cS 24\ - N&or?t\-\ms , S'Pﬁv\s 2l| \J\r\‘.\/ersﬁ-\A o-f \Watecloo

lecture (O S'mglc Soucce  Shovtect PNH\S

\We itv\d\% Diikﬁ\m’& Ngo(?’c\nm to C,WV\?\/L{——Z, Qhwetast POCH\S ’guw\ o i?ng[a vertex o oall verBes .

on

%‘{qlﬂ\s with HD‘/\*V\ZSG\TI\/L QdZ{ \NJL:SM“L

Chsttost \‘>orHAL

Ih?\ni Dicacted ngL\ Cj:L\//T‘), With  a V\ww\zgc&%vm zotgrz uth\ L %w 20ch JZGC’{) Fo wertbes Gt

Oujcymt s A ghevtest \)aﬂ ’(lvb\m e b T, where o \Qnﬁ%\r\ o{ Qa Fq‘tlﬂ NS JZ?@L t the Cum o{ Qole (ﬂnj”él\&

You con think o—{» the grqpk a¢ o Yoad neheek | ond  the Ldgz (Qngﬂ\ Q\)raumtg the Hme neeole A
“o  deive pass the toad (W\&% capend o tvaffic)
Than tha P\'ub\zm DS \Cir\o’\ tha '%o\gﬁsf \Nmé 1 delve {\(w PD\\V\Mt < to ’Fb\mf .

Tknfg < Tha wv& ﬂ{’ %v\p,(\h!l& %\&vt CTOBS(& MQES onSwecs Q\/(L(La da&\

To Colve  4hig P‘{GB(QM‘ Tt tums out do be vawe  Comement o %olue  a more jzmral P(DHEM,

Ih\)ﬂi Dicected SMFL\ G{:U/JF)/ with o Vﬁww\agov%w zd§a LGg‘ck ng WCW 20ch 16%) arh  a vertex €.

OchYmt 2 A kafgsf PQH\ ‘f\fm 4 ﬁ AV ‘FW ,stuxa vy-(lflx \/é\/.

Tt seems s ?m\ukm 'S¢ hasdec, becauwce goch Fqﬂx could be of \Qng‘c% D), and gt owtpat

%\\«61 Could m\vladg be LA
It tums out ot  Tlere 18 o Luadnt \”LFW@SQV\TD&‘»W o{* all s FQH\S’ andk the Swf”\/
P{obum Coan be Solwed Tn the gCame tBme LMPZQKI(‘H os the  ghevtest St \>qH\ f)mbum\

We call e gu\amf FﬁnUQM the i?hg(@ Sowcee s hovtest Paﬂxs Frob[am,

Rreadth ficst gearch

We  have Ceen  khat  BTL  Coaw be wged to  solue the 2hwvtest PMLR ProL[szM‘ whan ,Q\/nr\a Ldgg

D'% o K(AF\A has 4o  gome \Qng%k Las ‘e ju&‘b Countad tha number of ;zokges n the &ro\lJJ
Tt W nst OV‘JY%UAW To “redue ” the \r\mmagm%vou \Qngﬂ\ ?mb(xzm v the  Come (a»\g%k 3})@0&\ case .
g“% oll e U&gL LQV\KHA& ace Pugtﬁ ve. ‘mﬁ&zu )

We con vreduce  sur Droblem o tle Special  case  bu veplacing sath edee of lensth kK by A path
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y@

o{ Luﬂ« | ) “ * -
: 7)3 =) S\f

1(
1L s J@as\a o cee that thie veduchon osvk¢ + tleww ¢ oo &

y G
e =N
/ N - 4
X)mtb\ OJV \JL\AKJCL\ K Tn Q \{f tlove 8 o Paﬁ\ o{ k%fﬂ\ k Tn Cj & al\l 4d§es n{ Come (m\ftt\
However. W3¢ ic wet  on &,{"\(\W\danf ceduction  bhecauce CT) maa have ‘oo Mw\‘a veetias 5 the  humbec

7

o% veehies  n C? is n EQ\QQ L and w0 when o s Kargn (;/ s oo la{ft) and  tlan  a

\‘\Y\!UA( Bme ngb(\%hm in G(/ would wot (,WQS{DWA +~  a [inear “me golbcﬁs\n Tn 6

_E‘r%_SLR‘_P_LMS&—

Trsteed wf comsbucting & ot , we Can Just Keep G in mind ond Simulate the procas
of owmg RO n G(/'

e con think of e prowss of mwhf RFS in (7 as  follows -

- Wa et oulr o \C\(Q ok vertex 0 ab time O, Tha e W S\)(mé\ oul -

= Lk tokes swe unt of time to bucn  an Ld\g{ fr? G(}_ SD/W

- The 2hevtect Poﬁk Aistance ﬁm ¢ to v 3¢ Sug{' to Bme when vetex v 1S burned.

ot tima =73

Al go(‘\‘khm

‘ﬂ\ub Ve oA S'\MQ\Q \,\m% 1 Simulale e f:@ P ocase without &x?\:dHa Cms'\vmdﬁng Ry ey &MPL\‘

DIjksﬁqa{s algc Cthim (o BFS- §7M“LC’$W‘>

ask (V)= vo _QVQ‘(\a vel/ .

gt (s)= o

Q = make*?x\ﬂ‘\*‘\gf%u&uou(\fs /ol vacties are put io the  priov we |
// \/&Shg g\?stf\a ot the kzg volus CV(IMH\/A valua ) of (VR
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while QU ¢ wnet zm?ﬁé d.o
w= Aelete-min (Q) [ degrue tle vactex with minimum  olist -value
\CN 20.ch OWJY~V\0)\&\/\‘DW Voot w
i disklu) + Ry < dist TV)

gt Cv) = ik Cul) + /va . &Q((Mge\km{x QQJ\/\ ) Pmay\t[\)] —w -

Thig od&oﬁtm 1s g%mmmuz\ ey ialar to Lle RES qlguf\flﬁm, Qxczpf that Lo we o
‘P(\m‘ma S Cwhich can be inplemented \9& a WCMJMME) + rglac quaus.
The Tdea 1< to  find out what 1o the next vectex {0 be lourned
IniRally - Ttos the Svurw vectex S
Then, Knm\fm& tat @ T bured af time O, ia tlo 2xample above, we knny tlat
b
\a,c/cg,{ Wi be  bumed that west 3,2, 1 Bime steps MSFZM”I&‘ B\/

TN

Then, *lo wext vectex 1o be bucned V< vactex ‘x:

kv\o\,\[\v\g that  vectax £ TC bumed at Time L we enew et vertias S,Lx,g £
§ 2o —=®
wilall be burned in > Beme wnite oy time Step 2) - :/

h
Tn tle &KQMP\QJ we e 1t o wpdete  tle time ot 2 ‘oa‘mg burmed & be R (Gaskead

04 +tls  ntial veloe e—& ¢ Wan 2 Yc<  burned 3 NS vartex g will be burned %Aicuf
4:\/\‘(0\/\8](\ tM %(9, ‘%\(W ’g ‘%Lav\ "C\NQ %(Q %m g .
Tl\o_n, (WI's ng\?v\ e Aelete~rmin o {\\m} oul  what s 4o rext vertex b be burmed L and do

e m?okovh‘ng Y mr&%ms/ \o\A(m\nS Hml . and mPu«t,

Covtectness

TE thouls be claar Hat the alpdtm Gc faitifully Simelathg the BES poes w6
™ ompate the bmm“& times.

And alco CM?\«HY\S BYS n & i 2puivele o mgwﬁhg Chovtest path dittane in G.

oo the Gviectnese of  the shotest path algocichm  Just Gollows fvom  tha  Covrectwag

D\L BYS . O\@xnl we will dv & yvneve Nad i | P(ao{ W&W the Cowtiowe yeooadaeC.

Time cm?\m&h&
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Fad verkey s engueved (n the mgm‘mg) and  deguaned  (whn T burned ) oher

When o0 vaclex i dm%\mwkd we  check 2vory MSL WY and Moy wse  the  value
Mstlud+ ,, o update  tle  value dist v (dxumsfuta:j>.

Al the Lo . oUL%v&uJL and u\ao{@@, OFQrcﬁﬁv\& eom b 7m\>12ma>\tut ain D((og n) Bmo \'\g'}?
haop. and thus the fotal fime compledty s O(Q\ S outeg W) \"g”s = o(®+m5{odoh5 Fime.

Qo. tha cost a{— Simulation g mn\\a o ’gtxc,t@f Lb%h< 1#@ you have {wgot abwut ?s‘m‘mg
Qoaunss . Yo can ke a ook at  TDPU 4.5,

With e advaned  dota ghvuctucet (e Tibomcd haap) | the (untine Gould ke improved

o ©( Y\\ogh Yo ) See Carg?) {w TFibonaccy }\MPQI

Anm\gg‘,s

Poce  we ?funﬁ o oo oadilenal WQ\A t< thh\\&%{ dlo  oovrectnecg c-{— D\‘J‘ks’wak o\[j@r?%l«\m.

The Prasfy %Lchn‘\w WAl be uwsefwl i golv?ng ptlec \Pwkumg as well o 28 Ny mm SPQV\?\»\V\S Yree -

Tha Q\gmﬁﬂ\w\ Wil tun oub to be the fame L but the wm& o% H,kah\g aboet Tt OUs g[?gb\‘thg d?—f{imd.

This s alko  the \,\qu\ wa think OJT D\‘Sks*w\’; Oﬂgoﬁtlnm as o g(uN} ngbﬂ*]ﬂm-

The dea ¢ o gww oo Subset REVU %o Llat distty)  fovr veR  ace Cm?wtm)\ (,m(fzcﬂa
IM&?D\\\\A . R= is} o and ten gach vedtox we add pme mere vertex 4o R
What g tle vartex s add Tn an Tteration ©

We add tho wvectex which closest 4o R . S Yn o SehsSe we are &(om»\g R gmgzﬁ[n.

f\\gb(mm
Aist (Wsoeo Yuel | dist(D=0.
R= .
While Ry vy do
Pk the node UWER  with  swalleck  dict-value . R e ROfuh
{sv  2ach <dge w e B
e Mk lud + 0, < dist(v)

dagk vy = disklud+ 1,

S
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\'—‘ UMLS LU Y Xy LSSV O N A AV

PEN
dask vy = disklul« (.,

S
E%A\\/aiuﬂa S wd RN the vertex itk Asttu)  that man g dist Twl) + Ly ,G

V&R, weR

M: Chock HHoat o two o\Lgm‘erw\s aye  ndeed Q%(A,\v\/a(ph"t)

Induchion

tnvatant

W X)(b\/t the  Covrectnace \mg ITnductoonw | Maﬁn‘ﬁ\\m\ng tlhe Wa“u"w““g

~Trvadien - The digtances  dist (V)  axe CMFV;@A (‘_W(QLTL\Q —@\( QV\V(\ \/éP\,
Rowe cace t Tt T tvue when  R= {sh
s cten o ¢ A sCumae Hat T V¢ tvua /QW tle umrcent R .

We wowld ke to  prove that the  Tnvariant  emaing  true  when

a  rew Vertux  ow Tg

added v R,

We need o Ovrpus that Ast(w) = hin { oﬁskiﬂ*%ﬂ] s ot ghetest Pa\ﬂ\
VER ,weR
Aistene {vw N o . 2 w
S
Let weR  boe The wvartex 1n tle w?m?m‘lsz(, e, %}
>0

st T + Ly« dast [al+ R foe all acR . b&R .

S\H\m_ OKTS)TE\A)_J h¥S CM?\/&yJ}\ CB\MLLAVK\a \on “{—Lm \\\,\\/m\wc\v\t 5w }\a\\/m JTL@»T ohgjvia,\] < dﬂ—t[p\\] \Lﬁwv,
C sngrdar G‘V\\S other ?od-bx P %ym S v ow.

Thete  vauct ba an {dgrz Yn in P Such that XE€R ond \a@(k (X coul be W . ;| couleh bao UL)_

The longeh of path P oY abt least okls%ﬁ»ﬂJrQw% ;s it T eovret by tle dnvadant
Hece , e Qrmdc&ta wie tla fact fhet ol edgec ave of nen-negative length .

But wae keow that ok?ﬁ{w}w*ﬂwm < ok\gtiﬂ&QMA os (W) Tgo e iR mi3 ec
Theretse \gng%m > a:sttﬂw% 2 dvet twd t Lo

This Tngualthy Gs Adva Ape any S-u peth L ond thae the  Shodest path Length

Do ¢t w Tz ek Tw] 4 Q.

Honee . dist [u) = GJ\\\St[\'a*lwm/ ond  we  hawe CM?\:tek dist (u) C,mucﬂﬁ; -

M We have \Cﬁr\mu‘;\ vaad& the  Covroctnec D’% s Shovtest POCH'\ a\ngTLw\ «meg\{[b\‘

L10 Page 5



M We have \Cimxua vaad T]v\t Covractnegs a‘% o Qhovtest POK/'\ Q\gm’?ﬂxm —meo\(f“.
Tt v a \"JLL.‘Lf Svhie Lo d\\d»\{t do Tt <o ﬁwmm(% —fxy SRS

So. we %r\au\% P\Af RES n e 'FQFW\ ‘E‘Dvmdmﬁmﬁ .

Chetest pothh tvoe

Now, tve think about how v find the shotest paths from 8 v For all v

Trom  He proof when o vertux v TS added s R He vertex w thet milaieizes
Ak luw) + Loy 8 Bl Pacant  om e Shsvtest Pm% f\(m ¢ v

Wa Yoap Tack of this Paret infermatioe in o the Dijkstial alpathm o by aluays keeping
the warkex ot oftane e wimimum v{ Msb{w)* v A we R ae tle  curvent paces
( awd vl wpdate T{ a new vecbey 1€ prok th R ooand makes this valux Smmtbu>,

\%LA ‘\YO@,\S o Pamcks wnt )l we rrach the source  Vertex oL we Bad a4 Shovtest Pq‘vk
’ng Rt v.

Evuvs vetiex  Can o the tame N A o Shwvtest path Tom Q.

A< n RES v o tle &dgu ( VS Pauzn'f (\A) jaﬁ\r‘vw oL oo .
Loe Cown P\'ovo, 1k \DU Tnducttw | Actume tlat 1% {wm o TYee in R Tt ramalne To
be o tvee 3n R m%ﬂc we odd a new wvertex o R

Lo, we have o Succint Wo\a o Stoe all the  Shovtest paths fvwv\ < ms?n§ wl% n-71 mﬂu

> Stove W Pﬁﬁrksk

This S hovtest poﬂ.‘k e 3s \/nv% M_S.L’%wl~

Question ' Coan You sex whee  Ahe alﬁwﬂw 'ga;\\s Wt are Some vuzjm%‘w &&84 Uzn&ﬂq?

We will tewe back o W whken we %M\a O\tyﬂww\\c \Draj(o\mm\hj Dxlfbr\ﬁc%ms.

Refreences @ (KT 4.4 (opv ¢4 ]
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