
7 lebxz - minzixebl`e mipezp ipan2011 xanv
a 11 libxz`vniy jk mzixebl`d z` exty .O (
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)a sxba miwgxnd lk z` `ven Warshall-Floyd mzixebl`.sxba xzeia mixvwd milelqnd lk z`xvwd lelqnd z` xifgne miznv ipy lawnd oexkif O (

V 2
) qtezd mipezp dpan ex`z - jkn xzei.mdipia xzeiazxekfz.{1, ..., n} md mi
w
wdy gipp.{1, ..., k} mi
w
wa wx xaery jl in xzeid xvwd lelqnd jxe` = dkij mixi
bn:`id diqxewxde ,d0ij = {

w (i, j) (i, j) ∈ E

∞ else
milgz`n
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dkij , d
k
i(k+1) + dk(k+1)j

}

Warshall-Floyd mzixebl` 1 mzixebl`
for k=1 to n:
for i=1 to n:
for j=1 to n:

dkij = min
{

dk−1
ij , dk−1

ik + dk−1
kj

} oexzt.jl in xzeia xvwd lelqnd xaer ekx
y 
w
w didi `ed .vija oneqiy 
w
w 'qn wifgp i, j lkl.(jl i oia lelqna mi
w
w oi` ik) vijl null lgz`p dligzlibxzd oexzt - xteyn Warshall-Floyd mzixebl` 2 mzixebl`
for k=1 to n:
for i=1 to n:
for j=1 to n:

if
(

dk−1
ik + dk−1

kj < dkij

)

vij = k

dkij = min
{

dk−1
ij , dk−1

ik + dk−1
kj

} : rvap xzeia xvwd lelqnd z` lawl i
k
get path(i, j):
if (vij =null):
return [i, j]
else:
L1 ←get path(i, vij)
L2 ←get path(vij , j)
return L1 + [vij ] + L2 1



:ze`ad zelertd mr mipezp dpan eplaiwxteyn Warshall Floyd uixne sxb lawn - legz` •.xzeia xvwd lelqnd z` dxifgne i, j mi
w
w zlawny get path 'wpet •:oexkif zeikeaiq.ka aygzdl mrh oi` .O (

V 2
) `ed oexkifd okl ,i, j lkl vij e dij mixney:onf zeikeaiq.O (

V 3
) - Warshall Floyd enk:zepekp zgked

jl i oia xzeia xvwd lelqnd lr 
w
w likn vij ,zipevigd d`leld ly kd divxhi`a .divwe
pi`a.{1, ..., k} mi
w
wa wx xaery.(jl i oia lelqnd lr mi
w
w zeidl mileki `l ik) vij = null ik oekp df ,k = 0 xear.k − 1 xear zepekp gipp.mi
w
w i, j eidi
i → .. → `ed {1, ..., k} mi
w
wa xaerd jl in xzeia xvwd lelqnd f` dk−1

ik + dk−1
kj < dk−1

ij m`.yex
k jl i oia xzeia xvwd lelqnd lr 
w
w k ,okl .(W.F ly zepekpdn raep) .k → ..→ j

jl i oia xzeia xvwd lelqnl ddf {1, ..., k − 1} mi
w
wa jl i oia xzeia xvwd lelqnd f` ,zxg`.jl in xzeia xvwd lelqnd lr 
w
w xak vij divwe
pi`d zgpd itl okle {1, ..., k} mi
w
wa xaerdibeleteh oeindx
bd.v ≤ u f` (v, u) ∈ E m`y jk V lr (ix`pil) `ln x
q `ed G ly ibeleteh oein .sxb G = (V, E) ididnbe
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4 1 3 2 5 dxrd.miibeleteh mipein dnk yi k"x
alibxz`vend mzixebl` eazk .(ibeleteh oein zeidl leki `l f` lbrn yi sxba m`) milbrn `ll sxb G idi.G ly ibeleteh oeindpaez.edylk x
qa ilniqwn xai` v f` zezyw ze`vei `l vn m`2



oeirx.sxba mi
w
w oi`y 
r jildzd lr xefgpe ,sxbdn eze` wgnp ,ilniqwn xai` `vnpoexztibeleteh oein z`ivn 3 mzixebl`.
w
w wgnpyk mrt lk eze` ok
rpe mdn ze`veid zezyw ila mi
w
w ly xez wifgp
Q ←empty queue
for v ∈ V :
if (num of edges from (v))==0:
Q.push(v)

if Q.isEmpty:
error (lbrn yi)
P ←empty queue (hltd xez didi df)
while Q.isNotEmpty:
v=Q.pop
P.push(v)
for all (x, v) ∈edges to(v)
if len(edges from(x)==1)
Q.push(x)

G.remove vertex(v)
end while
if (size(P)¡n):
error (lbrn yi)
return P dnbe
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.(Qne sxbdn) 5 z` miwgene Ql 1,3 z` miqipkn ,Pl eze` miqipkn f`e ,Ql qpkp 5 dligz.Qne sxbdn miwgene Pl 1 z` miqipkn k"g`.sxbdne Qn 3 z` miwgene Ql 2 z` miqipkn ,Pl 3 z` miqipkn k"g`.sxbdne Qn 2 z` miwgene Ql 4 z` miqipkn ,Pl 2 z` miqipkn k"g`:milawn ,epniiqe sxbde Qn eze` miwgen ,Pl 4 z` miqipkn k"g`
P = {4, 2, 3, 1, 5}

DFS zxfra ibeleteh oein:oeekn sxb lr eilr xa
py DFS ly itivtq yenin.mipal mlek dlgzda .oale xegy - mirav 2 yi 
w
wl
3



DFS 4 mzixebl`
DFS(V,E):
Q ←empty queue
for v∈V
Q.push(v)
S ←empty stack
while Q.isNotEmpty:
if S.isEmpty
v ← Q.pop()
if color(v) is white
S.push(v)
else
continue

u ← S.top()
if color(v) is black
S.pop()
continue
else:
color(v)=black
for x in verticesFrom(v)
S.push(x) .DFS xri lawpdprh.ul vn lelqn oi` f` milbrn xqg Ge u iptl zipqgndn (dpey`xd mrta) `vi v m`
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