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([ N ) job_assignment.py

import heapq

costs = [
[2, 9, 5],
[6, 8, 3],
[7, 1, 4],

]
N =3

class Node:
def __init_ (self, person, assigned_jobs, current_cost):
self.person = person
self.assigned_jobs = assigned_jobs
self.current_cost = current_cost
self.1lb = self.calculate_1lb()

calculate lb(self):
1b = self.current_cost
for i in range(self.person + 1, N):

min_val = float("inf")

for j in range(N):

if not self.assigned_jobs[j]:
min_val = min(min_val, costs[i][j])

1b += min_val

return 1b

_ 1t (self, other):
return self.lb < other.lb

= (1/2)

person
KSR R AR BiE R =X S LIEFACE
.= EZ|9] Zo|tt.

assigned_jobs
Off %t 0[ O|0] BIEEI/}=R] BEAISt=E =2
2| AECE

calculate Ib
B2 ALEIOICE 2 &Y 5 £ H|&S Hotct —
0|Z40| Stotgto|t,

— HA

heapg?t Ib 7|Z2 2 FESI== H[W AMXE F
Sl
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([ N ) job_assignment.py

OUTPUT
def solve_job_assignment():
pa = []
root = Node(-1, [False] * N, @)
heapq.heappush(pqg, root)

6

while pq: ol X2k 7 Kbk
node = heapq.heappop(pq) ° heappop | M= FA|
LB7t 7tE A2 =EE U= O] ¢ Z0| £
if node.person == N - 1: O M EFAHOQO|LC
return node.current_cost L4 EHAO|C}

next_person = node.person + 1

T ZA| ZRS|E EC
for job in range(N):

if not node.assigned_jobs[job]: 2 LEE AR OBt A2 £ E
new_assigned = node.assigned_jobs[:] 7t 70| Qict=E so|22 XAl 7t =Y =Lt
new_assigned[job] = True
new_cost = node.current_cost + costs[next_person][job]
child = Node(next_person, new_assigned, new_cost)
heapq.heappush(pq, child)

LB7} 2 E&
print(solve_job_assignment()) AlA

SO — AbY

-

BB HUXIR| B
t

£|4 6|8 6 — MAZAF 10| M2 A7t AN WS BA MUY Ect
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& §8.5 0/1 Hi'd 2|
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HM 3 10kg, 50 — 3kgTt A EE&CHT 7HE: (3/10) x 50 = 15¢. +15

UB =40+30+15 = 85

=78

ol =i 7tX| — =X Z[Hoi= O|=ECt | =+ Bkt

PQ = [ (UB=85, level=0, w=0, v=0) ]
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& §8.5 0/1 Hi'd 2|

0/1 Hi'g =X — Ito|’'M I E (1/2)

[ N knapsack_bnb.py

import heapq

class Item:
def __init_ (self, weight, value):
self.weight = weight
self.value = value
self.ratio = value / weight

class Node:

def __init__ (self, level, profit, weight, bound):
self.level = level
self.profit = profit
self.weight = weight
self.bound = bound

1t (self, other):
return self.bound > other.bound

@ ratioS O|2| | AbgtC}
MM A Z7HEH|E Foff o M3 AFSEZ)

=
Aitol] =& ChesTict

ItO|M heapge XA
HA AHLHHE HLE

[ N bound. py

def calculate_bound(node, n, capacity, items):
if node.weight >= capacity:
return @

profit_bound = node.profit
j = node.level + 1
tot_weight = node.weight

while j < n and tot_weight + items[j].weight <= capacity:
tot_weight += items[j].weight

profit_bound += items[j].value
j+=1

if j < n:
profit_bound += (capacity - tot_weight) * items[j].ratio

return profit_bound

2 0|Ct bound?t & &2 e =l

d 42 8% x 7HJH|Z Ciots of
R LI S ersjel M2 BECH
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0/1 Bt X — Ho|M AL (2/2)

[ N knapsack_bnb.py

run.py

def solve knapsack_bnb(capacity, weights, values):

n = len(values)
items = [Item(weights[i], values[i]) for i in range(n)]
items.sort(key=lambda x: x.ratio, reverse=True)
Pq = []
u = Node(level=-1, profit=0, weight=0, bound=0)
u.bound = calculate_bound(u, n, capacity, items)
heapq.heappush(pqg, u)
max_profit = @
while pq:

u = heapq.heappop(pq)

if u.bound <= max_profit:

continue
level = u.level + 1

W = 10

val = [40, 30, 50, 10]

wt = [2, 5, 10, 5]
print(solve_knapsack_bnb(W, wt, val))

OUTPUT

70

nw = u.weight + items[level].weight
np_ = u.profit + items[level].value e [1] 7Hdd] HE
if nw <= capacity:
if np_ > max_profit: max_profit = np_ O MXNE|7 gle™ Aotafo] dAHRAXN 7HXX| 7|
v_inc = Node(level, np_, nw, ©) === =
v_inc.bound = calculate bound(v_inc, n, capacity, items)
if v_inc.bound > max_profit: heapq.heappush(pg, v_inc) °

[2] Best-First

bound’t 7t 2 = =2 HX JHHCE
v_exc = Node(level, u.profit, u.weight, ©)

v_exc.bound = calculate bound(v_exc, n, capacity, items)

if v_exc.bound > max_profit: heapq.heappush(pg, v_exc)

bound?t O|O| &2 Z|C{gk O|S5HH =HYSHA| f1

return max_profit = o
HufgC
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#% §8.6 Q|EH £3|(TSP)

LA ACH — 2 ZAIOA 74 &2 Zhd 271 EotCh
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1% §8.6 2T =3|(TSP)

TSP O|X] — £ A| 47}
= | a5 | | b

B 4 o0 5 6
C 3 5 o0 8
D 7 6 8 o0
ZE 8133t AN

3+4 =7 4 +5=29

3+5=28 6 +7 =13

S=37 > LB=][37/2] =19

— -

MA AN 42 HEL2 21— LB 19 dECH Ao 2 QOtHSH 515H0|Cf
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1% §8.6 2T =3|(TSP)

TSP =7| 2P’8 — A0IM =2

Offft ZHdS 25t O Ao x| 27044 0] HHE o= QAT 2P &l 2he

r
rlo
rc
In
>
Hl
ook
of
o
ot

[22 oteHk0| E2t717| & SFCt.

—

Xp& #1 — ZHd (A,C) B4, AHE| 3

A 2= (A,C)[3] + ZIEt (A,B)[4] LB = [37/2] = 19 oakh
C: B (C,A)[3] + Z|E (C,B)[5]
SHA 7

+9 + 8 + 13 = 37

XtAL #2 — 7HM (A,B) MEH, 72| 4
A: (A,B)[4] + (A,C)[3] = 7 LB = 19 oakh

7
8

B: (B,A)[4] + (B,C)[5] = 9
SHH 7 + 9 + 8 + 13 = 37

XtA #3 — 7 (A, D) MEH AHZ| 7
A: (A,D)[7] + (A,C)[3] = 10 <« Z7H LB = [40/2] = 20 SMH=g L

D: (D,A)[7] + (D,B)[6] = 13
A 10 + 9 + 8 + 13 = 40

@ 87} 1991 = XFAIO| X, 187} 2091 KHAIS E|2 i3It



1% §8.6 2R =3|(TSP)

TSP — LjO|M [ E (1/2)

([ N ) tsp_bnb.py

import heapq S A|OCE 74E A 7HM H|82 02| Foff 3 otst
INF = float("inf") 2 O W= 2tE 5= QUCH

adj_matrix = [
[INF, 4, 3, 7 1,
[4, INF, 5, 6 1,
(3, 5, INF, 8 1,

:|.u

of 4= F= dl 7

[7, 6, 8, INF], (Stetgt, SATMR| B| &, oM =A|, X[S7HX|2] 8
_+_ ML

len(adj_matrix) B J

solve tsp simple(matrix):

: = ¢l

min_edges = [] L T

for row in matrix: h L EZO Of
eapqe 0f| A
min_val = min([x for x in row if x != INF]) PA=Tm== =
min_edges.append(min_val) e

=[]
initial bound = sum(min_edges) —
heapq.heappush(pq, (initial_bound, ©, @, [0])) ==
min_cost = INF e
best_path = [] =

Z0|E2 O{CIA EES|e ZiC} SiLtE 1
=




1% §8.6 2|ER =3|(TSP)

TSP — LjO|M A E (2/2)

([ N ) tsp_bnb.py

while pq:

bound, current_cost, curr_node, path = heapq.heappop(pq)
if bound >= min_cost:

continue

if len(path) == N:
return_cost = matrix[curr_node][path[0]]
total _cost = current_cost + return_cost
if total_cost < min_cost:
min_cost = total_cost

best_path = path + [path[0]]
continue

next _node in range(N):
if next_node not in path:
new_cost = current_cost + matrix[curr_node][next_node]
future_bound = new_cost
for i in range(N):
if i not in path and i != next_node:
future_bound += min_edges[i]
if future_bound < min_cost:
heapq.heappush(pq,

(future_bound, new_cost, next _node, path + [next_node]))

return best_path, min_cost

[ N ) run.py

path, cost = solve tsp simple(adj_matrix)
names = {@:"A", 1:"B", 2:"C", 3:"D"}

print(" -> ".join(names[n] for n in path))
print(cost)

OUTPUT

A->C->B->D ->A
21

=~

SthZH0| AN ZHECH Xfoo =2 A|F
L 2B 0| QICH d2{BHAME 20 O] A

Um Yojwct,

ro
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Y HAE0A2| £7]8HS
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o
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rir
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=A K20 "27[eHS = FA A 2= A2l BiCh ALt HO|E ol HEZ ZALE & d AYHEEAY -Pro)dA
= 0| 7|ES B2 A|Zh =10}

© O

JEECH Ot JHAL Lo RHELt

=X 7HX|X] 7] FEl g=o| 2lEL}

AlZE 237 M}
Yz o| M9 7 80|, DFS 20 5% 2 AEH £ JHgH 202 Hslate HE2 QHED| AlZH XDREHE, JHRIX|7| =
ot 22 Y& YE2 XF LhLt Z0| 220 JIX|X|7| & MEte MLt Hes

Lt O A$O}OF SHCh= E£O|Ct,
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A CT 8.1 EiHj BiS XX =
S Ui AN AR (TSP HE)

E1(OH1)01|*1 SOl N7H HiSXE 25 L2t A =7 HEZ SOt2Ct 0| B|E A& dist[i][j]7F =012 [ == 0| H]

o,
ol Mo
mo S
—LI rx
O}
E

0 U 72 NO| 10~15 M= 2 XA FO{ZICt 0] A7|7} 2 £7|3HYg Mate MLt N < 15
6 Th= DFS BE #gg IHEM ON)O|CE NO| 128 HO{ 7= Q¥ S}Lt, O(N!)

otk OFZ| HIESHA| Q2 T A|SO| "7FE 4 ZhM H| 8" D& Cfsl #XY H| R0 S=Ch LB
e A= SMEQ FE QUS ZEEE UL, LBZF @A) =&l 0|03 w2ICH PQ



" CT82 ZE HHA
5-E.|-° — k|H-| 2 C HHZ{A]
N7H2| 2t &= KCH A H O] 2HiotCt 2= 2 o= ATt Z|Of 2512 |2k min( max(loado, ...,
ojof L MH F716tH HE AL
oAX MH & StLtetk O[0| ansECt 235} O MO S HUAS M ans 0|40
7k AW Aot = 2t gt - & ECHH O HIE XHHE Al ZSHA| @=L
Al St
&8 M2 — 2 TORE HHC
Z AHYS BN 52 2517F d®™ HMAM JHX| K| 7] =40 O ®e| ZA2Ict FE ot =0| HAMEs

load_{K-1}) )& TSt2t.

EHdd dA

91 MO EHS BYRUCHE, CH2 81 A
o i ots HL 2RNoz Zoo
2 7ot

A ZQlCt.



" CT82 2ZE HHY

2EC WA _ mo|M AE

([ N ) load_balancing.py o0 run.py

def solve_load_balancing(jobs, K):
N = len(jobs)
jobs.sort(reverse=True)
server_loads = [0] * K
ans = float("inf")

jobs = [1, 2, 3, 4, 5, 6, 7]
K =3
print(solve_load_balancing(jobs, K))

def dfs(idx):
nonlocal ans
if idx ==
ans = min(ans, max(server_loads))
return

OUTPUT

10

if max(server_loads) >= ans:
return

for i in range(K):

if server_loads[i] + jobs[idx] >= ans: XJX‘” ‘c'él- 28, J_ga- 933 — o}3t 10. %!x-” _JF_|7§|7I-J—|_|.
continue

server_loads[i] += jobs[idx]
dfs(idx + 1)
server_loads[i] -= jobs[idx]

2|5 2o
[7,3] [6,4] [5.2,1] — £} 10, 10, 8

if server_loads[i]
break

dfs(0)
return ans
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" CT82 ZE HHA

[ZFX]X] 7] 3] CHE/d (symmetry) M| A

e MEo= 0|F0| Bl d5= €Lt — MH 00 == AMH 10| == 21t7F ZCh

O£ 29 jobs = [7, 6, 5], K = 3, 7] server_loads = [0, 0, 0] 2| AEHO| A =@} 75 B ST SFAY

MH 0«7
[7, o, @]

7|=0] &&= B

91 Meof| S vi'8et 7l break —
Z2 2¥o JEIE M B BMSE AS

MH 1«7 MH 2 «7
[0, 7, O] [0, 0, 7]
=28 o = UL} =2Ho 2 Y5t
4 4

= BMo| 30iM 12 So| =L}
H

=]
Sz QL Kt HZESF Of B2 HoliMA HTICL

A= 7HE LY ZEXIX] 7| B,
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M §8.8 8% S OHX|H

%|Cigt —» AshUB), %A%} — SSHLB)

Ol ZO|E "ol HL} RE[oHA" X2 Aol oF QHHSILY,

i |

ehd, 7EXI1%] 7]

Li+a1, Ol 5o, 7|CHofl & O|X|® Zef et of =gho] ™2 Lt

Best-First + M=% #7I B

7S LEREH HLE 2 S @A XL, 7|F0| SEk7t 7HX|K]|
717v © # &t

DPRl= 8 &7} CIELC}

820 42 Y4B DP, 80| ALt U4 T EI|HO| RaletLt.

—
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1
£0

& Al 2074 TSP
0 R =0 H 201 XX Ct. °

"ECi%| o] 2HISC| HH s 2

CHE & — P vs NP 25|
8 37|17t g AHMHE A4H A7t otof| e 7 = 8= 22X 0|
goM 3 EAE CHEL

= Al 507§ TSP
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EXERCISE

Ae=H1~5

rot

g &=(bounding function)2| ¥et2 HHsID, FAUS

 JEf &7 E2|, DFS, BFS, XM=t 22X, 2F =)

TS ZHX[X| 7[5t /AL =4S &

b
for
Mo
é
N
4
|o
Hu
x
]

Ot
L]

2HoM 2ot

4 (0/1 Bi'd) W = 10kg, OFO| & 478 — (2kg, $40), (Skg, $30), (10kg, $50), (Skg, $10). FE =E9| §tgl(UB)E =& 7t Hid Y22 A Lt5tat

5 (TSP) 21 &3 [00,10,15,20] / [5,00,9,10] / [6,13,00,12] / [8,8,9,0] Of CHS{ X|Tt 27k SHS 0| 23810 R E L E9| |BE | Atste}.

w
HI ’
N
rot
oz
N
IE
mjo
-1
rot
mot
o
r>—
H>
o
U
mjn
>
o
Ot
rr
o
o]
mjn
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EXERCISE

A==H 6 ~ 10

(o)

N

00

(o]

=
(W)

Best-First SearchO| A /2| == oI 40| A(25), B(18), C(30), D(18)¥ M C}Z0f =&Y L E=? (XAt =X, B7F DECH HA MHE|/ULCH

r-In

=718 e Ao Azt SEELL O E 2F0AM AEStE 28X O|l7E 2Eotet

b &b X[LX[A| 2 2h(loose bound)S thE0tEH H2|E 50| OfH 0| A=7F2 7HX[X|7] 2t L& =& 2o 2HM 2Fo|2t

Best-First Search= X[MsHE Wa| &X|Tt DFSO|| H|sH M 22| AHEEO0| 7|Sstg+Mo 2 Z7te 0| /JULH 1 0|FE M= 7ol St &
HX|O dHst, 2tz MEFS SELt K| okstet.

0/1 Hi'd XA OfO[’S ZhdH|(v/w) R Atz o2 FEot= MME|7 7HX[X|7] 280 OlX|l= 2EHY S&ds 23852t
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CHAPTER 08

2|5l = LICt.
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