Bevezetés a matematikaba

Jarai Antal

Ezek a programok csak szemléltetésre szolgalnak

Vv 1. Halmazok

> restart;

V¥ 1.1. Logikai alapok

V 1.1.1. Az axiomatikus modszer.

V 1.1.2. Logikai jelek, predikdtumok, formuldk.

Logikai jelek:
> n_|/\\/:®®|”n;
"SAV=<ol|" (1.1.2.1)
Kvantorok:
> "3 V";
"Jv" (1.1.2.2)

Formulak generalasa:
> ppnot:="-":ppand:="N\":ppor:="V": ppimply:="=": ppiff:="<":
ppexist:="3": ppforall:="V":
> stringseq:=proc() local 1i,s;
if nargs=0 then return "" fi; s:=convert(args[1l],string);

for i from 2 to nargs do s:=cat(s,",",args[i]) od; s; end;

stringseq := proc( ) (1.1.2.3)
locali s;
ifnargs = 0 then
return™’
end if;
s:= convert(args| 1), string);
forifrom2 to nargsdo



s:= cat(s,
" argslil)
end do;
S
end proc

> with(combinat):

genform:=proc(L::Tist(list(string)),n::nonnegint)

local V,W,1i,j,c,a,C,S,SL,SR,sr,sl;

if nops(L)<=1 then return {} fi; S:={}; V:=L[1];

if n=0 then VV:=[]; for i from 2 to nops(L) do
C:=choose(VV,i-2); for c in C do for a in L[i] do

S:=S union {cat(a,"(",stringseq(op(c)),")")};

od; od; VV:=[op(VV),op(V)]1; od;

else SL:=genform(L,n-1); C:=choose(V,1);

for s1 in SL do S:=S union {cat(ppnot,sl1)}; for c in C do
S:=S union {cat("(",ppexist,op(c)," ",s1,")"),
cat("(",ppforall,op(c),” ",s1,")")}

od; od;

for j to n do SL:=genform(L,j-1); SR:=genform(L,n-j);
for s1 in SL do for sr in SR do

S:=S union {cat("(",sl,ppand,sr,")'"),cat("(",s1,ppor,
Sr‘ , ll) ll) ,

cat("(",s1,ppimply,sr,")"),cat("(",sl,ppiff,sr,")'")}
od; od;

od; fi; S; end;

genform := proc (L (list( list(string) )), n::nonnegint) (1.1.2.4)
localV, WV, i, j,
¢ a, C S, SL, SR, sr, sl
if nopS(L) <=1 then
return { }
end if;
S:=1{}
Vﬁ=l{1k
ifn =0 then
Wi=[;
forifrom2 to nops(L) do
C:= combinat-choose(VV, i — 2 );
forcinCdo
forah1Lh]do

S:=union(S, {cat(a, "(", stringseq(op(c)),")")})
end do



end do;
VW= [op(VV), op(V)]
end do
else
SL:= genform(l, n—1);
C:= combinat--choose(V, 1);
forslin SLdo
S:= union(S, {cat(ppnot, s1)});
forcinCdo
S:= union(S, {cat("(", ppexist, op(c)," ", s ")"), cat("(",
ppforall, op(c)," ", sl ")")})
end do
end do;
forjtondo
SL:= genform(L, j — 1);
SR := genform(l, n —j);
forslin SLdo
for srin SRdo
S:= union(S, {cat("(", sl
ppand, sr,")"), cat("(", sl ppor, sr,")"), cat("(", sl
ppimply, sr,")"), cat("(", sl ppiff, sr,")")})
end do
end do
end do
end if;
S
end proc

> genform([["x","y"], ["A","B"], ["C","D"], ["E","F"]1]1,0);

{"A0", "B()", "C(%)", "DX)", "C(y)", "D(y)", "E(x,x)", "F(x,%)", "E(X,y)", (1.1.2.5)
"F(x,y)", "E(y,y)", "F(y,y)"}
> genformCL["x","y"]1,01,["P","E"],["I"]],1);

{"PE)VPy)", "Ey) APK)', "(Py) VEX))", "(Ey)=Px)", "(3x PX)) (1.1.2.6)
"(Px)«=Ey))', "Ey)=P(y)", "PX)<=Py))", "(P(Y)APY)),
"(Px)=EX))", "(P(Y)APX)", "(EX)<EX))", "(P(x)VPX))",
"(Py) VE(y))", "(E(y) VP(x))", "(P(y)=E(y))", "(EX) VEX))",
"(PRAPK))", "(E(Y)AE(Y))", "(Ex)«<PX))", "(P(y) VPX))",
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"(E)AP(y))", "(3x P(y))", "(E(y) VEX))", "(P(X) VE(Y))", "(E(y)=E(y))",
"(P(x)=P(x))", "(E(y) VE(Y))", "(P(y)=EX))", "(P(y)=P(y))", "(Ix E(X))",
"(PX)AE(®Y))", "(3x E(y))", "(EX)<=E(y))", "EX)VE(Y))", "(P(y) VP(y))"
"(Ex)=P(y))", "(PE)AP(y))", "(EX)VP(y))", "(EX)VP(X))",
"(P(Y)AE(y))", "(Fy P(y))", "(E(Y)AP(Y))", "(PX)VE(X))", "(Fy P(x))",
"(EX)AE(Y))", "(E(y)=EX))", "(EX)AEX))", "(E(y)AEX))",
"(Px)=1(x,x))", "(Px)=1(x,y))", "(Px)=1(y,y))", "(EX)=1(X,X)
"(E)=1x,y))", "EX)=I1(y,y))", "(P(y)=1(x,x))", "(P(y)=I1(X,y)
y)=1(y,y))", "(E(y)=1(x,x))", "(E(y)=1x,y))", "(E(y)=1y,y)
"(Ix,x)=P(x))", "(x,x)=EX))", "1x,x)=P(y))", "(x,x)=E(y))",
I(x,x)=1(x,x))", "Ix,x)=1x,y))", "Ixx)=1(y,y))", "(I(x,y)=P(X))",
"(Ix,y)=EX))", "(I(x,y)=P(y))", "I(x,y)=E(y))", "1xy)=1(x,x))",
"(Ixy)=1xy))", "Ix,y)=1(y,y))", "I(y,y)=PX))", "(P(y)=P(x))",
Jdy E(x))", "(E(y) VP(y))", "(EX)AP(x))", "(P(y) AE(X))", "(P(X) AE(x))",
Jy E(y))", "(Vx Px))", "(Vy P(x))", "(VX E(x))", "(Vy E(X))",
vx P(y))", "(Vy P(y))", "(VX E(y))", "(Vy E(y))", "(3x I(X,X))",
"(Yx I(x,x))", "(Fy Ix,x))", "(Vy I(x,x))", "(Ax I(x,y))", "(Vx I(x,y))",
"(Ay Ix,y)', "(Vy Ix,y)", "(3x Iy,y))", "(Yx Iy,y))', "(3y 1(y,y))",
"(Vy I(y,y))", "(Px)=P(x))", "(Px)=EX))", "(P(x)=P(y))",
"(P(x)=E(y))", "(PE)AI(X,x))", "(PX)VI(X,x))", "(P(X)=1(X,X))",
"(PXIAIXY)), "(PX)VIEXY))', "(PX)=I1X,y)", "(PX)AILY,Y))",
"(PX)VI(y,y)", "=P(x)", "=EX)", "=P(y)", "=E(y)", "-1(x,x)", "=1(x,y)",
"=l(y,y), "(PX)=1(y,y)", "(EX)=PX))", "[EX)=EX))", "(Ex)=P(y))",
"(Ex)=E(y))", "EX)AIX,x))", "(EX)VIXX))", "(EX)=1XX)",
"E)AIXY)), "(EX)VIXY))', "EX)=I1Xy)", "(E&)ALY,Y)",
"(EX)VIy,y)", "EX)<=1y,y)", "(P(y)=PX))", "(P(y)=EX))",
"(P(y)=P(y))", "(P(y)=E(y))", "(P(Y) AI(X,x))", "(P(y) VI(X,x))",
"(P(y)=1(x,x))", "(P(Y)AIX,Y)", "(P(Y)VIXY))", "(P(y)=1X,y)",
"(Py) Ally,y))", "(P(y) VI(y,y))", "(P(y)=1y,y)", "(E(y)=P(X))",
(
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"(E(y)=EX))", "(E(y)=P(y))", "(E(y)=E(y))", "(E(Y)AI(X,X))",
"(E(y) VI(x,x))", "(E(y)=1(x,x))", "(E(y) ALX,y)", "( Y)VIx,y))",

( E(y)<=1(y,y))",

( "(I(¢,x) AE(x))",

( 1(x,x) VP(y))",

(

(

(

(

)

"(E(y)=1(x,y)", "E)ALly,y)", "(Ely) VI(y,y))",

P(x))", "(I(x,x) VP(x))", "(1(x,x)=P(x))",
(x))", "(I(x,x)=EX)", "I(x,x)AP(y)", "
P(y))", "X, X)AE(y))", "(1(x,x) VE(y))", "(I(x,x)=E(y))",
X,x)AI(x,x))", "(I(x,x) VIxx))", "(Ixx)=Ixx)", "([(xx)ALXy))",
"Ixx)VIXY))", "1xx)=1xy)", "1xx)ALy,y)", "1xx)VIy,y)",
"(Ix,x)=1(y,y)", "1xy)APX))", "(I(x,y) VPX))", "((x,y)=P(X))",
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"(Ix,y) AE(x))", "((x,y) VE())", "I(x,y)=E(X))", "(Xy)AP(Y))",
"(Ix,y) VP(y))", "(I(x,y)=P(y))", "I(x,y)AE(Y))", "(I(x,y) VE(Y))",
"(Iy)=E(y)", "(Ix,y) ALx,x))", "I(x,y) VIx,X)", "I(X,y)=1(xX))",
"I y)AIXY))", "I,y VIXY))', "Axy)=1xy)", "1y ALy,y)",
"(Ixy)VIy,y)', "Ixy)=1y,y)", "Iy, y) APX))", "I(y,y) VP(X))",
"(Ity,y)=PX))", "Iy,y) AEX))", "I(y,y) VEX))", "I(y,y) =E(Xx))",
"(Ity,y) AP(y))", "(I(y,y) VP(y))", "((y,y)=P(y))", "I(y,y) AE(y))",
"(Ity,y) VE(y))", "(I(y,y)=E(y))", "I(y,y) AI(X,x))", "(I(y,y) VI(X,X))",
"(Ity,y)=1(xx)", "Iy, y) Alx,y)", "((y,y) VIX,y)", "((y,y) =1x,y))",
"Ly, y) ALly,y))", "(I(y,y) VI(y,y))", "((y,y)=1y,y))", "I(y,y)=EX))",
"(Ity,y)=P(y))", "(Illy,y)=Ey))", "Ily,y)=1(x,x))", "((y,y)=1(x,y))",

"(Iy,y)=1(y,y))"}
> genform([["x","y"1,[1,["P"]1,["I"]1]1,2):

Az alabbi parser program egy sztring elemzését végzi, hogy az érvényes
formula-e? Ha igen, akkor a true értéket és parok egy listajat, és a maradék

sztringet adja vissza. A parok masodik koordinataja a megtalalt szintaktikai

alapegység. Az els6 koordinata az alapegység tipusa, az alabbiak szerint:

kvantor
logikai jel
zarojel
vessz0
szabad valtozo6
kotott valtozo6
,1,... predikatum, adott szamu valtozoval
predikatum, még ismeretlen szamu valtozoval
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Hiba esetén false értéket kapunk, a lista és a maradék sztring pedig utal a
hiba helyére.

A valtozok és a predikatumok neve bettivel kell kezdddjon és betliket és
szamjegyeket tartalmazhat. Elvalaszto jelként tetszoOleges "whitespace"
karakterekbol allo sorozat hasznalhato.

Az egyszerubb eljarasokkal kezdjiik:

A parseparentheses eljaras egy kezdo zardjellel kezdddd sztringben

megkeresi az ehhez tartozo6 zar6 zarogjelet, és ennek indexét adja vissza. Ha

sikertelen, akkor nulla az eredmény.

A parsename eljaras egy sztringet szétvag egy névre és egy maradékra.



A parsevarsec eljaras vesszokel elvalasztott valtozok sorozatat ismeri fel.

A parsepredicate eljaras egy predikatumot ismer fel.

A fOoprogram a parsesentence eljaras.

> parseparentheses:=proc(s::string) local n,j;
if s="" then return 0 fi; n:=0;
for j to length(s) do
if s[j1="(" then n:=n+1 fi;
if s[j1=")" then n:=n-1; fi;
if n=0 then return j fi;
od; 0; end;

parseparentheses:=:proc(s:snﬁng) (1.1.2.7)
local n, j
ifs="" then
return O
end if;
n:.=0;
forjtolength(s)do
if s[j] = "(" then
n:i=n+1
end if;
ifs[j] =")" then
ni=n-—1
end if;
if n =0 then
return j
end if
end do;
0
end proc

> with(StringTools):

> parsename:=proc(s::string) local 1s,rs;
rs:=TrimLeft(s);
if length(rs)=0 then return "","" fi;
if IsAlpha(rs[1]) then 1s:=rs[1]; rs:=Drop(rs,1l) else



return ,rs fi;
while Tength(rs)>0 do
if IsAlphaNumeric(rs[1]) then
Is:=cat(ls,rs[1]); rs:=Drop(rs,1l);
else return 1s,rs fi;
od; 1s,rs end;

parsename ;= proc( s:string) (1.1.2.8)
localls, rs,
rs:= StringTools:—TrimLeft(S);
iflength(rs) = 0 then
return"’, "
end if;
if StringTools:—IsAlpha( rs[ 1 ] ) then
B:z;@[lk
rsi= StringToolS.—Drop( rs, 1)
else
return"’, rs
end if;
while0 < length(rs) do
if StringTools.-IsAlphaNumeric( rs[1]) then
Is:= cat(Is, rs[1]);
rs:= StringTools:—Drop( rs, 1)
else
returnls, rs
end if
end do;
Is, rs
end proc
> parsevarseq:=proc(s::string) local L,rs,x;
rs:=TrimLeft(s); L:=[]; if rs="" then return true,L,"" fi;
while true do
X :=parsename(rs) ;
if x[1]="" then return false,L,x[2] fi;
L:=[op(L), ["f",x[1]1]1];
rs:=TrimLeft(x[2]); if rs="" then return true,L,"" fi;
if rs[1]1<>"," then return false,L,rs fi;
L:=[op(L),["c",","1]1;
rs:=TrimLeft(Drop(rs,1));

if rs="" then return false,L,"" fi;
od; end;
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parsevarseq := proc( s:string)
local L, rs, x;
rs:= StringTools.- TrimLeft(S);
L:=];
ifrs=""then
return true,
L
end if;
do
x:= parsename(rs);
ifx[1] ="" then
return false, L, x| 2]
end if;
L:=[op(L), ["f", x[1]]};
rs:= StringTools:—TrimLeft(x[Z D;
ifrs="" then
return true,
L
end if;
ifrs[1]<>"," then
return false, L, rs
end if;
L:=[op(L), ["c","]];
rs:= StringTools.- TrimLeft( StringTools-Drop(rs, 1) );
ifrs="" then
return false, L,
end if
end do
end proc

mn

> parsepredicate:=proc(s::string) local L,x,1s,rs,j;
X:=parsename(s) ;1s:=x[1];
if 1s="" then return false,[],x[2] fi; rs:=x[2];
if rs="" then return false,["?",1s],"" fi;
if rs[1]<>"(" then return false,["?",1s],rs fi;
j:=parseparentheses(rs);
if j=0 then return false,["?",1s],rs fi;
x:=parsevarseq(rs[2..j-1]);
if x[1] then
if x[2]=[]1 then
true, [[0,1s],["p","("1,["p",")"1]1,Drop(rs,Jj)

(1.1.2.9)



else
- true, [[(nops(x[2])+1)/2,1s],["p"," ("1,0p(x[21), ["p","
’ Drop(rs,j)
fi;
else x[1],x[2],cat(x[3],Drop(rs,j-1)) fi; end;
parsepredhxne:zzproc(s:sndng (1.1.2.10)

localL x, Is, rs,
x:= parsename(s);
Is:=x[1]:
ifIs="" then
return false, [ ], x[2]
end if;
rs:= x[2 ];
ifrs=""then
return false, ["?", Is],
end if;
ifrs[1]<>"(" then
return false, ["?", Is], rs
end if;
j:= parseparentheses(rs);
if j= 0 then
return false, ["?", Is], rs
end if;
X:= parsevarseq(rS[Z wJ — 1]);
ifx[1] then
ifx[2] =[] then
true, [0, Is], ["p", ("], ["p", "1,
StringTools.-Drop(rs, j)
else
true,
[[1/2*nops(x[2]) +1/2,1s], ["p", "("], op(x[2]), ["p",
"y'1], StringTools-Drop(rs, j)
end if
else
x[1], x[2],
cat(x[3], StringTools-Drop(rs, j— 1))
end if
end proc

nn



> parsesentence:=proc(s::string) local 1s,rs,L,x,j,n;
global ppnot,ppand,ppor,ppimply,ppiff,ppexist,ppforall;
rs:=TrimLeft(s); if rs="" then return false,[]1,"" fi;
if IsPrefix(ppnot,rs) then
rs:=Drop(rs,length(ppnot));
X :=parsesentence(rs);
x[1]1, [["1",ppnot],op(x[2]1)],x[3]
elif rs[1]<>"(" then

parsepredicate(rs)
else
L:=[["p","("1]; j:=parseparentheses(rs);

if j=0 then return false,L,rs[2..-1] fi;
Is:=TrimLeft(rs[2..j-1]); rs:=Drop(rs,j-1);
if IsPrefix(ppexist,1s) or IsPrefix(ppforall,ls) then
if IsPrefix(ppexist,1s) then
L:=[op(L), ["k",ppexist]]; 1s:=Drop(ls,length(ppexist)
);
else
L:=[op(L),["k",ppforall]l]; 1s:=Drop(ls,length
(ppforall));
fi;
x:=parsename(ls); 1if x[1]="" then return false,L,cat(x
[2],rs) fi;
n:=x[1];L:=[op(L),["b",n]];
x:=parsesentence(x[2]);
if not x[1] or x[31<>"" then
return false,[op(L),op(x[2])],cat(x[3]1,rs) fi;
for j in x[2] do
if j[1]="f" and j[2]=n then
L:=[op(L),["b",n]] else
L:=[op(L),j] fi; od;
L:=[op(L),["p",")"1]1; rs:=TrimLeft(Drop(rs,1));
true,L,rs
else
x:=parsesentence(ls);
if not x[1] then return false,x[2],cat(x[3],rs) fi;
L:=[op(L) ,op(x[2]1)]; 1s:=TrimLeft(x[3]);
if IsPrefix(ppand,1s) or IsPrefix(ppor,l1s)
or IsPrefix(ppimply,1s) or IsPrefix(ppiff,l1s) then
if IsPrefix(ppand,1s) then
L:=[op(L),["1",ppand]];1s:=Drop(ls,length(ppand))
elif IsPrefix(ppor,l1s) then
L:=[op(L),["1",pporl];1s:=Drop(1s,length(ppor))
elif IsPrefix(ppor,ls) then
L:=[op(L),["1",pporl];1s:=Drop(l1s,length(ppor))
else
L:=[op(L),["1",pporl];1s:=Drop(l1s,length(ppor))
fi;



x:=parsesentence(ls);L:=[op(L) ,op(x[2])];
if not x[1] or x[3]<>"" then

return false,L,cat(x[3],rs) fi;
L:=[op(L),["p",")"1]1; rs:=TrimLeft(Drop(rs,1));

true,L,rs
else
false,L,cat(1s,rs)
fi;
fi;
fi; end;
parsesentence:==proc(s:sndng) (1.1.2.11)
localls, rs, L, x, j, 1
global ppnot,

ppand, ppor, ppimply, ppiff, ppexist, ppforall
rs:= StringTools-TrimLeft(s);
ifrs=""then
return false, [ ],
end if;
if String Tools.-IsPrefix(ppnot, rs) then
rs:= StringTools-Drop(rs, length(ppnot) );
x:= parsesentence(rs);
x[1], [["1", ppnot], op(x[2])], x[3]
elifrs[1] <>"(" then
parsepredicate(rs)
else
L :
j:= parseparentheses(rs);
if j = 0 then
return false, L,
nﬂZ.s—l]
end if;
Is:= StringTools:—TrimLeft( rs[2 W — 1]);
rs:i= StringToolS.—Drop( rs, j—1 );
if StringTools.-1sPre fix( ppexist
Is) or StringTools-IsPrefix(ppforall, Is) then
if StringTools.-IsPrefix( ppexist, Is) then
L:=[op(L), ['k",
ppexist]|;
Is:= StringTools.-Drop(ls, length(ppexist) )
else

nmn



L:=[op(L), ['K", ppforall]];
Is:= StringTools.-Drop(ls, length(ppforall) )
end if;
X:= parsename(ls);
ifx[1]=""then
return false, L,
cat(x[2], rs)
end if;
n:= x[ 1 ];
L:=[op(L), ["b", n]]
x:= parsesentence(x[2]);
if not x[l] or x[3]<>”" then
return false, [op(L), op(x[Z])], cat(x[3], rs)
end if;
for jinx[2]do
ifj[l] ="f" and j[Z] = n then
L:=[op(L),
["b", nl]
else
L:=[op(L), j
end if
end do;
L:=[op(L), ["p", ")"]};
rs:= StringTools-TrimLeft( StringTools-Drop(rs, 1) );
true, L, rs
else
x:= parsesentence(ls);
if not x[1] then
return false, x[2], cat(x[3], rs)
end if;
L:=[op(L),
op(x[2])];
Is:= StringTools.- TrimLeft(x[3]);
if StringTools-IsPrefix(ppand,
Is) or StringTools-IsPrefix(ppor,
Is) or StringTools-IsPrefix( ppimply,
Is) or StringTools-IsPrefix(ppiff. Is) then
if StringToolS—ISPrefix( ppand, IS) then



=[op(D), [T,
ppand|];
Is:= StringTools.-Drop(Is,
length(ppand) )
elifString Tools.-IsPrefix( ppor,
Is) then
=[op(L), ['1", ppor|};
Is:= StringTools.-Drop(ls, length(ppor) )
elifString Tools-IsPrefix(ppor, Is) then
=[op(L), ['1", ppor|};
Is:= StringTools.-Drop(Is,
length(ppor) )
else
=[op(L), ['1", ppor]];
Is:= StringTools:—Drop( s, Iength( ppor))
end if;
X:= parsesentence( Is);
L:=[op(L), op(x[2])];
if not x[1] or x[3]<>"" then
return false, L,
cat(x[3], rs)
end if;
L:=[op(L), ['p", ")"]};
rs:= StringTools.- TrimLeft(StringTools:—Drop( rs, 1));
true, L, rs
else
false, L, cat(lIs, rs)
end if
end if
end if
end proc

> parsesentence("I(x,y)");
parsesentence("Vx 1(x,X)" );
parsesentence("(Vx I(x,x))");
parsesentence("(Vx(Yy(3z(I(x,z) AI(y,2)" );
parsesentence("((Ex) AE(Y)A=Ix,Y)");
true, [[2,"1"], ["p", "C"], ["f", "x"], ["e", L ey ] [pt ) 1,

false, [ ], "Vx I(x,x)"
e, (9 °C) [, v, [, 2,1 [t L [, e e
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» 1.1.3. Megjegyzés.

» 1.1.4. Példa.

» 1.1.5. Példa.

» 1.1.6. Példa.

» 1.1.7. Matematikai elméletek.
» 1.1.8. Matematikai logika.

» 1.1.9. Egyenloség.

» 1.1.10. Nyelvek miiveletekkel.
» 1.1.11. Az axiomdk jelentése.
» *1.1.12. Az axiomdk kivdlasztdsa.
» ->1.1.13. Feladat.

» ->1.1.14. Feladat.

» ->1.1.15. Feladat.

» ->1.1.16. Feladat.

» 1.1.17. Feladat.

» 1.1.18. Feladat.

» ->1.1.19. Feladat.

» 1.1.20. Feladat.

» ->1.1.21. Feladat.

» ->1.1.22. Feladat.

» 1.1.23. Tovdbbi feladatok.

V¥ 1.2. Halmazelméleti alapfogalmak

(1.1.2.12)



> restart;

V 1.2.1. Halmazelméilet.

> A:={a,b,c}; member(b,A); member(d,A); b in A; evalb(%); d

in A; evalb(%);

A:= {b, C a}
true
false

be({b, ¢ a})
true

de({b, ¢ a})
false

> whattype(A); whattype(a); whattype(2); whattype
(krikszkraksz); whattype("krikszkraksz') ;
set

symbol
integer

symbol
string

V 1.2.2. Meghatarozottsdg.

> {a,a,b,b,a}; {b,a};
{b, a}

{b, a}

- * 1.2.3. Meghatdrozottsdagi axioma.
V 1.2.4. Részhalmazok.

> {a,b} subset {a,b,d};

true
> {a,c} subset {a,b,d};

false
> {a,b} subset {a,b};

true
> X subset X; X subset Y;

true

XY

> A:={1,2,3,4,5,6,7}; select(x->1isprime(x),A);

(1.2.1.1)

(1.2.1.2)

(1.2.2.1)

(1.2.4.1)

(1.2.4.2)

(1.2.4.3)

(1.2.4.4)



A:=1{1,2,3,4,5,6,7}
{2,3,5,7} (1.2.4.5)

» * 1.2.5. Részhalmaz-axioma.

» *1.2.6. Tétel.

» * 1.2.7. Megjegyzés.

V 1.2.8. Néhdny egyszerii halmaz.

> {}; {a,b}; {a,a}; {a,b,c};

{}
{b, a}
{a}
{b, ¢ a} (1.2.8.1)
> a:=b; {a,b};
a=»n
{b} (1.2.8.2)
> a:="a'; {a,b};
a.=d
{b, a} (1.2.8.3)
> {} subset X;
true (1.2.8.4)

» 1.2.9. Az tives halmaz axiomdja.
» 1.2.10. Paraxioma.
V 1.2.11. Unio.

> {a, b} U {p, c}; {a, b} union {b, c};

}
b, ¢, a} (1.2.11.1)
, bt} op(7); “union (op(7));
1, 2, b}, {;, {a, b});
{b, a}, {a}, {1, 2, b}, {b, c}}
{a}, {1, 2, b}, {D, ¢}
1,2, b, al (1.2.11.2)
> {a,b} union {b,c}; ‘union ({a},{b,c},{1,2,b},{},{a,b});

{b, ¢ a}

(1211 )



{1,2,b,¢ a} (1.2.11.3)
> A:={a,b}; B:={b,c}; "union (A,B);

A:={b, a}
B:={b, c}
{b, ¢ a} (1.2.11.4)
> ‘union Q;
{} (1.2.11.5)

» *1.2.12. Unidaxioma.
V 1.2.13. Allitds: az unid tulajdonsdgai.

> X union {};

X (1.2.13.1)
> X union Y; Y union X;
XUY
XUY (1.2.13.2)

> (X union Y) union Z; X union (Y union 72);
union(X Y, Z)

union(X, Y, Z) (1.2.13.3)

> X union X;
X (1.2.13.4)

V 1.2.14. Metszet.

> {a,b,1} intersect {a,c,2,1};

{1, a} (1.2.14.1)
> “1intersect ({a,b,c,d},{a,b,c,1},{a,b,1,2});
ib, a} (1.2.14.2)

> A:={a,b}; B:={b,c}; C:={c,a}; A intersect B; B intersect C;
C intersect A; “1intersect (A,B); “1intersect (A,B,0O);

A:={b, a}

B:={b, ¢}

C:= {C, a}
{p}
{c}
{a}
{p}

{} (1.2.14.3)



V 1.2.15. Allitds: a metszet tulajdonsdgai.

Az els6 négy tulajdonsagot a Maple is ismeri:

> X 1intersect {};

{} (1.2.15.1)
> X 1intersect Y; Y intersect X;

XNY

XNY (1.2.15.2)

> X 1intersect (Y intersect Z); (X intersect Y) intersect Z;
intersect(X, Y, Z)
Y,

intersect(X, Y, Z) (1.2.15.3)

> X 1intersect X;
X (1.2.15.4)

» ->1.2.16. Feladat.
V ->1.2.17. Feladat.

V ->1.2.18. Feladat.

» ->1.2.19. Feladat.

» 1.1.20. Feladat.

» 1.2.21. Feladat.

V 1.2.22. Allitds: disztributivitdsi szabdlyok.

> X 1intersect (Y union Z); expand(%);
(YuUZ)nx

XNYuXxnZz (1.2.22.1)
> X union (Y intersect 7Z); A:={a,b,c}; B:={b,c,d}; C:={c,d,e}
: A union (B intersect O); (A union B) intersect (A union

O;
Xuynz

A:=1{b, ¢ a}
B:={b, ¢ d}
C:={c d e}
{b, ¢ a, d}
{b, ¢ a d} (1.2.22.2)

V ->1.2.23. Feladat.



V 1.2.24. Kiilonbség és komplementer.

> A:={a,b}; B:={b,c}; C:={a,b,c,d}; A minus B;
symmdiff(A,B); symmdiff(A,B,O);

a
{b, d} (1.2.24.1)

V 1.2.25. Allitds.

> A; C minus (C minus A);
{b, a

{b, a

N~ Y~

(1.2.25.1)

> C; C minus {};
{h(;a,d}

{b, ¢ a, d} (1.2.25.2)

> {}, C minus C;
iU (1.2.25.3)
> {}; A dintersect (C minus{?);
) (1.2.25.4)

> C; A union (C minus A);
{b ¢ a d

{b, ¢ a, d) (1.2.25.5)
> B:={a,b,d}; A; C minus B; C minus A;

B:={b,a,d}
{b, a}
{c}
{c d} (1.2.25.6)

> A; B:={b,c}; C minus (A union B); (C minus A) 1intersect (C
minus B);

{b, a}
B:={b, ¢}
{d}

(1.2.25.7)



{a} (1.2.25.7)
> C minus (A intersect B); (C minus A) union (C minus B);

{c a, d}
{c a, d} (1.2.25.8)

» ->1.2.26. Feladat.
» ->1.2.27. Feladat.
V ->1.2.28. Feladat.

P ->1.2.29. Feladat.
» ->1.2.30. Feladat.
» 1.2.31. Feladat.
» 1.2.32. Feladat.
» 1.2.33. Feladat.
V ->1.2.34. Feladat.

» ->1.2.35. Feladat.
V 1.2.36. Hatvanyhalmaz.

> with(combinat,powerset): powerset({a,b,c}); powerset({a,b})

éowerset({a}); powerset({});

{{}L{b, ¢ a}, {b a}, {c a}, {b}, {c}, {a}, {b, c}}
{{}, {p, a}, {b}, {a}
{{}, {a}}
{1 (1.2.36.1)

» *1.2.37. Hatvdanyhalmaz-axioma.
V ->1.2.38. Feladat.

V ->1.2.39. Feladat.

» 1.2.40. Feladat.
V ->1.2.41. Feladat.

> * 1.2.42, Végtelenségi axioma.



» 1.2.43. Megjegyzés.
P 1.2.44. Tovdbbi feladatok részletes megolddssal.
P 1.2.45. Tovdbbi feladatok.

V¥ 1.3. Relaciok

V 1.3.1. Rendezett padr.

A rendezett par a Maple-ben [x,y].

> evalb({{x}, {x,y}}={{y}, {x,y}});evalb([x,yl=[y,x]1);

false
false (1.3.1.1)
> p:=[x,yl; p[1]; p[2];
p:=[x vl
X
y (1.3.1.2)

> “type/ordpair :=proc(x) type(x,list) and nops(x)=2 end;
type([a,b],ordpair); type([1l,2,3],ordpair);

type/ordpair := proc(x) type(x, list) and nops(x) = 2 end proc
true
false (1.3.1.3)

V ->1.3.2. Feladat.

V 1.3.3. Descartes-szorzat.

> bincartprod:=proc(X::set,Y::set) local x,y,Z; Z:={};
for x in X do for y in Y do Z:=Z union {[x,y]}; od; od; Z;
end;

bincartprod := proc (X:Set, Y::set) (1.3.3.1)
localx, y, Z
z:={}
forxin Xdo
foryin Ydo
VAL union(Z, {[x, y]})
end do



end do;
Z
end proc

> bincartprod({1,2,3},{a,b});
{I1, p], [1, al, |2, ], [2, al, [3, b], [3, al} (1.3.3.2)

» ->1.3.4. Feladat.

» ->1.3.5. Feladat.

» 1.3.6. Feladat.

» 1.3.7. Feladat.

V 1.3.8. Binér reldciok.

> binrel :=proc(R::set(ordpair),X::set,Y::set) local r;
if nargs<l or nargs>3 then error ": needs 1..3 arguments"
fi;
for r in R do
if nargs=2 and not (member(r[1],X) and member(r[2],X))
then
return false;
elif nargs=3 and not (member(r[1],X) and member(r[2],Y))
then
return false
fi;
od; true; end;
binrel:= proc(R:(set(ordpair) ), X::set, Y::set) (1.3.8.1)
localr;
ifnargs <1 or 3 < nargs then
error": needs 1..3 arguments”
end if;
forrinRdo
ifnargs =2 and not (member(r[1],
X) and member(r[2], X)) then
return false
elifnargs = 3 and not (member(r[1],
X) and member(r[2], Y)) then
return false
end if
end do;
true



end proc

> binrel ({});
R:=bincartprod({1, 2,3}, {a,b}) ;binrel (R) ;binrel (R,{0,1,2,3},
{a,b,c});
binrel (R, {a,b},{1,2,3});binrel(R,{1,2,3,a,b});

true
R:={[1, b], [1, al, [2, b}, [2, a], [3, D], [3, al}
true
true
false
true (1.3.8.2)
> 1id:=proc(X) local x; map(x->[x,x],X); end; id({1,3,a});
id:= proc(X)
local x;
map(proc(x)
option operator, arrow,
[x, x]
end proc, X)
end proc

{[1,1], 13, 3], [a al} (1.3.8.3)

> F:={{1},{2},{1,2}}; FF:=bincartprod(F,F); select(x->x[1]
subset x[2],FF) ;select(x->x[1] subset x[2] and not x[1]=x

[2]1,FF);
F:={{1}, {2}, {1, 2}}
= {[{2}, {1}], [{2}, {2}], [{2}, {1, 2}, [{1, 2}, {1}], [{1, 2},
(23] [, 2, {1, 28], [{n}, {n}], [}, {2}] [{a}, {1, 2}])
{1}, {1}], [{a}, {1, 2}])

{2 {21, [z} {1, 23] {1, 20 {1, 21,
{2 1, 28] [, {1, 2] (1.3.8.4)

> 1irem(13,5); X:={1,2,3,4,5,6};XX:=bincartprod(X,X):
R:=select(x->irem(x[2],x[1])=0,XX);

3
X:={1,2,3,4,5, 6}
R:={[1,2],[1,1],13,3] 1[5 5)16,6]1[1,3][1,4][1,5][16], (1.3.85)
[2,2],[2,4],[2,6],[3,6], [4, 4]}

V 1.3.9. Feladat.



V 1.3.10. Feladat.
V 1.3.11. Feladat.
V 1.3.12. Feladat.
V 1.3.13. Feladat.

V 1.3.14. Reldciok grdfja.

V 1.3.15. Ertelmezési tartomdny, értékkészlet.

> R:={[1,al,[1,b],[2,b],[3,d],[2,d],[4,el};

dmn:=proc(R::set(ordpair)) map(x->x[1],R); end; dmn(R);
rng:=proc(R: :set(ordpair)) map(x->x[2],R); end; rng(R);

R:={[1, b}, [1,al,[2, ], [3,4d], 2 d], [4, el}

dmn := proc(R:(set(ordpair) ) )
map(proc(x)
option operator,
arrow,
x[1]
end proc, R)
end proc
{1,2,3,4}
rng := proc(R:(set(ordpair)))
map(proc(x)
option operator,
arrow,
x[Z]
end proc, R)
end proc
{b, a,d e}

» ->1.3.16. Feladat.
V 1.3.17. Kiterjesztés, lesziikités.

> R; select(x->(x[1]>1 and x[2]<>b),R);

(1.3.15.1)



restrict:=proc(R::set(ordpair),X) select(x->(x[1] in X),R);
end;
X:={2,3}; restrict(R,X);

{{1, ], [1,al, [2, ], [3, d] [2, d], [4, el}
{[3,dl [2, 4], [4, el}
restrict:= proc(R:(set(ordpair) ), X)

select(proc(x)
option operator, arrow,
in(x[1], X)
end proc, R)
end proc
X:= {2, 3}
{[2, b], [3, d], [2, d]} (1.3.17.1)

V 1.3.18. Inverz.

> relinv:=proc(R::set(ordpair)) map(x->[x[2],x[11]1,R); end;
R; dnn(R); rng(R); S:=relinv(R); dmn(S); rng(S); relinv(S);

relinv := proc(R::(set( ordpair) ) )

map(proc(x)
option operator,
[x[2], {[1]]
end proc, R)
end proc
{[1,p], (1, al, [2, p], [3, d], [2, d], [4, e]}
{1, 2, 3,4}
{b, a d e}
S:={[p 2], [d 3], 14 2], [e, 4], [b, 1], [a, 1]}
{b, a d e}
{1, 2, 3,4}
{1, p], [1, al, [2, ], [3, d], |2, d], [4, e]} (1.3.18.1)

V 1.3.19. Halmaz képe és inverz képe.

> mapset:=proc(R::set(ordpair) ,A::set) rng(restrict(R,A))
end;
invmapset:=proc(R::set(ordpair) ,A::set) rng(restrict(relinv



(R),A)) end;

R; S:=relinv(R); A:={1,4}; B:={b,e}; mapset(R,A); mapset(R,

B);
invmapset(R,B); mapset(S,B);

mapset = proc(R:(set(ordpair) ), A:set)
rng(restrict(R, A))

end proc

invmapset := proc(R:(set( ordpair) ), A::set)
rng(restrict(relinv(R),

A))
end proc
{[1, ], [1, al, [2, b], 3, d], [2, d, [4, e}
S:={lb 2], (4 3], [d 2] [e 4], [p 1] [a 1]}
A:={1, 4}
B:={b, e}
{b, a, e}
{}

{1, 2, 4}

,4}

» ->1.3.20. Feladat.
» ->1.3.21. Feladat.
» ->1.3.22. Feladat.
» ->1.3.23. Feladat.
V 1.3.24. Kompozicio.

(1.3.19.1)

> relcomp:=proc(R::set(ordpair),S::set(ordpair)) local r,s,T;

T:={};

for r in R do for s in S do

if s[2]=r[1] then T:=T union {[s[1],r[2]]}; fi;

od; od; T; end;
R; S:={[aa!1] ![bbsg] ,[CC,S]}; re-lcomp(R!S);

relcomp := proc(R:(set(ordpair)), S:(set(ordpair)))
localvy, s, T:
T:={}
forrinRdo
forsinSdo



ifs[2] = r[1] then
T:= union(T,
{[sl1], r[2]]})
end if
end do
end do;
T
end proc
{l1,p], [1,al, (2, p] [3, 4], [2, d], [4 el}
S:={laa, 1], [bD, 3], [cc, 5]}
{laa, b], [aa, al, [bb, d]} (1.3.24.1)

» 1.3.25. Feladat.
» ->1.3.26. Feladat.
V 1.3.27. Allitds.

> R; S:={[aa, 1], [aa,2],[bb,3],[cc,4],[dd,5]1}; relcomp(R,S);
rng(R) ; rng(%%) ;

{l1,p], [1,al,[2 ] [3, 4], [2,d], [4 el}
S:={laa, 1], [bD, 3], [aa 2], [cc, 4], [dd, 5]}
{laa, bl, |aa, al, [bb, d], [aa, d], [ cc, e]}
{b, a,d e}
{b, a, d e} (1.3.27.1)

> T:={[xx,aal,[xx,ccl}; relcomp(R,relcomp(S,T)); relcomp
(relcomp(R,S),T);

T:={[xx, aal, [xx, ccl}
{[xx, b, [xx, al, [xx, d], [xx, e]}
{[xx, b, [xx al, [xx dl, [xx, e} (1.3.27.2)

> relinv(relcomp(R,S)); relcomp(relinv(S),relinv(R));
{[b, aa], [a, aa], [d, bb], [d, aa], [e, CC]}
{[b, aa], [a, aa], [d, bb], [d, aa], [e, CC]} (1.3.27.3)
V 1.3.28. Allitds.

> R; IX:=id({1,2,3,4,5}); relcomp(R,IX); IY:=id({a,b,c,d,e});
relcomp(IY,R);



{[1, ] [1, al, [2,b], 3, d] [2, d], [4, el}
x:={[1,1],[3,3], [5 5], [2 2], [4, 4]}
{[1, ] [1, al, [2,b], 3, d] [2, d], [4, el}
1v:={la, al, [b, b, [ c, [d, d], [e, el}
{1, p], [1, al, [2, ], [3, d], [2, d], [4, e]} (1.3.28.1)

V 1.3.29. Definicio.

> 1istransitive:=proc(R::set(ordpair)) local r,s;
for r in R do for s in R do
if r[2]=s[1] and not [r[1],s[2]] in R then
return false fi;
od; od; true; end;

X:={1,2,3,4,5,6}; XX:=bincartprod(X,X):
R:=select(x->irem(x[2],x[1])=0,XX); istransitive(R);

istransitive := proc(R:(set( ordpair) ) )
localr, s;
forrinRdo
forsinRdo
ifr[2] =s[1] and not in([r[1], s[2]], R) then
return false
end if
end do
end do;
true
end proc
X:={1,2,3,4,5,6}
R:={[1, 2], [1,1],[3, 3], [5, 5], [6, 6], [1, 3]
[2, 2], [2,4], [2,6], 3, 6], [4, 4]}
true (1.3.29.1)
> issymmetric:=proc(R::set(ordpair)) local r,s;
for r in R do

if not [r[2],r[1]] in R then return false fi;
od; true; end;

,[1,4], [1,5] [1, 6],

issymmetric(R);

issymmetric:= proc(R:(set( ordpair)))
localy, s;



forrinRdo
if not in([r[Z], r[l]], R) then
return false
end if
end do;
true
end proc
false (1.3.29.2)
> 1isantisymmetric:=proc(R::set(ordpair)) local r;
for r in R do
if [r[2],r[1]] in R then if r[1]l<>r[2] then return false
fi; fi;
od; true; end;

isantisymmetric(R);

isantisymmetric := proc(R:(set( ordpair)))
localr,
forrinRdo
ifin([r[2], r[1]], R) then
ifr[1]<>r[2] then
return false
end if
end if
end do;
true
end proc
true (1.3.29.3)
> 1isstriclyantisymmetric:=proc(R::set(ordpair)) local r;
for r in R do

if [r[2],r[1]] in R then return false fi;
od; true; end;

isstriclyantisymmetric(R);

isstriclyantisymmetric := proc ( R:(set( ordpair) ) )
localr;
forrinRdo
ifin([r[2], r[1]], R) then
return false
end if



end do;
true
end proc
false (1.3.29.4)
> 1isreflexive:=proc(X::set,R::set(ordpair)) local x;
if not binrel (R,X) then return false fi;

for x in X do if not [x,x] in R then return false fi; od;
true; end;

isreflexive(X,R);

isreflexive := proc( X::set, R::(set(ordpair) ) )
local x;
if not binrel(R,
X) then
return false
end if;
forxinXdo
if not in([x, x|, R) then
return false
end if
end do;
true
end proc
true (1.3.29.5)
> 1isirreflexive:=proc(X::set,R::set(ordpair)) local x;
if not binrel(R,X) then return false fi;

for x in X do if [x,x] in R then return false fi; od; true;
end;

isirreflexive(X,R);

isirreflexive := proc( X:set, R:(set(ordpair)))

local x;
if not binrel(R, X) then

return false
end if;
forxin Xdo

ifin([x, xJ, R) then

return false
end if



end do;
true
end proc
false (1.3.29.6)
> 1istrichotom:=proc(X::set,R::set(ordpair)) local x,y;
if not binrel (R,X) then return false fi;
for x in X do for y in X do
if x<>y then if ([x,y] in R and [y,x] in R) or
((not [x,y] in R) and (not [y,x] in R)) then return
false
fi; fi;
od; od; true; end;

istrichotom(X,R);

istrichotom := proc( X::set, R::(set(ordpair)))
local x, y;
if not binrel(R, X) then
return false
end if;
forxin Xdo
foryin Xdo
if x <>y then
ifin(|x, y], R) and in([y, x],
R) or not (in([x, y], R) or in([y, x], R)) then
return false
end if
end if
end do
end do;
true
end proc
false (1.3.29.7)
> 1isdichotom:=proc(X::set,R::set(ordpair)) local x,y;
if not binrel (R,X) then return false fi;
for x in X do for y in X do

if not([x,y] in R or [y,x] in R) then return false fi;
od; od; true; end;

isdichotom(X,R);

isdichotom:= proc( X:set, R::(set(ordpair)))



local x, y;
if not binrel(R, X) then
return false
end if;
forxin Xdo
foryin Xdo
if not (in([x, y], R) or in([y, x], R)) then
return false
end if
end do
end do;
true
end proc
false (1.3.29.8)

V ->1.3.30. Feladat.

» ->1.3.31. Feladat.
» 1.3.32. Feladat.
» ->1.3.33. Feladat.
P 1.3.34. Feladat.
» ->1.3.35. Feladat.
» 1.3.36. Feladat.

P 1.3.37. Reflexiv, szimmetrikus illetve tranzittv reldciok
grdfjanak egyszeriisitése.

V 1.3.38. Ekvivalenciareldcio, osztdlyozas.

> 1isequivalence:=proc(X::set,R::set(ordpair))
istransitive(R) and issymmetric(R) and isreflexive(X,R);
end;

isequivalence(X,R);

isequivalence := proc( X:set, R::(set(ordpair)))
istransitive(R) and issymmetric(R) and isreﬂexive(X R)
end proc
false (1.3.38.1)

> E:=select(x->irem(x[1],3)=1irem(x[2],3),XX); isequivalence
X,E);



E:={[1,1],[3, 3], [5, 5], [6, 3], [6, 6], [1, 4], [2, 2], [2, 5], [3, 6],
[4,1], [4, 4], [5, 2]}
true (1.3.38.2)

> 1dispartition:=proc(X::set,c0::set(set)) local Y,Z;
for Y in cO do if Y={} then return false fi;
for Z in c0 do if Y<>Z and Y intersect Z<>{} then return

false; fi; od; od; if “union (op(cO0))<>X then false else
true fi; end;

ispartition:= proc( X:set, cO:(set(set))) (1.3.38.3)
localy, zZ
for YincOdo
ifY={} then
return false
end if;
for ZincOdo
if Y<>Z and intersect(Y, Z) <> {} then
return false
end if
end do
end do;
if union(op(cO)) <> X then
false
else
true
end if
end proc

> X; c0:={{1,4},{2,5},{3,6}}; 1ispartition(X,c0);
c0:={{1},{2,3,4}}; ispartition(X,c0);
c0:={{1,2,3},{4,5,6,7}}; ispartition(X,c0);
c0:={{1,2,3,4},{4,5,6}}; 1ispartition(X,c0);

{1,2,3,4,5,6}
co:={{1, 4}, {2, 5}, {3, 6}}
true
co:= {{1}, {2, 3, 4}}
false
co:=1{{4,5,6,7}, {1, 2, 3}}
false



cO:={{4, 5,6}, {1,2, 3, 4}}
false (1.3.38.4)

V 1.3.39. Tétel.

> equi2part:=proc(X::set,E::set(ordpair)) local cO,x,y,tx;
c0:={};
for x in X do tx:={};
for y in X do if [x,y] in E then tx:=tx union {y} fi; od;
c0:=cO0 union {tx}
od; cO; end;

X; E; cO:=equi2part(X,E);

equiZpart := proc(X:set, E:(set(ordpair)))
local cO, x, y, tx;
CO:={};
forxin Xdo
tx:={};
foryin Xdo
ifin([x, v}, E) then
tx:= union(tx, {y})
end if
end do;
cO:= union(cO, {tx})
end do;
cO
end proc
{1,2,3,4,5,6}
{[1,1], 3,3, [5, 5], [6,3], [6, 6], [1,4], [2, 2], [2,5], [3, 6], [4,
1], [4, 4], [5, 2]}
co:={{1, 4}, {2, 5}, {3, 6}} (1.3.39.1)
> part2equi:=proc(X::set,c0::set(set)) local E,Y,x,y; E:={};
for Y in c0O do for x in Y do for y in Y do

E:=E union {[x,yl}
od; od; od; E; end;

part2equi(X,c0);

part2equi .= proc (Xzset, cO:: (Set(Set) ) )
localE y, x, y,



E:={};
for YincOdo
forxin Ydo
foryin Ydo
E:=union(E {[x, yl})
end do
end do
end do;
E
end proc
{[1,1],[3,3],[5,5],[6,3],[6,6], [1,4],[2,2],[2,5],[3,6],[4, (1.3.39.2)
1], [4, 4], [5, 2]}

> c0; equi2part(X,part2equi(X,c0)); E; part2equi(X,equi2part
X,E));

{{1,4}, {2, 5}, {3,6}}
{{1,4}, {2, 5}, {3,6}}
{l1,1],3,3], [5, 5], [6,3] [6,6],[1,4], [2, 2] [2,5],[3, 6], [4,
1], [4,4], [5, 2]}
{[1,1], [3,3],[5,5],[6,3],[6,6],[1, 4], [2,2],[2,5],[3,6],[4, (1.3.39.3)
1], [4,4], [5, 2]}

» 1.3.40. Példa.

» ->1.3.41. Feladat.
» ->1.3.42. Feladat.
V ->1.3.43. Feladat.

V ->1.3.44. Feladat.

V 1.3.45. Részbenrendezés, rendezés.

> 1ispartialordering:=proc(X::set,R::set(ordpair))
istransitive(R) and isantisymmetric(R) and isreflexive(X,R)
: end;

X; R; idispartialordering(X,R);

ispartialordering := proc (Xe:set, R:(set( ordpair) )
istransitive(R) and isantisymmetric(R) and isreﬂexive(X R)
end proc



{1,2,3,4,5,6}
{l1, 2], [1,1], 13,3, [5,5], [6,6], [1,3], [1,4], [1,5],[1, 6], [2,
2], [2,4],[2,6],[3, 6], [4, 4]}
true (1.3.45.1)

> 1iscomparable:=proc(x,y,R::set(ordpair))
evalb([x,y]l in R or [y,x] in R); end;

iscomparable(2,6,R); iscomparable(2,3,R);

iscomparable = proc(x, y, R::(set(ordpair)))
evalb(in([x, ],
R) or in([y, x|, R))
end proc
true
false (1.3.45.2)

> 1isordering:=proc(X::set,R::set(ordpair)) local x;
ispartialordering(X,R) and isdichotom(X,R) end;

isordering(X,R); S:=select(x->x[1]<=x[2],XX); isordering(X,
S);

isordering := proc(X:set, R:(set(ordpair)))

local x;

ispartialordering(X, R) and isdichotom(X, R)
end proc

false

s:={[1,2],[1,1],[3,3],[5,5], [5 6], [6,6],[1,3][1,4],[1,5],
2,3], [2,4], [2,5],[2,6],[3, 4], [3, 5], [3, 6], [4,
]

true (1.3.45.3)

> 1ischain:=proc(X::set,R::set(ordpair)) local S;
S:=R 1intersect bincartprod(X,X);
isordering(X,S); end;

ischain({1,2,4},R); 1ischain({1,2,3},R);

ischain := proc(X:set, R::(set( ordpair)))
local §;
S:= intersect(R,
bincartprod(X, X) );
isordering(X, S)



end proc
true
false (1.3.45.4)

» 1.3.46. Példa.
V 1.3.47. Szigori és gyenge reldcio.

V 1.3.48. Szigorii és gyenge rendezés.
> strictrel:=proc(X::set,R::set(ordpair)) R minus id(X); end;
X; R; S:=strictrel(X,R);

strictrel := proc( X::set, R::(set(ordpair)) ) minus(R, id(X)) end proc
{1,2,3,4,5,6}
{1, 2] [1,1], [3,3], [5,5], [6,6], [1, 3], [1, 4], [1, 5], [1, 6], [2,
2], 12, 4], [2,6],[3,6],[4, 4]}
s:={[1,2],[1,3),[1, 4], [1,5], [1,6],[2, 4], [2, 6], [3, 6]} (1.3.48.1)
> weakrel :=proc(X::set,R::set(ordpair)) R union id(X); end;

weakrel (X,R);

weakrel := proc(X:set, R::(set( ordpair) ) ) union(R, id(X)) end proc

{l1,2],[1,1],13,3],[5,5],[6,6],[1,3], [1, 4], [1,5], [1,6], [2, (1.3.48.2)
2], [2, 4], [2,6],[3, 6], [4,4]}

> 1istransitive(S); isirreflexive(X,S); isstriclyantisymmetric

(S);
istrichotom(X,S);

true
true
true
false (1.3.48.3)
> R:=select(x->x[1]<=x[2],XX); S:=strictrel(X,R); istrichotom
X,S);
R:={[1,2],[1,1][3,3] [5,5], [5,6],[6,6][1,3], [1,4] [1, 5],
[1,6],[2,2],[2,3],[2,4], [2,5], [2,6],[3,4], [3, 5], [3, 6], [4,
4], [4,5], [4, 6]}
s:={[1, 2] [5,6],[1,3][1,4] [1,5], [1,6],[2, 3] [2,4], [2, 5],
[2,6],13,4],[3,5],[3,6],[4,5], [4,6]}

true (1.3.48.4)



» ->1.3.49. Feladat.
» ->1.3.50. Feladat.
V 1.3.51. Intervallumok.

> int_o_o:=proc(X::set,R::set(ordpair),x,y) local S,z; S:={};
for z in X do

if [x,z] in R and x<>z and [z,y] in R and z<>y then S:=S
union {z}; fi;
od; S; end;

int_o_c:=proc(X::set,R::set(ordpair),x,y) local S,z; S:={};
for z in X do

if [x,z] in R and x<>z and [z,y] in R then S:=S union {z}
; Fis
od; S; end;

int_i_o:=proc(X::set,R::set(ordpair),x) local S,y; S:={};
for y in X do

if [y,x] in R and x<>y then S:=S union {y}; fi;
od; S; end;

int_o_o:= proc(X:set, R::(set(ordpair) ), x, y)
local S, 7
S:=1{}
forzin Xdo
ifin([x, z], R) and x<>z and in(|z y],
R) and z<>y then
S:= union(S, {z})
end if
end do;
S
end proc
int_o_c:= proc(X:set, R:(set(ordpair)), x, y)
local S, 7
S:=1{}
forzin Xdo
ifin([x, z], R) and x<>z and in(|z y|, R) then
S:= union(S, {z})
end if
end do;



S
end proc
int_i_o:= proc()é:set, R::(Set(ordpair) ), x) (1.3.51.1)
local s, y;
S:={};
foryin Xdo
ifin([y, x], R) and x<>ythen
S:zlnﬁon(s;{y})
end if
end do;
S
end proc
> X:={1,2,3,4,5,6}; XX:=bincartprod(X,X):

R:=select(x->irem(x[2],x[1]1)=0,XX);
int_o_o(X,R,1,6); int_o_c(X,R,1,6); int_i_o(X,R,6);

X:=1{1,2,3,4,5, 6}
R:={[1,2],[1,1],13 3] [5 5} 1[6,6][1,3][1,4][1,5][1,6]

12,2],[2,4],[2,6],[3,6], [4, 4]}
{2, 3}
{2,3,6}
{1, 2, 3} (1.3.51.2)
> $2..6;% 1..9;
2,3,4,5,6
1,2,3,4,5,6,7,8,9 (1.3.51.3)

» 1.3.52. Részbenrendezések Hasse-diagrammja.
V 1.3.53. Legkisebb, legnagyobb, minimdlis és maximdlis elem.

> least:=proc(X::set,R::set(ordpair)) local x,y,f;
for x in X do f:=true;
for y in X do if not [x,y] in R then f:=false; break; fi;
od;
if f then return x fi;
od; NULL; end;

greatest:=proc(X::set,R::set(ordpair)) local x,y,f;

for x in X do f:=true;

for y in X do if not [y,x] in R then f:=false; break; fi;

od;
if f then return x fi;



od; NULL; end;

least = proc( X::set, R::(set(ordpair)))
localx, y, f;
forxinXdo
f:= true
foryin Xdo
if not in([x, y], R) then
f:= false;
break
end if
end do;
if f then
return x
end if
end do;
NULL
end proc
greatest:= proc(X:set, R:(set(ordpair)))
localx, y, f;
forxinXdo
f:= true
foryin Xdo
if not in([y, x], R) then
f:= false;
break
end if
end do;
if f then
return x
end if
end do;
NULL
end proc

> X; R; Teast(X,R); greatest(X,R);

{1,2,3,4,5,6}

{l1, 2] [1,1],[3,3] [5, 5] [6,6],[1,3],[1,4

2], [2,4], [2,6],[3,6],[4,4]}

51,1, 6], [2,

(1.3.53.1)

(1T R D)



1

(1.3.53.2)

> mins:=proc(X::set,R::set(ordpair)) local x,y,f,S; S:={};

for x in X do f:=true;

for y in X do if [y,x] in R and x<>y then f:=false;

break; fi; od;
if f then S:=S union {x}; fi;
od; S; end;

maxs :=proc(X: :set,R::set(ordpair)) local x,y,f,S; S:={};

for x in X do f:=true;

for y in X do if [x,y] in R and x<>y then f:=false;

break; fi; od;
if f then S:=S union {x}; fi;
od; S; end;

mins := proc (X:Set, R::(Set( ordpair) ) )
localx, y, f, S
S:=1{}
forxin Xdo
f:= true
foryin Xdo
ifin( [y, x], R) and x<>ythen
f:= false;
break
end if
end do;
if f then
S:zluﬁon(S
{x})
end if
end do;
S
end proc
maxs := proc (X:Set, R: (Set( ordpair) ) )
localx, y, f, S
S:=1{}
forxin Xdo
f:= true
foryin Xdo
ifin([x, y], R) and x<>ythen
f:= false,

(1.3.53.3)



break
end if
end do;
if fthen
S:= union(S,
{x})
end if
end do;
S
end proc

> X; R; mins(X,R); maxs(X,R);
{1,2,3,4,5,6}

{l1, 2], [1,1],3,3], [5,5], [6,6],[1,3], [1,4], [1,5], [1, 6], [2,
2], [2,4],[2,6],[3, 6], [4, 4]}
{1}
{4,5,6} (1.3.53.4)

V 1.3.54. Példa.

V 1.3.55. Korlatok.

> 1islowerbound:=proc(X::set,R::set(ordpair),Y::set,x) local

Y
for y in Y do if not [x,y] in R then return false fi; od;
true; end;

isupperbound:=proc(X::set,R::set(ordpair),Y::set,x) local

y;
for y in Y do if not [y,x] in R then return false fi; od;
true; end;

islowerbound:= proc( X:set, R::(set(ordpair)), Y:set, x)

local y;
foryin Ydo

if not in([x, y], R) then

return false

end if
end do;
true

end proc
(1.3.55.1)



isupperbound := proc( X::set, R::(set(ordpair) ), Y:set, x) (1.3.55.1)

local y;
foryin Ydo
if not in([y, x], R) then
return false
end if
end do;
true
end proc
> X; R; 1islowerbound(X,R,{2,3,5},1); 1isupperbound(X,R,{2,3,5}
,6) ;
{1,2,3,4,5,6}
{l1, 2], [1,1], 3,3}, [5,5] [6,6], [1,3], [1,4], [1,5], [1, 6], [2,
2], [2,4],[2,6], [3, 6], [4, 4]}
true
false (1.3.55.2)

> Towerbounds:=proc(X::set,R::set(ordpair),Y::set) local S,x;
S:={};
for x in X do if islowerbound(X,R,Y,x) then S:=S wunion {x}
fi; od;
S; end;

lowerbounds := proc(X:set, R::(set( ordpair) ), Y::set) (1.3.55.3)
local S, x;
S:=1{}
forxinXdo
ifislowerbound(X, R, Y, x) then
S:= union(S, {x})
end if
end do;
S
end proc
> upperbounds:=proc(X::set,R::set(ordpair),Y::set) local S,x;
S:={};
for{i in X do 1if isupperbound(X,R,Y,x) then S:=S union {x}
fi; od;
S; end;

upperbounds := proc (X:set, R::(Set(ordpair) ), Y:set) (1.3.55.4)
local s, x;



S:=1{}
forxin Xdo
ifisupperbound(X, R, Y, x) then
S:= union(S, {x})
end if
end do;
S
end proc

> X:={1,2,3,4,5,6}; XX:=bincartprod(X,X):
R:=select(x->irem(x[2],x[1]1)=0,XX);
Towerbounds (X,R, {2,4}); upperbounds(X,R,{2,4});

X:=1{1,2,3,4,5,6}
R:={[1,2],[1,1], 13 3] [5 5] 16,6][1,3][1,4][1,5][1,6]
12,2],[2,4],[2,6],[3,6], [4, 4]}
{1, 2}
{4} (1.3.55.5)

> 1inf:=proc(X::set,R::set(ordpair),Y::set)
greatest(lowerbounds(X,R,Y),R); end;

sup:=proc(X::set,R::set(ordpair),Y::set)
least(upperbounds(X,R,Y),R); end;

inf(X,R,{2,4}); sup(X,R,{2,4});

inf:= proc( X:set, R:(set(ordpair)), Y:set)
greatest(lowerbounds(X,

R Y),R)
end proc
sup :=proc( X::set, R:(set(ordpair) ), Y:set)
least(upperbounds( X,
R Y),R)
end proc
2
4 (1.3.55.6)

» ->1.3.56. Feladat.
» ->1.3.57. Feladat.
V ->1.3.58. Feladat.



» ->1.3.59. Feladat.
» ->1.3.60. Feladat.
» ->1.3.61. Feladat.
» 1.3.62. Feladat.

V ->1.3.63. Feladat.

V ->1.3.64. Feladat: program futdsi sebességének optimalizdldsa
részbenrendezés Kiterjesztéseinek segitségével.

V 1.3.65. Jolrendezés.

> 1iswellordering:=proc(X::set,R::set(ordpair)) local f,Y,P;
f:=isordering(X,R); if not f then return f fi;
P:=powerset(X);
for Y in P do

if Y<>{} then f:=least(Y,R); if f=NULL then return f; fi;
fi;
od; true; end;

iswellordering := proc (X::Set, R:: (Set( ordpair) ) ) (1.3.65.1)
localf, Y, P,
f:= isordering(X, R);
if not fthen

returnf
end if;
P:= combinat.-powerset(X);
for Yin Pdo
ifY<>{} then
f:=least(Y, R);
if f= NULL then
returnf
end if
end if
end do;
true
end proc

> X; R; 1iswellordering(X,R);

R:=select(x->x[1]<=x[2],XX) ;iswellordering(X,R);



{1,2,3,4,5,6}
{l1, 2], [1,1], 13,3, [5,5], [6,6], [1,3], [1,4], [1,5],[1, 6], [2,
2], [2,4],[2,6],[3, 6], [4, 4]}

false
R:={[1,2],[1,1],[3,3],[5 5], [5,6]16,6],[1,3],[1,4],[1, 5],
[1,6],[2,2],[2,3],[2,4], [2,5], [2,6],[3,4], [3, 5], [3, 6], [4,
4], [4,5], [4, 6]}
true (1.3.65.2)

» 1.3.66. Példa.

» ->1.3.67. Feladat.
» ->1.3.68. Feladat.
» ->1.3.69. Feladat.
» ->1.3.70. Feladat.
V 1.3.71. Példdk.

> orderingprod:=proc(X::set,R::set(ordpair),Y::set,S::set
(ordpair))
local x,y,xp,yp,RS; RS:={};
for x in X do for y in Y do for xp in X do for yp in Y do
if [x,xp] in R and [y,yp] in S then RS:=RS union {[[x,y],
[xp,ypll}; fi;
od; od; od; od; RS; end;

orderingprod:= proc(X::set, R:(set(ordpair)), Y:set, (1.3.71.1)
S:(set(ordpair)))
localx, y, xp, yp, RS,
RS:={};
forxinXdo
foryin Ydo
forxpin Xdo
forypin Ydo
ifin([x, xp),
R) and in([y, yp], S) then
RS:=luﬁ0n(RS;{[[&
v}, [xp, ypll})
end if
end do
end do



end do
end do;
RS
end proc

> X:={1,2}; R:={[1,1]1,[1,21,[2,2]}; isordering(X,R);
Y:={a,b}; S:={[a,a],[a,b],[b,bl}; isordering(Y,S);
XY:=bincartprod(X,Y); RS:=orderingprod(X,R,Y,S);
isordering(XY,RS);

X:={1, 2}
R:={[1,2],[1,1] [2, 2]}
true
={b, a}
S:={la, al, [b, b}, [a b]}
true

={l1, b], [1, al, [2, b}, |2, al}
Rrs:={[[1, b}, [1, b]] [[1, bl [2, ]|, [11, al, [1, b}, [[1, al, [1, al],
L[1, al, [2, b]], [[1, al, [2, al], [[2, b], [2, bl}, [[2, al, [2, b]],
[[2, al, [2, a]l}

false (1.3.71.2)

> strictorderingprod:=proc(X::set,R::set(ordpair),Y::set
S::set(ordpair)) local x,y,xp,yp,RS; RS:={};
for x in X do for y in Y do for xp in X do for yp in Y do
if [x,xp] in R and x<>xp and [y,yp] in S and y<>yp then
RS:=RS union {[[x,yl,[xp,ypll}; fi;
od; od; od; od; RS; end;

strictorderingprod := proc( X:set, R::(set(ordpair) ), Y:set, (1.3.71.3)
S:(set(ordpair)))
localx, y, xp, yp, RS;
RS:={};
forxin Xdo
foryin Ydo
forxpinXdo
forypin Ydo
ifin([x, xp],
R) and x<>xp and in([y, yp],
S) and y<>ypthen
RS:= union(RS, {[[x, y], [xp



ypll})
end if
end do
end do
end do

end do;

RS
end proc
> Texorderingprod:=proc(X::set,R::set(ordpair),Y::set,S::set

(ordpair))

local x,y,xp,yp,RS; RS:={};

for x in X do for y in Y do for xp in X do for yp in Y do
if ([x,xp] in R and x<>xp) or (x=xp and [y,yp] in S) then

RS:=RS union {[[x,yl,[xp,ypll}; fi;
od; od; od; od; RS; end;

lexorderingprod := proc( X:set, R::(set(ordpair) ), Y:set, (1.3.71.4)
S:(set(ordpair)))
localx, y, xp, yp, RS,
RS:={};
forxinXdo
foryin Ydo
forxpinXdo
forypin Ydo
ifin([x, xp|,
R) and x<>xp or x=xp and in([y, ypl, S) then
RS:=union(RS, {[[x yl, [xp, yp]]})
end if
end do
end do
end do
end do;
RS
end proc

> strictrel (XY,RS); strictorderingprod(X,R,Y,S);
strictrel (XY, lexorderingprod(X,R,Y,S));

{Ll1, bl [2, pI], [11, al, [1, b1}, [11, al, [2, b1}, [[1, al, [2, a], [[2,



al, [2, bll}

{l1, al [2, b]]}

{Ll1, bl [2, b1}, [11, al, [1, b1}, [11, al, [2, b1}, [11, al, [2, al], [[2, (1.3.71.5)
al, [2, pl}, [11, b}, [2, al]}

> sort([cc,ca,cb,bb,aa,ab,ba],1exorder);
[aa,ah ba,bb,ca,cb,cc] (1.3.71.6)

» ->1.3.72. Feladat.

» 1.3.73. Feladat.

» ->1.3.74. Feladat.

» 1.3.75. Feladat.

» 1.3.76. Feladat.

» 1.2.77. Tovdbbi feladatok részletes megolddssal.
» 1.2.78. Tovdbbi feladatok.

V¥ 1.4. Fliggvények
V 1.4.1. Fiiggvény.

> 1dsfunction:=proc(f::set(ordpair),X::set,Y::set) local x,y,
S;
if not binrel(args) then return false fi;
for x in dmn(f) do S:={}; for y 1in rng(f) do
if [x,y] in f then S:=S union {y} fi;
od; if nops(S)>1 then return false fi;
od; true; end;

isfunction := proc(ﬁ:(set( ordpair) ), X:set, Yiset) (1.4.1.1)
localx, y, S
if not binrel(args) then
return false
end if;
forxindmn(f) do
S:={};
foryinrng(f) do
ifin([x, v}, f) then
S:= union(S, {y})
end if
end do;



if1 < nops(S) then
return false
end if
end do;
true
end proc

> f:=id({a,b}); isfunction(f); isfunction(f,{a,b,1});
isfunction(f, {a,b},{1,2});f:={[a,1],[b,2],[a,2]};
isfunction(f);

f:={la al, [b, bl}
true
true
false
f:={la 2], b 2] [a 1]}
false (1.4.1.2)

> 1isinjective:=proc(f::set(ordpair))
isfunction(f) and isfunction(relinv(f)); end;

isinjective({[a,1],[b,2]1}); isinjective({[a,1],[b,11});

isinjective := proc( f:(set( ordpair)))
isfunction(f) and isfunction(relinv(f))
end proc
true
false (1.4.1.3)

> 1issurjective:=proc(f::set(ordpair),Y::set)
isfunction(f) and rng(f)=Y; end;

issurjective({[a,1],[b,1]1},{1,2});

issurjective({[a,1],[b,2]1},{1,2});
issurjective := proc ( f:: (set( ordpair) ), Y:set)

isfunction(f) and rng(f) =Y
end proc
false
true (1.4.1.4)

> 1isbijective:=proc(f::set(ordpair),Y::set)
isinjective(f) and issurjective(f,Y); end;

isbijective(id({1,2,3}),{1,2,3});



isbijective({[a,1],[b,2]},{1,2,3});
isbijective := proc(f:(set( ordpair) ), Y:set)

isinjective(f) and issurjective(f Y)
end proc
true
false (1.4.1.5)

> fi=x->xA2; f(1);f(2);f(3); eval(f); type(f,procedure);

fi= x—x

true (1.4.1.6)

> f:="f'; eval(f); whattype(f);
f(1):=1; eval(f);
f(2):=4; f(3):=8;
fFCL;F2);f3);f(4);

f=rf
f
symbol
f(1):=1
proc( ) option remember, 'procname(args)' end proc
f(2):=4
f(3):=8
1
4
8
f(4) (1.4.1.7)

> 1isarrowfromto:=proc(f: :procedure,X::set,Y::set) local x;
for x in X do if not f(x) in Y then return false fi; od;
true; end;

isarrowfromto(f,{1,2,3},{1,4,8,10});
isarrowfromto(f, {1,2},{1,8});
isarrowfromto := proc ( fi:procedure, X:set, Yoset)

local x;
forxinXdo



if not in(f(x), Y) then

return false
end if
end do;
true
end proc
true
false (1.4.1.8)

> makefunction:=proc(R::set(ordpair)) local x,y,f;
if not isfunction(R) then return NULL fi;
for x in dmn(R) do for y in rng(R) do if [x,y] in R then f
xX):=y fi;
od; od; eval(f); end;

f:="f"'; R:={[1,11,[2,4]1,[3,91}; f(;f(2);f(3);f(4);
f:=makefunction(R);f(1);f(2);f(3);f(4);

makefunction := proc(R:(set( ordpair) ) )

localx, y, f;
if not isfunction(R) then
return NULL
end if;
forxindmn(R) do
foryinrng(R)do
ifin([x, y|, R) then
f(x):=y
end if
end do
end do;
eval(f)
end proc
fi=f
R:={[1,1] [2,4] [3,9]}
f(1)
f(2)
f(3)
f(4)

f:=proc() option remember;, 'procname(args)' end proc
1



f(4) (1.4.1.9)

» ->1.4.2. Feladat.
» ->1.4.3. Feladat.
» ->1.4.4. Feladat.
» ->1.4.5. Feladat.
» 1.4.6. Feladat.

» ->1.4.7. Feladat.
» 1.4.8. Feladat.

» 1.4.9. Feladat.

» 1.4.10. Feladat.
» 1.4.11. Allitds.

V 1.4.12. Kanonikus leképezés.

> makecanonical :=proc(X::set,R::set(ordpair)) local x,rx,y,f;
if not 1isequivalence(X,R) then return FAIL fi;
for x in X do rx:={}; for y in X do
if [x,y] in R then rx:=rx union {y} fi; od; f(x):=rx
od; eval(f) end;

f:=makecanonical ({1,2,3},{[1,1],[1,2],[2,1],[2,2],[3,31});
f(;f2);f3);

makecanonical := proc( X:set, R:(set(ordpair)))

localx, rx, y, f;
if not isequivalence(X, R) then

return FAIL
end if;
forxinXdo

rx:={};

foryin Xdo

ifin([x, y|, R) then

rX:= um’on(rx, {y})
end if



end do;

f(x):::rx
end do;
eval(f)
end proc
f:=proc() option remember, 'procname(args)' end proc
{1, 2}
{1, 2}
{3} (1.4.12.1)

V ->1.4.13. Feladat.

P 1.4.14. Feladat.

» 1.4.15. Feladat.

» 1.4.16. Feladat.

» *1.4.17. Feladat.

V 1.4.18. Monoton fiiggvények.

Az alabbi két fiiggvényben R rendezés X-en, S pedig rendezés Y-on.

> 1isincreasing:=proc(f::procedure,X::set,R::set(ordpair),
Y::set,S::set(ordpair)) local x,y;
if not 1isarrowfromto(f,X,Y) then return FAIL fi;
if not ispartialordering(X,R) or not ispartialordering(Y,S)
then return
FAIL fi;
for x in X do for y in X do
if [x,y] in R and not [f(x),f(y)] in S then return false
fi;
od; od; true end;

X:={1,2,3}; XX:=bincartprod(X,X): R:=select(x->irem(x[2],x
[11)=0,XX);

Y:=X; S:=select(x->x[1]1<=x[2],XX); f:=x->x; 1isincreasing(f,
X,R,Y,S);isincreasing(f,Y,S,X,R);

isincreasing := proc( f:procedure, X::set, R::(set( ordpair) ), Y:set,
$:(set(ordpair)))
local x, y;
if not isarrowfromto(f X, Y) then
return FAIL
end if;



if not (ispartialordering(X
R) and ispartialordering(Y, S)) then
return FAIL
end if;
forxin Xdo
foryin Xdo
ifin([x, y], R) and not in([f(x),
f(»)], S) then

return false
end if
end do
end do;
true
end proc
X:={1, 2, 3}
rR:={[1,2] [1,1] [3,3] [1, 3] [2 2]}
Y:={1, 2, 3}
s:={l1, 2], [1,1],[3,3], [1, 3], [2, 2], [2, 3]}
fi=x—x
true
false (1.4.18.1)

» ->1.4.19. Feladat.
V ->1.4.20. Feladat.

V 1.4.21. Indexelt csalddok.

> issetfamily:=proc(Iset::set,f::procedure) local i;
for i in Iset do if not type(f(i),set) then return false
fi;
od; true; end;

f:="f"; f(D:={a,b};f(2):={b,c,d}; issetfamily({1,2},f);
issetfamily({1,2,3},f);

issetfamily := proc(Iset:set, f:procedure)
local i
foriinIsetdo
if not type(f(i), set) then
return false



end if

end do;
true
end proc
fi=r
f(1):={b, a}
f(2):=1{b, ¢ d}
true
false (1.4.21.1)

» 1.4.22. De Morgan-szabdlyok.

V 1.4.23. Megjegyzés.
> “union ();
{} (1.4.23.1)

> “1intersect (;

Error, invalid input: “intersect expects 1 or more arguments,
but received 0

> 1.4.24. Tétel.

» 1.4.25. Feladat.

» ->1.4.26. Feladat.

P 1.4.27. Feladat.

» 1.4.28. Feladat.

V 1.4.29. Reldcio és Descartes-szorzat dltaldnos esetben.

> s:=x,y; s[1]; s[2]; t:=y,x; evalb(s=t);

S:=Xy
X

y
t:=y, X
false (1.4.29.1)

> descartesprod:=proc(L::1ist(set)) local x,y,1i,S,SS;
if nops(L)=0 then return {} fi; S:=map(x->[x],L[1]);
for i from 2 to nops(L) do SS:={}; for x in S do for y in L
[i] do
SS:=SS union {[op(x),yl}
od; od; S:=SS od; S; end;



descartesprod([1);
descartesprod([{1,2}]);
descartesprod([{1,2},{a,b}]);
descartesprod([{1,2},{}1);
descartesprod([{1, 2}, {a}, {x,y}1);
descartesprod([{1,2},{a,b,c}, {x,y}1);

descartesprod := proc (L:(list(set)))
localx, y, i S, SS;
ifnops(L) = 0 then
return { }
end if;
S:= map(proc(x)
option operator, arrow,
[x]
end proc, I[1]);
forifrom 2 to nops(L) do
SS:={}
forxinSdo
foryinl|i]do
SS:= union(SS, {[op(x), ¥]})
end do
end do;
$:=SS
end do;
S
end proc

I}
, bl, [2, al}

{
{[1], [2
{1, p], [1, al, [2
{
{[1,ax],[1,a ], (2 ax],[2 a ]}
{[1,a x],[1,a y],[2,a x],[2,a ], 1, b x],[1, b y], [2, b, x], [2, (1.4.29.2)
byl [1,6x[1, 6y 12 ¢x],[2 ¢ ]}
> 1isselection:=proc(Iset::set,f::procedure,x: :procedure)
local 1;
if not issetfamily(Iset,f) then return FAIL fi;

for i in Iset do if not x(i) in f(i) then return false fi;

— Y~/

—_



od; true end;

Iset:={a,b,c}; f:="f'; f(a):={1,2};f(b):={1,3};f(c):={2,3};

x(a):=1;x(b) :=3;x(c):=3; isselection(Iset,f,x);

x(b):=2; isselection(Iset,f,x);
isselection:= proc(Iset:set, f:procedure, x:procedure)

local i
if not issetfamily(lset, f ) then
return FAIL
end if;
foriinIsetdo
ﬁ’notin(x(ﬂ,f(i))then
return false
end if
end do;
true
end proc
Iset:= {b, ¢, a}
fi=r
fla):={1, 2}
f(b):=1{1, 3}
f(c):=1{2, 3}
x(a) =
x(b) :=
x(c):=
true
x(b) :=
false

>

(1.4.29.3)

> agent:={[D209,"Peti"], [KISZ1,"Fleto"], [Puf3,"Gyula"]};

event:={[KISZ1l,"Balaton",19930706], [Puf3,"Nyugati",

19561108] , [KISZ1,"Motim",19961231], [D209, "Paks",20000103],
[KISZ1,"Fittelina",19980320], [D209, "Gresham",20010908],

[KISZ1,"Nomentana',19951122]1};

descartesprod([agent,event]) :select(x->x[1]1[11=x[2][1],%)
:map(x->[x[11[2],x[2]1[2]1,x[2]1[3]1,x[21[1]1],%) :active:=select

(x->x[3]1>19891023,%) ;



agent:= {[ D209, "Peti"], [KISZ1, "Fleto"], [ Puf3, "Gyula"]}

event:= {|KISZ1, "Balaton", 19930706, [ Puf3, "Nyugati",

19561108], [KISZ1, "Motim", 19961231 ], [ D209, "Paks",
20000103 ], [KISZ1, "Fittelina", 19980320, [ D209, "Gresham",
20010908], [KISZ1, "Nomentana", 19951122]}

active:= {["Peti", "Paks", 20000103, D209], ["Peti", "Gresham", (1.4.29.4)

20010908, D209], ["Fleto", "Balaton", 19930706, KISZ1],
["Fleto", "Motim", 19961231, KISZ1], [ "Fleto", "Fittelina",
19980320, KISZ1], ["Fleto", "Nomentana", 19951122, KISZ1]}

isselection:=proc(Iset::set, f::procedure,x: :procedure)
local 1;

if not issetfamily(Iset,f) then return FAIL fi;

for i in Iset do if not x(i) in f(i) then return false fi;

od; true end;

Iset:={a,b,c}; f:="f'; f(a):={1,2};f(b):={1,3};f(c):={2,3};
x(a):=1;x(b) :=3;x(c):=3; 1isselection(Iset,f,x);

x(b) :=2; 1isselection(Iset,f,x);

isselection := proc (Iset:set, f:procedure, x:procedure)

local i
if not issetfamily(Iset, f) then
return FAIL
end if;
foriinIsetdo
if not in(x(i), f(i)) then
return false
end if
end do;
true
end proc
Iset:= {b, G, a}
fi=f
fla):={1, 2}
f(b):={1,3}
f(c) =12, 3}
x(a):=
x(b) :=
x(c):=
true



» ->1.4.30. Feladat.
V ->1.4.31. Feladat.

> 1.4.32. Feladat.
V ->1.4.33. Feladat.

V ->1.4.34. Feladat.
V ->1.4.35. Feladat.

V 1.4.36. Miiveletek.

> 1isbinop:=proc(X::set,f::procedure) local x,y;

x(b) =2
false

for x in X do for y in X do

if not f(x,y) in X then return false fi;

od; od; true end;

(1.4.29.5)

f:="f'; £(0,0):=0;f(0,1):=1;f(1,0):=1;f(1,1):=0; -isbinop(

10,1},6);
isbinop({0,1,2},f);

ishinop:= proc(X:set, f:procedure)

localx, y;
forxin Xdo
foryin Xdo

if not in(f(x, y), X) then

return false
end if
end do
end do;
true
end proc

f=f
f(0,0):=0
f(0,1):=1
f(1,0):=1

f(1,1):=0



true
false (1.4.36.1)
> &+(0,0):=0;&+(0,1):=1;&+(1,0):=1;&+(1,1):=0;

0&+1;1&+1;&+(0,1);
'iSb1'nOp({0, 1} ’ (X,Y)—>X &+ Y) ’

0&+0:=0
0&+1:=1
1&+0:=1
1&+1:=0

1

0

1

true (1.4.36.2)

> 1isunop:=proc(X::set,f::procedure) local x;
for x in X do if not f(x) in X then return false fi; od;
true end;

f:="f"'; £(0):=1;f(1):=0; 1isunop({0,1},f); disunop({0,1,2},f)

isunop := proc( X::set, f:procedure)

local x;
forxin Xdo
if not in(f(x), X) then
return false
end if
end do;
true
end proc
fi==rf
f0):=1
f(1):=0
true
false (1.4.36.3)

> &inc(0):=1;&inc(1):=0; &inc 0; &inc 1; 1isunop({0,1},x->&inc

X);
&inc(0) =1

&inc(l) =0
1



true (1.4.36.4)
> 90;9(x);9(x,Y);
9
9
9 (1.4.36.5)

> 1isnullop:=proc(X::set, f::procedure) evalb(f() in X) end;

f:="f'; fO:=1; eval(f); isnullop({0,1},f); 1isnullop({0,2},

f);
isnullop:= proc(X:set, f:procedure) evalb(in(f( ), X)) end proc
f=f
f():=1
proc( ) option remember, 'procname(args)' end proc
true
false (1.4.36.6)

V 1.4.37. Példa.

V 1.4.38. Példdak.

> X:={1,2,3}; P:=combinat[powerset] (X); isbinop(P, (x,y)->x

union y);
X:=1{1, 2, 3}
p:={{}, {1}, {2}, {1, 2}, {3}, {1, 3}, {1, 2,3}, {2, 3}}
true (1.4.38.1)

V 1.4.39. Példak: miivelet megaddsa tablazattal.

> true and true; true and false; false and true; false and
false;

T:=table();
T[true, true] :=true;T[true, false] :=false;
T[false,true]:=true;T[false, false] :=false;
print(T);

true

false

false

false



T:=table([])

Ttrue, true -= true
Ttrue, false = f alse
Tfalse, true -= true

Tfalse, false = f alse
table([ ( false, false) = false, (true, false) = false, (true, true) = true, (1.4.39.1)
( false, true) = true])

V ->1.4.40. Feladat.
V ->1.4.41. Feladat.

» 1.4.42. Feladat.
V 1.4.43. Miiveletek fiiggvényekkel.

> fi=x->xA2; g:=x->xA3; (f*g)(2); (f*g)(3); (F/9)(2); (f/9)
0; (g/H(0);

fi=x—X

gi=x—X
32
243

1

2

Error, numeric exception: division by zero
Error, numeric exception: division by zero

V 1.4.44. pPélda.

V 1.4.45. Példdk.

> f:=[true, true, false, false];
g:=[true, false, true, false];
zip((x,y)->x and y,f,9);

f:= [true, true, false, false]
g:= | true, false, true, false]
| true, false, false, false] (1.4.45.1)



V 1.4.46. Miivelettarto leképezések.

> 1dishom:=proc(phi: :procedure,X::set, f::procedure,Y::set,

g::procedure)
local x,y;

if not isarrowfromto(phi,X,Y) then return FAIL fi;

if not isbinop(X,f) then return FAIL fi;
if not isbinop(Y,g) then return FAIL fi;
for x in X do for y in X do

if phi(f(x,y))<>g(phi(x),phi(y)) then return false fi;

od; od; true end;

X:={true, false}; Y:=X; ishom(x->x,X,(x,y)->x and y,Y, (x,y)-

>X or y);

ishom(x-> not x,X,(x,y)->x and y,Y,(x,y)->x or y);

ishom := proc(phi:procedure, X:set, f:procedure, Y-:set,
g::procedure)
local x, y;
if not isarrowfromto(phi, X, Y) then
return FAIL
end if;
if not isbinop(X, f) then
return FAIL
end if;
if not isbinop( Y, g) then
return FAIL
end if;
forxin Xdo
foryin Xdo
ifphi(f(x y)) <>g(phi(x), phi(y)) then
return false
end if
end do
end do;
true
end proc
{ false, true}
{ false, true}
false

X:
Y:

(1446 1)



true (1.4.46.1)

V 1.4.47. Példa.

> a:='a'; aA(x+y); expand(%);
a:=a

a*
a‘a’ (1.4.47.1)

» 1.4.48. Feladat.
» 1.4.49. Tovdbbi feladatok.

» 2. Természetes szamok

» 3. A szamfogalom bovitése
» 4. Véges halmazok

» 5. Végtelen halmazok

» 6. Szamelmélet

» 7. Grafelmélet

» 8. Algebra

» 9. Kodolas

» 10. Algoritmusok

>
>



