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AJITOPUTMBI
1 CTPYKTYPhI JTAHHBIX

['PA®BI. AJITOPUTM IENKCTPHI.
OYEPEIb C IIPUOPUTETAMU



PACCTOSHUE MEXK/JY BEPIIMHAMU (BFS)

procedure BFS( G, s ):
dist = array of size G.V
for x in G.V:
dist[x] = o0

Q = queue
dist[s] = 0
Q.push(s)

while not Q.isEmpty:
x = Q.pop()
for y in G.neighbours(y):
if distl[y] = oo:
dist[y] = dist[x] + 1
Q.push(y)
end
end
end
end




AJITOPUTM JIEVKCTPHI
(Edsger Wybe Dijkstra)

[Tycrs Ha pebpax rpada sanaunsl jumus: G = (V. E), | E — Ry

3amaga: HailTH KpaTJdailnme pacCTOSHUS 10 BCEX BEPIINH U3 JTaHHOMN
BEPIIUHBI S



AJITOPUTM JIEVKCTPHI

Ouepenib ¢ mpuOpUTETAMHA

insert(element, key)
decreaseKey(element, key)
deleteMin()

makeQueue (elements, keys)

procedure Dijkstra( G,
dist = array of size
prev = array of size

Q Qn
<< -

for x in G.V:
dist[x] = o
prev[x] -1

dist[s] = 0
Q = priority queue
Q.makeQueue (V, dist)

while not Q.isEmpty:
x = Q.deleteMin()
for y in G.neighbours(x):
key = dist[x] + 1(x, y)
if dist[y] > key:
dist[y] = key

prev[y]l = x
Q.decreaseKey(y, key)
end
end

end
end




OYEPEJb C [IPUOPUTETAMU

Oneparun (naTepdeiic):
e Jlo6aButh ssiement (insert)
o UckimounTh MuHnMaIbHBL ssieMenT (deleteMin)

Hononnurenbubie oneparun (unrepdeiic):
e ITocrpours ouepesp (makeQueue / buildHeap)
e YuenbnmTh 3uavenue kimoda (decreaseKey)



PEAJIN3ALNN OYEPEIN C IIPUOPUTETAMU

1. HeynopsimoueHHbI Maccus.



PEAJIN3ALNN OYEPEIN C IIPUOPUTETAMU

1. HeynopsimoueHHbI Maccus.
insert: O(1) - mpocro g0baBisieM B KOHeI]
deleteMin: O(n) - Ha/O nepebpaTh BCE SJIEMEHTHI



PEAJIN3ALNN OYEPEIN C IIPUOPUTETAMU

1. HeynopsimoueHHbI Maccus.
insert: O(1) - mpocro g0baBisieM B KOHeI]
deleteMin: O(n) - Ha/O nepebpaTh BCE SJIEMEHTHI

2. YHOopsimoueHHbINT MacCuB



PEAJIN3ALNN OYEPEIN C IIPUOPUTETAMU

1. HeynopsimoueHHbI Maccus.
insert: O(1) - mpocro g0baBisieM B KOHeI]
deleteMin: O(n) - Ha/O nepebpaTh BCE SJIEMEHTHI

2. YuopsioueHHbli MaccuB (110 yOBIBAHMIO).
insert: O(n) - UPUXOIUTCST CABUTATH KYCOK MaCCHBa
deleteMin: O(1) - mpocTo GepeM MOCIIeTHII TEMEHT



PEAJIN3ALNN OYEPEIN C IIPUOPUTETAMU

1. HeynopsimoueHHbI Maccus.
insert: O(1) - mpocro g0baBisieM B KOHeI]
deleteMin: O(n) - Ha/O nepebpaTh BCE SJIEMEHTHI

2. YuopsioueHHbli MaccuB (110 yOBIBAHMIO).
insert: O(n) - UPUXOIUTCST CABUTATH KYCOK MaCCHBa
deleteMin: O(1) - mpocTo GepeM MOCIIeTHII TEMEHT

3. dpoununas xyua (Heap, Binary heap).
insert: O(logn)

deleteMin: O(logn)

buildHeap: O(n)

decreaseKey: O(logn)



[IPEACTABJIEHUE

[ x]10]13]11][14][18[15[17[19]

TJIS 9JIEMEHTa C WHIEKCOM 1:

e uHjeKChl ‘mereit” = {24,2i 4+ 1}

e uHJIeKC “pojaurens’ = [%]



BCIJIBITUE (AKA SWIM, BUBBLE UP, SHIFT UP, ETC)

[x [I0[138[11[14[18[15] 17 [ 19 ] 12 ]

[x 101311121815 [17[19] 14 |

[x [10[12 11131815 [17[19] 14 |




[TOrPY’KEHUE (AKA SINK, BUBBLE DOWN, ETC)

[x [10[20 11 [14[18[15] 17 [ 19 |

[x 101411201815 [17[19]

[x 1014111918 [15 [ 1720 ]




BCIIJIBITUE & TIOTPYYKEHUE

h = array of keys of length N

procedure swim(i):
while i > 1 and h[i/2] < h[i]:
h[i/2], h[il = h[il, h[i/2]
i=1i/2
end
end

procedure sink(i):
while 2%i <= N:
int k = argmin(h[2*i], h[2*i + 1])
if hlk] < h[il:
h[k], h[i]l = h[il, h[k]
else:
break
end
end




[IOCTPOEHUE KY4U

N
h

array length
array of keys of length N

procedure buildHeap():

for i

end

sink (i)

=N to 1:




PEANM3ALIST METO/IA changeKey

IIpobema: HEOOXOAMMO 3HATH MO3UITUIO YJIEMEHTA B OMHAPHON Kyde.

BapI/IaHT 1: JAOIIOJIHUTEJIbHO XPaHUTDH 3JIEMEHTBI B aCCOITUATHUBHOM
MacCuBe (XeLH-Ta6JII/ILLe). ﬂJIH KazKJ1I0T'0 dJIEeMEeHTa XpaHUM €ro MHJICKC
B MacCCHUB€, U3MCHAA IIPU IIepeCTaHOBKaX.

Bapuanr 2: eciu Hamm 06beKThl IPOHYMEPOBAHbBI / XPAHITCS B
MaccuBe, TO

- BMECTO OOBEKTOB B OdUepean Oy/IleM XPAaHUTh UX HHIEKCHI;

- BMECTO XeII-TabJINIbI BEAeM BCIIOMOIaTe/IbHbBIA MaCCUB: 10
WHJIEKCY OO'bEKTY OIPEJIe/IsieM ero MecTO B OMHAPHOI Kyde.

CwM. peanmzarmio IndexMinPQ maJsiee. XOpOIIO TMOAXOINT st
peanusanun aaropurMa JefdKcTpbl: MHAEKC = HOMEDP BEPIIHUHBI.



PRIORITYQUEUE B JAVA

public class PriorityQueue<E> {

public
public

public
public

public
public
public

public
public

PriorityQueue() { ... }

PriorityQueue (Comparator<? super E> comparator) { ...
boolean add(E e) { return offer(e); }

boolean offer(E e) { ... }

E peek() { ... }

E pollO) { ... }

E remove() { ... }

boolean contains(Object o) { ... } // 0(n)
boolean remove(Object o) { ... } // 0(n)

Meron changeKey orcyTcTBYeT.



INDEXMINPQ

(P. Cemxpuk, K. ¥Vaita "Anropurmer aa Java')

class IndexMinPQ<Key extends Comparable<Key>>
IndexMinPQ(int maxN)
void insert(int k, Key item) // log N
void change(int k, Key item) // log N

boolean contains(int k) // 1
void delete(int k) // log N
Key min() // 1
int minIndex() // 1
int delMin() // 1

boolean isEmpty()
int size()




private int N; // number of elements on PQ

private int[] pq; // binary heap using 1-based indexing
private int[] qp; // inverse of pq - qplpqlil]l = pqlqp[il]l = i
private Key[] keys; // keys[i] = priority of i

public IndexMinPQ(int nMax) {
keys = (Key[]l) new Comparable[maxN + 1];

pq = new int[maxN + 1];
gqp = new int[maxN + 1];
for (int i = 0; i <= maxN; i++) qpl[i] = -1;

}

public boolean contains(int i) {
return qp[i] != -1;
}

// General helper functions
private boolean greater(int i, int j) {

return keys[pqlil].compareTo(keys[pq[jl]l) > 0;
}

private void exch(int i, int j) {
int swap = pql[il; pqlil = pqljl; pqljl = swap;
qplpqlill = i; qplpqljll = j;




// Heap helper functions
private void swim(int k) {
while (k > 1 && greater(k/2, k)) {
exch(k, k/2);
k = k/2;

}

private void sink(int k) {
while (2*k <= N) {
int j = 2x*k;
if (j < N && greater(j, j+1)) j++;
if (!greater(k, j)) break;
exch(k, j);
k=7j;




public void insert(int i, Key key) {
if (contains(i)) throw new IllegalArgumentException("index is
already in the priority queue");
N++;
qplil = N;
palN] = i;
keys[i] = key;
swim(N) ;

}

public void change(int i, Key key) {
if (!contains(i)) throw new NoSuchElementException("index is not
in the priority queue");
keys[i] = key;
swim(qp[il);
sink(qpl[il);




public Key minKey() {
return keys[pq[1]];
}

public int minIndex() {
return pql[1];
}

public int delMin() {
if (N == 0) throw new NoSuchElementException("Priority queue
underflow");
int min = pq[1];
exch(1, N--);

sink(1);

gplmin] = -1; // delete

keys[pq[N+1]] = null; // to help with garbage collection
palN+1] = -1; // not needed

return min;




[IPUMEP MCIIOJIb30OBAHUSA: CJIUAHUE [TIOTOKOB

JlaHo: HECKOJIBKO TEKCTOBBIX (hafljioB, CTPOKU B HUX
OTCOPTUPOBAHBI.

Tpebyercs: cuTh X B OUH (Paiisl, B KOTOPOM CTPOKHU TOXKE
OyIlyT OTCOPTUPOBAHBI.

Ucnonbzyem IndexMinPQ, B KOTOPOil MHIIEKCOM SIBJISIETCS HOMED
daiiia, a KJIIOIOM — a KJIIOUOM CJIeyIoNias HeobpaboTanHnas
cTpoKa B 9TOM aiisie (CM. KOJ| Ha CJIeYIOMEM CJIaie).



public class Multiway {

private static void merge(In[] streams) {
int N = streams.length;
IndexMinPQ<String> pq = new IndexMinPQ<String>(N);
for (int i = 0; i < N; i++)
if (!streams[i].isEmpty())
pq.insert(i, streams[i].readString());

while (!pq.isEmpty()) {
StdOut.println(pq.min());
int i = pq.delMin();
if (!streams[i].isEmpty())
pq-insert (i, streams[i].readString());

}

public static void main(String[] args) {
int N = args.length;
In[] streams = new In[N];
for (int i = 0; i < N; i++)
streams[i] = new In(args[il);
merge (streams) ;




[IPUMEHEHME OYEPE/U C [TPUOPUTETAMU

IIpumenenne:
e TTupammnanbuas copruposka (Heapsort)
e I'padwr: agropurmsr detikcrpsor, [Ipuma

e Onrumasnbuoe Koguposanue (kox Xaddmana)

CobbITuiiHas cuMysisiius (CTAJKUBAIOIINEC YACTHUIIbL)

e Uckyccrsenuntit unresuiekt (ajaropurm A¥)



AJITOPUTM A*: TIOUCK IIYTU

3asada: MOWCK IIyTU B JJAOMPUHTE WJIU HA UTPOBOM Kapre.

Vcnonb3yeM mOUCK B MIUPHUHY, HO C UCIOJb30BAHUEM OYEPEIN C
[IPUOPUTETAMU: B IIEPBYIO OYEPE/Ib PACCMATPUBAEM T€ KJIETKH,
KOTOpBIe OJIMKe K TeJIH.



AJITOPUTM A*: UTPA B 15

I'pad: Bepmmab! - Bce BO3MOXKHBIE mo3unuu B urpe. JIBe mo3urun
coeMHEHbI PeOPOM, €CTU MOXKHO TEePEeiTH U3 OIHOM B APYTyio 3a 1
X0,

I'pad ouens GosbINOl, HE IBITAEMCS CO3IATH €T0 IETUKOM.

Hauunaem mouck or 3aJaHHOI HO3UIMH, IepeOUpasd BO3MOMKHBIE XObI
(cocenuue Beprmubl). Bee mo3unun nomermaemM B 04epeib ¢
npuopuTeTaMu (IPUOPUTET = IBPUCTHKA, HATIPUMED, KOJI-BO XOJIOB
y7Ke MOTpadeHHbIX + MaHX3TTEHCKOe PacCTOSHUE [0 IieIeBoil
HOBUIIIHT).

[Toxpobmee:
http://introcs.cs.princeton.edu/java/assignments/8puzzle.html
http://introcs.cs.princeton.edu/java/assignments/checklist/8puzzle.html


http://introcs.cs.princeton.edu/java/assignments/8puzzle.html
http://introcs.cs.princeton.edu/java/assignments/checklist/8puzzle.html

