A* algorithm
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For the glory of God
What s A* M_qolrﬂhm ?

© A & o path sanch algorthn that & olen used, T amputer scuce due 4o e properies (e.q. opial eflruay )

CA* was cvenled, 08 pork o Hhe Shotey preck which. had, he at of buridiig 4, molite vobol- ok cud, plaw, s own ackine .

 The Shawlovd, Resoonch, Tndhvhdle (SRT) vesench Yeam Prck pubiiched, he algorethm . 1948

Why A% algorsthm *
&) Tnhwoducton,
- lehs sy Hhak we have @ problem ® wiich we need. 4o i, Jhe Shoeck- pethy Aom one ode. T, e vehuork o avolher.
- 2 & well Known Hak A algoithm 7 the best algortthm for dhie closs o problems.
- Then why ? Tin erder Jor ue +o ansuer he gueshon . we oy Met need +o toke a. look +he sher algetthws (e.q. DTTksha )
b) Digksha's algorithm ( BiesdH Fich Senich)
- The olgovthm works by Ui Ueres . the uaph starig with Hhe objech's soaking poridt.
- 2k hen \epeatedly otaniines Hhe closest nok yek examivel, terte . addig T verfices 4o he et of- Uewies o be exanived
- T+ egonds oadwords fom e Shortig poick unll B Venches Hhe goal
- The algeythn 7% quavaceed, +o Pd, the Shorhesk pakh, Nom he slarking posek o he goal as long as 1none of edges have

a v;egaJrTue st

¢) The Guaedy besh Samch, algorvhm ( Dephh Fhsk Sench, )

* Tk wotks W . STuTlar Way Compared o Digksha’s algorihm . extept that # hos some estimale ( alled, 4, heurske ) of
how Par Bow +he goal ey veex .

 Tnshead o selecking +he vertex Closest 4o the Slarting poadk,  Selecks fhe uertex closest +o +he goal

- The a\goreHhm 7 ot Guoraudeed, 4o Mid he Shortesk pah 5 however, 7 Yune much, guicker beause w uses Hhe hewvistic
Funckon 4o quile e wasy fowotds Hhe oal uarsy gukly.

- For oxampe. T the gual % o +he Suskhy of Hhe sharig positon. Hhe algorrtm will dend, 4o s ow pabhs Hhat lead, SusHivards
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d) A* olgorvhm
- The algorrhm was developed. 4o combine. hewrisk appoach, frke o5 Hhe Gieedy best sanch, and, Jwal appreach e o Diskshe,
T s usmg e Sum op o dedaunces os foiave 3 s Pw) = g0 + ()
O 4 : Hhe dislane Rom dhe Slarkg pord
@ b : Hhe e +o the goad Cly howehc, &g, Euctrdenn didowee )
- The seriet 4o s Quaess Ts Hhat 7 combines the pleces of ldwmaion ;
- Founving uerHees Hhat- gse close o the slavkfg poiak
- Pouoring Uetees +hat mve close 4o Hhe geal
+ The algorithm T guasarteed, o Ynd the Shoesh pakhy # Hhe poperies ave satled
e.q- The haurshic s never lorger Hhaw, Hhe +rue dishance .
- Beanse # 7 Jhy Pextble and, couw, be ueed i o wide vouge of Goeds . s consleied. as e west popular choize P pabfiedig.
e) Algorithw example

: Thel‘olluiuaexmp!eshws how ey e dilfered- i the pariraar example

Al Al Al

A¥ algoitihn The Graeds best semch Desksha's. alorstm

Whet ave poperties off A* algorithm ?
) Twhoduskon,
s wentioned. A* algorthm % guaracieed, +o fiad, Hhe shorest path, 1 proreitizs aie sakeled.
4 Thew what ore Hhe properfies ?

- The properkies ate os Jottows 5

- Mnfestiehy » Compeleress Conqsleu@, and, oplimal emt?:Teuﬁ
b) Completeness
- on Nidle gpaphs with, non-negekive edge wetids , A* 7s quavedeed, 4o femimuade and, T Conplete
- T ofber words, = will always Yad, o colwkin o one exils

c) AaLstsTlerb
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-+ ohen A* Hewimdes s comch, 7 hos Pounds w pab Pom sl 4o goal .

+ Lebs say Hhak we Rounds Jhe codn path.
- I Hhe howelic & adwisthle , e sokekion 76 au optimum.
- Then +he question 75 * whak does 7 weaw, adwiseibie 7
. Eckinaed, dishinee behoeen, awy viede X ol 4he qoat % less Hhaw o fgual 4o +he aclual dilance .
" Hewiehiz (X, goal ) = Ackial (X, goad)*
L This 7o & mathematzal delirton o aJstsTbTm:j.
- Then we ove good. ?
- No ! we needy one wove properle) » which T consTelency -
- Leks Hoke an eromple thak Shows why we weed one wore shower prepardy

0.9 MIT AL Closs example ( Tnshuckor : pof. Pubirc winelow )

W : loo

A
()
[ % WO

W:o
5 Lekus sulade A* algovithm ond See whek happens

S

/ \
lol = |+ 0O A B
|
c
|
&
L S3B2C> G ; Hene, e T obudey not He chokesh pudh.
15 This 7 beauge we would, Keep oddending A, Hhis s § 5 A€ & (102)

d) Comﬁs#eij

- D hewrtie s consistod 7 o sabieles | Heweh (X, goal ) - Hewshie (y, gy | < Ackal (X, )"

- Whek 7 wemns i as Pilows ;

. The dishnce bekwoen, x and, qoal 5 winus 5 +he dichuce behwaen Some obher node y 5 and fake Hhe ool vatie o
Mk 5 Pk hos 4o be less How, o G4ual o Yhe ackual dredouce bekween X and,y .

- o} a st DP +he Hangle Tvu%um-ly.
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Adual i, h00 ; whee W00 £ Ackad + k)

© ) - hiy) 2 Adual

e) Optimal elVreensy
- Rwa Decwler ond, Jiden, oo proved, Hhat ;

- A* T opkmatly eNciad wikh Jespeek 4o all A*-fike samch plgeritmes T Hhe A% T kot aduissible and ansshadt.
* T otber words,

- There T o other algorthm Hhat con Nk 4he Shordest puckh bekween, . putv of nodes ow +he nekookk v o Smadler wumber o phs expansion.

How does A* a\goriHhm work ?

* Fisk @ all, Keep i wi et +hete ale @ wumber P nplewendadion ways, +hak can aleck e perfamance o an A% algorithm,
-+ The Jutlowing Preuds code @ one o Hho etamples  which % Rom wikr.

function reconstruct_path(cameFrom, current)
total_path := {current}
while current in cameFrom.Keys:
total_path.prepend(current)
current := cameFrom[current]
return total_path

// Ax finds a path from start to goal.
// h is the heuristic function. h(n) estimates the cost to reach goal from node n.
function A_Star(start, goal, h)

// The set of discovered nodes that may need to be (re-)expanded.

// Initially, only the start node is known.

openSet := {start}

// For node n, cameFrom[n] is the node immediately preceding it on the cheapest path from start to n currently known.
cameFrom := an empty map

// For node n, gScore[n] is the cost of the cheapest path from start to n currently known.
gScore := map with default value of Infinity
gScore[start] := @

// For node n, fScore[n] := gScore[n] + h(n).
fScore := map with default value of Infinity
fScore[start] := h(start)

while openSet is not empty
current := the node in openSet having the lowest fScore[] value
if current = goal
return reconstruct_path(cameFrom, current)

openSet.Remove(current)
for each neighbor of current
// d(current,neighbor) is the weight of the edge from current to neighbor
// tentative_gScore is the distance from start to the neighbor through current
tentative_gScore := gScore[current] + d(current, neighbor)
if tentative_gScore < gScore[neighbor]
// This path to neighbor is better than any previous one. Record it!

cameFrom[neighbor] := current
gScore[neighbor] := tentative_gScore
fScore[neighbor] := gScorel[neighbor] + h(neighbor)

if neighbor not in openSet
openSet.add(neighbor)

// Open set is empty but goal was never reached
return failure

- Now. uthAmmnbiampe%geLbeHevumhdwdrﬁ.
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- LeLxS@M%eh,umﬁ Qpoph T given, ands we wank o Finds He shotest path. (A>B=>H->3J)

J GOAL
7\
I g
Z/
10
H

+ To begin Wiy, note +hak Hee ave Hwo seks . namely OPEN puds CLOSE.
- The OPEN et conlons hese nodes Hhak ave condidates P evawiiig .
- The CLOSE Sek conbotins Hhose hodes Hhak hate allesdy been, evawiived .
- Tnikially 5 +he OPEN Seb conlivs culy one clewent ; shavting psid-
the CLOSE Set & emply.
 The ikl cost s as Jilows
May =g« hen)

= 0 +36

36
Step2) OPEN=CB.C,DI, CLOESE = [A]
- Nole Hhak Hhe OPEN queue Koaps-hack of nodes +hek au be vistled..
- For b ase, Sne B/c/D me anecled, fam A, the queve added, them .

- e e node A & dove. 7+ % 1omaued, fom Hhe OPEN queve ond, added, o the CLoEsE quee.

- The cosk Rv each viede s compaked, o< @ be seen..

Yot Cow agiine Hhak Hhere T @ mechariom Fhak veperdedly pulls ok the kest vode. i +he OPEN queve, nomelay piorihy quese.
- For Hie wse, fhe ned uted node s B because +he rode hos Hhe lowest yalue.
- Kioke Hhak Hhe mechauizm remembers Ahe previous yode . (A B) 5 leks Say s @ pasaick hede.

- We notize Hhak he node H ands € Vove Yhe sawe cost uatues .
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- whiich one woutd, Hhe A* algevHh cheose ?
© The Mule 6 o Chose @ Node wTth, Hhe smallest hewedie. value.
2 Thab's w%%n@HTsmmm%wﬁdy%WM%&w. (and, +hew 0dd, T Tk +he OPE queve )
Slpc) OPEN = TC;4&. 01, CLOESE = LAB,H.T 3, Cwed node = CTJ
-+ The cutveudk node i 4he goal 5 hewe, the algevtHm % dove.

- As a Nl wote, Keep w wind, 4nak A* wonk worke @ theie & . sThickion i whidv Hhe shart and. goul aie ot conmeced, by e graph-
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