
1 d`vxd - mitxbd zxez2011 xaehwe`a 30 dx
bdmi
ew
ew ly mixe
q `l zebef ly sqe`e (Veritces, nodes) V mi
ew
ew zveaw `ed G = (V, E) sxb.(Edges) E.rlv `xwp Ea bef lk .{{a, a, b}} lynl ,zexfg zexzen xnelk ,dveaw-ax = sqe`zexrd.iteq `xwp sxbd |E| < ∞ mbe |V | < ∞ m` .1.oeekn `l sxb `xwp lirl x
bedy sxbd .2dx
bd.mi
ew
ew ly mixe
q zebef sqe` Ee mi
ew
ew zveaw `id V m` oeekn sxb `ed G = (V, E) sxb.(zpeekn rlv e` rlv `xwp dfk bef lk)dx
bdmi
ew
ew ly (u, v) ∈ V 2 mixe
q `l zebef ly dveaw E m` heyt sxb `ed oeekn `l G = (V, E) sxb.u 6= v dfk bef lkl mbedx
bd.oeekn `l illk sxb G = (V, E) idi.envr l` 
ew
ewdn rlv xnelk ,d`lel z`xwp u ∈ V xy`k (u, u) ∈ E rlvdxrd.ze`lel ea oi`e zerlv ieaix ea oi` m` heyt `ed sxb.Ea zg` mrtn xzei driten (u, v) rlvdy jk u, v ∈ V mi
ew
ew ipy mpyiy eyexit zerlv ieaix:iteqd sxbd ,lynl
V = {u, v}

E = {{(u, v) , (u, v)}} dxrd2 dizevwy dtivx dnewr `id rlve xeyina 'wp `ed 
ew
ew lk .xeyind lr sxb mixiivn k"x
a.mivg i"r ze

ewn zerlvd ,oeekn sxba .mi
ew
ewdze`nbe

G = (V, E) sxb .1

V = {u, v, w, x}

E = {(u, v) , (v, w) , (w, x) , (x, u)} .heyt sxb1



.G = H ,H = (V, E) sxb .2dxrd.mipeekn `l miiteq mitxba (zxg` xn`i k"``) 
inz hrnk weqrp df qxewadivaihen:ik llka mir
nae dwihnzna (zepexg`d mipyd 50a) ifkxn 
nrn dqtz mitxbd zxez.opexzte zeira geqipl dgep dty md mitxb .1:zeiyrn zeira(lynl miyiak zyx) dxeagz (`)zxeywz (a):zeihnzn zeiramii`xw` mikelid (`).zerixi\zexeag ly oein (a)dxrd.sxbl 
g` 
ew
ew zegtl yiy migipn ep`dx
bd:sxbd `ed n x
qn wixd sxbd
Nn = (V, E)

|V | = n

E = ∅ dx
bd:heytd sxbd `ede Kn oneqn n x
qn `lnd sxbd
Kn = (V, E)

|V | = n

∀u, v ∈ V (u, v) ∈ E dx
bd:sxbd `id Pn zpneqn n x
qn dliqn
Pn = (V, E)

V = {v0, v1, .., vn}

E = {(vi, vi+1) | 0 ≤ i ≤ n− 1}
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dx
bd:heytd sxbd `ede Cna oneqn n x
qn lbrn
Cn = (V, E)

V = {v0, .., vn}

E = {(vi, vi+1) | 0 ≤ i ≤ n− 1} ∪ {(v0, vn)} dx
bd.
ew
ew u ∈ V ,oeekn `l iteq sxb G = (V, E) idi.dG (u) zpneqne ,ua zelgd zerlvd xtqn `id Ga u ly dbx
d.mipkyd xtqn `id dbx
d ,heyt sxba:`id G ly zilniqwn dbx

∆(G) = max

u∈V (G)
{dG (u)} :`id G ly zilnipin dbx


δ (G) = min
u∈V (G)

{dG (u)} dx
bd.ixlebx-k sxb `xwp ∆(G) = δ (G) = k exear G sxb.k `id ei
ew
ew lk zbx
 m` ixlebx-k `ed sxb xnelk.miwixd mitxbd md miixlebx-0 mitxb .1.K2 ly miwzer ly xf 
egi` md miixlebx-1 mitxb .2.3 ≤ x
qn milbrn ly xf 
egi` md miheyt miixlebx-2 mitxb .3e` ,ely i
bpl 
ew
ew lk xagle onezn\dyeyn zgwl e` ,K4 ,lynl :miheyt miixlebx-3 mitxb .4.diaew.oqxht sxb e` xyern zgwl xyt` zerlv 10 mrlibxz.n x
qn ixlebx-k sxb miiw `l miibef i` k, n xearzexiywdni
wn dxrd.mitxbd zxezn mixken miixhne`b mibyen zexnl ,ixhne`b byen epi` sxb:m
ew zxg` dx
bd xi
bp zexiyw xi
bdl i
kdx
bd:`id v1, v2, ..., vm ∈ G (mipey `wee
 e`l) mi
ew
ew zx
q .sxb G = (V, E) idi.(vi, vi+1) ∈ E miiwzn 1 ≤ i < m lkl m` Ga jelid .1.v1 = vm mbe jelid `id m` xebq jelid .2miiwzny jk 1 ≤ i < j < m oi` eay jelid `id m` (zxyxy e`) lelqn .3
(vi, vi+1) = (vj , vj+1) (rlv lr dxfg oi` xnelk)3



1 ≤ i < j < m oi` xnelk .v1 = vm ile` hxt mi
ew
ew ly dxfg `ll jelid `id m` dliqn .4.vi 6= vm miiwzn 1 < i < m lkl mbe vi = vjy jk.v1 = vme dliqn `id m` lbrn .5dx
bd.m− 1 xnelk jelida mixaer odilr zerlvd xtqn `ed dliqn\lelqn\jelidd jxe`2 libxz.vl un dliqn yi ⇐⇒ Ga vl un jelid yi ik gked .u, v ∈ V .sxb G = (V, E) ididx
bd.vl un dliqn zniiw m` u → v - mi
w
wd lr qgi xi
bp .oeekn `l sxb G = (V, E) ididprh.zeliwy qgi `ed →dgked.dketdd dliqnd z` zgwl xyt` okl ,oeekn `l sxbd ik v → u ⇐ u → v - zeixhniqdliqn yi 2 libxz itle wl un jelid lawp zeliqnd xeyxy i"r f` v → we u → v m` - zeiaihfpxh.u → w.v → v ,0 jxe`a dliqn - zeiaiqwltxdx
bdz`xwp → qgil qgia mi
w
w ly zeliwy zwlgn .l"pd qgid → ,oeekn `l sxb G = (V, E) idi.zexiyw aikx.Ga zexiywd iaikx xtqn = K (G) - oeniqdx
bd.K (G) = 1 m` xiyw G sxbdx
bd`id ei
w
w zveawy sxbd `ed Ḡ = (U, F ) oneqn G ly milynd sxbd .heyt sxb G = (V, E) idi.`ln sxb (V, E ∪ F )y jk El dxf F zerlvd zveawe U = V.Ga ze`vnp `ly zerlvd wei
a od Ḡ ly zerlvd ,milina3 libxz.xiyw Ḡ e` xiyw G ,G iteq heyt sxb lkl :gked.xiyw Ḡ ⇐ xiyw `l G ,zexg` milinadx
bd.miheyt mitxb G =
(

V 2, E2
)e G =

(

V 1, E1
) eidi.E1 ∪ E2 eizerlve V 1 ∪ V 2 `id ei
w
w zveawy sxbd `ed G ∪H sxbd.V 1 ∩ V 2 = ∅ m` xf 
egi` `ed G ∪Hdnbe
.G ∪ Ḡ = Kn if` n x
qn sxb G idi4



4 libxz.mitxb ipy ly xf 
egi` epi` ⇐⇒ xiyw `ed G sxb
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