
xzeia milw milelqn

.milwyn ziivwpet w : E → R .oeekn G = (V,E) sxb
micewcewd lk ly (milwyn)miwgxnd z` `evnl dvxpe ,s cewcewn ligzp

:onqp .s cewcewdn

δ (s, v) =

{
minp w (p) ∃p = 〈s, ...v〉 ∈ E

∞ @p = 〈s, ...v〉 ∈ E

p = 〈v0, ...vk〉 lelqn ozpida w (p) =
∑k−1

i=0 w (vi, vi+1)
mixvwd miwgxnd f` ,sn eil` ribdl ozipy ,ilily lywn lra lbrn sxba yi m`

.ahid mixcben `l xzeia

ilnihte`d dpand zz zpekz
.xzeia mixvw milelqn md xzeia mixvw milelqn ly milelqn zz

.xzeia xvw lelqn `ed pij = 〈vi, ...vj〉 f` ,xzeia xvw p = 〈v1, ...vk〉 idi

dgked

p′ : lelqn dpap .w
(
p′ij

)
< w (pij) miiwnd vjl vin p′ij lelqn yiy dlilya gipp

:miiwzn .v1
p1i−−→ vi

p′
ij−−→ vj

pjk−−→ vk

w (p′) = w (p1i) + w
(
p′ij

)
+ w (pjk) < w (p)

.xzeia xvw py jkl dxizqa

yleynd oeieey i`
:(u, v) zyw ozpda

δ (s, v) ≤ δ (s, u) + w (u, v)

dlwdd zwipkh
(milwyn ziivwpet w)Relax (u, v, w)
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:δ [v] > δ [u] + w (u, v) m` .1

d [v]← d [u] + w [u, v] 1.1

π [v]← u 1.2

(δ (s, v)l "dkxrd")d [v] xenyp ,v cewcew lkl xnelk

1 dprh
d [v] ≤ d [u] + w (u, v) miiwzn (u, v) zywd zlwd xg`l

2 dprh
.d [s] = 0 ,d [v] =∞ v ∈ V − {s} lkl lgz`p

π [v] = NULL V 3 v lkl

.zezywd lr dlwd icrv zxcq lkl ∀v ∈ V : d [v] ≥ δ (s, v) :miiwzn

dgked

:dlwdd icrv lr divwecpi`a gikep

∀v−{s}∞ = d [v] ≥ δ (s, v) :qiqa
0 = d [s] ≥ δ (s, s)

zywd lr dlwd mirvan k + 1d crva .mipey`xd micrv kl miiwzn (∗)y gipp
.miiwzn (∗) t ∈ V − {v} lkl okle zepzydl lekiy cigid d [v] .(u, v)

miiwzn (∗) mb f` ,dlwddn okcrzn `l d [v] m` •

:okcrzn d [v] m` •

d [v] = d [u] + w (u, v) ≥ δ (s, u) + w (u, v)

xzei dpzyn `l d [v] f` d [v] = δ (s, v) aly edyfi`a m` – :al miyp
.dlwd zelert zeawra

.d [v] = δ (s, v) =∞ f` vl sn lelqn oi` m` –

(π (v) , v) zezywd z`e ,iteq mdyl d [v]y micewcew lleky sxbd Gπ idi

3 dprh
f` ,xewnd cewcew se ,miilily milbrn `ll lwyenn oeekn sxb G = (V,E) idi
zxcq lke s eyxeyy yxyen ur xvei Gπ sxbd zz (2 dprha enk)sxbd legz` xg`l

.efd dpekzd z` zxnyn dlwd icrv
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dgked

k"da gipp .π [vi] = vi−1 :miiwzn .C = 〈v0, ...vk = v0〉 lbrn Ga yiy dlilya gipp
.lbrnd z` dxvi (vk−1, vk) zywdy

∀id [vI ] ≥ d [vi−1] + w (vi−1, vi)

(vk−1, vk) ztqed iptl d [vk] > d [vk−1] + w (vk−1, vk) miiwzne
cewcew lkl sn cigi lelqn yiy gikedl x`yp .milbrn `ll oeekn sxb epgked

.Gπa
(libxz)eil` sn lelqn yi Gπa cewcew lkly gikedl jixv did

htyn
legz`e ,xewn cewcew se ,miilily milbrn `ll lwyenn oeekn sxb G = (V,E) idi
ur `ed Gπ f` ,v lkl d [v] = δ (s, v)l ze`iand zelwd ly dxcqe ,2 dprha enk

.sn mixvw milelqn

dgked

d [vi] = δ (s, vi) miiwzn .Gπa p = 〈v0 = s, ...vk〉 lelqn idi

d [vi] ≥ d [vi−1] + w (vi−1, vi)

⇒ δ (s, vi) ≥ δ (s, vi−1) + w (vi−1, vi)

w (p) =

k∑
i=1

w (vi−1, vi) ≤
k∑

i=1

(δ (s, vi)− δ (s, vi−1)) = δ (s, vk)− δ (s, v0)

⇒ w (p) ≤ δ (s, v)

cxet-onla
2 dprha enk π [v] ,d [v] ly legz` .1

:|v − 1|l 1 oia i xear .2

(u, v) ∈ E zyw lkl 2.1

Relax (u, v) 2.1.1

:(u, v) ∈ E zyw lk xear .3

d [v] > d [u] + w (u, v) m` 3.1

"`l" xfgd 3.1.1

"ok" xfgd .4

.miilily milbrn yi m` ddfn 'bl`de ,O (|V | · |E|) - dvix onf k"dq
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dprh

:mixarnd lr divwecpi`a gikep .∀vd [v] = δ (s, v) 'bl`d zivr onfa

,p = 〈v0 = s, ...vk = v〉 xzeia lwd lelqnd lr lkzqp .vl sn lelqn yiy gipp .1
.k ≤ |V | − 1

:d [vi] = δ (s, vi) id xarnd ixg`y d`xp

√
qiqa

:i+ 1d xarnd lr lkzqpe id xarnd xg`l d [vi] = δ (s, vi) gipp

.(vi, vi+1) lr hxtae ,zezywd lk lr mixaer i+ 1d xarna

d [vi+1] ≤ d [vi] + w (vi, vi+1) = δ (s, vi) + w (vi, vi+1) = δ (s, vi+1)

d [vi+1] ≤ δ (s, vi+1)

d [vi+1] = δ (s, vi+1)

d [v] = δ (s, v) =∞ if` .vl sn lelqn oi`y gipp .2

mzixebl`d zepekp zgked
y l"v

ur `ed Gπe ,d [v] = δ (s, v) aygne "ok" xifgn 'bl`d miilily milbrn oi` m` •
.xzeia mixvwd milelqnd

."`l" xifgi mzixebl`d miilily milbrn yi m`e •

:ilily lbrn oi` m`

d [v] = δ (s, v) ≤ (s, u) + w (u, v) = d [u] + w (u, v)

."ok" xifgd 'bl`dy dlilya gipp .0 >
∑
c
w (vi−1, vi) f` :ilily C lbrn yi m`

∀id [vi] ≤ d [vi−1] + w (vi−1, vi)

∑
d [vi] ⊆

∑
(d [vi−1] + w (vi−1, vi)) =

∑
d [vi] +

∑
w (vi−1, vi)

C lbrnl dxizqa
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(G)DAG

(O (|V |+ |E|) - zelr)G ibeleteh oein .1

d [v] ,π [v] ly legz` .2

(O (|E|) - zelr):ibeletehd oeind xcq itl v cewcew lkl .3

:v ly u oky lkl 3.1

Relax (v, u, w)

O (|V |+ |E|) zelr - k"dq
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