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2.1
2.1.1
(Priority Queue) (ADT)
(node)
(key)
(Insert) (Minimum)
(Delete-Min)
2.1.2
(Mergeable Heap)
(Insert, Minimum, Delete-Min) _—
H «— Merge(H;,H»)
Merge( ) Hi H H
O(n)
(Leftist Tree) (Binomial Heap)  Fibonacci (Fibonacci
Heap)
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2.2
(Leftist Tree)
(left, right )
(dist)
i (external node) i
(left(i) =NULL  right(i) = NULL ) i (dist(i)) i
i
0 -1 (dist(NULL) = -1)
[ 1]
key(i)<key(parent(i))
(Heap-Ordered) 1
O(1)
[ 2]
dist(left(i)) > dist(right(i)) 2
dist 2

Node:

key

dist
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2.3
[ 3] 1
dist( i) =dist( right(i))+1 0 2
3 -1
2
[ 1]
2

dist(left(1)) = dist(right(1))

[ 1] k 2¥1q
1
k k 2k k
2k 1
1
[ 4] N Llog(N+1)] -1
N k 1 N> 2K

<[log(N+1)] -1
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3.1
C < Merge(A,B)
Merge( ) AB C A B
& B
NULL
A B A B
AB A C A right(A)
B

right(A) <« Merge(right(A), B)

righttA) B right(A) right(A)
left(A) 2
left(A)  right(A)
&
dist(left(A)) > dist(right(A)) left(A)  right(A)
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right(A) A
dist(A) « dist(right(A)) + 1
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Function Merge(A, B)
If A=NULL Then return B
If B=NULL Then return A
If key(B) <key(A) Then swap(A, B)
right(A) <« Merge(right(A), B)
If dist(right(A)) > dist(left(A)) Then

swap(left(A), right(A))

If right(A) =NULL Then dist(A) < 0
Else dist(A) « dist(right(A)) + 1
return A

End Function

A B
4 Llog(N{+1)] + Llog(No+1)] -2
A B
O( |_10g(N1+1)J + |_10g(N2+1)J -2)=0(log N; +log N)

3.2
& E
A °
Procedure Insert(x, A)
B «— MakelntoTree(x)
A «— Merge(A, B)
End Procedure
O(logn)

N
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3.3

Function DeleteMin(A)
t «— key(root(A))
A — Merge(left(A), right(A))
return t

End Function

O(logn)
3.4
n
—_— O(nlogn)
> n
>
>
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ownership
p < Merge(left(x), right(x))
p
X p
X X q
q p
q
@),
k\
p dist(p) dist(p)+1 q dist(q)
q
dist(p)+1 q dist(q) q dist(p)+1
p q
q
p dist(p)+1 q
dist(q) p q
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Procedure Delete(x)
q < parent(x)
p < Merge(left(x), right(x))

parent(p) < q

If q#NULL and left(q) =x Then
left(q) < p

If q#NULL and right(q) =x Then
right(q) < p

While q# NULL Do
If dist(left(q)) < dist(right(q)) Then
swap(left(q), right(q))
If dist(right(q))+1 = dist(qQ) Then
Exit Procedure
dist(q) «— dist(right(q))+1
p<q
q <« parent(q)
End While
End Procedure

1p q
q P q dist(p)+1=dist(q)
dist(p)+1>dist(q) p q q
1 q 3
p 1
dist(p)+1 4
logn logn
2 p
P 9
logn 4

q dist(p)+1 = dist(q) p
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p O(logn)
O(logn) O(logn)

3.6
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4.1 —— Baltic 2004

ar, a, ..., an

b <by<...<b,

ja; - by| + [az - ba + ... + [an - by

{ai}  {bi}
[ ] 1<n<10°%0<a <2*10°
[ 1

1 a[l]<a[2]<...<a[n]
2 a[l]=a[2]>...>a[n]

b[i]=x

bli]=ali]

l..n m [al1l.al2]-1] [q[2].q[3]-1] [qlm],q[m+1]-1]*
blq[i]] = b[q[i]+1] = ... = b[q[i+1]-1] = wIi] wli]
a[q[i]], a[q[i]*+1], ... , a[q[i+1]-1]
m=n q[i]=1 m=1 q[l]=1
a[l], a[2], ... , a[n] (u,u,..., u)

a[n+1], a[nt2], ... , a[m] (v,v,..., V)
us<v (u,u,...,u,v,v,...,v)
(b[1],b[2],...,b[m]) b[n]<u
(b[1],b[2],..., b[n]) (u,u,..., u)
b[n+1]>v
a[l],a[2],..., a[n] (u,u,...,u)
u<u’'<b[1] b[n]<u'<u (b[1],b[2],...,b[n]) (u,u,..., u')
u<u’'<b[1] b[n]<u’'<u
n=1 u=a[1]
n>1 n
n (b[1], b[2], ... b[n]) (b[1], b[1], ... b[1])
a[2],a[3],...,a[n]
w>u (u,u,...,u,w,w,...,w)
(b[1],b[1],..., b[1]) (v',u',...,u") la[l]-x|+|a[2]-x |+ ...
+ | a[n] - x | X a[l], a[2], ... a[n]
: Baltic OI 2004 Day 1, Sequence
t [n/2]
i gq[m+1]=n+1
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u<u'<b[l1] u’ b[1]
(b[1],b[1],..., b[n]) (v,v,...,v)
b[n]<u
(b[1],b[2],..., b[n]) (b[n],b[n],...,b[n]) (b[n+1],b[n+2],..., b[m])
(b[n+1],b[n+1],..., b[n+1])
(b[n],b[n],...,b[n],b[n+1],b[n+1],..., b[n+1])
w b[n]=b[n+1]=w
(W, w,..., W)
[ 1
k a[l], a[2], ..., a[k] (k<n)
m (w[1],w[2],...,w[m])
a[k+1] k+1 a[k+1]
w[m+1]=a[k+1] w[m]
w[m+1] w[m]>w[m+1]
a
w[l]<w[2]<...<w[m]
(BST) O(logn)
O(nlogzn)
o(1) O(logn)
n n/2

O(nlogn)

[ 1
BST
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5.1

—_— (Skew Heap)

Function Merge(A,B)
If A=NULL Then return B
If B=NULL Then return A
If key(B) <key(A) Then swap(A,B)
right(A) <« Merge(right(A), B)
swap(left(A), right(A))
return A

End Function

15 21

O(logn)
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O(n)

AVL

5.2

5.3

Fibonacci
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Fibonacci
Fibonacci
Fibonacci
Fibonacci
Fibonacci
Fibonacci

Fibonacci

O(n) O(n) O(n) O(n)

O(logn) O(logn) O(logn) O(1)

o(1) o(1) O(logn) O(1)
O(logn) O(logn) O(logn) O(logn)
O(logn) O(logn) O(logn) O(logn)

O(n) O(logn) O(logn) O(1)

Fibonacci
Fibonacci
Fibonacci
Fibonacci
Fibonacci
Fibonacci
O(nlogn)
o(1)
Fibonacci “ zr o ee 7z

“ o)

17 21
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Fibonacci

Fibonacci

[1]
[2] Thomas H. Cormen, Charles E. Leiserson, Ronald L. Rivest, Clifford Stein

Introduction to Algorithms (Second Edition) The MIT Press
[3] Mark Allen Weiss Data Structures and Algorithm Analysis in C (Second
Edition) Pearson Education

18 21
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SEQUENCE

Short formulation. The number sequence is given. Your task is to construct the
increasing sequence that approximates the given one in the best way. The best
approximating sequence is the sequence with the least total deviation from the given
sequence.

More precisely. Let t;, tp, ..., ty is the given number sequence. Your task is to
construct the increasing number sequence z; <z, < ...<zy.

The sum |t;-z|+|t2-2z|+ ... +|tn-2n| should be a minimal feasible.
Input

There is the integer N (1<N<1000000) in the first line of input file seq. in. Each
of the next N lines contains single integer — the given sequence element. There is tx in
the (K+1)-th line. Any element is satisfying to relation  0<tg<2000000000.

Output

The first line of output file seq.out must contain the single integer — the
minimal possible total deviation. Each of the next N lines must contain single integer
— the recurrent element of the best approximating sequence.

If there are several solutions, your program must output any one sequence with a
least total deviation.

Example

seq-in seq.out
7 13

9 6

4 7

8 8

20 13

14 14

15 15

18 18

19 21
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I

PROGRAM Seq_LeftistTree;
TyPe
node=
record
dist:byte;
key, left,right:longint;
end;
VaR
nd:array[0..1000000]of node;
stk,qg:array[0..1000000]Jof longint;
n,cl,i:longint;
Function merge(a,b:longint):longint;
var
c:longint;
begin
if (a=0)or(b<>0)and(nd[a]-key<nd[b]-key) then
begin
c:=a;
a:=b;
b:=c;
end;
merge:=a;
if b=0 then exit;
nd[a] -right:=merge(nd[a] -right,b);
if nd[nd[a]-left].dist<nd[nd[a]-right].dist then
begin
c:=nd[a]-left;
nd[a].left:=nd[a]-right;
nd[a]-right:=c;
end;
nd[a] -dist:=nd[nd[a] -right].dist+1;
end;
Procedure print;

var
tot,i,j:longint;
begin
tot:=0;

for i:=1 to cl do
for j:=q[i-1]+1 to qg[i] do
inc(tot,abs(nd[j]-key-nd[stk[i]]-key));
writeln(tot);
end;

20 21
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BeGiN
assign(input, "seq.in");
reset(input);
assign(output, "seq.out®);
rewrite(output);
readln(n);
fillchar(nd,sizeof(nd),0);
cl:=0;
q[0]:=0;
for i:=1 to n do
begin
readln(nd[i]-key);
dec(nd[i]-key,i1);
inc(cl);
stk[cl]:=i;
qlcl]:=i;
while (cl>1l)and(nd[stk[cl]]-key<nd[stk[cl-1]]-key) do
begin
dec(cl);
stk[cl]:=merge(stk[cl],stk[cl+1]);
if odd(q[cl+1]-q[cl]) and odd(q[cl]-q[cl-1]) then
stk[cl]:=merge(nd[stk[cl]]-left,nd[stk[cl]]-right);
qlcl]:=q[cl+1];
end;
end;
print;
close(output);
EnD.

21 21
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