Tim kiém va suy luan

Trac nghiém & Thuc hanh Y PDF bai

Néu biét day di ban do va thoi gian di ting doan hanh lang, robot & bai trudc
khong can hoc: chi can tim dudng nhu trong 14p trinh thi ddu. Bai nay hoc ba
loai bai toan tim ki€m va suy ludn trong Al: tim dudng ré nhit (A*), choi tro
choi cé doi tht (minimax), va kiém mot két luin c6 chic chan dang tur cac diéu
kién da biét (CSP, logic ménh dé). bay ciing la Al, du khong hoc tur dit liéu.

MUC TIEU
Chon BFS, Dijkstra hodc A*.

Tinh A* bang tay; biét khi nao heuristic lam mat 16i giai tdi uu.
Dboc cay minimax; hiéu alpha-beta va MCTS.

Giai mot bai CSP nho va kiém két luan logic.

Trang thai dung trudc, thuat toan sau
Mot bai toan tim ki€ém c6 trang thai dau, cac hanh dong hgp 1€, quy tic sinh trang thai

m&i, phép kiém dich va chi phi.

Néu hai lich st t6i cung vi tri dan téi kha nang hanh dong giong nhau, vi tri c6 thé lam
trang thai. Néu robot phai nhat chia khoa méi mé dugc ctlra, can thém thong tin da co
chia hay chua. Panh dau visited[position] lic 4y sé gop hai tinh hudng khac nhau va

c6 thé x6a mat dap an.

Do thi ctia ta ¢6 bon dinh. T S c6 thé t6i B vai gia 1 hodc A vai gia 2; tu B t6i G gia 10, tir
A t6i G gia 2. Canh c6 hudng, chi phi tinh bang gidy, moi chi phi duong.
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ca hai dudng déu 2 canh; BFS tra dusng qua B

BFS dém canh nén chon dudng 11 giay thay vi dudng 4 giay.

BFS md& rong theo s6 canh nén t6i uu khi moi canh ¢6 cung chi phi. Dijkstra mé rong
theo chi phi da di g(n) va can canh khong am. A* thém mot udce lugng chi phi con lai
h(n), m& rong theo

f(n) = g(n) + h(n).

O day g, h, f déu co don vi gidy. Cong s6 bubc véi s6 gidy khong cé nghia néu chua quy
d6i. Greedy best-first search chi dung h; n6 cé thé lao t6i mot dinh trong gan dich du da
di qua doan rat dat. A* git ca chi phi da tra.

Ta dé B ding truée A trong danh sach canh. Hai dudng déu c6 2 canh, nén BFS tra duong
qua B; day la 16i giai it canh nhat nhung khong it giay nhat. Code dudi day cai BFS trén

diung do thi nay roi tinh s6 gidy ctia dudng no tra ve.

Python

from collections import deque
import heapq

import math

graph = {
"st: [("B", 1), (A", 2)1,
"A": [("6", 2)]1,
"B": [("6", 10)],
"6": [1,

def path_cost(path):
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total = 0
for source, target in zip(path, path[1:]):
total += next(cost for node, cost in graph[source] if node == target)

return total

def bfs_path(source, target):
queue = deque([[sourcell)
seen = {source}
while queue:
path = queue.popleft()
if path[-1] == target:
return path
for node, _ in graph[path[-1]1]:
if node not in seen:
seen.add(node)
queue.append(path + [node])

return None

bfs_answer = bfs_path("S", "G")

print("BFS:", bfs_answer, "chi phi:", path_cost(bfs_answer))

BFS: ['S', 'B', 'G'] chi phi: 11

buong dai 11 giay khong phai 16i ctia BFS; ta da héi né sai dai lugng. Néu moi canh 1a 1

giay thi t6i thiéu s6 canh ciling 1a tdi thiéu thoi gian.

HOI NHANH
Robot téi cing mot 6 hai lan: mot lan da nhét chia khéa, mot 1an chua. Co nén gop

hai 1an d6 thanh mot trang thai khong?
Nén gop, vi toa dé da md ta du vi tri cua robot
Nén gdp, néu dung A* thay vi BFS
Khéng gép, néu chia khoa lam déi cac budc di dugc vé sau

Khéng gop, vi hai lich stir khac nhau luén la hai trang thai
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HOI NHANH
Do thi 6 canh 1 gidy va canh 2 gidy. Mot ban mudn giir BFS. Sira thé nao dé BFS cho
ra dang duong it gidy nhat?

A Gilr BFS, chi cong dung chi phi ttng canh khi in duéng
B Tach mdi canh 2 gidy thanh hai canh 1 gidy qua mét dinh phu
¢ Bua cac canh 1gidy Ién trudc trong danh sach ké

D Panh diu da tham luc 18y ra khoi hang dgi, khéng phai luc day vao

A*: can mot 16i hira vé heuristic
A* uu tién mg dinh c6 f(n) = g(n) + h(n) nhod nhat, véi g(n) la chi phi da di va h(n) la

u6c lugng chi phi con lai (heuristic). Heuristic goi la admissible (chdp nhan dugc) khi
khong u6ce lugng qua chi phi that nho nhat con lai: 0 < h(n) < h*(n), véi h(G) = 0.

Trén do6 thi nay, ta chon h(S) =4, h(A) = 2, h(B) = 10, h(G) = 0. D6 chinh la chi phi
con lai that nén chic chin admissible. O bai 16n, biét ngay A* thudng khé ngang bai goc;

heuristic hitu ich phai tinh ré hon.

Vi du quen thudc la khodng cach Manhattan trén lu6i chi di bon huéng, moi buéce ton it
nhat mot don vi, khdng c6 dich chuyén tirc thoi. Bo tuong lam bai dé hon; duéng ngan
nhat khi bd tuong khong thé dit hon dudng co tudng. Vi vy khoang cach dy 1a mot can
dudi (lower bound).

Néu dé co canh dich chuyén hoic bu6c dudng chéo gia ré, chiitng minh nay phai xem lai.
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HOI NHANH
Robot di duge 8 huéng nhu quan vua, méi budce, ké ca bude chéo, ton 1 gidy, va

khong co6 tuong. Heuristic nao vira admissible vira sat nhat?
A |Az| + |Ay|, tdic Manhattan
B /Az? + Ay?, tuc Euclid
¢ max(|Az|, |Ay|)

0 min(|Az|, [Ay|)

G Manhattan |Ax| + [Ay] 6 VUGt
/ Euclid 4.24 vugt
/y max(lAx|, [Ayl) 3 dung bang
S
minClAx|, [Ayl) 3 yéu khi léch khac nhau

3 budc chéo

Di 8 huéng: Manhattan va Euclid u6c lugng qua, max(|Ax|, |Ay|) dting bang 3.

Mot diéu kién manh hon 1a consistency:
h(u) < c¢(u,v) + h(v) v6imoicanh u — v.

Heuristic consistent (nhdt quan) lam f khong giam doc dudng; khi d6 A* c6 thé dong
mot trang thai ngay sau lan dau 1dy no ra khoi heap. Néu chi c6 admissibility, ta phai cho
phép md lai trang thai khi tim dugce g nhé hon. Code duéi day khong dung mot tap

closed khoa vinh vién, nén van xir Iy cip nhit do.

Tinh tay tai S: g(S) =0, f(S) =4.Saukhimd S,Acég=2,f=4;Bcog=1,f=11.A
dugc 1ay ra truéce, sinh G véi g = 4, f = 4. G tiép theo dugc lay ra, cho duong 4 gidy. Chi
dung khi 18y dich ra khéi heap, khong ding ngay khi mot canh dau tién sinh duge dich.
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Python

def astar(source, target, heuristic):
best_cost = {source: 0}
parent = {source: None}
heap = [(heuristic[source]l, 0, source)]

expanded = []

while heap:
_, cost, node = heapq.heappop(heap)
if cost != best_cost[node]: # bo muc heap da 16i thoi
continue

expanded.append(node)
if node == target:
path = []
while node is not None:
path.append(node)
node = parent[node]
return cost, path[::-1], expanded
for next_node, edge_cost in graph[node]:
assert edge_cost >= 0
candidate = cost + edge_cost
if candidate < best_cost.get(next_node, math.inf):
best_cost[next_node] = candidate
parent[next_node] = node
priority = candidate + heuristic[next_node]
heapq.heappush(heap, (priority, candidate, next_node))

return math.inf, None, expanded

h_good = {"S": 4, "A": 2, "B": 18, "G": 0}

h_zero = {node: 0 for node in graph}

h_bad = {"S": 0, "A": 160, "B": O, "G": O}

for name, heuristic in [("Dijkstra", h_zero), ("A%", h_good), ("Ax h sai", h_bad)]:
cost, path, expanded = astar("S", "G", heuristic)
print(f"{name}: cost={cost}, path={path}, mé={expanded}")

KET QUA

Dijkstra: cost=4, path=['S', 'A', 'G'], mé=['S', 'B', 'A', 'G']
Ax: cost=4, path=['S', 'A', 'G'], md=['S', 'A', 'G']

A% h sai: cost=11, path=['S', 'B', 'G'], mé=['S', 'B', 'G']
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Dijkstra, h =0 s —> B — A — G mé 4 - chi phi 4
A* h dung S — A — G mé 3 - chi phi 4

A* h(A) =100 S —~> B — G mé 3 - chi phi 11
thu tu lay dinh ra khoi heap

Heuristic tot gitp A* mé it dinh hon Dijkstra; heuristic u6c lugng qua lam A*
tra duong sai.

Dijkstra 1a A vdi h = 0. Heuristic dung gitp tranh md B trong vi du nay. Heuristic sai gan
100 cho A, khién dudng qua A bi tri hoan; G qua B dugc lay ra vdi chi phi 11 va thudt todn
ding. Khong dugce suy ra A ludon nhanh hon Dijkstra: heuristic ton thoi gian, c6 thé yéu,

va nhiéu dinh cé cung f lam thir ty pha hoa &nh huéng sd lan mé.

Vi d6 thi hitu han va canh duong, mot dudng ngan nhat khong can 1ap dinh. Ta viét
oracle vét can moi dudng don. N6 chdm trén do thi 16n nhung doc 1ap véi heap va

heuristic, thich hgp dé kiém vi du nhé nhu code trau trong CP.

Python

def exhaustive_cost(source, target, seen=None):
seen = {source} if seen is None else seen
if source == target:
return 0
candidates = []
for node, cost in graph[sourcel:
if node not in seen:
tail = exhaustive_cost(node, target, seen | {node})
candidates.append(cost + tail)

return min(candidates, default=math.inf)

truth = {node: exhaustive_cost(node, "G") for node in graph}

assert all(0 <= h_good[node] <= truth[node] for node in graph)

assert all(h_good[u] <= cost + h_good[v] for u in graph for v, cost in graphl[ul)
assert astar("S", "G", h_good)[0] == truth["S"] == 4

violations = [node for node in graph if h_bad[node] > truth[nodel]

print("Chi phi con lai that:", truth)

print("Heuristic sai vugt lower bound tai:", violations)
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KET QUA
Chi phi con lai that: {'S': 4, 'A': 2, 'B': 10, 'G': O}

Heuristic sai vugt lower bound tai: ['A']

Nhin danh sach vi pham: A la bang ching cu thé mat admissibility. Trén bai 16n, kiém
mot it mau khong thay thé duge chimg minh lower bound cho moi trang thai. Trong

pham vi d6 thi nhd nay, ta da kiém du cac dinh va canh.

HOI NHANH
Stra ban Dijkstra, titc h = 0, ctia bai d€ dung ngay khi sinh ra G, thay vi khi 14y G ra
khoi heap. Trén do thi S, A, B, G, n6 tra vé chi phi bao nhiéu?

A 2
B 4
c 10
D M

Khi heuristic la mdt model va thai gian c6 han

Trong bai thi Al, u6c lugng chi phi con lai c6 khi dén tir mot model: mot mang nhin dnh
ban d6 ro6i du doan s6 bude con lai, hay mot ham danh gia hoc tu cac 16i gidi ct. Model
nhu véy sai theo cé hai phia. Chd n6 uéc lugng thap chi lam A* md thém dinh; ché n6
u6c lugng cao cé thé day lui mot duong tét, nhu h(A) = 100 & trén.

Bao dam t6i uu mat, nhung con mdt can. Néu h(n) < w h*(n) 6 moi dinh v6i mot hiang
w > 1, A* (ban cho mé lai nhu trén) tra vé dudng cé chi phi khong qua w C*, trong d6 C*
1a chi phi t6i uu. Ly do: chung nao dich chua dugc 14y ra, trén mét duong tdi uu ludn co

mot dinh n ndm trong heap v6i g(n) da bang chi phi téi uu tir nguon téi n, nén

£(n) < g(n) +wh*(n) < w(g(n) + h*(n)) = wC*.
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bich dugc 1ay ra truéce n, nén chi phi ctia né (g = f vi h = 0 tai dich) khong vugt f(n).
Weighted A* dung chit dong diéu nay: 1ay h admissible rdi uu tién theo g + w h v6iw > 1
. Thuét toan lao vé phia dich va mg it dinh hon, déi lai chi bdo dam chi phi khong qua

w C*.

Ta thir trén 20 ban do luéi 30 x 30, mdbi 6 la tudng véi xac suat 0.3, di bon huéng, moi
buéc gia 1, tir goc trén trai téi goc dudi phai. BFS ngugce tu dich cho chi phi con lai that
h* cia moi 6. D€ c6 mdt “model” véi sai s8 biét trudc, ta nhan A* ctia ting 6 v6i mdt hé
s6 ngau nhién trong [0.7, 1.4]: du doan thap hon thit téi 30% va cao hon t6i 40%, nén
theo cén trén, dudng tim dugc dai khdng qua 1.4 1an tdi uu. Weighted A* dung

Manhattan v6i w = 2.

Python

import random

N = 30
START, GOAL = (0, ©), (N -1, N - 1)

def neighbors(cell, walls):
r, ¢ = cell
for nr, nc in [(r + 1, ¢), (r - 1, ¢), (r, c+ 1), (r, c - D)]:
if @ <= nr < N and 0 <= nc < N and (nr, nc) not in walls:

yield (nr, nc)

def cost_to_goal(walls): # BFS ngudc tU dich: hx cUa moi &
dist = {GOAL: 0}
queue = deque([GOAL])
while queue:
cell = queue.popleft()
for nxt in neighbors(cell, walls):
if nxt not in dist:
dist[nxt] = dist[cell] + 1
queue.append(nxt)

return dist

def random_map(seed):
rng = random.Random(seed)
while True: # boc lai téi khi START tdi dudc GOAL
walls = {(r, c) for r in range(N) for c in range(N) if rng.random() < 0.3}
walls -= {START, GOAL}
dist = cost_to_goal(walls)
if START in dist:
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return walls, dist

def grid_astar(walls, h, weight=1):
best = {START: 0}
heap = [(weight * h(START), 0, START)]

expanded = 0
while heap:
_, cost, cell = heapq.heappop(heap)
if cost != best[celll:
continue
expanded += 1
if cell == GOAL:
return cost, expanded
for nxt in neighbors(cell, walls):
if cost + 1 < best.get(nxt, math.inf):
best[nxt] = cost + 1
heapq.heappush(heap, (cost + 1 + weight * h(nxt), cost + 1, nxt))

return math.inf, expanded

def manhattan(cell):
return abs(cell[0] - GOAL[O]) + abs(cell[1] - GOAL[1])

results = {"Dijkstra": [], "Ax Manhattan": [], "A* model": [], "Weighted Ax w=2": []}

for seed in range(20):

walls, dist = random_map(seed)

rng = random.Random(1000 + seed)

factor = {cell: rng.uniform(0.7, 1.4) for cell in dist} # sai so -30% dén +40%

def model(cell):
return dist[cell] * factor[cell]

setups = [("Dijkstra", lambda cell: 0, 1), ("Ax Manhattan", manhattan, 1),

("Ax model", model, 1), ("Weighted A* w=2", manhattan, 2)]

for name, h, weight in setups:
cost, expanded = grid_astar(walls, h, weight)
results[name].append((cost / dist[START], expanded))

for name, rows in results.items():
ratios = [ratio for ratio, _ in rows]
longer = sum(ratio > 1 for ratio in ratios)
mean_expanded = sum(expanded for _, expanded in rows) / len(rows)
print(f"{name:15s} dai hon téi vu {longer:2d}/20 té nhat x{max(ratios):.3f} "
f"md trung binh {mean_expanded:.1f}")
assert max(r for r, _ in results["A* Manhattan"]) ==
assert max(r for r, _ in results["A* model"]) <= 1.4

assert max(r for r, _ in results["Weighted A* w=2"]) <= 2
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KET QUA

Dijkstra dai hon t6i vu 0/20 té nhat x1.000 md trung binh 594.8
A* Manhattan dai hon t6i vu 0/20 té nhat x1.000 md trung binh 276.9
A% model dai hon t6i vu 9/20 té& nhat x1.103 md trung binh 142.4

~+
D>

Weighted Ax w=2 dai hon t8i uvu 14/20 té& nh&t x1.310 m& trung binh 115.0

boc tung dong:

e Manhattan ding ca 20 ban d6 va mg trung binh 276.9 6, chua t6i mot nira 594.8 6 ctia
Dijkstra.

* Model mé 142.4 6, khoang mot nita Manhattan, nhung 9 trong 20 ban dé cho duong
dai hon toi uu, té nhat 1.103 1an.

» Weighted A* m¢ it nhét, 115.0 6, v6i 14 trong 20 ban d6 dai hon, té nhat 1.310 lan.

Hai dong sau déu ndm du6i can ctia minh (1.4 va 2); trén cac ban dé nay, duong thuc té
con tot hon cén kha nhiéu. Mudn dap an t6i uu chinh xac thi chi dong Manhattan dung
dugc; mudn d6i mot chiat chat lugng 14y toc do thi hai dong sau cho biét gia phai tra. S6
ban do bi dai hon t6i uu con dao déng theo ban d6 duge boc; diéu dang nhé la thir tu:

heuristic chitng minh dugc thi t6i uu, model va w = 2 mé it dinh hon nhung c¢6 ltc sai.

Dijkstra A* Manhattan weighted A* w = 2

md 613 - dai 58 md 346 - dai 58 mé 63 - dai 60

ban dé seed 0 cua bai; dudng ngan nhat dai 58; 6 den I3 tudng, 6 cam la 6 da md

A* m§ it 6 hon Dijkstra ma van tdi uu; weighted A* mé it nhat nhung c6 thé
trd duong dai hon.
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Dijkstra: da ma 490 6 A* Manhattan: da m¢ 346 6 Dijkstra: da m& 613 6 A* Manhattan: da md 346 6
sau 490 lan 1ay 6 khéi heap ca hai tim dudng dai 58 budc; Dijkstra md 613 6, A* Manhattan mé&
346 6

Dijkstra mé 6 loang déu moi huéng; A* mé léch vé phia dich, cung do dai
duong di.

HOI NHANH
Weighted A* dung Manhattan v6i w = 1.5, trd vé mot dudng hgp 1€ dai 54 bude, va
chua chay thuit toan nao khac. Ta biét gi vé d6 dai téi uu C*?

A 36 < C* <54
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HOI NHANH
Dé yéu cau in dung dé dai duong ngin nhat, sai la 0 diém, va thoi gian di cho

Dijkstra. Theo bang 20 ban do, nén dung heuristic nao?
A Manhattan, vi né md it dinh hon Dijkstra ma van t6i uu
B Model, vi né mé it dinh hon Manhattan gan mét nla
¢ Weighted A* vSi w = 2, vi nd md it dinh nhat trong bang

D Khéng dung heuristic, vi heuristic ndo ciing c6 thé sai

Khi dé giéi han thoi gian, tim ki€m nén chay ki€u anytime (lGc nao cling cé dap an): tim
nhanh mot 16i gidi hop 1€, chang han bing weighted A* v6i w 16n, luu lai, réi chay ti€p véi
w nhd dan t6i 1 néu con gid; hét gic thi ndp 16i gidi tét nhat dang co.

Beam search & bai 6.4 1a mot cach gisi han ngan sach khac: méi do sau chi git k trang

thai tot nhat, b nhé c¢d dinh, nhung c6 thé loai mat 16i giai tdi uu, thadm chi moi 16i giai.

Tru6ce khi chon, do sd trang thai mé dugc mdi gidy trén test 16n nhat.

Khi ngudi khac chon budc ti€p theo: minimax

Tim dudng gia st environment lam theo quy tic; choi ¢6 con ¢6 doi thi chon hanh dong
dé giam diém ciia ta. V6i tro choi hai nguoi, tat dinh, thong tin day da, téng 1¢i ich bang
0, minimax danh gia theo gia thiét doi thi cling choi téi uu.

Xét cay sau hai lugt. Ta chon nhanh A hodc B; sau d6 doi thii chon mot 1a. Nhanh A cé

diém 3 va 5, nhanh B c6 diém 2 va 9; moi diém do tir goc nhin ctia ta. B&i thi & A chon 3,

& B chon 2. Ta nén chon A vi max(min(3,5), min(2,9)) = 3.
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5 MAX

AL 3 Bl 2 MIN

14 9 16n nhat cay nhung MIN & B chon 2

MIN chon 3 6 A, 2 6 B; MAX chon A.

Néu U(s) la diém 6 14 terminal, dinh nghia dé quy 1a V(s) = max V (s')  lugt MAX va
V(s) = min V(s') & lugt MIN. Diing chon 14 16n nhat ciia toan cay: dudng téi la do co thé
doi doéi thi hgp tac.

Python

def minimax(tree, maximizing=True):
if isinstance(tree, (int, float)):
return tree
child_values = [minimax(child, not maximizing) for child in tree]

return max(child_values) if maximizing else min(child_values)

game_tree = [[3, 5], [2, 91]

branch_values = [minimax(branch, maximizing=False) for branch in game_tree]
print("Giéd tri hai nhanh:", branch_values)

print("Minimax:", minimax(game_tree), "chon A:", branch_values[0] > branch_values[1])

assert minimax(game_tree) ==

KET QUA

6id tri hai nhéanh: [3, 2]

Minimax: 3 chon A: True
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HOI NHANH

Goc la MAX, ¢6 hai nhanh MIN. Nhanh A c6 144 va 6, nhanh B c6 14 2 va 9. Vi sao
MAX khéng chon B d€ nham t6i 9?

A MAX nén chon B, vi 9 1 14 18n nhat cay
B MAX nén chon B, vi trung binh Ia cua B la 5.5, hdn 5
¢ Vi B doéithu sé chon 2, con A bao dam it nhat 4

D Vi@ A dbitht sé chon 6, con B chi bao dam 2

Alpha-beta pruning bo nhitng nhanh da chic chan khéng thay ddi quyét dinh minimax.
Trong cdy trén, xét A truéc thi MAX da bao dam dugc 3. Sang B, 1a dau 1a 2 nén MIN & B
sé tra khong qua 2, kém hon 3; 14 9 khong can doc. Gia tri minimax git nguyén, con thir

tu xét nuée di quyét dinh cit duge bao nhiéu: xét nude tot trude thi cat nhiéu hon.

Vi cay day da hé s¢ nhanh b va do sau d, minimax cé thé phai xét O(b?) 1. Vi vdy game
16n thudng dung giéi han dé sau va evaluation function. Khi cit truéc terminal, gia tri la

chi 1a u6c lugng, nén khdng con béo dam két qué cta cay tro choi day du.

HOI NHANH
Goc la MAX, ¢6 ba nhanh MIN, xét tur trai sang phai. Acéla6va4,Bcola3vas, C

c6 14 5 va 1. Alpha-beta khong can doc 14 nao?
A Child8
B La8valail
C Ladvalas8

D Khoéng la nao, vi nhanh nao cling phai xét
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sau A, MAX da cé 4; 14 3 3 B du biét B khéng hon 4, nén bo 1a 8

Alpha-beta bo dugc la 8 ma gia tri géc van la 4.

Néu c6 xtc xic, tang chance 1dy ky vong theo xac suat chir khong 1dy min. Néu déi tha
khong phéi ngudi choi doi khang téi uu, gia thiét minimax cting can can nhic. Ta phai

xac dinh mo hinh tuong tac truée khi chon phép gop gia tri.

Evaluation function & d6 sau cat c6 thé la mdt model hoc tir van dau. V6i game c6 hé s6
nhanh rat 16n nhu c¢ vay, Monte Carlo tree search (MCTS) khong mé déu moi nhanh ma
don ngan sach mo6 phong vao nhanh hira hen. Méi lugt mo6 phong di tir gdc xuong; tai

moi nt, chon con 7 co

In N

n;

’l_)i—FC

16n nhat, v6i 9; 1a diém trung binh ctia con ¢ theo goc nhin ngudi chon nuée & nat cha, n;

1a s6 lan tham con do, N 1a s6 1an tham nat cha; con chua tham dugce thir trudc.

T6i nit chua mé thi mé rong, danh gia bang mot van choi ngau nhién téi cudi hodc bang
mot model, roi cong két qua nguge 1én moi nat trén dudng da di. S6 hang thr nhat khai
thac nhanh dang tot, s6 hang thi hai uu tién nhanh con it dugce thit. Hét ngan sach thi

chon nuéc & goc duge tham nhiéu nhat.

AlphaZero thay van choi ngau nhién bang value network va dung policy network dé uu

tién nudce di.
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Rang budc: khong phai moi bai déu hoi dudng di
Nha truong can xép ba nhém A, B, C vao hai phong 0 va 1. A va B phai khac phong, Bva C

phai khac phong; A dugc an dinh & phong 0. Ta khong quan tam thi ty thao tac xép, chi

quan tam bd gan cudi c6 hgp 1€ khong.

bay la bai toan thoa man rang budc (constraint satisfaction problem, CSP): bién 1a phong
ctia mo6i nhom, domain la {0, 1}, constraintsla A # B, B # C, A= 0. Tinh tay: A =0
budc B = 1; tird6 C = 0. A va C dung chung phong dugc vi dé khong cam. Ty thém

A # C sé lam mot dé c6 nghiém thanh v6 nghiém.

phong 0 phong 1 phong 0

khong co rang budéc A-C

A & phong 0 budc B & phong 1va C & phong 0.

Quay lui gan ting bién va boé ngay nhanh da vi pham mot diéu kién c6 di bién. Day la
pruning bang tinh hgp 1€; khac heuristic uéc lugng chi phi ctia A*. Ta cai trén dang ba

bién roi so v6i vét can toan bo 23 = 8 bo gan.

Python

from itertools import product

Var‘iables = [IIAIII ”B”, IICII]

edges = [("A", "B"), ("B", "C")]

def consistent(assignment):
if "A" in assignment and assignment["A"] != O:
return False
for left, right in edges:
if left in assignment and right in assignment:

if assignment[left] == assignment[right]:
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return False

return True

def backtrack(assignment):

if len(assignment) == len(variables):
return [assignment.copy()]

variable = variables[len(assignment)]

answers = []

for room in [0, 1]:
assignment[variable] = room
if consistent(assignment):

answers.extend(backtrack(assignment))

del assignment[variable]

return answers

csp_answers = backtrack({})
oracle_answers = []
for rooms in product([0, 1], repeat=3):
A, B, C = rooms
if A== 0 and A !=B and B != C:
oracle_answers.append(dict(zip(variables, rooms)))
assert csp_answers == oracle_answers
print("Nghiém CSP:", csp_answers)

print("Khdp vét can:", csp_answers == oracle_answers)

KET QUA
Nghiém CSP: [{'A': @, 'B': 1, 'C': 0}]

Khép vét can: True

V6i nhiéu bi€n, minimum remaining values (MRV) chon bién con it gia tri hgp 1€ nhat dé
s6m gap nhanh that bai. Forward checking loai khoéi domain cac gia tri da xung dot véi
bi€n moi gan. Nhing ky thuit nay giam cong tim, nhung domain va constraints van phai

mo ta ding bai; chiing khong tao thém mot diéu kién ma dé khong co.
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HOI NHANH
Thém nhom D phai khac phong véi ca A va B, van chi c6 hai phong, va A = 0. Quay
lui gan theo th tu A, B, C, D, c6 forward checking. V6 nghiém dugc phat hién s6m

nhat vao lic nao?
A Chikhi gan t6i D va da thu ca hai phong
B Sau khi gan C, vi C va D cling néi véi B
¢ Ngay sau khi gan B, vi domain cta D d& réng

0 Khéng phat hién dugc, vi D = 0 hgp Ié khi C ciing 6 phong O

ban dau ganA =0 ganB =1
A 0 A 0 A 0
B 01 B 1 B 1
C 01 C 01 C 0
D 01 D 1 D 0

D khac A va khac B: hai phong da bi chiém, domain cua D réng trudc khi gan C

Forward checking phat hién D hét gia tri nén bé nhanh ngay.

Tt mot nghiém t6i mot két ludn logic

Tim dugc mot bd gan hgp 1€ tra 16i cau hoi “cod thé x€p thé nao?”. Mudn két luan “C bat

budc 6 phong 07, can kiém moi bd gan hop 1é.

bat P: A 6 phong 0; @Q: B & phong 0; R: C 6 phong 0. Vi moi nhom c6 dang hai lya chon,
diéu kién khac phong tuong duong XOR: mot ménh dé ding, ménh dé con lai sai.
Knowledge base (KB) la

PA(P®Q)A(Q®R).
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A nghia la “va”, — 1a “khong”, @ la XOR. Ta ciing dung V (“hoac”) va P = @ (“né€u P thi Q);
ménh dé kéo theo chi sai khi P ding ma Q sai, nén tuong duong -P V Q. Ta vi€t KB =
R (KB suy ra R) néu moi phép gan lam KB dung ciing lam R ding; m6i phép gan nhu vay

goi la mot model ctia KB. “Dting trong mot nghiém” yéu hon “ding trong moi nghiém”.

Khi bd diéu kién P, van c6 cach xép hogp 1€ v6i C & phong 1, nén két ludn truée khong con

dugc suy ra.

Python

worlds = list(product([False, Truel, repeat=3))

models = [(P, Q, R) for P, Q, R in worlds if P and (P != Q) and (Q != R)]
models_without_P = [(P, Q, R) for P, Q, R in worlds if (P != Q) and (Q != R)]
assert models # kiém KB c6 nghiém trudc khi dién gidi
entails_R = all(R for P, Q, R in models)

counterexamples = [world for world in models_without_P if not world[2]]
print("Models cUa KB:", models)

print("KB suy ra R:", entails_R)

print("Bé P, phan vi du cho R:", counterexamples)

assert entails_R and counterexamples

KET QUA

Models cua KB: [(True, False, True)]
KB suy ra R: True
Bd P, phan vi du cho R: [(False, True, False)]

all trén danh sach rong ctia Python tra True. Trong logic c¢6 dién, KB mau thuan ciing
suy ra moi ménh dé theo dinh nghia entailment, vi khong con model phan vi du. Véi hé
thong x€p phong, diéu ta can bao trude 1a khéng cé cach xé€p hop 1€, khong dién giai do
thanh bang ching C & phong 0. Vi vay kiém satisfiability truéc khi doc két luén.
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P Q R KB KB bé P

0 0 0 0 0

0 0 1 0 0

0 1 0 0 1 phan vi dy: R sai

0 1 1 0 0

1 0 0 0 0

1 0 1 1 1 model duy nhat: R ding
1 1 0 0 0

1 1 1 0 0

KB chi c6 mot model va R diing 6 d6, nén KB suy ra R.

HOI NHANH
Quay lui tim dugc mét cach x€p hgp 1€ ¢6 C & phong 0. ba chiing minh duge C luon
& phong 0 chua?

A R, vi cach xép do théa moi rang budc
B RO, vi quay lui duyét theo mét thi tu cé dinh
¢ Chua, phai tim thém mét cach xép nita c6 C & phong 0

D Chua, phai chdc rang khéng model ndo cé C & phong 1
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HOI NHANH
Luat noi: néu troi mua thi san uét, tic M = U. Quan sat thay san uét. Vi KB =
(M = U)AU,co6 KB = M khong?

A CO6, viluat néi thang M véi U
8 Khéng, vi model cé M sai va U dung van thoa KB
¢ Co, vi KB chi cé dung mét model

D Khéng, vi KB mau thuan nén khdng suy ra dugc gi

Khi di thi
» Viét ro trang thai gom nhiing gi va don vi chi phi truéc khi code.

o Dé chidm dang tdi uu thi dung A véi heuristic admissible; chdm theo chdt lugng thi

weighted A hay beam search cting dugc.

» Ludn gitr sdn mot 16i giai hop 1€, roi cai thién trong thdi gian con lai.

Tém tit
o Tim ki€m can trang thai da thong tin va dtng dai lugng chi phi. BFS, Dijkstra, A* khac
nhau & tha ty mé rong.

o A* dung g + h; lower bound va cach xit Iy duong t6t hon gitt bAo ddm tdi uu. Heuristic
qua l6n ¢6 thé cho dap an sai.

o Heuristic tir model hay weighted A* d6i bao dam t6i uu lay téc do: néu h < w h* thi
chi phi khong qua w C*. Khi thai gian cé han, gitr sdn mot 16i giai hgp 1€ roi cai thién
dan.

» Minimax xét phan ting ctia doi thii; gia tri ciia mdt nhanh khong phai 1a 16n nhat

trong nhanh dé. Alpha-beta bd nhanh ma git gia tri; MCTS don ngan sach mo6 phong
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vao nhanh hira hen.

CSP tim phép gan théa moi rang budc. Suy dién (K B | R) kiém két ludn trén moi

model ctia KB; can nhén ra KB vd nghiém truéc khi dién giai.

Kiém tra cuoi bai

CAU1

Robot quay dugc bon huéng, va moi hanh dong la quay trai, quay phai, hay ti€én mot
0, déu ton 1. Robot dang diing quay 1én phia bic, con dich ndm thang vé phia dong,
cach 6 0, trén mot hang khong c6 tuong. Heuristic h 1a s6 6 con lai té6i dich, tic 6,
bd qua viéc quay. Chon nhan dinh ding vé h, va vé chi phi tdi uu ctia ké hoach bat

dau bang quay trai.
h admissible, va ké hoach dé tén 7
h khéng admissible, va k& hoach dé tén 9
h admissible, va ké hoach dé tén 9

h khéng admissible, va ké hoach dé tén 8

PHONG THEO ) CMU 10-601 - Exam 3 Practice - Q3.4
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https://www.cs.cmu.edu/~mgormley/courses/10601/handout/exam3_practice_problems.pdf#page=15

CAuU 2

Do thicod canh am: S — Agia2, S — Bgia 3, B — Agia —2, A — G gia 1. Dijkstra
dong dinh ngay khi 1ay n6 ra khoi heap sé tra vé chi phi S — G bing bao nhiéu, va
chi phi nhé nhat that la bao nhiéu?

Tra vé 2, va nho nhat that 13 2
Tra vé 3, va nho nhat that 13 3
Tra vé 4, va nho nhat that 13 2

Tra vé 3, va nhd nhat that 13 2

CAuU 3
Heuristic h admissible 6 moi dinh, nhung c6 mot canh v — v gia 1véi h(u) = 6 va
h(v) = 3. MOt ban A* dong vinh vién méi dinh ngay khi 14y n6 ra khoi heap. Nhian

dinh nao ding?
h khéng consistent, nén ban déng vinh vién co thé tra vé dudng dat hon
h khéng consistent, nhung admissible 1a du cho ban déng vinh vién
h van consistent vi 6 > 3 + 1, nén ban dong vinh vién van dung

h khéng admissible, nén moi ban A* déu cé thé tra vé dudng dat han
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CAU 4
Lu6i 10 x 10, di bon huéng, mdi bude gia 1, c6 thém mdt céng mot chiéu: diing & 6
P = (0,9) c6 thé dich téi Q = (9,0) véi gia 1. Dich1a G = (9,1), va M(a,b) 1

khoang cach Manhattan. Heuristic nao van la lower bound & moi 6 n?
M(n,G)
M(n,G)/2
max (M(n,G), M(n,P) + 1+ M(Q,G))

min (M(n, G), M(n,P)+1+ M(Q, G))

CAu s

Tu trang thai B ¢6 hai hanh dong. Sang A thi nhan thuéng 50, va gia tri cia A hoi tu
vé 40. Sang C thi nhan thuéng 30, va gia tri ctia C hdi tu vé 100. Véiy = 0.9, value
iteration bdt dau tir V = 0 & moi trang thai. Hanh dong t6t nhat & B sau lan cap

nhat dau tién, va sau khi cac gia tri da hoi ty, 1an lugt la gi?
Sang C ngay tu dau, va sang C khi hdi tu
Sang A luc dau, réi sang C khi héi tu
Sang A luc dau, va van sang A khi hoi tu

Sang C luc dau, rdéi sang A khi héi tu

PHONG THEO ) CMU 10-601 - Exam 3 Practice - Q4.3
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CAu 6
Dé game: sau nudc di ciia ta, bot ddi thi chon ngau nhién déu gitra hai nuée, va
diém la trung binh qua 1000 van. Nhanh A dan t6i 14 5 hodc 7, nhanh B dan téi la 2

hoac 12, déu la diém ctia ta. Nén chon nhanh nao?
A, vi minimax bao dam dugc 5
A, vi ky vong bang 6
B, vi c6 14 cao nhat 1a 12

B, vi ky vong bang 7

CAu 7

MCTS & goc da chay 20 lugt mo phong. Nu6ce A duge tham 10 lan, diém trung binh
0.6. Nudc B duge tham 2 1an, trung binh 0.5. Nu6c C duge tham 8 lan, trung binh
0.3. Con dugc chon theo v; + /In N /n;, v6i ¢ = 1. Lugt md phong ti€p theo di vao

nhanh nao, va néu hét ngan sach ngay lic nay thi ndp nuéc nao?
M6 phéng tiép vao A, va nép A
M6 phéng tiép vao B, nhung ndép A
Mé phéng tiép vao B, va ndp B

M6 phong tiép vao A, nhung nop B
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CAu 8
Xé&p bén nhom A, B, C, D vao ba phong, sao cho cac cip ké nhau trén vong A-B-C-
D-A khac phong: A # B, B # C,C # D, D # A. C6 bao nhiéu cach xép?

12

18

24

81

CAU 9
KB = (PVQ)A (=P V R).Kétluan nao dugc suy ra tu KB?

Q@ V R, nhung khong phai @
CaQlanQ VR
Chi R, nhd ménh dé -PV R

Khoéng suy ra dugc gi, vi KB c6 tGi 4 model
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CAU 10

bé tim dudng giGi han méi test 2 gidy. Piém bang d6 dai t6i uu chia cho do dai
duong ndp, va khong ndp duge duong hgp 1€ thi 0 diém. Thit trén may, A* véi
Manhattan xong trong 2 gidy & 70% s0 test, con lai thi hét gio. Chién luge nao hgp
Iy nhat?

A Chi chay A* v8i Manhattan, chdp nhan 0 diém & 30% sb test
8 Dung greedy best-first, chi dua vao h, cho moi test vi nhanh nhéat
¢ L&y nhanh mét dusng bang w 18n, réi giam dan w khi con thsi gian

D Dung beam search dé rong 1 cho moi test dé tiét kiém bd nhé

Poc thém

Russell, Norvig — Artificial Intelligence: A Modern Approach, tai liéu cta tac gia. Poc cac phan
search, adversarial search, CSP va logic; s6 chuong thay d6i theo edition.

AIMA — Informed search. Doc phan g + h, admissibility, consistency va tao heuristic tir bai
toan dugc néi long.

AIMA — Game playing. Dung dé doc minimax, alpha-beta va giéi han cta evaluation & do sau
cat.

Silver va cOng su (2018) — A general reinforcement learning algorithm that masters chess, shogi,

and Go through self-play, Science. AlphaZero: MCTS dung policy network dé uu tién nuéc di

va value network thay van choi ngau nhién.

AIMA — Constraint satisfaction va Logical agents. Boc domain, forward checking va dinh

nghia entailment dé phan biét nghiém véi két luin bit budc.
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