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. Bai toan ngwoi chao hang (TSP).

Bai toan nguoi chao hang (Traveling Salesman Problem - TSP) la bai toan
TUTH dién hinh, dugc nghién ctu nhiéu va duoc xem 12 bai toan chuan dé danh
gia hiéu qua cac luoc dd giai bai toan TUTH méi (xem [30,31]).

Bai toan dugc phét biéu nhu sau:

C6 mot tap gom n thanh phé (hoic diém tiéu thu) € = {ci} n, d6 dai duong
di truc tiép tir ci dén cj 1a di,j . Mot ngudi chao hang muén tim mét hanh trinh
ngan nhat tir noi &, di qua mbi thanh phd dung mét lan dé gisi thiéu san pham cho
khach hang, sau d6 tr¢ vé thanh phd xuét phat.

Nhu vay, bai toan nay chinh la bai toan tim chu trinh Hamilton c¢6 d6 dai
ngan nhat trén do thi day da c6 trong s6 G = (, ), trong d6 1a tap dinh vai nhan 1a
cac thanh phé trong C, 1a cac canh néi cac thanh phé tuong tGmg, d6 dai cac canh
chinh 13 d6 dai duong di giita cac thanh phd. Trong truong hop nay, tap S sé la
cac chu trinh Hamilton trén G, f 1a @6 dai cua chu trinh, Q la rang budc doi hoi
chu trinh 1a chu trinh Hamilton (qua tat ca cac dinh, mdi dinh dung mot lan), C la

tap thanh phd dugce x.

(trung véi ), Co trung véi C, tap X 1a vecto d6 dai n: x = (x1, ... , Xn) VOI X;

€EC1<
n, con X" 1a cac vecto trong d6 x; khac x; dbi vai moi cap (i, j).
Do d6, 16 giai t6i vu ctia bai toan TSP 1a mot hoan vi  cua tap dinh
{c1,c, .., cn} sao cho ham d6 dai f(rr) 1a nho nhat, trong d6 f(r) dugc tinh
theo (1.1):
£(m) = Y d(m(i), 7 + 1)) + d(m(n), m(1)) (L.1) & day d(u, v) Ia khoang

, N X i=1
cach tur u dén v. '
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Bai toan TSP duoc xem 12 bai toan chuan dé kiém dinh hiéu qua cua cac
phuong phap giai bai toan TUTH méi véi thu vién dir liéu chuan TSPLIB
(Reinelt, 1991) tai dia chi [77] (D liéu trong nd sé duoc sir dung trong luan an

nay).

Bai toan nay c6 nhiéu tng dung thuc tién, chang han nhu: khoan cac 15 trén
bang mach in (Reinelt, 1994) hay dinh vi cac thiét bi X-quang (Bland &
Shallcross, 1989)... [31].

2. Tiurnhitng con kién trong tw nhién téi thuat toan ACO.
Thuat toan ACO lay y tudng tir viéc kiém thic an cia dan kién ngoai thuc
té dé giai quyét cac bai toan t6i wu to hop. Chlng dua trén co s mot dan kién

nhan tao, chung duoc tinh toan tim kiém thic an nho mai la nhan tao.

Cau trc co ban cua thuat toan ACO: trong mdi thuat toan, tat ca kién di
xay dung cach giai quyét bai toan bang cach xay dung mot d6 thi. Mdi canh cua
d6 thi miéu ta cac budc kién co thé di duoc két hop tir hai loai thong tin hudng

dan kién di chuyén:

Thong tin kinh nghiém (heuristic information): gidi han kinh nghiém wu
tién di chuyén tir nt r toi s...cua canh as. N6 dugce danh dau bai 1. Théng tin

nay khéng duogc thay doi bai kién trong sudt qua trinh chay thuat toan.

Thong tin mui la nhén tao (artificial pheromone trail information), no6 gioi
han “nghién cttu sy thém muén” cia chuyén dong 1a kién nhan tao va bat chuéc
mui la thyc té cua dan kién ty nhién. Thdng tin nay bi thay doi trong subt qué trinh
thuat toan chay phu thudc vao cach giai quyét duoc tim thay bai nhirng con kién.
N6 duge danh dau béi s,

Gidi thiéu cac budc anh huong tir nhitng con kién that vao ACO. C6 hai
van dé can cha y:
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- Chaing triru tegng hod vai mé hinh thic an cua kién ngoai thuc té dé tim

ra duong di tim kiém thic an ngan nhét.

- Ching bao gom vai dic diém khéng giéng véi ty nhién nhung lai cho
phép thuat toan phat trién chira dung cach giai quyét tét téi bai toan bi can (vi du:

str dung thdng tin kinh nghiém dé huéng dan chuyén dong caa kién).

Cach thirc hoat dong co ban ciia mot thuat toan ACO nhu sau: m kién nhan
tao di chuyén, dong thoi va khong ddng bo, qua céc trang thai lién ké cua bai toan.
Su di chuyén nay theo mét tap quy tic lam co s tir nhitng ving thdng tin ¢ sin
& cac thanh phan (c&c nat). Vung thdng tin ndy bao gdm théng tin kinh nghiém
va théng tin mui la dé huéng dan tim kiém. Qua su di chuyén trén d6 thi kién xay
dung duogc cach giai quyét. Nhitng con kién s& giai phong mai la & méi lan ching
di qua mot canh (két néi) trong khi xay dung cach giai quyét (cap nhat timg budc
mui la truc tuyén). Mdi lan nhitng con kién sinh ra cach giai quyét, né6 duoc danh
gia va no c6 thé tao ludng mui la 1a hoat dong cua chat lugng cua cach giai quyét
cua kién (cap nhat lai mui la truc tuyén). Thong tin nay s& hudng dan tim kiém

cho nhirng con kién di sau.

Hon thé nira, cach thire sinh hoat dong cua thuat toan ACO bao gom thém
hai tha tuc, sy bay hoi mui la (pheromone trail evaporation) va hoat dong la
(daemon actions). Su bay hoi ctia mui la dugc khéi sy tir méi truong va nd dugc
str dung nhu 1a mot ki thuat dé tranh tim kiém bi ding lai va cho phép kién khao
sat ving khong gian mai. Daemon actions la nhitng hoat dong t6i wu nhu mot ban

sao ty nhién dé thuc hién nhitng nhiém vu tir moét muc tiéu xa téi ving cua kién.

3. So dd chung thuét toan dan kién

Procedure ACO
Initial();
While (DK ding) do
ConstructSolutions();
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LocalSearch(); /*Tuy y, c6 thé c6 hoic khong
UpdateTrails();
End,;
End;
4. Thuat toan MMAS

Thuat toan MMAS (Max-Min Ant System) do Stutzle va Hoos d& xuat nim 2000
[66] v6i bon diém thay d6i so véi AS.

- Tht nhét, dé tang cuong khai thac 16i giai tot nhat tim duogc: cac canh thudc vao
loi giai 1-best hodc G-best dugc cap nhat mui. Diéu nay co thé dan dén hién tugng
tac nghén: tat ca cac kién s& cung di mot hanh trinh, béi vi lwong mii trén cac
canh thudc hanh trinh tét duwoc cap nhat qua nhiéu, mac du hanh trinh nay khéng
phai 1a hanh trinh tdi vu.

- Thur hai, dé khac phuc nhugc diém trong thay d6i thi nhat, MMAS da dua ra
mién giGi han cho vét mui: vét mai sé& bi han ché trong khoang [ ].

- Thir ba 1a vét mui ban dau duoc khoi tao bang va hé sé bay hoi nhé nham ting
cuong kham pha trong giai doan dau.

Cap nhat mui Sau khi tat ca kién xay dung 10i giai, vét mui dugc cap nhat bang
tha tuc bay hoi gidng nhu AS (cong thire 2.4), va duoc thém mot lugng mai cho
tat ca cac canh thudc 1oi giai tot nhu sau

Piém thay d6i cudi cing 1a vét mii s& dugc khoi tao lai khi c6 hién tugng tac
nghén hoac khong tim dugc o1 giai tot hon sau mot s6 budc

Tij = Tij + ﬂrﬂm (21{)}

, 1 TR " L
trong do Ar/F*" = ~5pe khi diing G-best hofc Arlest = e

khi diing I-best dé cip

nht mui. Sau do vét mui s& b1 gio1 han trong doan [7,,;,, Tppq, ] Nhu sau:

Tmax néu ri,j > Tmax
Tij =3y Tij néu T E [Twmins Tmazxl (2.11)
Tinin né:u IE._I < Tinin
NOi chung, MMAS dung ca I-best va G-best thay phién nhau. Rd rang, viéc lua
chon tan so twong doi cho hai cach cap nhat mui anh hudng dén hudng tim kiem.
Néu ludn cap nhat bang G-best thi viéc tim kiém s& sém dinh huéng quanh G-
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best con khi cap nhat bang I-best thi sé lwong canh dwgc cap nhat mui nhiéu do
d6 viéc tim kiém giam tinh dinh hudng hon.

Khi bat dau thuat toan, vét mui trén tat ca cac canh duoc thiét dit bang can trén
cua vét mui . Cach khoi tao nhu vay, két hop véi tham sé bay hoi nho s& cho phép
lam cham sy khac biét vét mii giira cac canh. Do d6, giai doan dau cia MMAS
mang tinh kham pha.

Pé tang cuong kha ning kham pha, MMAS khdi tao lai vét mdi mdi khi gap tinh
trang tac ngh&n (thuat toan kiém tra tinh trang tic nghén dua trén sy thong ké vét
mui trén cac canh) hoic sau mot s6 budc 1ap ma van khong tim duoc 1o giai tot
hon.

MMAS la thuat toan dugc nghién ciu nhiéu nhat trong sb cac thuat toan ACO va
no6 co rat nhiéu mé rong. Mot trong cac cai tién 1a khi khoi tao lai vét mui, cap
nhat mui dya trén 1oi giai tét nhat tim dugc tinh tir khi khoi tao lai vét moi thay
cho G-best. Mot cai tién khac 1a sir dung luat di chuyén theo kiéu ACS.
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5. Code

#include <algorithm>
#include <cassert>
#include <chrono>
#include <cstdint>
#include <fstream>
#include <iostream>
#include <random>
#include <sstream>
#include <stdexcept>
#include <vector>
using namespace std;
std::default_random_engine &get_rng() {
unsigned seed = std::chrono::system_clock::now().time_since_epoch().count();
static default_random_engine instance(seed);
return instance;
}
uint32_t get_random_uint32(uint32_t min, uint32_t max_inclusive) {
uniform_int_distribution<uint32_t> distribution(min, max_inclusive);
return distribution(get_rng());
}
double get_random_double(double from = 0.0, uint32_t to_exclusive = 1.0) {
uniform_real_distribution<double> distribution(from, to_exclusive);
return distribution(get_rng());
}
struct ProblemInstance {
uint32_t dimension_;
bool is_symmetric_ = true;
vector<double> distance_matrix_;
vector<vector<uint32_t>> nearest_neighbor_lists_;
ProblemlInstance(uint32_t dimension, const vector<double> &distance_matrix,
bool is_symmetric)
: dimension_(dimension), is_symmetric_(is_symmetric),
distance_matrix_(distance_matrix) {
assert(dimension >= 2);
}
void initialize_nn_lists(uint32_t nn_list_size) {
assert(dimension_ > 1);

nn_list_size = min(dimension_ - 1, nn_list_size);
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nearest_neighbor_lists_.resize(dimension_);
vector<uint32_t> neighbors(dimension_);
for (uint32_t i =0; i < dimension_; ++i) {
neighbors[i] = i;
}
for (uint32_t node = 0; node < dimension_; ++node) {
sort(neighbors.begin(), neighbors.end(),
[this, node](uint32_t a, uint32_t b) {
return get_distance(node, a) < get_distance(node, b);
b
assert(get_distance(node, neighbors.at(0)) <=
get_distance(node, neighbors.at(1)));
auto &nn_list = nearest_neighbor_lists_.at(node);
nn_list.clear();
nn_list.reserve(nn_list_size);
uint32_t count = 0;
for (uint32_t i = 0; count < nn_list_size; ++i) {
if (neighbors[i] = node) { // node is not its own neighbor
nn_list.push_back(neighbors][i]);

++count;

}

double get_distance(uint32_t from, uint32_t to) const {
assert((from < dimension_) && (to < dimension_));
return distance_matrix_[from * dimension_ + to];
}
const vector<uint32_t> &get_nearest_neighbors(uint32_t node) const {
assert(node < nearest_neighbor_lists_.size());
return nearest_neighbor_lists_[node];
}
double calculate_route_length(const vector<uint32_t> &route) const {
double distance = 0;
if (Iroute.empty()) {
auto prev_node = route.back();
for (auto node : route) {
distance += get_distance(prev_node, node);

prev_node = node;
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}

return distance;

b
ProblemInstance load_tsplib_instance(const char *path) {
enum EdgeWeightType { EUC_2D, EXPLICIT };
ifstream in(path);
if (Yin.is_open()) {
throw runtime_error(string("Cannot open TSP instance file: ") + path);
}
string line;
uint32_t dimension = 0;
vector<double> distances;
EdgeWeightType edge_weight_type{EUC_2D};
bool is_symmetric = true;
while (getline(in, line)) {

cout << "Read line: " << line << endl;

if (line.find("TYPE") == 0) {
if (line.find(" TSP") I= string::npos) {

is_symmetric = true;
} else if (line.find(" ATSP") != string::npos) {
is_symmetric = false;
}else {
throw runtime_error("*Unknown problem type™);
}

} else if (line.find("DIMENSION") I= string::npos) {
istringstream line_in(line.substr(line.find(":") + 1));
if (1(line_in >> dimension)) {

throw runtime_error(string("Cannot read instance dimension"));
}

} else if (line.find("EDGE_WEIGHT_TYPE") != string::npos) {

if (line.find(" EUC_2D") 1= string::npos) {
edge_weight_type = EUC_2D;

} else if (line.find(" EXPLICIT") != string::npos) {
edge_weight_type = EXPLICIT;

}else {

throw runtime_error(string("Unsupported edge weight type™));




Dé tai: Thuat toan Kién

} else if (line.find("NODE_COORD_SECTION") != string::npos) {
vector<pair<double, double>> coords;
while (getline(in, line)) {
if (line.find("EOF") == string::npos) {

istringstream line_in(line);

uint32_tid;

pair<double, double> point;

line_in >> id >> point.first >> point.second;

if (line_in.bad()) {

cerr << "Error while reading coordinates";

}

coords.push_back(point);

}else {

break;

}

distances.resize(dimension * dimension, 0);
for (uint32_t i = 0; i < dimension; ++i) {
auto from = coords.at(i);
for (uint32_t j = 0; j < dimension; ++j) {
if@i=){
auto to = coords.at(j);
auto dx = to.first - from.first;
auto dy =to.second - from.second,;
double distance = int(sqrt(dx * dx + dy * dy) + 0.5);

distances.at(i * dimension + j) = distance;

}
} else if (line.find("EDGE_WEIGHT_SECTION") != string::npos) {
assert(dimension > 0);
if (edge_weight_type != EXPLICIT) {
throw runtime_error("Expected EXPLICIT edge weight type");
}
distances.reserve(dimension * dimension);
while (getline(in, line)) {
if (line.find("EOF") != string::npos) {

break;

10
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istringstream line_in(line);
double distance;
while (line_in >> distance) {

distances.push_back(distance);

}

assert(distances.size() == dimension * dimension);

}

in.close();
assert(dimension > 2);
return ProblemInstance(dimension, distances, is_symmetric);
}
struct Ant {
vector<uint32_t> visited_; // A list of visited nodes, i.e. a route
vector<uint8_t> is_visited_;
double cost_ = std::numeric_limits<double>::max();
void initialize(uint32_t dimension) {
visited_.clear();
visited_.reserve(dimension);
is_visited_.clear();
is_visited_.resize(dimension, false);
}
void visit(uint32_t node) {
assert(lis_visited_.at(node));
visited_.push_back(node);
is_visited_.at(node) = true;
}
bool is_visited(uint32_t node) const {
assert(node < is_visited_.size());
return is_visited_[node];
}
bool all_visited() const {
return find(is_visited_.begin(), is_visited_.end(), false) ==
is_visited_.end();
}
h
struct PheromoneMemory {

uint32_t dimension_;

11
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vector<double> pheromone_values_; // For every edge (a,b),
// where 0 <= a, b < dimension_double min_pheromone_value_;

PheromoneMemory(uint32_t dimension, double min_pheromone_value = 0)

: dimension_(dimension), min_pheromone_value_(min_pheromone_value) {

pheromone_values_.resize(dimension * dimension, min_pheromone_value);
}
double get(uint32_t from, uint32_t to) const {

assert((from < dimension_) && (to < dimension ));

return pheromone_values_[from * dimension_ + to];
}
void evaporate_from_all(double evaporation_rate,

double min_pheromone_value) {
for (auto &value : pheromone_values_) {

value = max(min_pheromone_value, value * (1 - evaporation_rate));

}

void increase(uint32_t from, uint32_t to, double deposit,
double max_pheromone_value, bool is_symmetric) {
assert((from < dimension_) && (to < dimension_));
auto &value = pheromone_values_[from * dimension_ + to];
value = min(max_pheromone_value, value + deposit);
if (is_symmetric) {

pheromone_values_[to * dimension_ + from] = value;

Ant create_solution_nn(const ProblemInstance &instance,
uint32_t start_node = 0) {
Ant ant;
ant.initialize(instance.dimension_);
uint32_t current_node = start_node;
ant.visit(current_node);
for (uint32_t i =1; i < instance.dimension_; ++i) {
uint32_t next_node = current_node;
const auto &candidates = instance.get_nearest_neighbors(current_node);
for (auto node : candidates) {
if (lant.is_visited(node)) {

next_node = node;

12
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break;

}

if (next_node == current_node) { // All closest nodes were visited,
/I we have to check the rest
double min_distance = numeric_limits<double>::max();
for (uint32_t node = 0; node < instance.dimension_; ++node) {
if (lant.is_visited(node)) {
auto distance = instance.get_distance(current_node, node);
if (distance < min_distance) {
min_distance = distance;

next_node = node;

}

assert(next_node != current_node);
ant.visit(next_node);
current_node = next_node;

¥

return ant;
}
struct MMASParameters {
double rho_ =0.98;
uint32_t ants_count_ = 10;
double beta_ = 2;
uint32_t cand_list_size = 15;
double p_best_ = 0.05; // Prob. that the constructed sol. will contain only
double get_evaporation_rate() const { return 1 - rho_; }
h
const uint32_t MaxCandListSize = 64;
uint32_t move_ant_mmas(const ProblemInstance &instance,
const PheromoneMemory &pheromone,
const vector<double> &heuristic, Ant &ant) {
assert('ant.visited_.empty());
const auto dimension = instance.dimension_;
const auto current_node = ant.visited_.back();
const uint32_t offset = current_node * dimension;
uint32_t cand_listfMaxCandListSize];

13
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uint32_t cand_list_size = 0;
for (auto node : instance.get_nearest_neighbors(current_node)) {
if (lant.is_visited(node)) {
cand_list[cand_list_size] = node;

++cand_list_size;

¥

uint32_t chosen_node = current_node;
if (cand_list_size > 0) { // Select from the closest nodes
double products_prefix_sum[MaxCandListSize] = {0};
double total = 0;
for (uint32_ti = 0; i < cand_list_size; ++i) {
const auto node = cand_list[i];
const auto product =
pheromone.get(current_node, node) * heuristic[offset + node];
total += product;
products_prefix_sum[i] = total;
}
chosen_node = cand_list[cand_list_size - 1];
const auto r = get_random_double() * total;
for (uint32_t i = 0; i < cand_list_size; ++i) {
if (r < products_prefix_sum[i]) {
chosen_node = cand_list[i];

break;

}

} else { // Select from the rest of the unvisited nodes the one with the
double max_product = 0;
for (uint32_t node = Ou; node < dimension; ++node) {
if (lant.is_visited(node)) {
const auto product = pheromone.get(current_node, node) *
heuristic[offset + node];
if (product > max_product) {
max_product = product;

chosen_node = node;

14
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}

assert(chosen_node != current_node);
ant.visit(chosen_node);

return chosen_node;

pair<double, double> calc_trail_limits_mmas(const MMASParameters &params,

¥

uint32_t instance_dimension,
double solution_cost) {
const auto tau_max = 1/ (solution_cost * (1. - params.rho_));
const auto avg = instance_dimension / 2.;
const auto p = pow(params.p_best_, 1./ instance_dimension);
const auto tau_min = min(tau_max, tau_max * (1 - p) / ((avg - 1) * p));

return make_pair(tau_min, tau_max);

Ant run_mmas(const ProblemInstance &instance, const MMASParameters &params,

uint32_t iterations) {
const auto greedy_sol = create_solution_nn(instance);
const auto greedy_cost =
instance.calculate_route_length(greedy_sol.visited );
const auto initial_limits =
calc_trail_limits_mmas(params, instance.dimension_, greedy_cost);
auto min_pheromone = initial_limits.first;
auto max_pheromone = initial_limits.second;
PheromoneMemory pheromone(instance.dimension_, max_pheromone);
vector<double> heuristic;
heuristic.reserve(instance.dimension_ * instance.dimension_);
for (auto distance : instance.distance_matrix_) {
heuristic.push_back(1 / pow(distance, params.beta_));
}
vector<Ant> ants(params.ants_count_);
Ant best_ant;
for (uint32_t iteration = 0; iteration < iterations; ++iteration) {
for (auto &ant : ants) {
ant.initialize(instance.dimension_);
auto start_node = get_random_uint32(0, instance.dimension_ - 1);
ant.visit(start_node);
for (uint32_t j = 1, j < instance.dimension_; ++j) {
move_ant_mmas(instance, pheromone, heuristic, ant);

}

ant.cost_ = instance.calculate_route_length(ant.visited_);

15
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¥

auto &iteration_best = ants.front();
bool new_best_found = false;
for (auto &ant : ants) {
if (ant.cost_ < best_ant.cost_) {
best_ant = ant;
new_best found = true;
cout << "New best solution found with the cost: "
<< best_ant.cost_<< " at iteration " << iteration << endl;
}
if (ant.cost_ < iteration_best.cost ) {

iteration_best = ant;

}
if (new_best_found) {

auto limits = calc_trail_limits_mmas(params, instance.dimension_,
best_ant.cost );
min_pheromone = limits.first;
max_pheromone = limits.second;
}
pheromone.evaporate_from_all(params.get_evaporation_rate(),
min_pheromone);
const auto &update_ant = iteration_best;
const double deposit = 1.0 / update_ant.cost_;
auto prev_node = update_ant.visited_.back();
for (auto node : update_ant.visited ) {
pheromone.increase(prev_node, node, deposit, max_pheromone,
instance.is_symmetric_);

prev_node = node;

}

return best_ant;
¥
int main(int argc, char *argv[]) {
string path = "kroA100.tsp";
if (argc >=2) {
path = argv[1];
}
try {

16
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MMASParameters params;

auto instance = load_tsplib_instance(path.c_str());

instance.initialize_nn_lists(params.cand_list_size );

params.ants_count_ = instance.dimension_;

run_mmas(instance, params, 1000000 / params.ants_count_);
} catch (runtime_error e) {

cout << "An error has occurred: " << e.what() << endl;

}

return O;
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