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65.034 Notes: Section 2.1

Shde 2.1.1

Search plays a key mle i mamy pans of Al Thes: algongheres provide the concepiual backbone of B.034 Artificial intelligence
almost every appenach in the systematic exploration of aliematives.

we will stan with some hackground, temmmadogy and hasac implementaion stralegies and then « Bigides Search nloms expioeng nteratves
cover four classes of search algorithms. which differ along rao dimensions: Firs, is the difference

berpwezn namBsrmeed (also knoam as Bimd | search ared dhen informed jalso kpiwn 25 bearistic)

searches. Informed searches have access to nsk-specific infomation that can be used in make the ~ Backipeund
search process more efficient. The other difference is between amy path searchiss and optinesl * Uninfarmed vs infarmed
searches. (pimal searchiss are looking for the besa possible path while any-path searches will juse = Apy Palh vi Qpbmal Page
seitle for finding some sohmion. + empareralae aed Sefsrem
- ,‘
Shide 2.1.2

The search methods we will be dealing with are defined om trees. and graphs, so we nead o fix on
some terminod oy For these Stnuctures:

» A tree i made up of medes and hmks jcircles and linesp conmeected o tha there are no loops
{cycles). Modes are sometimes referred 1o as verices and links i edges (dhs is more comemon in
talking abwwr graphs).

» A tree has o root node (where the mee “sanis®). Every node except the rood has o single
paremt (ko direct amcester). More generally. on amcesper nnde is o node that can be reached by
repeatedly gning 10 a parent node. kach node (exceps the terminal (aka leaf) podes) bas one or
mare children | zka direct descemdants). More generlly. o descendast node is 2 node that cam

he reached by repeaiedly going io a dhild node.

Slide 2.1.3 Trees amd Graphs

A graph is also a set of nodes conmected by links but where ke are allowed and 0 node can have
mmhiple parenis. We have two kinds. of graphs 1o deal with: direcsed graphs, where the links have
disrecion (akin 10 one-amy strests).

B o G

v




6.034 Amificial Intellizence. Copyrizht © 204 by Mazsachuzetis Institute of Tecknolpay.

Slide 2.1.4

Ll Ll i

And, madirected graphs where the links gn bath ways. You can think of an endirected graph 2=
shonhand for a graph wath direceed [mks going cach way herween conmected nodes

Shde 2.1.5

Ciraphs are everywhere; for example, think about road networks or airline routes or compuier
metwirks In all of these cases we maght be interesiad in findmg o path shrough the groph that
satisfies snme peoperty. It may be that any path will do or we may be mterested in o path hoving

the fizwest “hope” or a least cosi path assumang the hops are mot all equivalent, sic
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Hwever, graphs can ako be much more absiract. Think of the: graph defined as follows: the modes
denote descriptions of a staie of the world, ez, which hlocks are on dop of what in a blocks scene.

ond where the bnks represent actions that charge from one siate i the other.

A paih trough such o graph | from a sian node 10 o goal node) is o *plon of action”™ o acheeve
some desired goal siaie from some known sinnng staie. 18 i this type of graph thai is of more
general mberest m Al

Shde 2.1.7

Une general approach i problem solving im Al is in reduce the problem in be sobved 10 one of
searching a graph. 1o ese this approach, we mest specify whal are the stntes, the sctions ond the

moal text

A siaie & supposed o be comaplete, that is, in represent 2l {and preferably only) the relevant

aspecis. of the penhlemn 1o be solved. 5o, for example, when we are planning the cheapes roumd-the-
wiorld flight plam. we doa't nead 10 know the: address of the aapons; knowing the wentity of the

airport & enough. The sddres wall be mnportant, hioweyer, when planming boa o get from the
haotie] b ther aarpan. Mote thai. in gemeral, to plan am air moute we need 1o knowe the aarpori, noi just

the city, since some citees have mulziple ainporns

We ane awamming that the acons are determmimnstic, thai is. we know exocthy the saie afier the

action is performed. We also assume that the actions are discree, <o we don't have o represent
what happers while the action is happening. For example, we assume that a flight gets us 1o the

scheduled destinasom and that what happens denmg the flight does not maiser (ai least when

planning the route)

Problem Solving Paradigm
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MNpie that we've indicaied that (in general) we need 2 tesi for the gnal, not just one specific goal staie. So, for example, we might be inieresied m any caty in (armamy rather than
specrfcally Frankfure. Or, when proveg a theoremn, all we care is about knoswing one fact im our curreni data hase of facts. Any final set of facts that coniains the desired fact is a

proaf.

In principle, we coubd also kave mudtiple starting siaies, for example, of we have some uncemainty abowi the stanting simie. B, for now, we are noi sddressing issues of uncerinmty
ecither m the siaring siage or in the resal of the actions

Graph Search as Tree Search Hado 215

Mote that ivees are a subclass of direcied graphs (even when not shiown with arrows on the hinks)

Irees dom't have cycles and every mode has o single pareni [or & the rooi). Cveles are bad for
+ ¥ 0y L graph ssarch problors D s 1each ok rby searching. smce. obaioushy. vou don't want in go rowsd and round gesting noowhere.

+ T e pelnd grepha wrbod oy 68 e wath nedes Beeng - 1 pEenw

U e T When aked 10 search o graph, we con construct an eguivalens problem of searching a ree by
* e r] lemm Inprh or apeg imsk ol node gvss iy doing rwo things: mming undirected bnies imo two directed link=; and, mare imporiamaly, makrg
sure we never consader a path wigh a loop or, even betier, by never visiting the same node mnce.

-

Shide 2.1.9 Graph Search as Tree Search

¥ ou can see am example of this comverting from a graphs o o tree bere. If we assume that § is the
szart of owr search and we are rying 1o find a path 10 (s, them we cam walk through the graph and
make connectinns from every node to every connected node that woeld not creme a oycle (and

v Trwm i chrmcte d (e ol 2 pctes wvd il nad o 8 Fewing <= 1 parenl

+'Wla can lam gragh sserch prblars (Fae 5 b B inbo e ssaxh

soop whensever we hat (r). Node thai such a tree has a leaf pode for every mos-looping path i the proba Iy
draph saning & 5. « replarng undrsoied Wby 2 direcied inba
Alse mate, hiweves, that even thoegh we avoided loope, some nodes (the colored omes) are » il lou g s o bameping b of el rwoces globad

dupdecaied m the tree, that i, they were reached along different non-looping paths. This means tha

a comnpdete search of this tree rmight do exoa work.
The issue of hiow sech effort w plhce i ovmiding loops and avoiding extm visits o modes is am ‘
mnpormant one that we will revisit lier when we descuss the vanous search algonihms.

N *
Terminology o

v Gt — Lo d o raler b e verlies of e underking g raph Bt s bsng asrched Cine imporiomd disimciion that will help es keep things simight & that beiween o sinte and o search
Fd 5, stades i Hie problom leradn, for sampk, achy an amange rent of bloks or made
e samanny el W gl In A puzde

v BearchBlade = Aok b P mrlices of Bs sanch ten which i being gersrabad by A siate is an amangement of the real world (or at beast oer model of @) We assume that there is an
e secwrt migorten Esch rioe refery e sieds 0 e wori] many nades may refer underlying “real™ state graph that we are searching (although it meghe no be explicely represensed
toths sarme sists (rcchely, 800k rplly reroen apab Fon b stk im the computer; it may be impdicichy defined by the actions). We assume that vou cam amive ai the
o1 e swsrch o T o Slirke i ko] il T ). B2 0 Sarch o) s ar parl ol samne real workd ssaie by muliiple rostes, thai is. by differeni seqeences of actions.

§ meach bes, ey e 5 unous sosslan nicsds p-nl-|:||'r e ol resis]
A search node, on the cther hand, is a data structure m the search algonthm, which corstncis an
exgpdicnt tree of nodes while searching. Each node refers i some sinie, hut niot uniguely. MNote that a

nisde also cormesponds. to a path fromn the stan siate o the sinte pssncated wath the mode. Thes
fiollows fenm the fact that the search alponthen is generaiing o tree. So, if we retum a node. we'ne

retwrming & path.
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