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function dispatch_police
recently_move_dir = convert(thief path to move_direction)
next_thief position = current_thief_position
for i in recently_move_dir:
next_thief_position += i
predict_thief path.append(next_thief_position)

for i, pos in enumerate(predict_thief_path):

policelil.position = pos

3.2. 3 74 ol HE & A2
s JIU ol% AR AADS FAANES B 4E AT AFY 5de gt

7A3ekgol s SUE ML-Agents’S AHEsH9TH

321 87 W B AR 724
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> Unity ML-Agents Toolkit documentation, available at:

https://github.com/Unity-Technologies/ml-agents
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322 2Y X

Layer Shape Input size Output size
input Linear 11 256

fcl Linear 256 256

fc2 Linear 256 256

fc3 Linear 256 256

fc4 Linear 256 256

output Linear 256 [20, 20]

Z5tets YEYAY input & A 57k o]F HE 7|20 st 2 Y #E 5
A2 x 5)9 Z+ oo]AE ] id(agent_id)ol dfFst= 1749 A4S 3 11719 A%7t
AHH} output & 7 20748 9] A4 BAE T 7t EeEEH, oy 7 grEA
HUzo] 9 QA T J7} ¥Z W% Z2A HEs) doh

3.2.3. J3eFs dazelE (DON)

ks oAM= ol f1A 24 F717F A3} sk 299 & Step ©] . sk I
FolA= g Step "t 7HAE #S FS B9l 4 do|AES P AHYN F, IAF
B TS BE e gSUT

qol]HEQ & epsilon-greedy BHAZ ARgstel AR . TFolE Q-
Learning 7|%t9 DQN ¥1#EFS AHId. T8 A TS dHojH=
Experience-Replay WX EE AE3sto] %] sk
model o] HA ¥t T 128 step vttt mdo] HLF) 4

ojff Q 9] HEIo|Ex /E oo|HE D= o|FojAH. o= ZF ofo|HET} /NEF
A FE AdF= UE 5 IA 7] Aolth. AARE 54 A digk Z=E v

Zo.

> (Muhamad Ridzuan Radin Muhamad Amin & Mohd Fauzi Othman, 2021)
4 (Volodymyr Mnih, et al., 2015)
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d1FZE 2! train

input_size = 11

output_sizes = [20, 20]
max_replay_buffer_size = 50000
batch_size = 256
update_target_frequency = 128
epsilon = 1.0

epsilon_end = 0.01
learning_rate = 0.001

gamma = 0.99

epsilon_decay_interval = 100

learning_decay_interval = 100

function train:
while episode { max_episode:

state = env.get_observation()

while not episode_end:
action = get_action(state, epsilon)
env.set_action(action)
env.step()
next_state = env.get_observation()

group_reward = env.get_reward()

replay_buffer.append((state, action, group_reward, next_state))

train_step()

step +=1

if step % update_target_frequency == 0:

target_model.load_state_dict(model.state_dict()

episode += 1
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if episode % epsilon_decay_interval ==
epsilon = max(epsilon_end, epsilon * 0.9)
if episode % learning_decay_interval ==

learning_rate *= 0.99

238= 3: train_step (DQN)

function train_step:

batch = replay_buffer.random_choice(batch_size)

foreach sample in batch:
for agent_id in range(agents_per_env):
agent_state = sample.state[agent_id]
agent_next_state = sample.next_state[agent_id]
agent_action = sample.action[agent_id]

group_reward = sample.group_reward

q_value = sum(model(agent_state))

next_q_value = sum(target_model(agent_next_state))

expected_q_value = group_reward + gamma * next_q_value

update_target_model(q_value, expected_q_value)

324 29 FE

2de 11 3719 inputS YO R FUS ), [20, 201 2719 output & Z+ 20 i
o] & & Yol digt AEA A5 sjFsh= F 7N 0~19 Atol9] HAE d=
Atk FAFHYU BF AAY ols 24 AX= 4 Aol HsiA 1020 / 2)2 i & F,
=5 7iA9 @A fAo "efenh. 12al e BE9 Afo]zof BHA 0~31 HEE
Clamp 3t9] ZFZA B& 7149 ol 24 A& = & Ao
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function dispath_police_with_inference:
input.append(recently_5_move_direction)

input.append(agent_id)

output = model.run(input)

action = output.indices

move_position = current_thief_position - action - 10

move_position = clamp(move_position, 0, 31)

move_to(move_position)

3.2.5 £ Zsisis
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> (David Abel, et al., 2023)
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4.3. 43
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Path Presence by Stage
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