AR —FIATTE

EBEENARTKARER

AR B SEAR RIS R MR ) S S C B s N TR Re——— P A%, N T E
TR, L IBIESHE TR SUREM . SRR PEILH BN T H OS] Al
FRI TR B, R R 7 A RS SRR A R AT REHE A O B R
T o AT LGS M B AR, e aed . ERRENARERLMRR—H
RAB—HR R —HRIF—HR R =—AHR I B, Formulation #7511 # )
ERBURLL, Btk 7 — s B RN

FRR—: R AL (formulation)

A — R ERA T RS PIERES. 173 BBHEA. BARUER, i
g T BB AR AL, U F N b — T B AR e RN . e P i RS AR — i R 4 RESULT (s, a)
IR ERE s THATITH) a JFIRBIPIRES, MRS BT ] DLEIAFPIRESE S
PR JE dRIRES o
eg: FLAMBRAH AN CGEb T — R AE T, N kDT D
] AR . MG T, TREA KR RERA , A — MRS AT AERAMS 3, I
TE TR B AR ARX PG T T % PR A ) O 4
RE (state) : ZIBIPIREG WML EIE, FHl2 Agent (B AL BRI
Ho FHZm @ gerREfR2 x 22 = 814
WIEERAS (initial state) : ARAMIRASHR O] AMENHWIIHIRES
f78h: Agent KA. BRI
A (translation model): A

LCé@ N iﬁ:) Cga N Eemon




HAr iR (goal test): AR,  H bRl BRI ARSI AN T2 5 H0E BT .
BRARFER (step cost): WIRTEMW ARSI, WFEETFEAAFER. ARdEd, B
RFERLEN Ny Agent B8 IR EN .

L. 1 fEREEE

3.1 Explain why problem formulation must follow goal formulation.
Bre IO BRATAE S B i R 2 R IR 75 ZEAR A AT H AR 2 B — S5 ATA R LI R K,
IR FATASEHEAT BRI AL, FRATHIA FIE WRLE o 3128 W] LLARE o (I an3RA 14E 4%
B35 H bR AR, a5 H AR BR R AR, FRATT AT L2 2 2% B4 b Sl A 1% 0L s
HARBA T H BRI () ek, ZPFI R REZME, SO REIRAS ) — M2 ED

3.2 Your goal is to navigate a robot out of a maze. The robot starts in the center of the maze

es 113

facing north. You can turn the robot to face north, east, south, or west. You can direct the
robot to move forward a certain distance, although it will stop before hitting a wall.

a. Formulate this problem. How large is the state space?

b. In navigating a maze, the only place we need to tumn is at the intersection of two or
more corridors. Reformulate this problem using this observation. How large is the state
space now?

c¢. From each point in the maze, we can move in any of the four directions until we reach a
turning point, and this is the only action we need to do. Reformulate the problem using
these actions. Do we need to keep track of the robot’s orientation now?

d. In our initial description of the problem we already abstracted from the real world,
restricting actions and removing details. List three such simplifications we made.

Zrea A LOKZ R E s SO — N AE(0,0), ML) BN D FIIE T o« W% ) 8RS AL
a8 NFTTE AL RR (x,y)
WIHIRZS: (0,0), THIEHIL
178 HIEERE d
R, YEpRES AL, Wy +d
YHPRE N R, Wy —d
YHPRE N AR, Mx +d
MHPRAE NP, Wy —d
ARSI ABbR(xy), |x] > 188]y] > 1
REFER: Tk d 2 f
HTRIMERE d 2 —MESE, FIERATRERIE PR y) RSN, FiiR
A7 ETCRK
b. B TFHLE AR AT AR AL, BRI ) PR AS MAd S HL s NFTEE R #% 1, B



JCE PN 77 1) o R H bRl T R
WIEIRES: EEFO, meldk
AR WRMEETE 75— O, WETHE T s B~ —A 7
HbRAll s A2 75 4 Tt T A
BRAERER: SBBEE
B D BOE B AN, RS B MR G R R 0 MO, TPRES
[8]°4 4n.
c. NTEEFILFHLAE NI T, FOIHLE AR action SEREHLIY, ASFEZEAR
P RS HI W] F 1) action.
d. D WL A R BEFA AR m Pa AL DY AN 5 1 gt
i) AFEHLA N HE
i) AFERE R EA ML

R MREEEAM

HEEE A

(a) (b) (c)

w EEATR, El@F AR R (root node) R ZE IS, (b)) — T & (leaf node)
RE, Bl ()R 1 UK J5 4k (successor) AN B P R & o i v B AT O SRR I A1
IRE G SRR R MG S, B S CIR R X R IR R X 0 BRI, Fovdg
(frontier/open list).

PRV E BRI R AL AR R A IGE R o P i A2 R, JRATTE B
A EE TN TR
STRUCT{

STATE %} NAR A 25 [A] (R A

PARENT: %15 mUIACTT i CEPP= AR 1% 28 s 25 150

ACTION: AT s AE B 1 s i BT R B4 T 3))

PATH-COST:AXAT, $i§ MAITARIRZS BIA 1% T m B4R TH AR
}

B U8, BB ERATI . 2R A 0] DR 2 0 I SRR IR 25 ) ik #5 H h —
ANEY RIS S, UL TRE G NID A . DG A7 i A& I BIE S5/ 2 A . DA —
BRAEUR

EMPTY ?(queue)BA 51 25 5 3R [RIE A B

POP(queue)iR [FI A F1 HH () 25— AN Je R 18 & MBI R RS B GIR BT 25 s BN R — MR
FHWRHARZD



INSERT(queue)fEBAF1 H4 A — > 70 2 1% [7 BA 47|

FMRR=: Tofs E#ZE (uninformed search)

3.1 FEMSE(Breadth-first)

TEREAEI RN : Jed AR/, BT IR ST 52k — B R W [H —
7 CREMFD M8y e a4 2V T 2. AR RE&N, HA—EL
BARH, BONZSEIR B R i) HARSS St ik, SR B ) H ARG A e R e »

MR R RG], 2SR R 2 (0] 2 FERE IR e g K, —
BT ENL AR A TE IR SRR 10 R UL LR

3.2 —FRY & (Uniform-cost search)

— RN RY FRAZ AR g)B/ NS A ne W] DUEE R L 245 AR HE g
EHEPHIBASRSEBL, —BURIM R E R RN, HAREATER: MRAAETAU T3
SRS . W RAE— P AR R T3 T2 N IE (e, AT DAEIZ SRR 58 4

ER X GIN T H A R eMMEARR /A, A0 A BIAE AT U SRR B EE A (RN
AEA AR g W Ie, BA—MNZ g 2 K TIA% LR HARSS 5 g B, B EA)
HARX WA AT REAR 218, BONRIONexT g AR #AZ .

3.3 BN & (Depth-first search )

REER IR R BT B R I M BTA G4 AR IR N4 05 B IR 2 I 86 S R 5
PUG, BG4S b 234, SRJE LRI R N —ANEE R 548 IR BERS IR I 45 A, 1X
FEZSIEAT 7 00T 56 BEALJe SR i A 18] R B, TR 0 S B0 I 5 A — 2 AR 45 i 5
25 SRR AT, DL SOZ AR BN s T AR 1) G 2R 45 s BT AT o D-16 B R] 1544 7000
CAE A 2 18]

ZHEA RN . BAZEEAR TR, BlUED SR dt, 2N A-S-A-S 1
FEAEIR . XU HRASFRITCPR K, IRFER Se i Rt 23 ke, mT DR I IR FE 52 BR 4% K (Depth-
limited) A A2 AR IR HVR E £ S48 R (Tterative deepening) SRR R IX A i) f . (ELAAS] T-& 2]
3.15)

UeAh, EAIIR IR R e RAE S M B AR EBAHH (O(bd))
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3.4 X A1## & (Bidirectional search)

XA R 1) AR S AT R — D MRS A BT R R 55— A ARIRES
W EAEER, R EERRE AR, MRE&E. fEZ AT RE ST, BRI A
Rt H ARG s XA R BRSO 7P T5 R R 3R G 45 R AR AS o KRR LI
RKFEAR T I 1) 25 (B 2

PA_E P B RO e U T DL S5 O — 3Kk

oieion Breadth- Uniform- Depth- Depth- Iterati've Bidirectional
First Cost First Limited  Decpening  (if applicable)
Complete? Yes® Yeso? No No Yes?® Yes4
Time o)  Opr+Lc /ey Opp™)  O(b) ob4) O(b?/3)
Space o(b?) O(br+L€"/41)y  O(bm) O(be) O(bd) O(b¥/3)
Optimal? Yes© Yes No No Yes© Yesd




3.5 HXEBRE

3.15 Consider a state space where the start state is number 1 and each state k has two
successors: numbers 2k and 2k + 1.

a. Draw the portion of the state space for states | to 15.

b. Suppose the goal state is 11. List the order in which nodes will be visited for breadth-
first search, depth-limited search with limit 3, and iterative deepening search.

¢. How well would bidirectional search work on this problem? What is the branching
factor in each direction of the bidirectional search?

d. Does the answer to (c) suggest a reformulation of the problem that would allow you to
solve the problem of getting from state | to a given goal state with almost no search?

e. Call the action going from k to 2k Left, and the action going to 2k + 1 Right. Can you
find an algorithm that outputs the solution to this problem without any search at all?

o

b. TENEH R, 1-2-3-4-5-6-7-8-9-10-11
IREEFBRA 3 TR E 2RI 2R 1-2-4-8-9-5-10-11
AR 2 1-1-2-3-1-2-4-5-3-6-7-1-2-4-8-9-5-10-11

c. R L AER & G FIXUAR R KA, PO RN, 4k n FRHAA 11,
N/2], 5 Z Y FEMIEE R KIE D o IEFSRE 7> 32 (branching factor) 24 2, 1A 115y
BASERS R

d. R E R R, BT RNLS S 0 BG4 a4k, EIh
HARGE 11 W R G — e g, BRI LA EE AT R

e. —MNIGWITTE: LUK H ARG S IR OR, 0 AREM AL, 1 RERAA,
TR I B AR AL BB R E 1) action, MRIKIERTHE, & E#H N AT, Bg. Hix
Berd 11, B ak g 1011, WEANE-A-4.



3.17 On page 90, we mentioned iterative lengthening search, an iterative analog of uni-
form cost search. The idea is to use increasing limits on path cost. If a node is generated
whose path cost exceeds the current limit, it is immediately discarded. For each new itera-
tion, the limit is set to the lowest path cost of any node discarded in the previous iteration.

a. Show that this algorithm is optimal for general path costs.

b. Consider a uniform tree with branching factor b, solution depth d, and unit step costs.
How many iterations will iterative lengthening require?

c. Now consider step costs drawn from the continuous range [e, 1], where 0 < € < 1. How
many iterations are required in the worst case?

d. Implement the algorithm and apply it to instances of the 8-puzzle and traveling sales-
person problems. Compare the algorithm’s performance to that of uniform-cost search,
and comment on your results.

2o o HIRIESEAIN, ARV T 045 AU IR BR AR HEIIRY, TR 2 P50 —
A ERREE S, — 5 R T B AR BN, BB

b. IR, 5% OB WA RS

o, ML IBERTILENT, U RIB RO RIRAIR 200 lhtg, 4
VOB D RIRT A, P IR BT 5 0 (RO 2 2 . BRI, BRI
BRI BB Ut e, (BRI 5 OB R RN ARERBR I 1, PRSP
HEARUEE x d = &,

€

3.18 Describe a state space in which iterative deepening search performs much worse than
depth-first search (for example, O(n?) vs. O(n)).

o BCREURA B RAFRE], IR AU AR, T A MR
n b, (AR RRE 14243+ 4n-0(2)F . da

HREN: FEE BRR) #EFKEE(informed search)

15 B L1 — BEE B R S R o BRI 3R A 45 RN 38 T PRAN B AL f(n)
PORFEY M. VEAL R A (R Al T, DR PR Al (R B AR R 485 s e £ v SB it AT 3 e

K2 B e A e R AN £ bR R R B ke

h(n)=45 58 n B H AR R MU AR AR A THE . Blln, R FARRY el
R, ] DA 24 B30 i 2 AR (1 ELZR R 2R AT D8 h(n).

4.1 HEEBRFENFH R (Greedy best-first search)

TR AR A R R B H Ar Sl (45 a5, BE b R IXREFT BE T DURBRIR 2 R B,
eREREAAER, B f)=h). FIEEERTIES SR . T ELREER 5 K
X WMFhsp, hyspRANSEPRESREARIRNT . TRBIH TR % R Py gp FRIME:



‘ Arad 366 Mehadia 241
Bucharest 0 Neamt 234
Craiova 160 Oradea 380
Drobeta 242 Pitesti 100
Eforie 161 Rimnicu Vilcea 193
| Fagaras 176 Sibiu 253
Giurgiu 77 Timisoara 329
Hirsova 151 Urziceni 80
Iasi 226 Vaslui 199
Lugoj 244 Zerind 374

N E LR B R R ST AR R R AR R G Arad(H &3 117) 2 Bucharest( H A
I T I R

(a) The initial state

(b) After expanding Arad

(¢) After expanding Sibiu

(d) After expanding Fagaras

ATUVE B, SO e R — DA B B ARl (04 =, (HE Ay — 2L
A SIS S e ML )@y, 25 F& A Tasi #1] Fagaras, $7A8HRELLS &Y & Neamt,
{H Neamt JGik 2 2MTMTH T, 42k Tasi, TERBSEAEH . AT LAE BNZEVEA R 541
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Arad L]

118

i Timisoara

Ld Hirsova

[] Mehadia
75
Drobeta []

Craiova Eforie

42 AR

A R AT DL I e A IR ARSRAR IR . AEIZEET, XA RIS B A A T B
IE4S AR AT g(n), MIAIZES U3 H RS i ZAE 2 AT
f(n)=g(n)+h(n)
H1T g MRS s BI45 A n BEARARHY, 10 h(n)sd NS Al n 21 HARSS s 10 i MU
fHE, Bl foystd 2 45 5 n I EC MU RIS THEL. 8T A*SRERAE 5 JE L 1)
PR ERINNEF



(a) The initial state

366=0+366

(b) After expanding Arad

393=140+253 447=118+329 449=75+374

(¢) After expanding Sibiu

447=118+329 449=75+374

646=280+366 415=239+176 671=291+380 413=220+193

(d) After expanding Rimnicu Vilcea

449=75+374

526=366+160 417=317+100 553=300+253

(e) After expanding Fagaras

449=75+374

591=338+253 450=450+0 526=366+160 417=317+100 553=300+253

(f) After expanding Pitesti

449=75+374

418=418+0 615=455+160 607=414+193

S AIE B AT AR 31 A% (B Ak 25 4
4.3 2RI B & I E(RBFS)

38 VA R AL AL R (RBES ) il BB bRt i) S AR R Sk, R R AR p 22 ) (ke
R KB TH) . AR  limit SRERCRM 2 HT S S S w15 21 B
TR AR £ 8, AR AT 45 s 1A PR, 38 R (Rl B AT B AR Lo i SR U B,



VPRS2 R AR LRSS, RBFS FHHL 745 ri i £ B L £{H. 1XHE, RBFS #tRgic(E:

PEE DR T R iR T S R £, Dl UR R R EERY iz M. NH{iHeS 5
JERAm IS

(a) After expanding Arad, Sibiu, and Rimnicu Vilcea

418 615 607

EE @)+, Sibiu MIHHZET 2 Arad, BRI Sibiu A4 Arad ATERRFIRAERE N
Timisoara, [KIH Timisoara H £ {EAE N Sibiu # f limit; [F/#, Rimnicu Vilcea HIHG4E 55
A Sibiu 1 Arad, XL SIS EIRAEREN A-S-F GRTARS), W R K £ limit 5%
T Fagaras 1) £ 5 415, ¥ E5E R 5, KILEAEMS A0 {8 417, KT £ limit, FUGAET
— (E(b)) TRAETIBFE, HMERZR Fagaras ME R, JFOH68E SR 45 s
{8 (417) [FIHZE|R...

4.4 3R EH (heuristic function)

SRR R AR R A 5B R R SRR AL h(n) Bt tRoE o B R SRR U s A T TH
[ G
AIR44 (admissable): h(n) MA@l TR H R, R fm) A &l 45
on PER SRR . BIAnER B e, J8 R RE h(n) R B Shgp. H
LPEBE TR R, BN B2 B s, I E A mh.



— B /B AP (consistency): X T-EN4E A n AUEIIAE 4730 a AR n IR G4k 45 A
n’, MEZE A n BE EARFAE TR AR T n 2] 0 2B 5 M 00 Bk B BRI TR
Z Al
h(n) <c(n,a,n’) + h(n')
KRN ZAAER, RUE T =AML FR T35 =14,
— A R AR PRGN o — B0 (1SR b ] SR PR B A
bR T HAEE B gy, WHTERREOEH SIS X MAIERE . LR,

44 R HRE

3.23 Trace the operation of A* search applied to the problem of getting to Bucharest from
Lugoj using the straight-line distance heuristic. That is, show the sequence of nodes that the
algorithm will consider and the f, g, and h score for each node.

e A RAS BIGAE T 17 & b -

(= Timisoara

Pitesti

Ld Hirsova

[] Mehadia

75
Drobeta

Eforie

Hh &
Arad 366 Mehadia 241
Bucharest 0 Neamt 234
Craiova 160 Oradea 380
; Drobeta 242 Pitesti 100
\ Eforie 161 Rimnicu Vilcea 193
| Fagaras 176 Sibiu 253
‘ Giurgiu 77 Timisoara 329
Hirsova 151 Urziceni 80
Iasi 226 Vaslui 199
Lugoj 244 Zerind 374
hyspMI1E

IR A*SIRAR R G P BRI -
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% | - R vodk
qup - 2t2ey )T I
38y =144 24y 287 = 145+ ‘ L_/_‘
T\ g ¢ 7
Mehad | & Tfm:SoOIVM - 0 Mehaddia —/l-w;,‘QO"VQ
ys| = 200424 Stz anrdy [ bbl= 220024 L L T T S
/ / . \
Lu?oj Drebeqn Rimaicu ilcea Pitests.
- oM 1] 29542 bo4=4umay £33 Gody 1o o
5y = 7 é’_/; 235t 24y
LugoJ Drobete achavest) Riwviicn Vilcen
gy s by SIS G0 (93 gor gy

b M wnda b, AT BT e L4k A RV 1A,

3.25 The heuristic path algorithm (Pohl, 1977) is a best-first search in which the evalu-
ation function is f(n) = (2 — w)g(n) + wh(n). For what values of w is this complete?
For what values is it optimal, assuming that h is admissible? What kind of search does this

perform for w = 0, w = 1, and w = 27

2 BALEERAM, gm) et fn)rm AR, R0 < w < 20 AT AR IE S VLB AR o
2 w=0 I, f(n)=2g(n), ZMEEHET 2, ZEEERT—ERNEER.

2 w=1 i}, f(n)=g(n)+h(n), N A*EXR

Y w=2 i}, f(n)=2h(n), MEIF gm)ANFEFM f(n), 5FET2E R,

3.26 Consider the unbounded version of the regular 2D grid shown in Figure 3.9. The start
state is at the origin, (0,0), and the goal state is at (z,y).

a. What is the branching factor b in this state space?

TR ome &0 T

. How many distinct states are there at depth k (for k > 0)?
What is the maximum number of nodes expanded by breadth-first tree search?

. What is the maximum number of nodes expanded by breadth-first graph search?
Is h = |u — z| + |v — y| an admissible heuristic for a state at (u, v)? Explain.
How many nodes are expanded by A" graph search using h?
Does h remain admissible if some links are removed?

. Does h remain admissible if some links are added between nonadjacent states?
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a. WEZEMI ISR TN 4 AT RHEA LN 224 ISR E 45 D
b, RETEMERELS, & AieR T 450 IETTE

D
0 5 O 0 0 0 0 0 0
J 2 D 0
0
/ 14 I+ 20y Gt

WLVE R, MRS IE M st 1 n— R, 55—k n 4 SRS, g n
8 AVIRES, MEIREEN kI, KBEH 4k+1 MRS,

(AL, EAEIEZA AR, g RS A 8557 NS B A, X W2
B AE ) AR PR D

c. IERNODFTEMRY E, ER(LDFE=RT R, Q) F BT, i LS gE A
BB (x,y) T xHy+1 P E . RIRER R, RS S RN

4x+y+1 _ 1 4x+y+1 — 1
i-1 1Tt

d. WERATEERAMEE R, FERRIIKEIA xty+1, WAy 14 iU KN
2(x+y)(xt+y+1)-1,

e. FEARANI . 1% R 2R K oA 2 R

£ R AL, IREA ST SR AR TA A B ey e, Ha
(148 RS 22 DR Ry B9 7 e 2 AT B R K, DRI I 5 AL 4™ JR 4 XY+ — 24

g RS h (ARG, RUNERWTESEPRRI 7K, h ARt
AN AT S ik

he QORI T — S5 EE:, A4 h ATRERRASZ PRGN T o Bl FAEwIa RS Al
HARIRAS R In— % B2 E, WmZ M BELEE, B4 haamiisamRmn, AELR
)T




3.27 n vehicles occupy squares (1, 1) through (72, 1) (i.e., the bottom row) of an n x n grid.
The vehicles must be moved to the top row but in reverse order; so the vehicle i that starts in
(¢,1) mustend up in (n — i + 1, n). On each time step, every one of the n vehicles can move
one square up, down, left, or right, or stay put; but if a vehicle stays put, one other adjacent
vehicle (but not more than one) can hop over it. Two vehicles cannot occupy the same square.

a. Calculate the size of the state space as a function of n.

b. Calculate the branching factor as a function of n.

¢. Suppose that vehicle i is at (x;,y;); write a nontrivial admissible heuristic h; for the
number of moves it will require to get to its goal location (n — i + 1,n), assuming no
other vehicles are on the grid.

d. Which of the following heuristics are admissible for the problem of moving all n vehi-
cles to their destinations? Explain.

() 327
(i) max{hq,...,hp}.
(iii) min{hy,..., hn}.

% oa A EBE n?MET, HEETHEILAE )" = n? MRS

b. FERES—PHE TOMERE Gal b, mR, Wk, WA, ASD, BH o E, Ke
T RHSMNRE, Y EE A5

c. I ENMIREAE R, PREAE R G H IS KR ECy S i s, R

h(n) =[(h—i+1) — x|+ n—yl

d. R (i) H i fE R R R RN

AW ST AR B b e & B AR B AL WG W = X% hy = n-min{hy, ..., hy}

HA— P E RPN 0 (CRESIN A3, FER H P S Z
W —wASEIEn - min{hy, ..., R} /n = min{hq, ..., hy}o

Klttmi n{hy, ..., h}— @A EANY, 2RI,



