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Review:

Goal. Defermine distances from seurce N in 6r4/>/7>'
Single Source Sherdest Path /}Q’éa/'.

Brealh First Search B> v

Dijkstra’s A—//or/'ﬂ,m %
BC//ma»—;Td’r’/ A/;p,-/-/[,—- taJﬂ/
7g bes (€,5)

Idea: Tapaf: €=,E) se¥
¢ Start Frem source s Output : For all vertices reoth from “,
e Find its ne;ylubors olist (1) = olist (s,w)

: YusV: dist(n)= oo
’ dist(s)=0
° Giren sed S of verlices of Q=1LsJ (7‘"‘“ corduin. 5)
distence d from s, While @+ ¢
Find all nel yel seen nci,h'nls ‘= e‘)e‘((a)
of the 1ertices jn S For a/l edye> (u,v)
wp rerfices ol disfance d+/ if disfly) =2
dist (V) = olist (W) +]
inject (0,v)
Example :
0 SN
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338 - A
) 2 B € F
6 BFS -~ €ree

ﬁunnina Times O(INI+[£))




/Qi;iksfra's A ’LQQ £idhmm
E_Q_gl.' T'ma, p“S‘lGIMCCS from Souyrce S wh en
edpes have lengihs: L(u,v) lesdh o (u,v)

o{ijkrfra (6,1,5)

O“S,V) = lano*”v o€ )I)or‘f‘es')l Pa-’h F,-om s to v

2

v
olistUs]1=0 Prev[s]:s' ‘ | {
V¥ v¥s distlv]= oo dist [s)= 0
Bla;/'/ Priori{7 7ueue (V' J;S{[j) u:{S,B,C,D,E}

. l S = Pt‘!’ltﬂ;ﬂ

Vue V. insect(u,olist[ul) Jis‘ft[CJrz
while U# § ‘:‘:Do[;gg Fr,:
U= Delele Min dist[B)=3

lis! [0)=¢

Vealacs {u,v.)é.E :’[Sch]:}

TF dist [M] + X(W\V) < dist Lv]) B= Dalale Ny

dist Lv]= dist [\a] + ﬂ('ﬂ‘\l) dis{[p)=$

previvl= u o ”{;

(; (3 =

Decrease Koz (v, olisi [vl) oE:DE/e‘le fin
Tdea: Dijkstra discovers verlices in +he oo
of {heir dislance €rom dhe source, upﬂlvl“imd
ap estimale €or 4(AV) 4hat 3 s Cﬂ‘l’l/ {9
(d(s,v) 6 ve N\ U
J}s‘* (V) -_:J {he /ena'”m of sherdest P""“'l
w:n—>U wilh all CJ”eS " iF ve(4
LY\ U excepf or fhe last one




This werk hecause
. Di)k)‘/rq f"mdj corted nud varter v
+ Diyksira vpdales dis (-] Carre(}’y

hew shordest path 1o w

/MY Could 4o Mrow?h v
')h>"ew/ Oe u'
Viu U
Remark: 7or a/p/4'r47//'oﬂ:/ ve oflen want to keep {radk of Jhe

shorfesl palhs from Fhe source , nA jus? Yhe distance dlav).

The 7ADV< Pse‘ﬂ’/o coo/e does 714/: éy ll/)a/d//'n7 prc/l/)/
the pre Pecessor 0€ v 1n the shortest pq/h Fowaud |

l)ﬁgngzhﬁ Time

h:,Vl 'msc.l-?"s 4 q’z/e-/em,'a,
m=[El decr:usek(}’

IMPICMM{D:J/‘OM delefe min inseet / Vx delefemin +
plecreasekzy LIVI+1E]) x inserd

Aray 0 (n) | O 0( n*)
Binar hea/o O{/,Z h) 0(@ h) O((,,HW,)M;«,)
(-—a:—* hea Dl

ol- ot -/ P 0(%} 0(%%\ O(r\ol—i-m%-%)

Fibernu cy ( ] n .
heap \O(l"y ) \ O (1) {[ bl Zo/h m)




_@Ae_//man—7’0f0/ (Gra])l')s" with ney. WG'LE'_U.S).

@y@
=27 Dijkstra does not wotl
E*?@ \,\/})\/ 2

@L%—")f ® What 5 415,D) 1
&5 O

Only well olefinee\if Cyc/cs hav € pz»'n‘il/c leng'”\

Define

up elord e (u,v)
olist [v] = min {olist [v] , plist [w] +11u,v)h
We consider an aré}frwf/ a//ariv’/)m whrch <tarls with
Vist(n)=0, disTlv)l=ee V¥ vFn
and then calls qpe(q—le(u,v) successively For differeal

ea’(ie: [,v), possihly severg/ times f(eor 4 ‘yivovp ea/ye

re 7/
N This moindaius upper bounds on dln,v) (it s safe)

2) Y « 15 the second 4o last node on a
5‘ar‘/t>7’ /Dﬂ'/é to GIW(




dist Cu]= d(n,u) =5 olist (V)= o\(/).V) aftaer upp/q‘fe /IA,V)
V| ) Lef dis1'Lv] be #he value afier (q///n7 HP“’[’{"(C(H,V).
B induclion on The pumper of 4ime upo/on'e hus bean
Cq//on/, we md/ dssuyme a/}sf/V)? q’//),l/\ , olb'f {“)30/ /ﬂ,V)

= dis{' vl > min {dla,v), dlr u) +/(u,v)_§

Buil olo,u)+P(ay) is the /aolfh of seme /9'//A from
nviae u to v, and 1hus at most 1he Icny#h/ 0///’4\/) ofF

+he shorlest pa‘#é Erem N to v =D clatwm

gl: J/ ~~ s a shortest ]’q'/lf n—=>Vv
shoriest }:q'/‘) = fa‘”' lu;ﬂh (\,,_/) must he
— »*
e i;C"-—:;:jv shotlest as W‘”, and hence
x 2luy)

(7“'// /o o//r;/ a)

> °“0,V3= lanr’h of ~ = an’-/h of ~) + [/u,v)
= 0“/)11431',7114”/)

‘ by assumpliou 1n (Z)
v f
=disLuJ =+ Zluy) /

2 min {J}sfvjl disTu]+ £luy )j
= dis [v]l] after upq’q’?’e ly,v)
By (1), we olso hove dhe pound gisty]2 din,v)

S cla;m




/Dro/oar/ies [ ano/ 2 }m/y /7
Proporty 3 . Lel +——— "t be a SIwr{es?L ;747/4
. y .

S u, u,-

fFrom s 7o €, Tf we make the ‘poatfes

o)) (4,0, ), (“A;é‘)

i +hat order [pessibh, wilh odher sleps inbetween),
they  disd{Y=d (s, +)
Claim: T€ we run dpe u’nlq‘fcs— +hrouﬂb
all e«(ocs— (n-1) times oistlv]= ol(s,v) Vo
ﬂ_: Any shorlest loq-/h has at most a-| q,e/acs
(otherwise verlices a repeatedl, leadling {o w orle,
vhich can't he par? of o shortes’ Fa-/b).
= For each v, 1he QJ&CY oh the shorfest /Don”f
From N 1o v ore u/ﬁ/d?’ev/ 95 T<7’“”’¢”/
ﬁ/ preperly 3 = clim
Bell man Tord (6.4,1)
Outpat: dis (v)= olxtin v) Vvelr
FueV sdd divd(u)= eo
Re peat N-1 {imes

vV fu,v)e E
updafe(u,v)

Q__: HOW ‘tL,o Clpeck for hg9, C7CIC~5_Z



A: Run one more time, ie. |V/ £imes

i€ gneg- cycle disf [v) yoes down €or gt leas? one vy

5‘]0)’#6* Forlh < 1 DAG <

Look at DAE with verfices reverse orderes
b-/ )ops'( () dimes o€ DFS

__@)Q\/b\ all Qﬁ'ble go Eorw.

> qll poth 0 DAG tun Forwardl . Thus,

IF we run uloc{orle(u,v) r‘espe(“ny oroler of y,
o on each shorlest pq-/lq, edﬂes are uPu(a+e w order

2D distv)=disfln,v) €or all varfices v
pAG-SSSP (6,2, 1)
VueV distlul=eo
distln)= O
Run DFS anol rev. orear vartices J>y P‘DS"H')

Vu in this order
Viuv)e £ Updatelu,v)

Running Trme: O(N)+ 1ET)

CorfCC"IV)tSSj [ et V,, Vq, - y Vi be revarse oro/Qfeo/ 67 /70J'71/.)

> gl ea/dev Poim’ Forward
Lef @W=6,v,, Uy be o sherfest ;wn‘b From ry 7o v,

Since qH eo/dc.s Po)u?’ Forwmro/



= U, < U, g Uy in t+he above order
@ VPO/«#C Firof a;w/oﬂ'c: (u,, Uy ) , 1hey /”7’ U, )'
[ by Properiy 3) = dlv]=dist(n,v) w

Greedy Alyoridhen s

Gogl: Opfima< some Funition in some multi 51ep
pltoces (('P)eS>, S('rq/%/e/ e )

Greesly: Doan’? Fhink abeaa/, g ust
’ do whet looks best af the time

Ewmﬁ/e Schedul,
02(47‘ n Jobr with 5‘{qr/ vﬂ/ Q"ﬁlé’mGJ

[5/) /7 ’ ESU/( 7
Tash: Sche a/zz/g qas mdﬂy as /)05);4/0

withoyt ov u‘/ap

Pl Do J«

! - - Obdimal 31,3375
—t = —
71 Js
Strateq,es : ' Counte f‘LXﬂ'y,/)/e
U
o Sl?of?lcsf First ( ‘-T:"“’_'l
* F; f>'f 5'/@:"/ f;mﬁ }\_4 :_: ;
e Firof ﬁn}g[, {}mf None




Cl"”"’”; First finish dime s o/)z‘/'ma/
Lroof Strafeyy Eﬂiqnge freoC”

C'on.s]o/u- 0/97//'»!4/ 56(47‘?”74/6
trans Corm it to yreev/~ , ,nla/y // _ﬂ‘e/a

—_ 1 = gree 3(7
——ti— — optima / '
|
e ;,.——-I : ——t /|

e p— p—

Lemma: G,Qeo/7 s opdimal

Y L
Ereedy = (n, 4,7, ery ¢4]
optimal = [n),4,] Z'n;,ﬁ,‘,]

Claim O: 2 <« )

Claim |: For all 24 A,

OZ:{EO.,‘—J,-" [rgte], [7,,), éu' [”nl,{r,) ]E]
s optimgl

&.; /=0 vy

/- 0+ :
0/0"; {[n,,é,j..-L'/Jz,é -] [/_)[-“) o1l _}




Cree d7’={”~ 6,7+ Loy, 4,7, (9, 4. ] }

Bol) (71 quof Qrew/?; have no DVQI‘/a/DS
o Definilion of ércea/)/ — oy <4

2+

° Grecv/7 ha< no er/a/aj = /')!-H>'(e

1 l
o 01 hds- he oV ﬂr/a/:r =) {F-H = Sp+2.
N I
- _ l
=) %4"" {[/)“{,jj" /Eoﬂ,{ﬂj) 0[) ¢+| j [ ?*23 {f{'z]).“

has ne ovw/qf.
Som e #oF obs *300_” s still o;;,L;mq)

Claim?: n>RB ;s not PD.S.):'J;I@
O ~{ffw£ 1, L, 4,3, [0, 44, ]9

é.req_‘bl
s | |
= éreeo// could have aa//cO/ [”;24) ;{Aﬂ-/] =2 é

gompre sstoun

Goa|. Encode text with T leflers from a finite
alphabeth 77 with €reguescy [, For ie/”

Ex: M=1A,8¢ Dy T=100

Naive: A =00, B=0l C=10 D=1 = 200 Bj/s




What i ¢ A a/)/Jears much mote 0€ffea

iﬂl Frequency Code| | Code2| Co oe >

A 80 00 O

B |0 0l (|

C S |0 100

R ) I [0
Cosi:ll 2001 D | 130

frefix - Froblem s T Code 2 how 192 olecaa/e

D =PBA or C ©
o [B awd C have same frer’x

Prelix - frec /’r"lp art y !

No codeword con be prcf/’X of 'QkD?lé(I‘, Q.(}. (oo’( 3
Tree Kclzcgs“fajiog

Binmy tree:
O in <t positior & go left ja Jlevel 4

Codewords oy |eaves < prefix -free

Full bhinary tree:
A=z0 oA eVery nede has 0 or 2 children






