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#include <stdio.h>
#include <stdlib.h>

#define MAX N100

/ /38 LA GRS A
typedef struct {

int level; // MHT¥ 2%

int profit; // HEiEME

int weight; // MEiEEE

int bound; // M4 LS

int items[MAX NJ; // iCsRBE MY MR EERE
} Node;

/ /R

int n;

/ /W) it R E

int weights[MAX NJ], values[MAX NJ;
/R

int capacity;

// B R
int bound(Node node) {
if (node.weight > capacity) {
return 0; // MEE, EHRHF O

int bound value = node.profit;
int total weight = node.weight;

int j = node.level;



/1 T A AT £

while (j <n && total weight + weights[j] <= capacity) {

total weight += weights[]];
bound value += values[]j];

J++s

// WSRATA TR A i, DO S A (L LG 108 AR 20 0

if (§ <n) {

bound value += (capacity - total weight) *

weights[i]);
}

return bound value;

/ /BBy SR i

void knapsack branch and bound() {
/1 PIERAEBAS
Node queue[MAX N * 2];

int front =0, rear = 0;

// BVEEART 8 A B
Node root = {0, 0, 0, 0, {0}};
root .bound = bound(root);

queue| rear++]| = root;

int max profit =0;

int best items[MAX N] = {0};

/7 )T B ER (BAFT5 )

while (front < rear) {

Node u = queue[ front++]; // HBA

if (u.level ==n) { // BEAMHFI7
if (u.profit > max profit) {
max profit = u.profit;

for (int 1 = 0; i <n; i++) {

best items[i] = u.items[i];

(values[3j] / (float)



}

continue;

/AR ST b

Node vl = u;

vl.level++;

v1.bound = bound(vl);

if (v1.bound > max profit) {
queue[rear++] = v1; // ABA

// BERECYHTY (WR AR )
if (u.weight + weights[u.level] <= capacity) {
Node v2 = u;
v2.level ++;
v2.profit += values|[u.level];
v2.weight += weights[u.level];
v2.items[u.level] =1; // EHFELHIY S
if (v2.profit > max profit) {
max profit = v2.profit;
for (int 1 = 0; i <n; i++) {

best items[i] = v2.items[i];

v2 .bound = bound(v2);
if (v2.bound > max profit) {
queue[rear++] = v2; // ABA

// i as

printf ("% d\n", max profit);

for (int 1 = 0; 1 <n; 1i++) {
printf("% d", best items[i]);

}

printf(" \n");



int main() {
/1 AN
scanf("% 4", &n); /7 YR
int weights input[MAX N], values input[MAX NJ;
for (int 1 = 0; i <n; i++) {
scanf("% d", &weights input[i]); // Y EE
}
for (int 1 = 0; i <n; i++) {
scanf("$ d", &values input[i]); // ¥sME
}
scanf ("% d", &capacity); /] BEEE
/ /g AR RS IR AR 4 4 R Bl
for (int 1 = 0; i <n; i++) {
weights[i] = weights input[i];
values[i] = values input[i];
}
// VA SRR IR At
knapsack branch and bound();
return 0;
}
Python 5.

from collections import deque

def knapsack branch and bound(n, weights, values, capacity):
# TR AL
def bound(level, profit, weight):
if weight > capacity: #HEHAERE, LR MO

return O
bound value = profit # HHIHi{H
totweight = weight # M
J = level

# TN SEEE ) i

while j < n and totweight + weights[j] <= capacity:
totweight += weights[7j]
bound value += values[]]
J +=1

# WIS A R R, SO EIN AR



if § <n:
bound value += (capacity - totweight) * (values[j] / weights[]])

return bound value

# R
class Node:
def init (self, level, profit, weight, items):

self.level = level
self.profit = profit
self.weight = weight
self.items = items.copy() # EHIBEHFE TS
self.bound = bound(level, profit, weight) # T4 5

# VIR Ak A TR L o
queue = deque()
root = Node(0, 0, 0, [0] * n) # M H: REFATTY R

queue . append(root)

max _profit =0

best items = [0] * n

# FIFO 2

while queue:
u = queue.popleft()# A

if u.level ==n: #MHFI50
if u.profit > max profit:
max profit = u.profit

best items = u.items

continue

R L R IERRYETY A

vl = Node(u.level +1, u.profit, u.weight, u.items)

if vl.bound > max profit: # EFRKT YUFIHEMMA AB
queue .append(vl)

# R 2 EEEYETY) A (WUCRA R T
if u.weight + weights[u.level] <= capacity:
v2 = Node(u.level +1, u.profit + values[u.level], u.weight +

weights[u.level], u.items)



v2.items[u.level] =1 # Fpicik#t

if v2.profit > max profit: # HHEIM
max profit = v2.profit
best items = v2.items

if v2.bound > max profit: # IR R T Y AT A AEA ABN
queue .append(v2)

return max profit, best items

" ",

if name ==
# BEHUE A
n =int(input())

__main

weights =1list(map(int, input().split()))
values =list(map(int, input().split()))
capacity =int(input())
# R
max profit, best items = knapsack branch and bound(n, weights,
values, capacity)
R IR S
print(max profit)
print(' ' .join(map(str, best items)))
2. 45 5E n M)A — AL, W0t i E RS w,, HIME R v, i=1, -, n, HEAERE
W o IMIREZAMAT R AT WP, R AT G b ) i S e Ry FR e BA
GNP SRR B, KA 0-1 gl
C/C+HIG
#include <stdio.h>
#include <stdlib.h>

#define MAX N100
#define MAX CAPACITY1000

/ /38 AT A A
typedef struct {

int level; // MEi¥IMMZESH

int profit; // MA[EM{E

int weight; // HHjBEE

int bound; // MEiT A A

int items[MAX NJ; // idspB M) MRS LR
} Node;



/ /)RR A LA
int n, c;

/ /it E A A

int w[MAX N], v[MAX NJ;

/ /B RHEAH G PR EL
Node heap[MAX N * 2];

int heapSize =0;

void swap(Node * a, Node * b) {
Node temp = * a;
* a = * b;

* b = temp;

void heapifyUp(int i) {
while (i >0 && heap[i].bound > heap[(i - 1) / 2].bound) {
swap(&heap[i], &heap[(i -1) / 2]);
i=(i-1)/2;

void heapifyDown(int i) {

int largest = 1i;

int left =2 * i +1;

int right =2 * i + 2;

if (left < heapSize && heap|left].bound > heap|largest].bound) {
largest = left;

}

if (right < heapSize && heap[right].bound > heap[largest].bound) {
largest = right;

}

if (largest!= 1) {
swap(&heap[i], &heap[largest]);
heapifyDown(largest);

void pushHeap(Node node) {



heap[heapSize] = node;
heapifyUp(heapSize);

heapSize++;

Node popHeap() {
Node root = heap[0];
heapSize--;
heap[0] = heap|heapSize];
heapifyDown(0);

return root;

/ /R R
int bound(Node node) {
if (node.weight > c) {
return 0;
}
int bound value = node.profit;
int total weight = node.weight;
int j = node.level;
// FOIT R R AT AL
while (j <n && total weight + w[j] <= c) {
total weight += w[]j];
bound value += v[j];
J++s
}
// ASRATO A R s, WU BN (E LU AR 530
if (3 <n) {
bound value += (c - total weight) * (v[j] / (float)w[]]);
}

return bound value;

/153 SCRRFR R A 0-1 AR A
void knapsack branch and bound() {
int maxProfit =0;

int bestItems[MAX N] = {0};



// IR A
Node root = {0, 0, 0, bound(root), {0}};
pushHeap(root);
while (heapSize > 0) {
Node u = popHeap(); // B B H &R
if (u.level ==n) { //MHFHH
if (u.profit > maxProfit) {
maxProfit = u.profit;
for (int 1 = 0; i <n; i++) {

bestItems|[i] = u.items[i];

}
continue;

}

/] ANBEFE S

Node v1 = u;

vl.level++;

v1.bound = bound(vl);

if (vl.bound > maxProfit) {
pushHeap(vl);

}

/) BEFEGRTYIED (AR ALIF)

if (u.weight + wlu.level] <= c) {
Node v2 = u;
v2.level++;
v2.profit += v[u.levell;
v2.weight += w[u.level];
v2.items[u.level] =1; // EEL[Y W
if (v2.profit > maxProfit) {

maxProfit = v2.profit;
for (int 1 = 0; i <n; i++) {

bestItems[i] = v2.items[i];

v2.bound = bound(v2);
if (v2.bound > maxProfit) {

pushHeap(v2);



// i 4G

printf("% d\n", maxProfit);

for (int 1 = 0; i <n; i++) {
printf("%$ d ", bestItems[i]);

}

printf("\n");

int main() {
/] A
scanf("$ d", &n); // VECE
for (int 1 = 0; i <n; i++) {
scanf("% d", sw[i]); // WWER
}
for (int 1 = 0; i <n; i++) {
scanf("s d", &v[i]); // ¥EME
}
scanf("$ d", &«c); // HHEE
/1 KA

knapsack branch and bound();

fEm

return 0O;
}
Python A .

import heapq

def knapsack(n, w, v, c):

# T SR

def bound(level, profit, weight):
if weight > c:

return O
bound value = profit
totweight = weight
# HE B (EHE Y R 42 i
remaining =sorted([(v[i]/w[i], w[i], v[i]) for i in range(level,
n)], reverse=True)

for unit val, wt, val in remaining:

if totweight + wt <= c:



totweight += wt
bound value += val
else:
bound value += (c - totweight) * unit val
break
return bound value
#
class Node:
def init (self, level, profit, weight, items):
self.level = level
self.profit = profit
self.weight = weight
self.items = items.copy()

self.bound = bound(level, profit, weight)

def 1t (self, other):
return self.bound > other.bound # & KHfE

# WAk

maxProfit =0

bestItems = [0] * n

pg = [ 1# BAEAH) (R HE)
root = Node(0, 0, 0, [0] * n)
heapqg.heappush(pg, root)

while pq:
u = heapq.heappop(pq) # BUH [ F AT 45

if u.level ==n: #MHFHH
if u.profit > maxProfit:

maxProfit = u.profit
bestItems = u.items

continue

#F N AR YR
vl = Node(u.level +1, u.profit, u.weight, u.items)
if vl.bound > maxProfit:

heapq.heappush(pg, v1)



# TR RS RTY S (IR R AT
if u.weight + w[u.level] <= c:
v2 = Node(u.level +1, u.profit + v[u.level], u.weight + w[u.
level], u.items)
v2.items[u.level] =1
if v2.profit > maxProfit:  # HHHRALIRE
maxProfit = v2.profit
bestItems = v2.items
if v2.bound > maxProfit:

heapq.heappush(pg, v2)

return maxProfit, bestItems

n ",

if name ==" main ™
U A

#
n =int(input())
w =list(map(int, input().split()))

v =list(map(int, input().split()))
c =int(input())
# KA

maxProfit, bestItems = knapsack(n, w, v, C)

LR THIEAE S
print(maxProfit)
print(' ' .join(map(str, bestItems)))

3. AR GT VR T IRT ZERR , AT Z AR, b — A NS
A, BT — , B MBS kR R R AR, R IR, R P R A
FRORWT T, A 4 AT 2k ERYECF SRR Z A A RS, AT 1 A
2 Z B s 2 30,

C/C+HUH,

#include <stdio.h>

#include <stdlib.h>

#include <limits.h>
#define MAX N20

/XA A, R A A A
typedef struct {



int bound; // F#

int cost; // MATMA

int path[MAX NJ; // MuTHE

int path len; // YAl KE
} Node;

/ /RS AF (Fe/NHE ) FH DG AL H
Node heap[MAX N * 100]; // Wy K% =

int heapSize =0;

void swap(Node * a, Node * b) {
Node temp = * a;
* a = * b;

* b = temp;

void heapifyUp(int i) {
while (1 >0 && heap[i].bound < heap[(i - 1) / 2].bound) {
swap(&heap[i], &heap[(i -1) / 2]);
i=(i-1)/2;

void heapifyDown(int 1) {
int smallest = i;
int left =2 * 1 +1;
int right =2 * i + 2;

if (left < heapSize && heap[left].bound < heap[smallest].bound) {
smallest = left;

if (right < heapSize && heap[right].bound < heap[smallest].bound) {
smallest = right;

if (smallest ! = 1i) {
swap(&heap[i], &heap[smallest]);
heapifyDown(smallest);



void pushHeap(Node node) {
heap[heapSize] = node;
heapifyUp(heapSize);

heapSize++;

Node popHeap() {
Node root = heap|0];
heapSize--;
heap[0] = heap|heapSize];
heapifyDown(0);

return root;

/ /AT AR R

int calculate bound(Node node, int n, int dist[MAX N][MAX NJ) {
int bound = node.cost;
int visited[MAX N] = {0};
for (int i = 0; i < node.path len; i++) {

visited[node.path[i]] =1;

/7 ST AT 4 e/
for (int i = 0; 1 <n; i++) {
if (Ivisited[i]) {
int min edge = INT MAX;
for (int j = 0; j <n; J++) {
if (dist[i][3]!'= -1) {
min edge = (min edge <dist[i][j]) ? min edge: dist[i][]];

}

bound += min_edge;

/ /R — I B A5 /N



int last city = node.path[node.path len -1];
if (node.path len <n) {
int min edge = INT MAX;
for (int j = 0; j <n; J++) {
if (!visited[]] && dist[last city][]j]!= -1) {

min edge = (min edge < dist[last city][]]) ? min edge :

dist[last city][j];
}

bound += min_edge;

return bound;

// TSP 43 3 BRI K iR e A%
int tsp_branch and bound(int n, int dist[MAX N][MAX NJ) {
int min cost = INT MAX;

/] PIRAAR Y A
Node root = {0, 0, {0}, 1}; // SR 0, AR R AR AT

root.bound = calculate bound(root, n, dist);

pushHeap(root);

while (heapSize > 0) {
Node u = popHeap();

/7 R HTF R TR AL, 9
if (u.bound >= min cost) {

continue;

/7 WRESARAL S B A SR, A B R A
if (u.path len == n) {
int total cost = u.cost + dist[u.path[n -1]][u.path[0]];
if (total cost <min cost) {
min cost = total cost;
}

continue;



/1 YRR IA) A3k T
int curr city = u.path[u.path len -1];
for (int next city = 0; next city < n; next city++) {

// KA O AU Rk X ANk

int already visited =0;

for (int 1 = 0; 1 <u.path len; i++) {

if (u.path[i] == next city) {
already visited =1;

break;

if (!already visited) {
Node v = u;
v.cost += dist[curr city][next city];
if (v.cost >= min cost) {

continue; // Bk

v.path[v.path len] = next city;

v.path len++;

v.bound = calculate bound(v, n, dist);
if (v.bound < min cost) {

pushHeap(v);

return min cost;

int main() {
int n;
scanf("$ d", &n); // BWIAYRTEGE
int dist[MAX N][MAX NJ;



}

for (int i = 0; 1 <n; i++) {
for (int j = 0; J <n; j++) {
scanf("% d", &dist[i][]]);

}

/7 SR AR R AR ) S AR

int result = tsp branch _and bound(n, dist);
printf("%$ d\n", result);

return 0;

Python A .

import heapqg

def tsp branch _and bound(n, dist):

# VT SRR
def calculate bound(node):
cost = node[1] # MHFIE A
visited =set(node[2]) # EViRIMLTH
bound = cost
# XA AR TR, A R/ i
for i in range(n):
if i not in visited:
min edge =float(' inf')
for j in range(n):
if dist[i][3]!= -1: # HEBR XMLk
min edge =min(min edge, dist[i][]])
bound += min_edge
# I T B AR R
last city = node[2][-1]
if len(visited) < n:
min edge =float(' inf')
for j in range(n):
if j not in visited and dist[last city][j]!= -1:
min edge =min(min edge, dist[last city][]])
bound += min_edge

return bound

# Wiate

min cost =float(' inf')



pa = [ # E5CBAF: (bound, cost, path)
root = (0, 0, [0]) # FH, YHTMA, it
heapq.heappush(pg, (calculate bound(root), root[1l], root[2]))

while pq:
bound, cost, path = heapqg.heappop(pqg)

if bound >= min cost: # BYf¥

continue

if len(path) == n: # FAArA BT
total cost = cost + dist[path[-1]][0] # [AIZI&L A
if total cost <min cost:
min cost = total cost

continue

# 4R R I
curr city = path[-1]
for next city in range(n):
if next city not in path:
new cost = cost + dist[curr city]|[next city]
if new cost >= min cost: # B
continue
new path = path + [next city]
new node = (0, new _cost, new path)
new bound = calculate bound(new node)
if new bound <min cost:

heapqg.heappush(pg, (new bound, new cost, new path))

return min cost

if name ==" main "™
# BRI A
n =int(input())
dist =[]

for 1in range(n):
row =list(map(int, input().split()))
dist.append(row)

# SR fi#



result = tsp branch and bound(n, dist)
# AR
print(result)

4. X545 H A R B T RS S R/ B R R, EORE PR B R R S T R
B, PTRAB AR —A nxn BOAR T (AR TR ) o P 48 0 L o o 1 FL B DR 2L
B REEE AT RE S S — s T X, TR B IR o A A% T
P,

SR G TS T, ZJR MR TR ST, A A R A7
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SRR

C/C++0 .

#include <stdio.h>

#include <stdlib.h>

#include <stdbool.h>

/ /R SOV IR AR IR

typedef struct {
int total est cost; // fliit S A (£ = cost + heuristic)
int cost; // HETHEAKE
int x, y; // HEIALE

} Node;

/ /3 AL BAIN 5 F A
typedef struct {
Node* nodes;
int size;
int capacity;

} PriorityQueue;

/ /AR e RS
PriorityQueue* create pqg(int capacity) {
PriorityQueue* pqg = (PriorityQueue* )malloc(sizeof(PriorityQueue));
pg->nodes = (Node* )malloc(capacity * sizeof(Node));
pg->size =0;
pg->capacity = capacity;

return pg;



/ I RETARSE BRI A7

void free pg(PriorityQueue* pqg) {
free(pg->nodes);
free(pq);

}

/ /BB 1

void swap(Node* a, Node* Db) {

Node temp = * a;

* a = * b7

* b = temp;
}
//HEAR (17 T )

void heapify down(PriorityQueue* pqg, int index) {
int smallest = index;
int left =2 * index + 1;

int right =2 * index + 2;

if (left < pg->size && pg->nodes[left].total est cost < pg->nodes
[smallest].total est cost)
smallest = left;
if (right < pg->size && pg->nodes|[right].total est cost < pg->nodes
[smallest].total est cost)
smallest = right;

if (smallest ! = index) {
swap(&pg->nodes|index], &pg->nodes|[smallest]);

heapify down(pg, smallest);

/ /HEAR (1) L iR )
void heapify up(PriorityQueue* pg, int index) {
while (index > 0) {
int parent = (index -1) / 2;
if (pg->nodes[parent].total est cost > pg->nodes[index].total

est cost) {

20



swap(&pg->nodes|[parent], &pg->nodes|index]);
index = parent;
lelse {

break;

VNN

void pg push(PriorityQueue* pq, int total est cost, int cost, int x, int
y) A
if (pg->size == pg->capacity) {
pag->capacity * =2;
pg->nodes = (Node* )realloc(pg->nodes, pg->capacity * sizeof
(Node));

}
Node node = {total est cost, cost, x, v};

pg->nodes|[pg->size| = node;
heapify up(pg, pg->size);
pa->size+t+;

/ /BN
Node pg pop(PriorityQueue* pq) {
Node root = pg->nodes|[0];
pg->nodes|[0] = pg->nodes|[pg->size - 1];
pg->size--;
if (pg->size > 0)
heapify down(pg, 0);

return root;

/ /KA BRI A
bool pg empty(PriorityQueue* pqg) {

return pg->size == 0;

/AR AREL: BT A

int heuristic(int %, int y, int end x, int end y) {

21



return abs(x - end x) + abs(y - end_y);

/ /RGO R A (RSB XA sk — R %)
bool is valid(int x, int y, int n, int* * grid) {

return x >= 0 &&§ x <n && y>=0 && y <n && grid[x][y] == 0;

/ /HL AT PR R
int circuit wiring(int n, int* * grid, int start x, int start y, int end
_x, int end y) {
/) XA T ) b L R
int directions[4][2] = {{-1, O}, {1, 0}, {0, -1}, {0, 1}};

// WAL TE A
PriorityQueue* pg = create pq(1000); // VBRI N 1000

// FRfE visited B4
bool* * wvisited = (bool* * )malloc(n * sizeof(bool* ));
for (int 1 = 0; i <n; i++) {

visited[i] = (bool* )calloc(n, sizeof(bool));

// EEABN
int start heuristic = heuristic(start x, start y, end x, end y);
pg push(pg, start heuristic, 0, start x, start y);

visited[start x][start y] =true;

while (!pg empty(pq)) {
Node node = pg pop(pqg);
int total est cost = node.total est cost;

int cost = node.cost;

int x = node.x;

int y = node.y;

/7 BIIRA S, RMIEAEKE (TR = 50+ 1)
if (x ==end x && y == end y) {
free pq(p9);

for (int i = 0; 1 <n; i++)

22



free(visited[i]);
free(visited);

return cost + 1;

// Y TEARSB A YA T7 [w)

for (int 1 = 0; 1 <4; i++) {

int nx = x + directions[i][0];

int ny = y + directions[i][1];

if (is_valid(nx, ny, n, grid)
visited[nx][ny] =true;

cost +1;

int new cost

int new total est cost

_x, end y);

int

&& !visited[nx][ny]) {

new _cost + heuristic(nx, ny, end

pg push(pg, new total est cost, new cost, nx, ny);

}

free_pqa(pq);

for (int 1 = 0; i <n; i++)
free(visited[i]);

free(visited);

return -1; // Jof#

main() {

int n;

scanf("% d", &n);

/7 BN R grid
int* * grid = (int* * )malloc(n *

for (int 1 = 0; 1 <n; i++) {

grid[i] = (int* )malloc(n * size
for (int j = 0; j <n; J++) {

scanf ("% d", &grid[i][3]);

}

// BEBGE M AR

int x1, yl, x2, y2;

d%ds d", &xl, &yl, &x2

4 gy

FXSN

o
°

\

scanf("% d

sizeof(int* ));

of(int));

, &y2);

23
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// ¥R 0-based EKH|
int start x = x1 -1;
int start y = yl1 -1;
int end x = x2 -1;
int end y = y2 -1;
/1 SRS
int result = circuit wiring(n, grid, start x, start y, end x, end y);
// g
printf("$ d\n", result);
// B grid WA
for (int 1 = 0; i <n; 1i++)
free(grid[i]);
free(grid);
return 0;
}
Python LAY .
import heapg

def circuit wiring(n, grid, start, end):
#E XA T BN AL A
directions = [(-1, 0), (1, 0), (0, -1), (0, 1)]

# R R A = T
def heuristic(x, y):
return abs(x - end[0]) + abs(y - end[1])

# AL A A
def is valid(x, y):

return 0 <= x <n and 0 <= y <n and grid[x][y] == 0

# WIARACORSE AT (fhTERAS, YETRAS, YT E)

pq =[]

heapqg.heappush(pg, (heuristic(start[0], start[1l]), 0, start))
visited =set()

visited.add(start)

while pq:
# BB AG T ESAS B/ N R
total est cost, cost, (%, y) = heapg.heappop(pq)



# BRAN, R EIKARKE (M T4 = % + 1)
if (x, y) == end:
return cost +1 # /T4

# AR B PYAS 7 18]
for dx, dy in directions:
nx, ny = x +dx, y +dy
if is valid(nx, ny) and (nx, ny) not in visited:
visited.add((nx, ny))
new_cost = cost +1

total est cost = new_cost + heuristic(nx, ny)

heapg.heappush(pg, (total est cost, new cost, (nx, ny)))

return -1 # JCf#

if name ==" main ™
# BRI A
n =int(input())
grid =[]

for in range(n):
row =list(map(int, input().split()))
grid.append(row)
# PG SN2 S AR, JFFHR N 0-based &7l
x1, y1, %2, y2 =map(int, input().split())
start = (x1 -1, y1 - 1) # %N 0-based
end = (x2 -1, y2 - 1)
# SR A
result = circuit wiring(n, grid, start, end)
# AR
print(result)
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