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/7 JE X E R #
function objective_function(params) :

/1 RENREE L EEDRE, HEAEEHIRERME

/] WL ERSY

num_bees = ‘?ﬁﬁﬁ%

num_dimensions = 3 // HRSHMEH (K, &, EHA)
i A2 AR

(HETHR, W8HTHR, ESATH]
(BHER, &R, EAALR ]

max_iterations

lower_bounds

upper_bounds

[/ AR
population = —AA/N¥ num_bees x num_dimensions Hy# 4
for i M 0 % num_bees - 1:
for 3 M 0 % num_dimensions - 1:
population[i] [j] = M lower_bounds[j] %| upper_bounds[j] & FHALIE

fitness = — M A/NMNH num _bees W HK 4
for i M 0 % num_bees - 1:
fitness[i] = objective_function(population[i])

[/ HEBEE G F I

for iter M 1 3% max_iterations:

/1 R B &

for i M\ 0 % num_bees - 1:
trial_bee = — 4 Kk/} num_dimensions MK 4
phi = —4A Kk} num_dimensions WHEHL.H&E
for 3 A 0 # num_dimensions - 1:

trial_bee[j] = population[i][j] + phil[j] * (population[i]
[3] - population[ MALEZENZ —NMEFET 1051)
/] BRFSEELTRZN
WR trial_bee[j] < lower_bounds[j]:
trial_bee[j] = lower_bounds[j]
R trial_bee(j] > upper_bounds[j]:
trial_bee[j] = upper_bounds[j]
trial_fitness = objective_function(trial_bee)
WR trial fitness > fitness[i]:
population[i] = trial_bee
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fitness[i] = trial_fitness

/7 BB
total_fitness = 0
for i M 0 % num _bees - 1:
total_fitness = total_fitness + fitness[i]
prob = —AA/NA num_bees W H 4
for i A 0 % num_bees - 1:
probl[i] = fitness[i] / total_fitness

for i M 0 # num_bees - 1:
j = REMELH prob MHLLEFE N —/H & %5
trial_bee = — A/ H num_dimensions &4
phi = —4A/M# num_dimensions ByFEALM &
for k M 0 % num dimensions - 1:
trial_beel[k] = population[j][k] + philk] * (population[j]
[k] - population[ Hi#lit# 5 — N B EF ] [k])
/I BRFEBELTREZA
&R trial_beelk] < lower_bounds[k]:

trial_beel[k] = lower_bounds[k]
WHR trial_bee[k] > upper_bounds[k]:
trial_beel[k] = upper_bounds[k]
trial_fitness = objective_function(trial_bee)

WwHE trial_fitness > fitness[i]:
population[i] = trial_bee
fitness[i] = trial_fitness

AR -3 : 3
worst_index = it N JE Loy g £

for 3 M 0 # num_dimensions - 1:
population[worst_index] [j] = M lower_bounds[j] 7| upper_bounds [ ] ]
By [ AL

fitness[worst_index] = objective_function(population[worst_index])

// FTE SRR AR AR
best_index = &5 & i % b 5 % 5|
T g, iter, " R#FR, BHEMNE :", fitness[best_index], ", F#
£ :*, population[best_index]
/7 R AW R
best_index = 3if S ¥ & & 09 E B £ 5
TH » ZAFMHENE v, fitness[best_index],

index]

v HHE ., population|[best_
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5.4.2 BT E#HEENAMEMNE AT BEGSE

PE 7 SR THEN AL SE ST — D ml L, 5 AR B Fo 2 F0E SCRIZRA o
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// BAEEE BB

// m#E MNIST #iE &
data = #m# MNIST ¥ EE
images = data.images
labels = data.labels

/7 3 EEBAERATE — A E
for each image in images:

image = image / 255.0

[/ FEEHEAE®EB N one - hot fEBR
one_hot_labels = & ¥4 one - hot 4% (labels)

/7 R G ET R &
train_images, test_images

X2 BEHAE (images)
%] 247 & $4E (one_hot_labels)

train_labels, test_labels

/) BBAERSREE

num_bees = HHENHE

max_iterations = AZRAHK

lower_bounds [ MENLERTR, GEFTEETR)
[ WENEEHRLER , BEYAHLER)

upper_bounds

/] Aok B
population — /N K/ H num_bees By 4
for i from 0 to num_bees - 1:
layers = M lower_bounds[0] ®| upper_bounds [0] #7 [ #lL% %
nodes_per_layer = —4f K/ H layers ty# 4
for j from 0 to layers - 1:

nM%Jm;MﬁmU]:leajmm%ﬂjﬂmmmjmm%ﬂj%%ﬂ%ﬁ
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population[i] = [layers, nodes_per_layer]
fitness = —/K/MH num_bees B9# 4

/7 ESLIE FLFE B

function evaluate_model (params) :
layers = params[0]
neodes_per_layer = params/[1l]
model = HEEHFEEHAT A H WL EFEWHE N (layers, nodes_per_layer)
F I %4 (train_images, train_labels) Il % model
accuracy = MR (test_images, test_labels) LT model i #
return accuracy

/! AHEE R
for 1 from 0 to num_bees - 1:
fitness[i] = evaluate_model (population[i])

/) SEBE R EHEIF
for iter from 1 to max_iterations:
/) TEEM K
for 1 from 0 to num_bees 1l:
trial_bee = & #|Yp&E ¥ MK population[i]
[/ HEHEIHTDHEINE/L (R
if HiHl# < 0.5:
trial_bee[0] = #WHEELETRA (trial_bee[0] + MHLILF )
for j from 0 to trial_bee[0] - 1:
if MALE < 0.5:
trial_bee(1]([]j] = #RALETHRA (trial_bee[l][j] + HEMIMF )
trial_fitness = evaluate_model (trial_bee)
if trial_fitness > fitness[i]:

population[i] = trial_bee
fitness[i] = trial_fitness
/1 BB
total_fitness = 0
for 1 from 0 to num_bees - 1:
total_fitness = total_fitness + fitness[i]
prob = —Ak/NH num_bees By E 4
for 1 from 0 to num_bees - 1:
probl[i] = fitness([i] / total_fitness
for i from 0 to num_bees - 1:

follow_index = RIAFEME 27 prob MlEHE - EHE £
trial_bee = &% YT ¥ 11K population[follow_index]
[/ HEBIHETDNENEN (R )
if FAHLE < 0.5:

trial_bee[0] = #EAELTRHEN (trial_bee[0] + ML)
for j from 0 to trial_bee[0] - 1:

if MM%H < 0.5:
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trial_bee[1] = HHRELTRA (trial_beell]1[j] + M)
trial_fitness = evaluate_model (trial_bee)
if trial_fitness > fitness[i]:
population[i] = trial_bee

fitness[1] = trial_fitness

ARS8 18

worst_index = i# M E &K &9'32%7@?'3[
layers = M_lower bounds [0] %| upper_bounds [0] #Y & L8 £
nodes_per_layer = —/ A/ illayerséﬁﬁfﬁ
for j from 0 to layers - 1:

nodes_per_layer[j] = M lower_bounds[1] #| upper_bounds [1] K PLE %
population|[worst_index] = [layers, nodes_per_layer]
fitness [worst_index] = evaluate_model (population[worst_index])

/7 FTE S0 L A#

best_index = #EME RGN EZE LT

TEH H ", iter, " K#%fK, RHKEME :v, fitness[best_index], ", HH
{§ : ", population[best_index]

/7 B R A R AR

best_index = &I yﬂiuqﬁé?iﬁ?l

T "RAFRALENE :", fitness[best_index], ", H#H M :", population
[best_index]

BT BRI, s A ] IS T R AR . BEIZIR . PR IEE S 2 A
teho SERIME R PMEAT N, BEE AR VT AL G SR DU O R L, O REAE
AR B R SRR (1 B AT

5.4.3 WEREENNS . B, BEtS5aENE

R SR P ARE S AE AR 2 AT B 2 A, RO E RV MR L5 .

D mghhe s RO E S R P EAT Oy (LIS, 100, DUORTIIR. 58
2 R AR S 1 RARAT NI = R i
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Kl6. 15 . Rin#Z A L& R ITHEmA
6.3.4 “RArEE” &K\ REL

AT, NRBF VYR8 ARS. 81K, MR AL BRI . /N A
TR BEA I B, X R A 1B B ——ibATEL ) AR B AT B, R fe
B AR 7= 1

class HumanLikeAgent:
def __init__ (self):
ven N AT BB A
R BE R LR RNE XL "
# RTEHOAERALFE (W=350%F /¥, o=50HFHEZ£)

self .mouse_speed = np.random.normal (loc=350, scale=50)
# DRI AEEEN T ELEYS (EH /B RIF=Z8EH)
self.view_switching = MarkovChain(states=['base', 'minimap’',

'battlefield']) #
b ¥EREH (KMNHE 100~300ms)

self.reaction_delay = np.random.uniform(0.1, 0.3)
# MREYHK (200~500ms 4 ABEEME)
self.visual persistence = 0.2 + 0.3 * np.random.rand()

def observe(self):

nen AR R R RS

B ALK RE ERBCGKE "

# BRI YA FAEEE (1920x1080 2 #HH)

screen = ImageGrab.grab(bbox=(0, 0, 1920, 1080))

# ¥ opencv F A BGR R

frame = cv2.cvtColor(np.array(screen), cv2.COLOR_RGB2BGR)

# ROI ABEARE (PRI 60% XKH)

height, width = frame.shape[:2]

roi = framel[int (height*0.2) :int (height*0.8), int(width*0.2) :
int (width*0.8)]

6.3.5 “HIRNCIZ” INHRES T ERLES
HRANV LT[ “5009k SR I ZRi%” Aot b A FH w2t ) S R PG B B0 e SR~k JER

M, 23 KEEN)E, BahRERSIEIEZEE A, JHEE EREr
FIARIC N SRS g B, YRR BN EL6. 167
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class TacticGraph:
def __init__(self):
# a3l
iR e o PRI
'B': ' BB,

self.nodes = {

' BB
}
self.edges = {
("A'",'B"):
(B ACY) s

4 HHENH
ResourceCheck(50),
TimeDelay (120)

/MU )— stet —( Lokt
(antetas ) BT step2
(/Mo SEiRE ) e oo
R U
3 300ms A 50ms HEJIEHIIZE
(#Eas ) RUOR | 7| smR
D1 2 {413 )
‘ cAMP {5+
gL
AL

ZEfi i
Haoig (LTP)

B6. 16 kA
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O BXARETRL: MR AT RAK T 92% 112
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B % RKEZE S MIE= 8 A BHERET HmEFy
g 2 R FHEE R 4 3600s 0.99
A2 Jey L=y % b HEBCTT 1] i 300s 0.9
AR R TRIVE TN PR BSR4 5s 0.8
HAE2 CRASMIL A (EE SR 0.1s 0.7

XFEBRFII L A AEZAD G (8] 5 5 N DRFFIRNFRABRFE s AERD AU R) 5 L 9 5
JRENZS A RE s A8 70 Bh JI 18] 5 5 A BEAT SRS BRI s £ /INIRF I T 25 2 A 3R
A7 TR LIS T 3

EIRIERI A JZ S0l 5 A R SR AL AR AR 2 5

(1) AR ST S 15t

FEH-—NEARERL, URBETAREREHEL
def proprioceptive_update() :
# IRECR AT 09 32 2 #h 3

mouse_traj = get_movement_path ()
s HEEFS AR P HENGEE
energy_cost = [ (/Mm#EE 2)dt

# EHEZmA

self.motor_model .update(energy_cost)

(2) PLHEHER M=

AR AL, T — AN AL 5 B AL B RR,  H o 2 AR ST Vs in 3] 22 o
Xrh, JfHZE—MEER R (150ms) J&, Mt X i B — kA7 ik
YL HIER BT A R G S SANTE I EARIEIR, RV R G i
A7 5 S 2% MO AR AT R AR EEL
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1/ BRAX—NEBRLERRLE L
function process_visual_information(obs_buffer, current_frame, dt):
/7 AT R B K K
obs_buffer.append(current_frame)
// TF S FER X Rty T
delay_index = int(0.15 / dt)
/] RAEG W K AR SR R
if len(obs_buffer) >= delay_index:
/7 WG X R FEIR Ja B 3R AT AL 32
processed_obs = obs_buffer[-delay_index]
return processed_obs
else:
/7 R Ew K P&t R, &l
TEH " ZAEFMBLR, BEHATEALE

return null

|

(-

/7w

/] R R X
obs_buffer = []

/7 B EE
current_frame = %f@f@i?'ﬁ

// B FK

dt = 0.01

/7 VR EHK

result = process_visual_information(obs_buffer, current_frame, dt)

if result is not null:

TE " XEFHWEM :*, result

(3) BEMAZAS RIS, LA R RCE oy A TA] F) DL 7 j 2%

X HL DU/ B I RRAN T BE s B & A, T RO S AR OB AT U
iR

P(# 7 =4 | minimap 4 ¥k, sound cue =iz & /& 20)
P (minimap ] ¥& | =4 )x P (sound cue | &%)
P(=4)
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CNN #%#4 (CNN_model)
— Wtk ‘E FRUEPEELES (feature extractor)

FREASRY (environment model )

——— AN A (game frame) —— M AR G A

—Hartt s IERR T A

—BA%: CNN_model.predict()
—— BURIRA N T Ao

—ARFHE A ONN TSR
H s B dERoT#

(recognized_elements)

———— FEAEHEI - BR%L: feature extractorextract features()

AN FOH AT E

bR REGFIEGE OBIK. Bifa. KA. 8%
it FRIER R S3% (feature vectors)

environment_model.get _state()

7o
MRS (current state)
environment_model.update()

FFAE ) 41 3 L A
2B T X DA DVALY
BT JE MR A LR 2

ARRL . BT ERBEARAS AT AN A s 4 R

- Bﬁﬁﬁﬁ—lz SN YRTFRELIRAS (current state)

fr . AT
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i P AR ? - i
| SHRNEEAT
HE (1 20 4~ 5%)
) '
# DRI R); 3T sc2api EBQHER B MR A 75
def decision_tree_attack(enemy_status, self status): AFETTKN?

if self status.army supply > config. ATTACK THRESHOLD:
if enemy status.main base defense < self status.army dps * 1.2:
refurn Attack(enemy status.main_base)
elif self status.mineral income > 800:

return Expand() =

else:
return TrainMoreUnits()
elif enemy_status.tech progress > (.7:
return Harass(enemy expansions)
else:
return UpgradeTech()
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2) WiksfFa:

Q ap: JEFFEL (R4 4R SRE AT RESIT A4

Q ay: BEGHHEZZME (EF5FWHERSHE) .

Q ay: FPEAY AR CPERR 5308 .

3) BUBE T

Q Gprear (s a) + @R FBOCTHFEHES 2L

Q Gprear (s @)« AEFHWIE TR I A <

Q Gprear (S a3) + SFRF MR R R

IR RS- AR, HLEE AN BEREBE S E H B R pLk, RefE

DAL A R A RCR AR AT 55 22 4, KRB T AR e SR ) R e S5 S s, i
7. 19F717R
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exp(z;*z; /)
L...=—log = p( |

cont
Zexp(zf-- z, 1 7)

k=1

N Loone NIRRT LA AR, T EALHLES NI SR ik 2 1B) rh “ Sk e 15
T 5 IR REME ST AR, DU “ARmR T IE S IERE, K
L “IBERBIREFZ” , BRAEK, ACRYLEE A “Taoe /AR5~ 1 X 7k
FEUE, JA I ERINZRBORET s 2 R SR AR IR A B, VRO LA HE A R AT
Rons 2 NIEMEASROERAE, SRz 8T RWERIR” 2Rls 2 o FEA I s
fib, XN “ARRREIR] 7 MTIE S R X E TS, SRR R
HOMAH A A BURAEE , R IR 5 AR AR 70 B BEIR 5
C o, RPOEX I Fia s, Eo G ook, SRR aRE X b
BEARD 5 MAFIRINZRRR SEREA LR, e G Z 5t - AR 5 X
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LA ENLEE NS BSAR RS AE TS HE X 7> “ImnefE 5”7 M “IRRiTiIES”
D ARG -

/1 N 256 MLBAREGTHER (BMEANERBRENSERRE, WEH., ke, BEF)
pain_signal_list = @4 256 MIBABETESHANRI X

) —— A E N E L TR S ———
/] REANREES, £k “RHEXRREGE / BETR” WEEFA (BN EILHRZR)
function data_augmentation_pain(pain_signal):
augmented_signals = []
/) WEL: AEGERE (WEAGSEK, BN “BEFE" )
strong_signal = adjust_intensity(pain_signal, scale_factor=1.2)
4 BRERA 20%

augmented_signals.append(strong_signal)

/) WE2: AMFFEEFE (B EE TR, IRKRFEELZEF)
noisy_signal = add_environment_noise(pain_signal, noise_amplitude=0.1)

augmented_signals.append(noisy_signal)
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/) WEI: REHRBREARE (BUEARBLERERINMELATR)
rotated_signal = rotate_sensor_angle(pain_signal, rotation_angle=30)
# REIOEXE

augmented_signals.append(rotated_signal)

return augmented_signals
¥ J—— HAERBE: MNREEE PRI BIE - mmmmmmmmme e
/! RBBEREFHMAS, RUHBESEERME (WK E, HE/ F£/BEF)
function extract_pain_features(pain_signal) :

/) BWHEAFE: NREBRDBETERER LY (FRARNBES / RAKE)

time_freqg feature = wavelet_transform(pain_signal)

/) GATHEE: HHEENHE. T E. BESE GEAMENEESA)

stats_feature = calculate_statistics(pain_signal)

[/ BESHERRE, PREERERNE
feature_vector = concatenate(time_freq_ feature, stats_feature)
return feature_vector
T} JE——— MU HE: HEREBENCRAEE ——— - mommmo
/! RTRABREERESHK, BAANMEERENHUE (&), RER L2 RKARR)
function similarity(zl, z2, tau):
dot_product = dot(zl, z2) # HMEEMELR (HEELBUE)
return exp(dot_product / tau) # f£EIEHZ “THEBENHENUESRS
/] —=mmmmm e mm e WNhBS: HEEIREHRE —------mmmmmmmm -
/1 R0k AL B A AE TF B
pain_feature_vectors = []
/1 B—%: MPTEREEARMAERE + FERK
for each signal in pain_signal_list:
augmented_signals = data_augmentation_pain(signal) # A& 3 ¥ iE
A (7))
for aug_signal in augmented_signals:
feature = extract_pain_features (aug_signal)

pain_feature_vectors.append(feature)

/) BZE BEEAN CHAT RREAKR, HE K

total_contrastive_loss = 0.0

temperature = 0.1 # BES¥K . AYHMNELHFNREE (¢ | >X9ET, E51
WE)

/] HE: REAEEAR (RIIHEH: 0,2,4- )

for anchor_idx in range (0, len(pain_feature_vectors), 2):

z_anchor = pain_feature_vectors[anchor_idx] # # A4 (EHREREY)

/) EMR: ZHEAEEEN 2 MRE (EN R -ARNTREL)
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positive_idxs = [anchor_idx + 1, anchor_idx + 2]
for pos_idx in positive_idxs:

Z_positive = pain_feature_vectors[pos_idx]

/! HF: EESERRKNHENE (FLEBK)

numerator = similarity(z_anchor, z_positive, temperature)

[/ B WEY xRN BE XA (RAE / )

denominator = 0.0

for feat_idx in range(len(pain_feature_vectors)):
z_k = pain_feature_vectors|[feat_idx]

denominator += similarity (z_anchor, z_k, temperature)

/] MM ELR: -log( A4 F/aF) — BHE “48 - EFR" b “#A8 -
AR EHUNEE
loss = -log(numerator / denominatcr)
total_contrastive_loss += loss
// BHIGRE (EEFEFENH RS )
print (" TLBAFERA A LME: ", total contrastive_loss)

(3) Hrz 358 ook
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.
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class BioInspiredController:
def __init__(self):
#BOR T  EA B
self.plasticity = STDPPlasticity(
tau_plus=20.0, # LTP B 8] % %%
tau_minus=40.0, # LTD B 8% #
a_plus=0.1, # HTGERR
a_minus=0.05 4 7 H &

# R G A B

self.reflex_arc = ReflexArc(
delay=15, # 25 FHER (ms)
gamma_gain=0.7, # oy B H
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renshaw_decay=0.9 # |2 g H FH

def update(self, sensor_data):
# AL EARERE AN (BN R %)

imu_feedback = self.process_imu(sensor_datal'imu']l)

# AT PR AR E
if self.in_critical_period():
self .weights = self.plasticity.apply(
self.weights,
firing_rate=imu_feedback

)

I ERAAMEE

reflex_comp = self.reflex_arc.compute (
desired_torque=sensor_datal['target'],
actual_velocity=imu_feedback|['velocity']

)

4R R A 1A
return self.motor_model (

self.weights @ reflex_ comp

)
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