|e000axr—my=100d|10000d>10000000000
oooooao

O0. DO0000Om=dr,a=dy 000000 2,y OODOO0OO0OOOO
r<mUOUOOODOOO000000 0000 z=2¢+r 00000 r<z-1
gobooo

ta([2]) = laz] = [a(zq+r)] = [azq + ar] = [dyzq + ar] = [ar + myq]
- [CLT’]E{[0],[(1],[2@],.,.,[($—1)@]}.
Ub0000zx<mUi0000o0Oo00dooodooogon
Note. fua([2]) = [az] = [yda] = [ym] = [0] = 1u(0)) 0D [z] #[0] 000 DO T
oooo0o00oooooooooooooooooooboooooooonoon
gdododododooooooodgo
(e) DOODO mODODODO gcd{m,a}:1DDD e 0000 ooooooon
. 0000 ex4+my=100000 9y UO00000MI0 52,00 630

gooooon b0obood

[2] = [(az +my)z] = laxz + myz] = [axz] = pa([zz])
000000 p([b]) =p(fc]) D0DODO[ab] =ac] D0O0O0O

[b] = [b = myb] = [(1 = my)b] = [zab] = [zac] = [(1 — my)c] = [¢ —myc] = [c].
goooooo

4. X, Y OOOOf: X—=Y0Dg:Y -X0O0OOOOOODACXOBCYODOOGOO
oboboobooo

(a) D000 gofO0000OD0OO0000gO00O0OODODOODOOO
O. D000 gof0 XUOO XUOODODOODODODDODOOODee X0OOO
0 gof()=a000 be XOOODODOOO f(b)=ceY OODOD
g(c)=g(f(b)) =(go f)(b)=e000000 OO0 ae XOOOOOg(c)=a
bbb ceYOUOUOOODODOOgOOOOOoODO [

(b) Ac fA(f(A)NB)0000O000000000O0OO0O0O0000OO
0. 00000O0X=A={1},Y={1,2},B={2)000f(1)=1000
00f(A)={1}0000f(A)NB=0000 f(f(ANB)=0. A#0 0O
OO00A¢ f~Y(f(4) N B). .
0000000000000 0000000000000000000000

gbbouogoboboobdbbuoobboodobbuoobobooobbobobda
gobboooobbbuoooobbbuoooobobogn

gboboboooobbbuoodgbbboooobbbuooobbboo

000 (hsuzuki@icu.ac.jp)



