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2.1 n~iu~uw"pd6n"?rnn (Binary Relation) 
=a aan~.ruiniqm~uniri~dm~naiu8uw'ui~z~~1.r~u1~nuodn~dian ~?FI~~SI#~~U~?IJ 

B w A 4  4 4 a.rdrznou$uainnui3nno.rnawuRaiu8uw'uin'u humqwnif irnuo.rtj~uuiuo.rirun4i 

naiu8uGuiw7nin 

(Let A  and B be sets. A binary relation from A  to B is a subset of A  X B.) 

1nY R i8unaiuZuw'ui oin A I d  B ozVi' R C A  x B 
- p~gnoi~.rn,d.r~o naiu8uriu&ininoin A I d  B nuiu8.r ianuo.riguiiu4.r 

nui3n~aiirnuo.rtj~u~u11~az~muioinian A im~nw?nhino.ruioinia~ B ir114 
n*fyhvd aRb l i B l i n l l j 1  (a, b) E R iinzl# a$b l i 0 i I i m J ~ 1  (a, b) t R  UDnQln~iiifa 
ci 

iuo (a, b) B d l ~  R ~?u"<I a l ? k d b 4 f %  b $ 3 ~  n a l ~ 8 ~ f i s '  R (a is said to be related to 

b by R) 

B i i7miiJ 1 i n Y  A i~ui~nuo.r~lnj~nu11uJu~uwiii.r'wu.r i n  B i8uianuo.rnrzuaujvid 

iTmaou InY  R i8unaiu8uGui d~dxnouhu  @Yu& (a, b) ido a i8urinjJnln 4.ra.r 



%eeii-a 2 %fi A = (0, 1, 2 1 ,  B = (a, b) 

R L 8 ~ f l 3 1 0 ~ ~ ~ ~ ~ 6 d  Qlfl A $d B 

artiiuil ORa t1i lflb 

0 

1 

2 

R a b  

x 

x 

x 

x 



4 
kil3.J~ (Domain) uo4 R %(%'8y&lMd Dom (R) HUIUSP i%muadflul?n'%~iWl A r 4  

8uiuitYunui?nln~ialu B yfi8noti~4wud~fo DO* (R) ifluirmdouuo; A ~ w n ' o  iflu 

trmuo~nln?nsi?ilsnd;1wumTu~6ugu$oiiifi~u%u R 64h 
Dom (R) = (a  E Al(a,  b) E R for some b E B) 

f%tJ (Range) Wa4 R I#Kyiin~d Ran (R) MUIU~P I ~ ~ v o ~ ~ ~ u I ? ~ % u  B $4i%4 

nui?nh~ao4lutj6ugud14~ lu  R 8wiio nui?nRnufi~u B ~.r8urius"n'p1nui?np11~ia 
%w A w"8uuo4 R i~w~rmdsuvo;r B 

Ran (R) = {b E B 1 (a, b) E R for some a E A)  

Kinaiu8uiu6lnuAiumin.r ~RIUUUQJ R (Izdsznaubi?uaui?nd~wu~~%wa~u6 

iisnimzir'8uua~ R czdsznou&aunui?nd;1wufi%uafiuh$n~~ 

$2@PjI4 3 %If A = (2, 3, 4). B = (3, 4, 5, 6, 7 )  

niisiiiuianaiu8uius" R Q I ~  A 1d B 64d 
(a, b) E R #I a MI3 b a4&J 

Dom (R) = {2, 3, 4 )  

Ran (R) = (3, 4, 6 )  

2.2 ~ 2 1 ~ ~ 3 . ~  (Relations on a Set) 

naiu8ufiwk1ntrm A ~ d k ~ a o ~ ' u ~ o s w ~ o n a i u 8 u ~ u ~ 6 ~ ~ ~ a u i ~ n ~ . ~ o ~ ~ w t r m  
iZuanid 

(A relation on the set A is a relation from A to A.) 



~aed1.r 1 in' A = ( 1 , 2 ,  3 , 4 )  Q ~ W I ~ ~ ~ ( ~ U & W U R  1un?iuZu$ui 

R = ((a, b) 1 a divides b) 

HBLQBfl 

R 1 2 3 4  

l x x x x  .-' 
X 

LLaZ Dom (R) = Ran (R) = A 

u su A on7awu-a lumrinun~iuZu$ui~1~~~11~~oa1~~dnr1drsqw"a~1~wi~1~;1na~d 
(directed graph w i o  digraph) %o~n?iui/U$ui T R U ~ ~ I W U R ~ ~ ~  (vertices) w i o  ?-J nau 

(circles) I L W U ~ U I ~ ~ U Q . I L C ~ ~ ~  A kalnGn (a, b) o(ilun?iu5u$ui R i$ainpnnrGun 

~i~#urzqw"nm-a (directed edge) QlflPR a 1d b Qinhodiq~iq&u~d?RnridIflu6qd 

SJ a s d Tdr~Zqmnnii nuiQnlulduuu (a, a) ~un~iuiiu$uiauGun'p1~au%~~ap11~wu~ 

~tf'u~in a 1d a iz~un'nvolsd~unii ?q?u (loop) 



5aedi.r 4 a~n'iuaumiiuau~n~naiu8uw'uiuuir~ $ainui~n n h (HOW many 

relations are there on a set with n elements?) 



(Properties of Relations) 

~ g ~ a u ~ ~ n n ~ u o d ~ t ~ ~ ( % % u n ~ ~ ~ ~ i i u f l ~ a ~ ~ d u w ' u ~ u u i ~ s l  d t i d i ~ u i n i ~ ~ i i o  . 

$unaiu5uW'uiuitsiit aru13ndnGo:8uGu$n'uw'a41'u1st Caorjit~.du 1.n" R ifiunaiu 
B ~ur*airulrmuotgnuhtwuR ~ I L ~ Q U # ~ B Q & T ~ U  (x, y) iuo X liar y ij vionuiiiuafi~ 

ii~zBiiJ~uiFiua6u i~tifu XRX diw?uuy~16 R ynnu 

m i i a ~ u  naiufigus' R uuirsl A cZunii na~~nYUC~iir/azjia~ KiTjGu(iU (a, a) E R 

dins'utwiSnqnKa a E A 

(A relation R on a set A is called reflexive if (a, a) E R for every element a E A.) 

ycl~noiitndtn'o n?iuiiuriuhuiasl A o-.~bunisnrflou 81audn~nAuo.r 

iqsl A ijnaiu8uGui~u~aoJ'uist 

naiuJurius' R ~lu~.ac~ A a-.Bsnii na~ubvli?dsrJieu K~auiSnqnhluiw 

A Injinaiu8u~uiR'uGaGuist 

(A relation R on the set A is irreflexive if every a E A, (a, a) 4 R.) 



I d 1 0 1  ~ n l a o u  n~iu5uw"ui R~ ua: R~ 1~un31u8uhialr-hu ~ w n - i i  fi~~u~ouriufhwu~ 

lu~dttuu (a, a) 'IAi6ri ( I ,  I), (2, 2), (3, 3) 66a: (4, 4) d~unqiulTu%u?uf R,, R2, R4 tin: R6 
, 

1rilia:bu (is not reflexive) nwun'uriui R ~ ,  R~ ifIu'Ijs:Jiau ( idexive)  n31u8'uGui 

R ,  R2, R3, R5 ?u'lib.il,'%u (is not imflexive) 0:6$uil R, 66a: R2 !li~riff:riou 6m: 

'Id% Jla.ia:w"su&3u 

slaad1-a 2 s~~1u~mrniiu~uuo~~~iuduGuia:M'ouuu1~11n fkaui5n n h (HOW many 

i reflexive relations are there on a set with n elements?) 

oti1.r!s8mu 81 R 6fIunaiuo:hu ~tik$u66cia:gra (a, a) ilu?u n 4 n'ln?~ 

(a, a) E A  # Q ; O P O ~ ~ U  R d5~/i~id~:tj ih 7 ( 1 ~ 3 ~  n(n - I) 4 ~.JZI~LIUU (a, b) 6:0 a f b 

oiao:odlu R n?ooiaoeYriodIu R 
Y 

kGu nnn~wngcu uocmsu'yhu-ruo:inaiuZuw"pdia:Xoui~u~u 2''' - I )  1 R  

(nlntlo'~hu~uilIunisin"on~i nudn (a, b) ttdatd 4.r a t b odlu R nlolli) 
\ 

528d13 s 9X A = ( 1 ,  2 ) , ) ~ l  = 2, n = 2 

~ a i u & . j ~ ~ ~ ~ z & o p d ~  2"'" - ') = 2'" = 22 = 4 ?R 

im:iin--nufi~uiifqnuR = 2'' = 22' = 24 = 16 q R  
Y 

16a~ssiern:du~$~~ Reflexive Irreflexive 



uniiuirr n--aiu8uviui R uulwn A ae3unji R ~ I U ~ U ~ " P ~ ~ ~ N O U U ~ P I I  Xi~Cu(iy (b, a) E R 
el l o ,  msiu'lnmqou&~ (a, b) E R &H?I.J a, b E A 

(A relation R on a set A is called symmetric if (b, a) E R whenever (a, b) E R, 

for a, b E A.) 
d d l  d 

n? lu& .J f i~ i  R ¶Juiclrn A ~ F ~ u M  (a, b) E R 118: (b, a) E R nmDlOJ€I a = b dllT%l 
a, b E A i?unii 0alu%ufiuddfirmrr1~1d 

(A relation R on a set A such that (a, b) E R and (b, a) E R only if a = b, for a, 

b E A, is called antisymmetric.) 

~uiio nnuZuirwu6Bunuuim.r Adoldo Xi a 8ufiuin'u b i r n n ~ i ~  b 8ufiui 
EIJ a 

naiu8uriuhQuJiauuim~ 8 e i o i d o Y 4 G u u l ~  iasf/aui%n a &iimndi.riiu 
b TWU~! a 8 u ~ u i ~ u  b i~a: b 8ufiu&%1 a 

n'iiinuuimrim:J~auuimr 'IJIdiins.riiu4iuiiu ( a n  not opposites) ~W'I IZ~I  

naiu8ufiu$h q oioa::iflu&auuinrirazd~nuuimsn"~d n?~!~~~kfuuim5 i6a:Wld 
11~21uu7n5~9fj 

naiu+uirwualA q o:~li~iuimiQunuuim5iia::i3uJ~auuim5h.rd hnaiuilu$ui 
ij~fiuR'uu~.rtjlu~diip~u (a, b) 1 ~ ~ 4  i b 



5 Iff R = {(a, a), (b, c), (c, b), (d, d)) 1Su~~iu8aiuinau111~ UUIWI x = {a, b, 

C, d l  mnri i  !mnsiv(uow~iufiw'uiiq~na~~4im~~u1~~ii~lrurzl(n'mi~~in b Id  c er 

rYoaiirXu5sqn'nni~oin c '111 b ai?u 
I 

8 a ~ d l J  0 fl31~18¶Jw'~i "divides)) Y U ~ ~ ~ U O ~ ~ ° I U ? U ~ ~ ~ J ~ ~ ~ ~ ~ ~ ~ O J U I ~ ~ ~ ~ Q ! ~ ?  1944 

dfinauimznio!aj?" 

H B ~ Q B ~  n~ia8uviui6liirilinuuim5 m'iirii i 12 11.1 ~ J i i  

nna8uw"ui'd' 15udg'nauinr a2ir i i  ni a liar b ~Plu~iu~uduu?n ~plud 

a 1 b i ~ a ~  b ( a Q Z ~ # ~ I  a = b 

n~iuI/Ufiui R orl'iunii nai~lr3uioauuimr #i@uPill (a, b) E R ~mclaii 

(A relation R is called asymmetric if (a, b) E R then (b, a) +! R.) 

l~n~irluoan~iu8uiuid~nua1m~S~anau~i1 rznii.mo.tpfil~q ori1fiidou 

odiauindqmwd.rldu 

Xinnuiiuviui R uu1an x USnuiQnlm q mulup.lt1uu (x, y) ~plud x # y 

k z u  R ~ i l u ~ ? i u 8 u i ~ M ~ n u ~ i m 5  

X a o d i ~  7 117 R = {(a, a), (b, b), (c, C)J 1Sun~iu8aiuiuu x = {a, b, c)  

R ~ ~ U ~ J ~ ~ H U U I R ' ~  I I J ~ ~ B ~  61 x i111: y ~~JU~UIP~IUM. x ~ ' ~ Z U Q U I  if 

(x, y) E R and x # y then (y, x) B R ~ ~ U Q P ~ I I I ~ I ~ ~ ~ ~ U U R ~ I ~  (hypothesis) iSuid~ 



nrolOeiu n21u8uw"ws' R YU~JW A ozGunii ~la1a~&~%uB6iuol~n ~ i~do%~$miud  

(a, b) E R iiW",b, c) E R Q Z % ~  (a, c) E R tfl)f%J a, b, c E A 

(A relation R on a set A is called transitive if whenever (a, b) E R and (b, c) E R then 

(a, c) E R, for a, b, c E A.) 

i?aedlP 9 naiu8u$u~ "divides)' 

w?oai? 

wainae nuu?iii a divides b iia: b divides c 

%w" k ria: I r f l u i i u ~ u i ~ u u ~ n l  q 

Q:!# b = ak LLn': c = bl 
J 

6hh c = akl iinflsii a divides c 
% 

n31~8uriui&i~8udiuno~ 

%w' R i8unaiu8a~~usdoinivn A I d i ~ n  B rnaiuiYuw"pd~wni7~ oin B $nl A $4 
&~F%M& R-' wuiu%~vnuori$u8u ((b, a)) I (a, b) E R }  

(Let R be a relation from a set A to a set B. The inverse relation from B to A, denoted 

by I', is the set of ordered pair {(b, a) ( (a, b) E R).) 

n3iu8uGui~?u~iu ii w a ~ i u l q  ~v~luoq jduriu {(a, b) I (a, b) e R )  

(The complementary relation is the set of ordered pair {(a, b) I (a, b) C R).) 



2.4 nlaaaaJnalaJ~u~ldb" (Combining Relations) 

i u d a r a i n n ~ i u ~ a ~ ' ~ ~  A 11) B ~ S U I W P I ~ O U U O ~  A x B ~ i ~ i f u  R ~ I U ~ N W ' U ~  
-4 a 

aocg[R alo A 1d B Rlulrorlatiu (combined) ~ U ~ ~ ~ R U ~ T ~ U ~ ~ ~ ~ U R Q ~ ~ W P I  

I 

ifaedis4 1 

m i i u i a ~  18 R I idunna8uvYuhioirpl x Ydiwn Y unz R~ i d u n n a 6 v Y a i i  Y 

Wl.aa z nirdr:nouuornnu8uw'pdi R, i~a: . R ~  %#'XqljiO~Bi qo R, 11uiuBrn~ia 

8uw'ui ain x Yd z u'uiukd 

R2oR1 = {(x, z) 1 (x, y) E Rl and (y, z) E R2 for some y E Y )  



2. a) atwid~uriuknumlun~iuduw'ui R = {(a, b) I a divides b} UUIWPI 

A d l  B 
auu1.s iiaz1wiasi1uwomw3olai 11.18 (a, b) E R f~lQL110 



A 
21. Id R ~fiun~iudtiua'uu~rnuo.rnu w.rllsznouA'3ud (a, b) d o  a ifiu5miuo.r b 14 s 

1fiun3iu8ufius'uulqnuo.rnu drznau#3uj (a, b) iUIo a !la:: b dufk'o.ri* (daiu 

d r  a 
29. o.rllaw.rIw'aiuiinaiuKuW'od6" R uulwn A ifiuauui~s nmoiuo R = R-I d o  R-I ifiu 

naiu8uGuGwniu 
d l  A 

30. o.riiaa.rIn'liiuiinaiu8uW"u6" R uuawm A ifiull~nuuimr naoiuo R n R-I iilutwn 

Eiouuo.rnaiua"llw"u6"~8u9 A = (a, a) 1 a E A ]  
d l  A 

31. o.rr~a~~Idiiui~naiu~uW"u6" R uulwn A 1fiuazVYounno~uonaiu~uiu6"wn~u R-I 

rfiunzw"ou 

32. 0 ~ l l a m 9 % ~ i ~ ~ ~ 1 ~ 3 1 ~ 8 ~ W ' ~ 6 " ~  PlPdLCIIfl A 1 ~ ~ ~ 3 1 ~ 8 ~ ~ ~ ~ f l ~ f l " F I o d  t ? ~ ~ l ~ ~ n ? l ~ 8 ~ ~ ' ~ 6 "  



6 8-12 o~ailnnndvs~aai~#~Iw"ud (draw the digraph of the relation) 

12. naiu8uiu6d"J~44 7 
1 91 l u 6  13-1s ~~6aunai~lw"ud~if lutr (r lu~~~spdn~ 

28. n?iuX~ITuiq~.~#o 26 iSun':~Y~u nuuims ilQnumm5 w i o  n ' a m o ~  nSoW? 





I 

26 n~rimor39ra~rufruw"ora' 

(Representing Relations) 

(Representing Relations using Matrices) 

n~iul?llriui r::wji-a imiih niuirngmmud~ IRuI# iunin.5 guii-~d-a 

(zero-one matrix) 

m u t i i  R du~~?iuJuriuf oin A = {a,, a2, . . ., a,,,] 1d B = (b,, b,? . . ., b,,t 
d ~ U d d  tfUl%l l lQ4iW6l A 1IIIZiWl B OLSIIU~Q b d l h ~ d l - a ~ ~ ~ ,  (listed in a 

6 
particular order) iid dik~iUd ~::du-ao(ii-a!r~~# UO~QI~U:IX? ~ U Q  A = B iriI# ~II 

du-a5utu iwisun'u diwfu A iia:: B 
d 

n? iu6& i  R muirngn iinunhu irmin4 M, = [mi,] 

i i o  

1 if (a, bj) E R 

mij = 

0 if (a,, bj) 4 R 

d B 1~8nocii-awJ& tunin4 ~ & H U J  v-aimu n?iun*U$ui R S I i j u  entry 
I 

d A n (i, j) I ~ Q  a, ~YWYU~~IJ b, ii1~:: G o ludiiIw~-ad #I a, M ~ u l * i t ~  b, 

niriinuil idud<uodtu m3liu45uuiiu dI#&wiu A vn:: B (such a 

representation depends on the orderings lised for A and B.) 

R ii!Iun?iuJu1*i oin A W B drznauhu i5uuciu (a, b) tli a E A, b E B 

liar a > b o-awiiun?nr' va-a naiun'uiui R Eii a, = I, % = 2 tin:: = 3 d?u 

b, = I tin:: b, = 2 



a d tuamau luorain R drrnou4qa icugu (a,, b,) lnun m,, = 1 k i u  

2 l u  u lunini uoc h3lufirirri uulrpl vriSu~uninvaqra (square matrix) niui5t-1 

oinhnnr1ull-h nnu8uiTui R uulm A az15unirn:bu X i  (a. a) E R  do 
d l  a 1n8miud u E A R ~~unimn~#ou nfloiuo (a,, a,) E R ~IH~II i = 1.2, . . .. 

w i t d i l ~  R LBunirn~XDu X i  rmifnqnsi? uu~dun~~uryunin uoc MR lviin'u 1, ~ j ~ d  



d l  d n ? ~ u b i u i  R uuta~l A = {a,, a,, . . ., an o::~~u~IuuI~~ nmxam (a,, all E R D~~IU 

d 
1 2 . . . , n O l f 3 f l ~ % l l ¶ J  V 0 3  m3ffa"fltda~~ (transpose) V D J ~ U M ? ~ ~  Ozt i fU<l  R tflu 

aruui~lr h i e t i e  

(a) ~~u1m3 (b) dfibuuimr 

d l  d 
n~iu8un'ua' R i8uJijnuuiar nolotuo 81 (a. b) E R tin:: (b, a) E R i l t 7 ~ 3 " i l  

a = b tvmzaaifu tuw?n4~03 ~ ? I U ~ ~ ~ ~ ~ J ~ I T U U I R I  !~(uRuI.TZ~I 81 m ,  = 1 ~ s l u d  
A 4  d 4 

i # j ttX? m ,  = o n3ogaBnodi.rnu.mo iuo i + j , miJ = o wro mJl = o ori i~bori i~ 

wu", wfotfluqu6 I Jtiuuuo.rtlmin/ kiwh n-aiulriuid~nuuim 02 J 2 (b) 



L Y 

nrizazuir ~ i f l f l i ~ i h 6 f i ~ f l l . i 6 6 ~  (Boolean operations) 

join I1RZ meet : 



IUnfni6 HiUi3om1# 1 ~ ~ 1 4  PlntJacuuuuQ ((Boolean product) 'UodluVIf nd d i ~ f ~  

n2iuguviuiwiid 

9X R iflun21un'uIYui einivm A Id B ria:: s iflunaiu8uIYum" ein B I d  c 

HUURP~I  ivm A. B LIP:: c i i t ~ d n  m, p im:: n 62 miabih 46~611  (a,, cJ) a::odlu 
d l  A s o R nmoiuo iinudn bk TmuC/ (a,, bk) odlu R im: ~6uciu (b,, c,) odlu s Q:: 

2 dU 

HdM ~ ~ l ~ f l ~ l ¶ . J ~ l  

M,,, = M, O M, 



14' R~ I S U ( I ~ I U ~ U I Y U ~  O I ~  x = ( 1.2.3) 1J Y = (a, b )  Q U I U T ~ J ~  

R, = ((1.. a), (2, b), (3, a), (3, b) 1 

u a ~ l d  R, i d u n ~ i u f i i u i  o m  Y i d  z = (x, y. Z) iiuukd 

2 u  HngfM (product) U O ~ I U M ? ~ ' $ ~ ~ O J ~ @ ~ U ~ ~ Q  



m i n ~ i r ~ r i u u s ~ l l a g c u d  g c t  us interpret this product) nui~n&ai?d r i u  A,A, 

Kiuasu~in 

41 Xiciiu IJiJugub (is nonzero) l i n ~ r i i  su nfo tv 1Jlddigud nuuRii su ?t o 
' 41 lmclrii s # o ling u # o k u  ~uiunaiuii (i, a) E R, 11nz (a. k) E R, l ~ u i k 1 8 o  

(i. k) E R, o R, i l ~ r j i  hmdn&ai?d ik lu  A,A2 1JldiigutI 11X? (i. k) E R, o R1 

\ I  

nqlrdun 

id R, dunaiuhr?rrf oin x 1J Y 11a:M R, ~JunaiuihiTui oin Y 
d 1J z d~nniuii~n6uKrll uor x Y un: z lunin4 uor naiubviuf qnqn (~muahr 

41 fi'Ynifiur5u&ul~a'iu 

1X A, d u  iunins' uor R, sa:1# A, 1Ju tudns' uoc R, crmins' uor naiuCiTui 

R, 0 R, idioinmr llnui iisiarlnou $4 1dlddigu6 l u  Hnpw A,A, #au 1 

(Let A, be the matrix of R, and let A, be the matrix of R,. The matrix of the relation 

R, o R, is obtained by replacing each nonzero tenn in the matrix product A,A, by 1.) IL 



(Representing Relations using Digraphs) 

oin~lkilutt8?i?ii n? iub r iu i  muirnunu#?u riun1suo-I i6uKu &nuR uo-~ 
4 M  B d  r* ~ $ 8  TRuIQ ulnTnC guc?-ni% an~awusndiiicy uotni5tmui nq iubr iu i  1Qni5 

ei 
tmud&~uldmn nuiGnildn::di?uott.a. ~mu#?u nu"-IQm (point) ~ ~ u ~ u u d n : : i  unun 

IrunirW nd41du (an) GR~T-IVQ-IGU L S U ~ ~ R ~  td015114 n1~~111udPiluni~ R ? ~ U  

8uw'~C uu LWAbl fb l  0::lflu n51d!%R~l-I M?Q !Rn5ld (directed graphs or digraphs) 

uniiuiu nnd!n'uni-I 1450 lmn.~iY( d~enouhu tam v uocpcl (vrertices) wfo ]nun 

(nodes) 5?UfiU lWA E U Q - I ~ ~ U & J  VQ-I I ~ l G f l  VQ-I V 8unii 8 1 ~  (edges H ~ O  arcs) 
I 

QR a Gun+ pmttrn (initial vertex) V Q - I ~ ~ U  (a, b) IEIZ QR b Bun41 pmdni~ (terminal 

venext) V Q - I ~ I U ~  

P~IUVQ-I~~~~IJII (a. a) Qnunud TRU~$ wd-1~4~ oin9m a nriubJkdi?Guiulot Piiu 

t4ud 8unii  j J i a p  (loop) 

Caadu n5idiiipml-I VQ-IQR a, b, c Am:: d imn::hudi-~q (a. b), (a, d). (b. b). (b, d). 
' 



a) lnnrid uss R (b) lnnsid uss s 

ldd 0 

CT 203 75 



#I R 1Jun7iu#uiua' UUlrR A 66W a E A 6 6 h  8uSinS ( in-deqe) U84 a 

H ~ I U Z ~  B I U ~ U U ~ I ~  b E A I R U ~  @ U ~ U  (b, a) E R d 7 ~  idiSiG (out-degree) 964 a 

HUIUZ~ ~IU?UUQI b E A TRU% tjdLPiU (a, b) E R 

a4nfl4 lfinrld uo4 R rm:liiUUnunir in-degrees 6m:: out-degrees UQ4ynQR 

in-degree 

out-degree 





9. w x y z  

10. How can we quickly determine whether a relation R is antisymmetric by examine the 

matrix of R (relative to same ordering)' 

11. osnronii naiuiioJw'u9" uos uunrInfn#o 9 iflu nirn:#ou, nuuifir, ciiuno~. 

dfinu~lmr, 6u&nruirrhu, imz~nio maiulnirinurmya niolri, 

12. fiinu~iu~?n4 uos naiuzYuw'u9" R  in x Id  Y 1X iriniuirn HI iun?n4 uos 

na1u8uw'wi wnh R" I#ou'isls? 

13. osniiun%-14 uos na iuhh i  w n h  uos iinrnrInf~bo 7 uaz bo LI 

Iurruni3nGm#~ 14-16, Q ~ M I  

(a) runin4 A, uosnaiu8ur*a' R, ( ~ U ~ * ~ ~ ~ U ~ I S ~ ~ U ~ ~ U K P I ~ ~ ~ I H U R ~ X )  

@) i d n 4  A, uosnalu8u+iui R, (bn'ulin'unidus6~6~dfiin~~1X) 

15. R, = 1 (x, y) I x divides y ) ; R, is from X to Y 











2.6 ~ A Q u  @unctions) I I 

lu  nalunssii niKinue\fii%.Xarui3niidaz 

i v n i n o ~  ($~.roiuuzduivmdu?n'~~~t~rn) fi?i?odiadu u'nilnviiidnmu l u & ~ u u  
I 

lnstnh.rlu'doi:oc iinatiinuflmr~t9udi'~o'n~r uintvm {A, B, C, D, E, F )  idu 
oriu.' I #mm A, u i i  I # m r ~  C. U~IIII l k n r r  B, J r z n  I # m s ~  A liar rmd I# 
lnra F nisflin~~diuo~mr~iin~J~#iH"u~u~d I 

lnranfi~lu'pioiudo~ Y ~ n " 4 ~ ~ 1 W l f l u u n w " ~ i u ~ ~ ~ l ~ ~ ~ n f i ~ I u ' d ~ i ~ o ~  tdu i3iiY1.1 

(sequences) iiamiu6nurz (strings) R~n"4utq1liW1fl~nirtinu i?aiuiui i iu.rkdl# 

nool i~imoi~t lmqlni  ~ ~ i i u u ~ r ~ u ~ n d i d t i i n u ~ ~ ~  Y~t-7tufiuuGqiP~ $~iih~q~n"iu 

~RI¶JUU~J  f hliellpl A 

Xi~$%~cill (a, b) (a, c) E R iih b = c 

YP~~~UIU 1 ax A iiaz B i9uim $464~ f uin A I d  B n u i u i ? ~ n ~ r t g i n u ~ d ~  U~JBUI@%I 

t iu~d i i#u? VDJ B l X ~ a u i 3 n i i d a z f i ~ v o ~  A iriiiluu f(a) = b X7 b t9unu13ntiu~ 

d i i # ~ ?  uos B ~ ~ I H W A I R U Y J ~ ~ ~  f %tt'n'~nuiiin a uss A tYi f 1iIuYst-74~ oin A I d  



Get A and B be sets. A function f from A to B is an assignment of a unique element of 

B to each element of A. We write f(a) = b if b is the unique element of b assigned by the 

function f to the element a of A. I f f  is a function from A to B, we write f: A 3 B )  

f =  ((1, a), (2, b), (3, a)) 

01n = 3 t  ad y =  ( a , b , c t  L ~ u ~ . I & u Q I ~  x ad Y 

1miuuuo.1 f n"o I ,  2 ,3 (  i~azw"8uuvo3 f BQ (a, b~ 

f =  ((1, a), (2, b), (3, c), (1, b)t 

oin x = 1 1 ~ 2 . 3  I d  Y = 1 a: b, C J  IdldiiI.~n"Cu m r i ~ i i u i ~ u  2 Cqi?odir 

KP( 1 w  
~ Q U  U ~ Q U ~ ' U  (1, a) lm:: (I ,  b) i?odl~  R ~d a # b 

llwiinu 2 #I f !fiu~.In"h91n A !d B inlmil A 18u hluu (domain) uo.I f llnz 

B l$U lfllRluU (codomain) U8.I f, 81 f(a) = b 1 3 l l R < l  b I ~ U  Blun (image)UQJ a L6fl:. 

a i9u d-&un (pre-image) u0.1 b, 6hu (range) VQ.I f ~u1uti.r ~amvo~B~an&nufiuot 

tfSJl~flV~.I A 81 f 6filJq.I6CU91fl A !d B 1 ~ 1 ~ ~ ~ 1  f d.I A I d  B 
(If f is a function from A to B, we say that A is domain of f and B is the codomain of f .  

If f(a) = b, we say that b is the image of a and a is a pre-image of b. The range of f is the 

set of all images of elements of A. Also, i f f  is  a function from A to B, we say that f maps 

A to B.) 

2d 2 6611~q.In"'kJ f llln A I d  B I 

d w  .i 
ot~ ia is tu i~q i?od i . r r I snuo~~ 'q~o~  I# o ~$uR.mru~rri~~umrnrwI~n'uw'n#n~~ 



1ntuuuo.r G i%1.1. {oljUdi, ui;, uqun, d ~ r n ,  nucli I 

lflln101~~09 O 80l%Gl {A, B, C, D, F) 

i l uo . r  G A'otap, {A, B, C, F) nri:ii i j r jni ln~i$~i jnirr l l~u~ttdaztnr~IX ,( 

unttutnsn D 

w B r i l s d ~ ~  1 I X  f tSuRtnau r.r fiinunn'12 u'm~n~iu~o-rmau's~u @it string) UQ~WJIU 

ui? 2 n5ouinniilXn'umu&ur-d &d Tntuuuo-r t i io t~muo~nu3ahnuRuad 

n?iuui? 2 niomnnii ttnz lnl~luultazw'n*u &rjn"otw~ {m. 01, lo, 11 

1112 ddn"G~f r i d  A IdB 

t4iu Ain*.ruod Pascal 

function floor(x : real) : integer 

r l i n u ~ i i  T~luuuodldn"4u noor flotvfiuo-xdiu?yair lmz blamuuo.rrirrfln 

ramuosi1u~ut4u 

d.r6Guciiak 2 VR $ddl~tuU~~~~)6ui~mui~0~?n6u11a:.~f~n'~I&; 

uniiuiu s 14' fl tmz f2 ttJu?I-rn"Gwoin A W R sti? fl + f2 ttnr flf2 tSuCI-mn"$u 

ain A I d  R u"uioll~u 



f1f2(x) = f1(x)f2 (x) 

(Let f, and f2 be functions from A to R. Then fl + f2 and flf2 are also functions 

from A to R defined by 

2 2 
(f, + f,)x = f,(x) + f2 (x) = X + (x - X ) = X 

iiaz 
2 2 3 4 

, f1f2(x) = f1(x)f2 (x) = X (x - X ) = X - X 

ido f i~uRrn'5urini.a~ A 1di~m B. 6iunuori'1mdouu0r A niuirnQuiuI# 

unu'uiu 4 14' f iJuqr6;u~inic11m A ~JI( I I~ B iinzlX s ~ S U ~ J ~ ~ O U U O S  A, GLUM 

uor s n"oismiouuor B ddrznouhu iimuornui~nuor s iril4i~qlinrrei tiiunuor 
u 

s IRU f(s) 6ru'u 

f(S) = (f(s) 1 s E S )  

(Let f be a function from the set A to the set B and let S be a subset of A. The image of S 

is the subset of B that consists of the images of the elements of S. We denote the image of 

S by f(s), so that 

f(S) = (f(s) 1 s E S )  1 



(One-to-one and onto functions) 

ui.rl.rn"Qu ilLunucndi.rh i/ mi~n~~~npii.rtirru~.rlel~uu~o.roJ'u Rt6+utndld 

iinnii nd.rci0nd.r 

A d d l  d un<tllu 6 %4n"$u f l i ~ n i l  ~~4d0HU4 H50 injective ncnQ1uo f(x) = f(y) Inuu'u x = y 

filH?u~ndl x Ala:: y lu~clmuuet f Wtn"%oira-Zuni1 injection 81¶hdu H ~ . I I Q H &  

(A function f is said to be one-to-one, or injective, if and only if f(x) = f(y) implies that 

x = y for all x and y in the domain of f, , A function is said to be an injection if it is 

one-to-one.) 
B d 

Wltlmq iltf%U f iflu~dqd~~~~tndalll'a 0 0  f(x) # f(y) R ~ I U I R ~  x # y fll~11tl@41~~ 
J' 
U f Ah ~Ud.rd~~Ud.r ! h l ~ l n  101 ~0(131~118dtl8¶Jd V0.I n l . 1 3 1 4 ~ ~ ~ ~ ~  1~(il'$lf%l(1?1~ 

5aau'i.a 6 o.ruonii Yan"5u f oin {a, b, c, d l  11) 1 I, 2.3.4,51 &;au f(a) = 4, f(b) = 5 ,  
A A a 

f(c) = 1 AlaZ f(d) = 3 ~ ~ u M u Q ~ Q M u ~ H ~ B ~ ~ ?  



(A function f whose domain and codomain are subsets of the set of real numbers is called 

strictly increasing if f(x) < f(y) whenever x < y and x and y are in the domain of f. 

Similarly, f is called strictly decreasing if f(x) > f(y) whenever x < y and a and y are the 

domain of f.) 

d l  A uniiuia 7 346itu f rm A U B l iunil ~J#-JBP H ~ O  surjective nmoluo hniu  

rmdnynih b E B iiriui~nnihh a E A f(a) = b W.rn"5u f l iuni i  sur- 

jection u rlrhzc 

(A function f from A to B is called onto, or surjective, if and only if for every element b 

E B there is an element a E A with f(a) = b. A function f is called a surjection if it is - 
onto.) 



Kaadiq 9 Id f ifIuR.rf%unn la, b, c, d) 'Id ( 1,2,3 1 Qialau f(a) = 3, ffi) = 2, 

f(c) = i liar f(d) = 3 o i s j ~  f iftu#rn'+u'~dd~&~fo~ri? 

~ a l a a u  idoqrinrmihAnufi 3 ni vo.rInIaau du6iunvo~rmiL IuIa~au 3465~ 
f i i . r iau~hz.r  k & m a . r ~ ~ u ~ u ~ ~ ~  4 

Kasdia 0.1 4464~ 

f = ((1, a), (2. c). (3. b)) 
d d n n  X = (1, 2.8)  'Id Y - (a. b, c )  ~~)UIIUUHUJ(~DHUI illl:ldh% Y 

unihiu 8 %d+u f tftu H&&tH&tt~l~;i?& H ~ D  bijection #lrJ"UdU H $ ~ ~ O V &  

(The function f is a one-to-one comsporldence or a bijection if it is both one-to-one and 

onto.) 



f(c) =, 1 t11I:. f(d) = 3 ~l¶J<l f lflU bijection I??€IIu"! 
d w  w J 

lvalaau Y.mi$u f 1rlSu~d~d0~6a itlnr Id ia~a  ~ u I ~ I u H U I . I ~ Q H U I ~  ~ ~ n ~ j ~ i j ~ n m u u  

iutodrand~.rn'u riutfIuld6aii~ twn~iinrn3nn"Jwufi 4 Cai7uo.rlnl~luut8ultunuoq 
f l ¶ J l h l U l ~ t ¶ J U  k $ U  f ldu bijection 

~ I J  5 u ~ ~ R - I I # L ~ u ~ ~ ~ ~ ' G u  4 t t ~ u  vttantbutuu~i~do~u"~~tdldlsildiaG~, 7~ 
L B  * h o a ~ u u u u  w h ~ ~ t t d ' 1 0 i 1 l i ~ u " ~ d o ~ u " ~ ,  Firnu t~uauuI?d~do~U'~tta~~d~an-I  fi 

d, vfkI ~ r i l ~ u u ~ d ~ d o ~ U I ~ t t n z l d I l i l d i a ~ ~  gadh Irildil~i$u tnnriiriwd.r 
nu19n~Ud~6aI#n'unui3nttolndiqn'urro~6a 

(a) One-to-one, not onto (b) Onto, not one-to-one (c) One-to-one and onto 

(d) Neither one-to-one nor onto (e) Not a function 

3d5 6a~d1~Odil~d1qq U Q J ~ ~ ~ U ~ U  

8 2 ~ u ' l d  13 I# A tfl,UlclrFI, fl4n'%Jl~n6flr~tu' (identity function) UU A H O J I U ~ J ~ ~ ~ ~ G U  

~ , : A + A  n'o 
i,(x) = x 

d A d o  r E A qfi'onod~c~&iio t(cn'$uton~n'nvd i, nua& i4tnvlr rdi1~ufinu19n 
ttdnzhlXriudialor Rtn'c~ i,, ifIu~dtdoiib imzWiaGt A& Gudu bijection 



(Inverse functions and Compositions of functions) 

oPw"oison8~i~uuuunu"~do~dP1Ln%1dkad f oinrewi A !d6%fl B 6 ~ s i ~ ? I i  f 

Bu&64uldjl?& nuiQqnauea B i9~8i~nuo~auiQnui~~a1u A uonnndlh 

mnzii f ii!lul~i~uua&ionh#au nuiCqnhuo~ B i~uhunoo~~uiQniiium'i 

lu=uo.r A (i~~ui~imulsniiuiu~~n"~u1nolo~n B Id  A &~nriuriunirnu~ diuua 

!+TAU f d~if411 J~~ibi~nna~udolJd 

(Let f be a one-to-one comspon&nce from the set A to the set B. The inverse fupction 

of f is the function that assigns to an element b belonging to B the unique element a in A - 
- I  

such that f(a) = b. The inverse function o f f  is dcnoited by f l .  Hence, f @) = a when 

f(a) = b.) 

3 J 6 ~ ~ R P ~ ~ ~ ~ ~ I ~ ~ M ~ ~ u ~ A v Q P Y . $ ~ ~ u w ~ ~ ~ u  



&i~nuinniiudiia~u t w u  #I r irildiiuu$at'iq rhniurmdnui.rh b tulnlfiiuu. 
K rz1JiinuiGn a lul~iuuod hn iu  f(a) = b uonnnulh XI r !rildu&doud~iiuu 

1dkaii-a i~i!Ja1~~nTii~~neiil#n'unu13n b iiPinz6alulnlfiwu #auaui3niiu~riii~ua 
d 

a IUIR~UU IRUV f(a) = b ( l ~ l s i z i i  huru b ui.r6a 01001~~ulnnilHd4 ,+u a H ~ O  

'ldij a) 
.A a nd~vionu~iiuu'ldhiir Zuni1 wigaan~w?& (invertible) ~UOJOlni3l~lU15n 

d w  A iiuiunirHn(uiuuo.r~~n"hd!& i~nau*ddibu R~n"iiw~isiwn~uul8 (not invertible) 41 
ri~~l~tiuuud.r~.ond.rita=:'ldkan'.r 1 ~ 5 1 z i i  ni~wnCui,,wq,n"+uidu 7J;odoic 

liaau'l~ 14 M f Ifl~%ln"$~ Q l f l  {a. b. c )  'ld (1.2. 3 )  TRU~( f(a) = 2. f(b) = 3 im: 

f(c) = i O I ~ ~ I  f uimjwnwYU!#~?o!d imz81du oz'ls#sN~n"4uwnw'u? 

walclau R.rii?u r ~~hwnCu!Aido~o~nol'uif lu~d~Pion~~~i~~u!d~a~~ R.r6~uwnHir 

i1 6 u d 1 c ~ u n i r r m ~ u c i u i ( ~ 1 ~ u ~ l n u  r :.riu fl(i) = C. i1(2) = a. i1(3) = b 

AFJ~IJ is Id r i~u~~n"4uoiniamuot61u~uidu !dirmuo.rdiuautdu bud f(x) = 



(fog) (a) = f(g(a)) 

(Let g be a fudction from the set A to the set B and let f be a function from the set B to 

the set C. The composition of the function f and g, denoted by fog is defined by 

(fog) (a) = f(g(a)) ) 

rw  B g~"onh~v~cn"o fog t9uRcnau~c~inu~dilAn'un~118n a uoc A 4i?urmi~n$c 

61nw~diI~u f !d g(a) ~dsa~clnmjl Hnds:nou fog ! ~ ~ u I ~ ~ ~ u I u ! #  81fhfu 

uoc g W~~utv~douvoc~~~~uvoc f 1upl 7 ttnac1Bilu~ads~'1~no~1voc~cdGu 

hedl4 17 Id g BUR.J~"GU nntrm {a, b, c )  ~d6chduto.1 I R U ~  g(a) = b, g(b) = 
d 

c liar g(c) = a f I~U%J~$UQI(II%R (a, b, c }  !dt%m ( 1 ,  2, 3 )  lslun f(a) =3, 



66tK f = {(a, y), (b, x), (c, z)) I ~ U R P ~ $ ~  oln Y 1J Z = {x, y, z )  w ~ J ~ ~ ~ Q u u Q ~  

U89 g ItQZ f 
v 

w J' Halaaa wndr:nouuo-r fog its: gof &qUPuiu~qu 

(fog) (x) = f(g(x)) = g(3x + 2) = 2(3x i 2) + 3 = 6x + 7 

(gof) (x) = g(f(x)) = g(2x + 3) = 3(2x i 3) + 2 = 6x + 1 1  

fl'5ld~~3'846<~ (The ~ r a ~ h s ;  of Functions) 

triniuirn associate I ' I A U O ~ ~ ~ I ~ ~  l~ A x B I#n'i~ttdnrWtiQuoin A 111 B 

1'1muo.rddw7 8unii rind (graph) uo.r8~n"Cu ~mru'oun~~tm~thuniw ~~or iau~unir  

din~iutfilswq.'nrruvo~Y~n"Qu 



unGuia~ 11 Id f 1fluih6I7u einlrn A Uw B nrivluor%qd$u f iialasluoqi6uuiiu 

{(a, b) 1 a E A 6In:: f(a) = b) 

(L,et f be a function from the set A'to the sct B. The graph of the function f is the set of 

ordered pairs I (a, b) I a E A and f(a) = b 1.) 
PI e in f i i 016~na-1~~  niivluod~6i7u f ein A Id B n"orclrmdouuer A x B 

HPlQDll f I 5 1 d ~ ~ J  f ~ Q I I R U O J ~ ~ U ~ U  VOI~~I IUU (n, 2n + 1) I ~ D  n l i ! ~ O 1 ~ a ~ d U ,  



d w  4 0  w 
d4fl%MOlf#lFl~ (Some Important Functions) 

d w  d dold islaziiuzSj1 Rsnrunlh6~ 2 z l ( ~  1un~amn~ilddotu"os %o CIsiCu 
dad d a 

dalord (floor) uaz Asn~umos (ceiling) I X  x  rbudlu?uo?s Rs~Cudeoi' flmnv x  
d d  d p l  lRnXdlu3uimunqn ltl4touni-1~9oirilriu x i~nzltd~u~ukih ilnmv x In%XGluau 

d d imuwu1nni~n7oni1ti x  ~si~7uii'  lioun!sl$i8oinls~udsvos Guiunu~ndi4 lu  

mGmrlz$ ~ ~ u ~ u v o s ~ u i o u k ~ ~ n u n s z u ~ u n ~ ~ i t ~ i l ~ ~ 1 ~ ~ v u a  odlrkodwda 

(The floor function assigns to the real number x the largest integer that is less than or equal 

to x. The value of the floor function at x is denoted by L x j .  The ceiling function assigns 
I 

to the real number x the smallest integer that is greater than or equal to x. The value of the 

r 1 ceiling function at x is denoted by x .) 
d w  0 

W I ~ ~ U I H ~  IsdGwdaoj liounR 8un-h $snaunuauduuan (greatest integer function) 



K / W  d oz1~uunJ.aLiiau 1#ild WyUlu (polynomial), nonl%hl (logarithm) ilnr ~cfl%u~( 
d filth (exponential function) &unfi&id~u 8t~?(Uni)~ Pi log x rrl&munoni?b i iu  

The floor of x "round x dow? while the ceiling of x "round x up)). 



uniiuiu 1 3  h x du b~uauflu bhkhnu 6mz y du diu~uduum mû ulu 

x mod g !$l%JlflIl UQJ x ~ 1 5 8 3 ~  y 

(If x is a nonnegative integer and y is a positive integer, we defme x mad y to be the - 

remainder when x is divided by y.) 

5 mod 1 = 0 , 199673 mod2 = 1 
I 

AaLii~ 24 ~ ~ ~ ~ w ~ ~ U ~ I I B ~  (Hash Functions) ~ . J u % ~ L J ~ ~ ~ ~ L Y o ~  (cells) $U W ~ U  

nq~udmoa%3aof nrraii n n  o ik lo (gld 11) #otrnrtfiuunz#un'u d~u~uda  
2 bhhimu!r~ blra&nrilu narlnn$n& (one approach) ?it114 &(~~UIIUUIUIW 

~t6$uuuauvsa rzrhboy n (data item) \ ~(illdlfiu H ~ Q  #U&I I I ~ I Z ~ ~ ~ U  WWIJ 
d A r#onn~utl~1niuds1~~'~1~'n"u#~~aC3~~ C3odvlh #ornnnl6uwio#uiiu dw?u 

\ 
n l~ondrarna1niudi7~~n~'q n mod 11 + IJ~GU~~~ IU~~EIV  iflufid' 



h(n) = n mod 11 
2'4 zd 11 i im~a& i  udtniriiiu 15.5s. sz.132.102 liar 5 lu<u~Yuu WROU 

i~u8iur9ui(lraa"iis 
d ci Piold nuuiiii #odnisiiiurau 257 IW~ISI h(257) = 4. 257 ~nmrinuwii i i~d-~ 

1 d d  
4 o d i ~ l r i i ~ i u  i i l i ~ u d  ~mriii~(u'0~a1d~~p1f0t11id3 lunsdiduif l j un i i  n13tr~siW 

A' A' 
(collision) ~ z A V ~ U  I$DIX$A~QU¶J~(IUU n~rmiiUiR~~u 8 7 H ~ ¶ J ~ d n " $ ~ i i ~ ~ i i € ? %  H X I  
H(X) = H(Y) iid x # y naiimnmd 

~ T u u ~ u i i K ~ ~ m n ~ ~ t r ~ n " ~  (collision nsolutim policy) 3 4 6 1 i 8 ~ 8 ~ 4 i j  ~TCILIW 
a* 9 - 2 . 4  

iuo.rau?anutno ~iisariiirqcqnriRld (fiuutiji o i o ~ i n  10) Xii~il~uTuui(~iiX 



lluuan;~lu3fu 

wuanii claiuliu~Vu'ui~inbqR l u b  1-6 ain x - {I, 2, s , r }  U 
Y = {a, b, c, dl iljufldd#u wia'ld? diiljuddn'+u awl Imiuwirada'uuo~u'u iisl:: 

odusniiiflubdfuuuu ndarisnh m'a 'ldkadc diiduiiuu ndPdsndd iiadJ 

iflulrn"41.1 oin Y W z = (w, X, y, ZI 

tdu4465u oin x = ( -5, -4, . . . ,4 ,5  1 Idivmu~~Biuaui~0~ o~iijuu f ~duiwmuo~ 

d5ugu an:: f dufld<uulluu nd~dondq ~ $ 8  Iddaiiq n?o!d ? 

tdu4qd51.1 oin x = (a, b, c) 1d x : 



(b) 3u1u 

f" = f o f o  ... o f  

tfluwadsznsu n-fold u6.a f 6u$aGuto.a 

f(x) = 4x mod 5 

14. f tflu4.an"h ain x = (o , i ,  2.8.4,s) 1d x U P U I U ~ . ~ ~  

f(x) = 4x mod 6 

f(x) = nx mod m 
B 

omiwqu'lu uu m itaz n d.atdla i i  f tfluRt6Guttu1-1 n6.adond.a iiaz 1d ia& 

6 m i u  b 6 f u ~ i u u i t e a t i d a q ~  lure 16-19 wtian-aii &yaar l r i i+ i l f lw~uGu 

~ . a t ~ u & u r i ~ m u ~ t d u  ira&i.aarild3? lfl#uluuiuttKdqmin13aun"u w8.a h o d i . 1 2 4  

16. h(x) = x mod 11, t~and ~ A f ' i ' H g  t!!h 0 ad 10 

Cyan"o sn, in, 28i,743,377,20, lo, 796 

17. h(x) = x mod 17, t1a6 h f  f 'llg l .8~ 0 ad 16 

b~¶Jtln"~ 714, 631,26, 373,775. 906,509, 2032 42,4, 136, 1028 
2 

18. h(x) = x mod 11, tW3d t tazhya ~ H ~ Q U ~ D  16 
2 

19. h(x) = (X + x) mod 17, tmn ' t tazhya tw8ouGo 17 

20. nuu.̂ i~t~it;utta:#un"u(u'oo&a t ~ u ~ o % l n u ~ u ~ a o d i . a  24 X113110160yaoon O L ~  

ilqlmozlrtin&n301ri? o i u i u  
A s 

zl .  rmuthtr l i f iu&ya t iunoauiuIuhodi.a 24 ~ a r n 1 1 J m u t ~ u  h y a u i n n i i  lo  h 
I 

, a: i i i l~n ik t5~uuwPo1J t~o#un"ubyn  ~itrin~n~u~itdorutc11aa"a'i.a~~ O~UIU 



1fi g 1flud4n'gu oin x 'ld Y iiadfi f ~dubiigu icin Y 711 z hniuhnsiu 

insun f ' ( ~ )  ifiu mn~lnh (inverse image) U O ~  B niuldY f 

lSu79iC~ U I ~  x = { I ,  2.3) ld  Y = {a, b, c, CI 

%# S = ( 1 ) .  T = ( 1 ,  31, U = { a ]  lla:: V = (a,  c )  



3. rduonii f 8uiItn"iu ointmuodfliuu'avfdw (all bit strings) Id  1 ~ 9 7 1 ~ ~ 4  

A 
iuo s iilufliuQu~::ii.r (empty string) i i o ~ i u t ~ n u ~ : : B . ~ I ~ i j ~ m ~ n ~  

6. rduonji ~ J ~ ~ ~ ~ o I J & ~ R Y ~ ~  (a, b, c, d }  ~~~&~o~'uwi~uiItn"5paii~~nW"~ 



11. oduonii f ldGui ldazvndold  19u bijection n n  R R ~ 4 o l i  
2 

a) f(x) = 2x + 1 b) f(x) = x + 1 
3 2 2 

c) f(x) = x d) f(x) = (X + 1)/(x + 2) 

i s .  XI r ua:: f o g duldnL?ii~, id'3 g ezifIuldhiicw4o!ah r t I H i w q ~ a  . 



(inverse image) ~ 0 - a  S d~t~~~do~ Iuod  A drmou#au pre-image $WUIUO(~~UIQ~I 

uo-a s m l 4 # ~ ~ n ~ &  mwwnivuo-a s Aiu f l ( s )  k z u  

a) i l ( ( 0 ) )  b) ;I((-1. 0. 1)) 

c) g l ( {x  I 0 < X < I ) )  

24. %X f ifIutI-an"$uain A Id B %X s iiaa T ifIuiumdsuuss B a~itfln~!#ii;uii 

30. o~ai~n~i~vo-atl-a6~u f(x) = 2 + i 

32. rmlutii r ifIuRt~4u~iR'?wnW'uIX ain Y W z liar g du~-an"4u~iiYawnfiuI# 

ain x Id  Y r-aimm-alXiduji rnswndiruo-awadr~m f o g ~nfii~unlau 
- 1 

( f o g j l  = g o f 1  




