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ToBa He ro nn sHaem seye?

Han-kpaTtbk nbT B rpad 6e3 terna no pebpata ce Hamupa ¢ BFS!

https://visualgo.net/en/sssp

[lHec we pasrnexagame no CnoXeH Tun rpad - rpad Ha KOMTo No pebpaTta My nma
Terna.

Han-kbc nbT OT Bb3en X 4o Bb3en Y € NbT, KOUTO 3arnoysa OT X U cBbpwBa B Y 1
cymaTta OT Ternara Ha pebparta Nno KouMTo ce MMHaBa € MUHUMarsHa.
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3agayu

1. WM3uncnsaBaHe Ha Hal-KbC NbT OT BPbX A0 APYr BPbX

2. W3uuncnsasaHe Ha HaU-KbCUTE MbTULLA OT BPbX 40 BCUYKM OPYIrN BbpPXOBe

3. W3uncnssaHe Ha Han-KbCUTE MbTULLA OT BCEKU OO0 BCEKN BPBX







Edge-weighted digraph: adjacency-lists representation
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Shortest paths in an edge-weighted digraph

Given an edge-weighted digraph, find the shortest path from s to 1.

edge-weighted digraph
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shortest path from 0 to 6
0+2—27—-23—6

length of path = 1.51
(026 +034+039+052)



AnropmntbM Ha duunkcTpa

OcHoBHa naes: NMNogobeH Ha TbpceHe B LUMPUHA, HO BMECTO C OnallKka C
npuopuTETHA onaLlKa.



function Dijkstra(Graph, source):
create vertex set Q
for each vertex v in Graph:
dist[v] « INFINITY
prev[v] « UNDEFINED
add v to QO

dist[source] « 0

while QO is not empty:

U « vertex in O with min dist[u]

remove u from O

for each neighbor v of u:
alt « dist[u] + length(u, v)
if alt < distlvl:
dist[v] « alt
prev(v] « u

return dist[], prevl[]

// Initialization

// Unknown distance from source to v

// Previous node in optimal path from source
// All nodes initially in Q (unvisited nodes)
// Distance from source to source

// Node with the least distance

// will be selected first

// where v is still in Q.

// A shorter path to v has been found



Dijkstra’s algorithm: correctness proof

Invariant. For each vertex v in T, distTo[v] = d (v).

&

length of shortest s —» v path

Pf. [ by induction on|T|]

* Let w be next vertex added to T.
Let P be the s »w path of length distTo[w].
* Consider any other s »~w path P'.

Let x—y be first edge in P’ that leaves T.

P’ is no shorter than P:

length(P)

Dijkstra chose
w instead of y

relax vertex x

induction

weight are
non-negative

IA

IA

IA

by construction

distTo[w]

distToly]

distTo[x] + weight(x,y)
d*(x) + weight(x,y)

length(P') .




Shortest paths: quiz 9

What is the order of growth of the running time of Dijkstra’s algorithm
in the worst case when using a binary heap for the priority queue?

A. V+E

B. VlogV
C. ElogV
D. ElogE



Dijkstra’s algorithm: which priority queue?

Depends on PQ implementation: V INSERT, V DELETE-MIN, < E DECREASE-KEY.

PQ implementation INSERT DELETE-MIN DECREASE-KEY “

unordered array

binary heap log V log V log V ElogV
d-way heap log, V dlog,V log, V Elogz,vV
Fibonacci heap 1+ log V' & E+VlogV
T amortized
Bottom line.

- Array implementation optimal for complete graphs.

- Binary heap much faster for sparse graphs.

- 4-way heap worth the trouble in performance-critical situations.
« Fibonacci heap best in theory, but not worth implementing.



Algorithm for shortest paths

Variations on a theme: vertex relaxations.
« Bellman-Ford: relax all vertices; repeat V-1 times.
« Dijkstra: relax vertices in order of distance from s.

worst-case negative directed

running time weights 1 cycles

Bellman-Ford EV v (4

Dijkstra ElogV v



CneaBa KOHTPOSHO 5

NHCTpyKUUN:

e Bpewme 3a pabota 4ac 1 nonosuHa 16:30 - 18:00y

e [lBe 3agauun

e be3 orpaHnyeHmne 3a e3num 3a NnporpammpaHe u n3non3BaHe Ha CTaHAapPTHU
omnbnmnoTtekn

e [lo BpeMe Ha KOHTPOJHOTO Ce NO3BOJIsiIBa U3MNON3BAHETO CaMo Ha XakeppaHk!

o He e no3BoneHo aga ce nsnonaea IDE
o He no3BoneHo ga ce nanonasa NOMOLL OT MHTEPHET UMK OT HaNMU4YHN PELLEeHNa Ha KOMMTbpa



