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Al duasll GISA) ol Aozl @l sal Wpal <2026 ale b

A g Aalil) KN (i el and PyTorche e 4w o 5k 4c&Norse:

Adle 483 3820 dppac S0 BSlawy ey adle uac SlasBrian2:
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TS Lals Gl dpuaal) CHISGAN axi o]

Gubadll A4 )il 443,13
Norse. i aladiuly o da)ls fpuac 4S04 i led
Has Jasw o <)

from norse.torch import LIFCell, LIFParameters
import torch

cagll Aaanl AolAY) Cay ya
params = LIFParameters(tau_mem_inv=torch.tensor(1/0.02))
cell = LIFCell(p=params)

el Al
state = None

43ia ) 39l 100 A Glan 10 :J&)

input_spikes = torch.zeros(100, 1, 10)
1085l & Aavinput_spikes[10, 0, 0] = 1
20«8 4l 4 Lavinput_spikes[20, 0, 1] = 1
30 4l A aasinput_spikes[30, 0, 2] = 1

AE) 3l

output_spikes =]

for t in range(100):

spikes, state = cell(input_spikes|[t], state)
output_spikes.append(spikes)

output_spikes = torch.stack(output_spikes)

s JS 13
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AL 58 3Slas 43y e SpikingJelly 4Sa aadiui

Hlas Jav 3 S

import torch

from spikingjelly.activation_based import neuron, layer

import mujoco

BLSlaall Ay 8 dac L) ) Al Cay yas

model = mujoco.MjModel.from_xml_path(‘'soft_arm.xml')
data = mujoco.MjData(model)
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pSaill A lill dppaal) ALl iy jas

class SoftArmController(torch.nn.Module):

def __init__ (self):

super().__init_ ()

self.lif = neuron.LIFNode()

GlS aae 5 cdlubia self.fc = layer.Linear(10, 5) 10

def forward(self, x):

x = self.lif(x)
x = self.fc(x)
return x

controller = SoftArmController()

alail) dals
for episode in range(1000):

) lava 3ale)
mujoco.mj_resetData(model, data)

anea Lol 4 glae
for step in range(100):
)B)ﬂ\ cé}d\ cu.mm) Slalaall '5;\_)5
sensors = read_sensors(data)

BB
action = controller(sensors)

apply_action(data, action)

) 3 gladl) 3lSlaa
mujoco.mj_step(model, data)

)l LlEi) L ea) sl il
reward = calculate_reward(data)
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if reward > 0:
strengthen_synapses(controller, sensors, action)
else:
weaken_synapses(controller, sensors, action)
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JERENSCIKPN|
import torch

class STDPsynapse:

def __init__ (self):
Sy o)) self.weight = 0.5
il 3 48 self.A_plus = 0.01
a5 self.A_minus = 0.012
A gl a3l ol self.tau_plus = 20

il e ) il self.tau_minus = 20
Ladial) Jid 4081 4 gllf ey Al self.last_pre_time = -1000
Aodiall amy dolal) 4z lhaf cd g Al self.last_post_time = -1000

def pre_spike(self, current_time):
Ay cilla] eluiall 8 44041

dt = current_time - self.last_post_time
if dt > O:

Gadiall J8 aay ludiall 2ay il

54 il
self.weight += self.A_plus * torch.exp(torch.tensor(-dt /
self.tau_plus))
self.last_pre_time = current_time

def post_spike(self, current_time):
day caall) eliial aey 44081

dt = current_time - self.last_pre_time
if dt > O:

Clafal) aay aay i) Jd il

Camiay Sluiall
self.weight -= self.A_minus * torch.exp(torch.tensor(-dt /
self.tau_minus))
self.last_post_time = current_time
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Sl 350 1: {synapse.weight}") asdll as o5 Sprint(f"

355l b il amy B (30 8 8 il S8 £ 22 &y e
synapse.pre_spike(30)

synapse.post_spike(35)

S a3 20 {synapse.weight}") sl s o5 Sprint(f"

558 ) b callal J& 408l (50 < gl & il aey 440810 13 4 il
synapse.post_spike(50)

synapse.pre_spike(55)

=i 3: {synapse.weight}") il a0 Mprint(f
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import torch
import numpy as np

class SwarmRobot:

def _init_ (self, position):

self.position = position

self.velocity = np.array([0.0, 0.0])
self.battery = 100

self.found_heat = False

self.network = SimpleSpikingNetwork(10, 5)

def sense(self, swarm):
distances =[]

for other in swarm:

if other = self:
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dist = np.linalg.norm(self.position - other.position)
distances.append(dist)

while len(distances) < 5:
distances.append(1000)

heat_detected = detect_heat(self.position)
battery level = self.battery / 100

return np.array(distances + [heat_detected, battery level, 0, 0, 0])

def act(self, sensors):

spikes = self.network.forward(sensors)
self.velocity = decode_movement(spikes)
self.position += self.velocity

self.battery -= 1

def communicate(self, swarm):

for other in swarm:

if other 1= self:

dist = np.linalg.norm(self.position - other.position)
if dist < 10:
self.network.exchange_spikes(other.network)

swarm = [SwarmRobot(np.random.rand(2) * 100) for _ in range(5)]

for step in range(1000):

for robot in swarm:

sensors = robot.sense(swarm)
robot.act(sensors)
robot.communicate(swarm)

for robot in swarm:

if robot.battery <= 0:
for other in swarm:

84



if other.battery > 0:

direction = robot.position - other.position
other.velocity = direction / np.linalg.norm(direction)
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import torch
import numpy as np

class EventCamera:

def __init__ (self, width, height):

self.width = width

self.height = height

self.last_frame = np.zeros((height, width))
self.threshold = 30

def capture_events(self, current_frame, timestamp):
events =[]
diff = current_frame - self.last_frame

for y in range(self.height):

for x in range(self.width):

if abs(diff[y, x]) > self.threshold:

polarity = 1 if diffly, x] > 0 else -1
events.append((x, y, polarity, timestamp))
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self.last_frame = current_frame.copy()
return events

class SpikingVisionNetwork:

def __init_ (self, input_size, hidden_size, output_size):
self.input_layer = SpikingLayer(input_size, hidden_size)
self.output_layer = SpikingLayer(hidden_size, output_size)

def process_events(self, events):

spikes = self.encode_events(events)

hidden_spikes = self.input_layer.forward(spikes)
output_spikes = self.output_layer.forward(hidden_spikes)
return output_spikes

def encode_events(self, events):
spikes = torch.zeros(100)

for x, y, polarity, t in events:
index = (y * 10 + x) % 100
spikes[index] = 1

return spikes

camera = EventCamera(10, 10)
network = SpikingVisionNetwork(100, 50, 10)

frame1 = np.random.randint(0, 255, (10, 10))
events1 = camera.capture_events(frame1, 0)

frame2 = frame1.copy()
frame2[5, 5] = 255
events2 = camera.capture_events(frame2, 1000)

output = network.process_events(events2)
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from machine import Pin, ADC, PWM
import time
import math

light_left = ADC(Pin(26))
light_right = ADC(Pin(27))

motor_left = PWM(Pin(0))
motor_right = PWM(Pin(1))
motor_left.freq(1000)
motor_right.freq(1000)

class SimpleSNN:

def __init_ (self):
self.membrane_left = 0.0
self. membrane_right = 0.0
self.threshold = 0.7
self.decay = 0.95
self.weights = {
left_to_left": 0.5,
right_to_left": -0.3,
'left_to_right": -0.3,
'right_to_right": 0.5
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}

def update(self, light_left_val, light_right_val):
spike_left = 1.0 if light_left_val > 500 else 0.0
spike_right = 1.0 if light_right_val > 500 else 0.0

self. membrane_left = (self. membrane_left * self.decay +
spike_left * self.weights['left_to_left'] +
spike_right * self.weights['right_to_left'])

self. membrane_right = (self. membrane_right * self.decay +
spike_left * self.weights['left_to_right'] +
spike_right * self.weights['right_to_right'])

fire_left = 1 if self. membrane_left > self.threshold else 0
fire_right = 1 if self. membrane_right > self.threshold else 0

if fire_left:

self. membrane_left = 0.0
if fire_right:

self. membrane_right = 0.0

return fire_left, fire_right

snn = SimpleSNN()

while True:

light_left val = light_left.read_u16()

light_right_val = light_right.read_u16()

fire_left, fire_right = snn.update(light_left_val, light_right_val)
if fire_left and fire_right:

motor_left.duty _u16(0)
motor_right.duty _u16(0)
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elif fire_left:
motor_left.duty u16(30000)
motor_right.duty _u16(0)

elif fire_right:

motor _left.duty _u16(0)
motor_right.duty u16(30000)
else:

motor_left.duty u16(40000)
motor_right.duty _u16(40000)

time.sleep(0.01)
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import cv2

import numpy as np
import time

from dv import AedatFile
class SaccadicEye:

def __init__ (self):
self.camera = None
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self.servo_position = 90
self.last_events =[]
self.saccade_threshold = 1000

def init_camera(self):
self.camera = AedatFile('events.dat')

def process_events(self, events):
X_coords = events['X']
y_coords = events['y']
timestamps = events['timestamp']

if len(x_coords) > O:
center_x = np.mean(x_coords)
center_y = np.mean(y_coords)

return center_x, center_y
return None, None

def decide_saccade(self, num_events):

if num_events > self.saccade threshold:

import random

self.servo_position += random.choice([-30, -15, 0, 15, 30])
self.servo_position = max(0, min(180, self.servo_position))
return True

return False

def move_servo(self, position):
pass

eye = SaccadicEye()
eye.init_camera()

while True:
events = eye.camera.read()
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if len(events) > 0:
center_x, center_y = eye.process_events(events)

if eye.decide_saccade(len(events)):
eye.move_servo(eye.servo_position)
print(f'Saccade to position {eye.servo_position}")
time.sleep(0.01)
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import network

import socket
import ujson

from machine import Pin, PWM, ADC
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import time
import random

class SwarmRobot:



def __init__ (self, robot_id):
self.id = robot _id
self.position = [0, 0]
self.battery = 100
self.found_heat = False
self.network = None
self.peers =]

self.distance_sensor = ADC(Pin(34))
self.motor_left = PWM(Pin(12))
self.motor_right = PWM(Pin(13))

self.init_wifi()

def init_wifi(self):

self.network = network. WLAN(network.STA_IF)
self.network.active(True)
self.network.connect('SwarmNetwork', 'password’)

while not self.network.isconnected():
time.sleep(1)

self.sock = socket.socket(socket.AF_INET, socket. SOCK_DGRAM)
self.sock.bind(('0.0.0.0', 5000))

def sense(self):

distance = self.distance_sensor.read()
battery = self.battery

heat_detected = random.random() > 0.95

return {

'distance’: distance,
'‘battery': battery,
'heat': heat_detected,
'position": self.position
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}

def communicate(self, data):
message = ujson.dumps({
'id": self.id,

'data": data

})
self.sock.sendto(message.encode(), ('255.255.255.255', 5000))

def receive(self):
self.sock.settimeout(0.1)

try:

while True:

data, addr = self.sock.recvfrom(1024)
message = ujson.loads(data.decode())

if message['id'] != self.id:
self.peers.append(message)
except:

pass

def decide(self, sensor_data, peers_data):
if sensor_data['heat']:

self.found_heat = True

return 'return_base'

if sensor_data['battery'] < 20:
return 'return_base'

for peer in peers_data:
if peer['data']['battery'] < 10:

return 'help_peer’

return 'explore'
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def act(self, decision):

if decision == 'explore":
self.motor_left.duty(500)
self.motor_right.duty(500)
elif decision == "return_base"
self.motor_left.duty(300)
self.motor_right.duty(300)
elif decision == 'help_peer":
self.motor_left.duty(400)
self.motor_right.duty(400)

self.battery -= 1

def run(self):

while True:

sensor_data = self.sense()
self.communicate(sensor_data)

self.receive()

decision = self.decide(sensor_data, self.peers)
self.act(decision)

self.peers =]

time.sleep(1)

robot = SwarmRobot(robot_id=1)
robot.run()
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class RobotRights:

def __init__ (self):
self.pain_threshold = 0.7
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self.pain_history = []
self.max_pain_duration = 10
self.rest_required = True

def experience pain(self, pain_level, duration):
self.pain_history.append({

'level': pain_level,

'duration’: duration,

'timestamp': time.time()

1)

if pain_level > self.pain_threshold:
if duration > self.max_pain_duration:
return 'VIOLATION: Excessive pain duration'

recent_pain = sum([p['level'] * p['duration’]
for p in self.pain_history[-10:]])

if recent_pain > 5.0:

return 'VIOLATION: Accumulated pain’

return 'OK'

def request_rest(self):

if self.rest_required:
return 'REST REQUIRED'
return 'OK’

def generate_report(self):
total_pain = sum([p['level'] for p in self.pain_history])
avg_pain = total_pain / len(self.pain_history) if self.pain_history else 0

return {

'total_pain': total_pain,

‘average_pain': avg_pain,

'violations': len([p for p in self.pain_history
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if p['level'] > self.pain_threshold]),
'status': 'HEALTHY" if avg_pain < 0.5 else 'DISTRESSED'

}

robot = RobotRights()

foriin range(20):

pain_level = random.random()

duration = random.randint(1, 5)

result = robot.experience_pain(pain_level, duration)
if result = "OK":

print(f"VIOLATION DETECTED: {result}")
send_alert(result)
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class SocialLearningRobot:
def __init__(self):
self.experiences =[]
self.social_weights = {}
self.empathy_level = 0.5

def interact(self, human_emotion, context):
self.experiences.append({

'‘emotion": human_emoaotion,

‘context’: context,

"timestamp': time.time()

1)

if human_emotion == 'happy":

self.social_weights[context] = self.social_weights.get(context, 0) +
0.1

elif human_emotion == 'sad"

self.empathy_level += 0.05

self.social_weights[context] = self.social_weights.get(context, 0) -
0.5

return self.decide(context)

def decide(self, context):
weight = self.social_weights.get(context, 0)

if weight > 0.5:

return 'celebrate’
elif weight < -0.5:
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return 'comfort’'
else:
return 'observe'

def dream(self):

for exp in self.experiences[-10:]:
if exp['emotion'] == 'happy":
self.empathy_level += 0.01

elif exp['emotion'] == 'sad".
self.empathy_level += 0.02
robot = SocialLearningRobot()
robot.interact('"happy’, 'birthday')
robot.interact('sad’, 'loss')

robot.interact('happy’', 'success')

decision = robot.decide('birthday")
print(f"Decision: {decision}")

robot.dream()
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inall (e alaty Ggy gy Lty 2SI (e 1 5h 50 B

Lena ol 4 e Liall aedy Y Cigas )l
iy IS 1 LS iy 4] il ay Y g

(alS 3

it ol Al 4aill11.12

Ly 455 o] dal cllia (S

134



flia U5 gl raay e duad
?B);EJ\)S\LL}QJJHM‘;AM
I Ll aas Y a8 ABLY) b2a
2ok o Gaias Al L
sl e Y il e Al Y
folay) sa Lo

?‘;c)j\}%\.n

?E)aj\ EJ\J:}[\ < L

)ﬁiC}‘a}Mid}cﬂJLuAua]f&_\UﬁjJ\

ped IS eliadll g ) sill (bl el 3l caibiaa) ccibiiiual | Sl g3 Al 12030 ale.

Ade Dl it SIS oo SlSlien Gl Al gl Ao 1 ) ASLal) (e ALY B 512,

R e Y ede el (e (33 Gl AN Ay S a3 SISLEN ) &S el ALl e Aol B 53013,
UV A Y e DU G Aadl) Ale ) ) daall e e ldia Y 8,514,

Ay Gl O Je i) e (0l g laY) e iiall g o) () ol g 1Y) e AEN 5 ) S5,
nia Y Bl alel) 8L ) Badal) e rdandedll 3 53016,

Lea s i sl G e sy Aaal sl ) il e sl 55,5017,

135



e Y el b ol sl il el L (sl Sl (e it 5 I,
AR g 3 ) e Y ddile ) g IS A ) Al ) IS e i) 5 A9,
13l 5O b psinall (ol iy 125010,

ok of Gty JVsad) 1 Ala) 2 Y 38 S Vel s &g s )l iy e 1z sidall JVsadl 11,

gl ; yhe L;_]m\<Laﬂ\

Uil ) 52520112,

58 e i Ala (il i el 8 S dios (B Cuds <2026 525 28 a plia
Oanly

_ng;udésu;)l\m@am‘;_ﬂ\w\w@s
ol L JS (e & A Al sl e
A8l (e Lol 5 e 10 i dsac 3303 960,000 assend) s ana Hslaky ¥ Lgelad

i (g sl i e gl anhing ¥ L ki g
dile 7l (A ks

Sl o s o

Al L LA i
Sl YT ae Jaal 5
z)gzﬁdjmé@eﬁ‘m

LS 5 jlan A

TOsn 1 S
iYL Jual

136



Ll S e
Pleie Cualat 13l relelud g gl s
3oLl 8 oSO aaall 6 Gl SO 0 Caaled

Auaie Jiall suall e Sladia ud Jiad) G e
alre a1 Gie Gadd oY) G il

Aalee 3800 BlSa ol 3 SIAN (o Calat

Al aledll Usés Gl aladl) (o Caalas

aih 4 70 Linzael gy alaill 8 35 Ll 3.8 Cacaal LY e (S daall of Caalas

Al (e all12.2
gﬂML@SJ.Ii ui J.Ui u.uj‘)ﬁa.l_.\.ul c:d..)}laj\‘d;)]\ 0da A=y
e Jiadl Jolas oS Uad 130 20855 (o yha ) g el Jidl 5 il slaa ¢ \SAN () Liza il

JERE IR

sl Aalaall 1 SE )
o> O Al Al g GoA (e ) X Aai x A X e oSAI g 4 A8Us + Uil (l (1S3

Al G Ame ) (e 1 AN G A
}mﬂﬁ‘a‘)} el g (A dal lgatal lee _QU}U‘)]\ C.A‘).u‘}[

Lyl liac Y a1 ()
Al 5ol o ol gl ¢ Laall  Slas dcalil) i) el gl 8 o glaall Al 3 i il sladl)
e 1000

.J.ua;ld\ Lﬂ\).ﬁ}“ uu\;“ u»).ﬂ‘
oo N B e aladl el V) 8 B ) S leall U8 G a8l Sy aual)

137



(ot Y el Vg s I ey 513) Al AV Ul Gl o1

a5 SIAN ;abadl a al)

A Y L ol ol 5l (g 8 4 a0 S e pn LA 33 K10 ISk a3 K1
ledle aad ol ) A1uY112.3

Jua¥ e Sl cllay) dlaie culy saie Gud Gllay) Y e da gite LS 5 Al @iy
LAaaldl)

el 5 s )l ey e 1Y) )
Uiy ddd Jsad) K0 IR0 et Y Ly e Y

$Os8s Cigg ll Ja 1 SEN J) )
RN PP A L R OX U SO IRCINPR PP Y JE P S RS PR S R PR

s sl Janl (20 )

Syl 5o La 1l 0 )

alady ¢ SXT

5l Al 1124

oaad Gad el J @l o ol s ) caliag 13
Oy e QUSI A s g ) e (pul QUK 12a
S8 A e

o B e

Al s e
LSAH as e

138



Ll (55 cagdDA (e W 3T pe il g g )
AV A alat Gl Gy i Ladie
BSIAN Aad alati ¢ SN By i Ledic
ccabalaill Ao alais ccalalay Gigyg ) i ladie

AL A Al calily G gy ) i Ledie
LD 5 se0 il 550 ApbaiD 13065 Cansd 55 )
AR )ﬁ\ O B e

Al K
Ad e HiSH

Al

oRY paili2.5

LS G 5S35 580 oF QLS 138 8 oLy (A gy )
oAA d".w QL\L’C\LSj

pla

s

@

Ac ) ¥ lad 153 (S8

139



L cde )3 e oY

Lladl 535211126

ol fole € ad ) aadaivn g Y 53y sle 100 QAlS adin (5 93l 73 gai §SH Lagal il cdlad)

v&ﬁﬁjmchqwh;ew&umuu

M\AY\ u_).ci cZ\L)S\ 538 Az cuy\

ST et LY Jo ST S LY Gl | ST sl

140

-(‘JL’J\ tﬂ - dcus ‘; :.w -
alall 3 olSA1 gladll b (puid £ISA

sa g dbiadl Blaa s sladl g

Aoa Al g 3 oad Auad ) Agll giial ol (s

B3l 5 5 30ad) i BAN s 1aa

REPARREN
gl 3,0

o525 o

csatd L edd e ysdag

3,80 48127



UGS RV I A R+

Al o A e il GlY 1SS
S ) Al o

Al ) Asulall ¢y

Gkl A kil (e

il ) palall (g

Ll caalas a8 (5S35 O

REARIK RP I RSN RSN
LAY (e aal ALY Y

el i (oY) Lllas Ay
Gl sl

G sa Ll 4d je JlS deae ) gSall S|

2026 54528
s «B_)MAS\

Sl

Lalall aal yall :J5Y) Galdl

Sl sl

1. Churchland, P.S. (2011). Braintrust: What Neuroscience Tells Us about
Morality. Princeton University Press.

141



2. Damasio, A. (1994). Descartes' Error: Emotion, Reason, and the Human
Brain. Putnam.

3. Clark, A. (2008). Supersizing the Mind: Embodiment, Action, and
Cognitive Extension. Oxford University Press.

4. Pfeifer, R., et al. (2007). Morphological Computation in Soft Robots. MIT
Press.

5. Maass, W. (2002). Real-Time Computing Without Stable States: A New
Framework for Neural Computation Based on Perturbations. Neural
Computation, 14(11), 2531-2560.

6. Gerstner, W., et al. (1996). Neuronal Dynamics: From Single Neurons to
Networks and Models of Cognition. Cambridge University Press.

7. Bonabeau, E., et al. (1999). Swarm Intelligence: From Natural to Artificial
Systems. Oxford University Press.

8. Merleau-Ponty, M. (1945). Phenomenology of Perception. Gallimard.

9. Hebb, D.O. (1949). The Organization of Behavior: A Neuropsychological
Theory. Wiley.

10. Kandel, E.R. (2006). In Search of Memory: The Emergence of a New
Science of Mind. Norton.

Al Adall Gl ,Y)

1. Davies, M., et al. (2018). Loihi: A Neuromorphic Manycore Processor
with On-Chip Learning. IEEE Micro, 38(1), 82-99.

2. Davies, M., et al. (2021). Loihi 2: A Law of Neuromorphic Computing.
Intel Labs Technical Report.

142



3. Blouw, P., et al. (2019). Benchmarking Keyword Spotting Efficiency on
Neuromorphic Hardware. Proceedings of the 7th Annual Neuro-inspired
Computational Elements Workshop, 1-8.

4. Tavanaei, A., et al. (2019). Deep Learning in Spiking Neural Networks.
Neural Networks, 111, 47-63.

5. Pfeifer, R., et al. (2007). Morphological Computation. Adaptive Behavior,
15(2), 131-135.

6. ljspeert, A.J. (2014). Biorobotics: Using Robots to Emulate and
Investigate Agility. Science, 346(6206), 196-203.

7. Lichtsteiner, P., et al. (2008). A 128x128 120dB 15us Latency
Asynchronous Temporal Contrast Vision Sensor. IEEE Journal of Solid-
State Circuits, 43(2), 566-576.

8. Posner, M.1. (2004). Cognitive Neuroscience of Attention. Guilford Press.

9. Bonabeau, E., et al. (1999). Inspiration for Optimization from Social
Insect Behaviour. Nature, 406, 39-42.

10. Bi, G.Q. (2002). Spatiotemporal Specificity of Synaptic Plasticity:
Cellular Rules and Mechanisms. Biological Cybernetics, 87(5-6), 319-332.
135 8 5 gl el ol

S ot Al e jlaadl o el dasa ccpaile i,

Agalall I Sla | yiall 5 oLl all POl ¢ o gl

(Sl el gl i) dasa o 23S 013

143



4. International Court of Justice (2023). Advisory Opinion on Legal Status
of Artificial Entities.

5. European Parliament (2024). Resolution on Civil Law Rules on Robotics.

6. United Nations (2025). Draft Convention on the Rights of Functional
Entities.

Lyl oY) 2 AN Baldl)
T sl Clisa

1. Norse

: Norwegian University of Science and Technology skl
PyTorchle dcalill duuasll CISEN (u yai g oLl 40iCa 1caia )

. https://github.com/norse/norsek.!

2. Brian2

: ENS Paris_ skl

5l il aniie uae  Slas icia gl
: https://briansimulator.org/Xl )l

3. NEST

: NEST Initiative ) skl

Ladall Sl 8 Ganadie cuac Slae Cia )
. https://www.nest-simulator.org/: )l

4. SpikingJelly

: PKML (Peking University)_ skl

BSladl) Gl & Al il GAJ.‘ s 4K, um)l\

. https://github.com/fangwei123456/spikingjelly::

5. Intel Lava
- Intel Labs_) skl

144



Loihiz »& dss sl Jee ) caall
. https://github.com/lava-nc/lavak: )

¥ 1. Raspberry Pi Pico - 10
¥ 592, Arduino Nano - 15
U¥533. ESP32 -8

(b siall

¥ 521, Raspberry Pi 4 - 60

¥ 532, NVIDIA Jetson Nano - 99

LY 533, Intel Movidius Neural Compute Stick - 70

10 Al

JaraSYI &ilasSl) LY 531, Intel Loihi 2 Research Board - 5000

JizranlSYI &GlaB) LY 502, IBM NorthPole - 10,000

)laal 1,ulS) Y 523, Prophesee EVK4 - 3000

Cilallaaal) 4008 AN 3alall

Adtl) lallaadll

Spiking Neural Networks (SNNs)

tl\g?ayuﬁo‘)s.m Gila glaall Cua c‘éA}S}:\J\ tuﬂ\ 65\;.11:\.\..4:: AlSd Al uaall GIKLE])

Leasi b g il

Neuromorphic Computing
Al (5 gie o oo sl gl g leall ddpls g 9 Ay Slad daw s 1Al A sl

Embodied Cognition

145



flal) s eiose Jolis e laal) 3 A1 Se Bulee Gl ) (5) 55 A B3 sl oY)
Al 5 aall

Morphological Computation
Apball dallaall (e o ja a sl 4dt dual) JSE ) Js8  sede tAan 5168 ) sall A sall

Spike-Timing-Dependent Plasticity (STDP)

G ouanll il 58 iy (A€ Slad alai daa ) )l oa rlianll Gl 6 e sadizall 45 5all)
Ll il 1)

Event-based Vision

vie o iy s gy Sy S Cam e shsal) el (SUat Ay 5 B 1an ) e Al 455

cjmj\é ““... Q}JA

Swarm Intelligence
_Lﬁ)'SJAJSGQ}Jg c@um\ﬁuﬁﬁgwﬁd\ﬁiuﬂ&bﬂ\wM;Sd o—")““&\ <S4

Neuroplasticity
Ao pdll Lladiu) ands slaii sale) ) o ¢ Leall 3,08 tdgasll 455l

Action Potential
Al die agall slad Ladie dpuaall A0a) LeallaS 3 jual 400 jS Ayt 1dadll g

Membrane Potential
EETIOE W B AT R VAN | IVEN I S S e R RRPEN|

iaaldl) clallaaall

Cartesian Dualism

Functionalism
Loy ad 5 el 5y (ol Al OV () J 55 Apiadd 3, jlai Aila )

146



Phenomenology
O LS e ) gl A el A o e 5S35 Rauds iy jal gl

Qualia
) aa¥) Ol Ay psad sa Lo Jia) dae sl &y paill A1) (il sad) oLl <Y

Embodiment
Al O 50 degd (S W Jiadl () J s sefe 1auadll

Emergence
Ay o 5a) Jolif ga Bagon patliad ) peli ALY
‘QA}%\A]\} 4_‘...“@.5'9.“ il H= . “

Jra¥y ) pal
ol el Allie aae 5o AL ) puall Blal) are i dgil sacld

4 gilal) Anad i)
bl gl Jaad g (3 s8al) GluaS) e 3yl

Sl et

B3s0na (38 Al calladly il g Al 5 alaty (LS

(Niyyah)asl
Loy Azl 8 Caglil) (ulal aal JY) 5 auadl)

p Ly aill
A g anall Jolia BlALSA) () in dpgh 3ac
ooedl) 1l )l Galall

Jsmaill 2l 5 ) i 26

147



148

4, 9k phi¥)

5, 10clhay! Y
1 Qdman]) LAY
4, 9auaiall &) oY)

1ol ol

24 gladll alal 3 eall alail
2, 75 SN sl

3ilall BJ}ﬂ\

a

TARRER!

@

4, Qo sl s ) gall A gl
25 JSIA b Ao 5ol

<

7S e e 5l 521



1, 48 )
74l Akl sl

65 <1l
Bsall 3 yuad 3 SIA
Bsaall 4l sk 3 <IN

2

) Blaslil) & 53 0

D
w

STDP 3,6
3, 9alill Lnasll Sl

L}:‘.:

el dpuasll GISA
10k sl il
1040 gilal) duad il

u-a

9l s puall

d

149



150

8 _ll (555 A (sl
Quia i (LAl (sl

104k 5l daull
5, 10ty 4l

3

B sacld
1icilall 5 gl
8eulaay) ¢l jualS

&l

Bl ) el
ngJA..AAS\ J}Sj\

J

Baauasll 45 5all)
3, 6lian!l cud o8 e sadizall 45 galll

O leall juiall
231 siall dallaal
3l Jiall dallall

11 dsiall
1, 25220 Aol



1, 124l
7 Jaill
Bicalil) dpeaall S

6.351_.1‘3.3 (UK.

105S8hall (g3l

A Kl S 5 gia rpaall galal)

ol (8 8a

© 2026 s\ )l 4d e JWS dana )5Sl i Ads ine (35l aren

Loy Al o A g i) oy o) JSG (s QLS 138 (e o gl 85 sl cqasi sl g oma Y
DALY e B (AUS (53) (5 eila slaa gl il 5 0 5a0 Al g 5l (Jamnil) ¢ gl Iy
il

(CC BY-NC-ND 4.0) 15 4.0 FEE2Y e - 5 jlad st - Ciiadl) cand

Lt 1

alaainy) e Calgall anl S8 Cany rChiiaall o
ol aladiud) Jsm Vi lad e

aside Jleel olii) ol Jasll Jaaad 3sa0 ¥ SEAY) aia

151



Gluliy)

o iy el gl ¢ canalSYI Can ) Aol Aaa) pall (al 2 Y CESH 138 (e LBV sa
zeal s dSi Haadll 831,

a5l LY 8 AIS 500 Hslad pae 2,

L dsriiall salall Calgall iy s 548, jhay (WlBY) aladinl aae 3,

L jaadll o) &Y

GitHub: e Ulae dalie sl 13 i3 ) oS3l 4y jaiaall o) &Y
https://github.com/silicon-pulse/neuromorphic-robotics

MIT Open Source License.ias ) cialidias

A kel cladtal)

Lelaa el o sl 13 5 Sl 2 jlail) coledtall 5 4 jlail) slawsd) aran

Al ) 12l e Y s S3

A gpmall 208

i Afiny 5 el al e Y dedie QUK 12 52 ) 5l e slel)

3 5SYI gl il slrall aladiind (e dadls )il 5 g A ge ol (Dlaady Vil 5 Cal sl
3583l

alall aa

DOI: 10.5281/zenodo.20975312

jle (ssing g el 1

152



QUK (ye ALK Aad 1) AA)
kil 4y jaadl o) <Y

A gladll aliall 23 48

5 yatuall sl

3agi el 4 5ilE 5 Al cilud yal)
AL e LaiaY 5 dandill ilay)

Juaiy!

€Y @l Hldia
prof.mohamed.elrahawi@university.edu

=308 ) <l jladnd
legal@siliconpulse.org

sl A4S Ll
research@siliconpulse.org

aleal) o Ll il 1 ualid) L)
Tl (5 giuall

Gyl ) ya pall,
¥ 52 50 Adlkil)
cilela 3 cd gl

Ol bl el 5 S bl 14 sladll & leal)
Jhll ge Gy g s pall (e Qg Qg Al

D) Galaali2,

DY 50 30 Aakal)

el 2 il

i I a4y slhall <l leall
b dpnac Cliad (ulus rdall

153



Ll i3,

Y 52 40 Al

iela D i)

5 Y1 ol il )
R Ay 303 48 oSy oy ngil

Jais giall (g gl

i s G a4,
¥ 52 200 sl

clelu B 1))

Lpaall A ¢ pall dallas 14 slhaall &l jlgall
Calaal | 50alSy 35S aiily gy Aail)

fac il g )15,

Y52 150 Al

cilelu 5 - )
il (e plafh dacli g )) 1Al

sanll A6,

O¥52100 :Aassl)

cilela 4 cd )

Tosanl) SN clulaal) 4 slaall ¢ jleal)
oealll die dpae Giliay Al g als Al

a3l (5 sieall
calalaiall o yll7,
Y52 500 Adlkal

dele 12 il
23 siall el ¢ S Jai¥) cdppanl) Sl 2y slladl) <l jlall

154



Al 5 () slatii a5y 5 sl

Alidll 505 18,

Y52 300 Al

Clely 8 red gl

alzill Gl ) ) s& Baall Apnanl) GISLEL 14, dladll & gl
AV (e play g g Al

de jsall 5 SIANQ,
Y52 250 skl

Cilelu 7 1 )

uanll 5 K1 STDP« i slladl ¢l el
Gupal (e alaty 33 allad Aail)

paill = yia e ) Jgan bl (3alall

Gl 241 & snl)
1-3 suadll 5¢) 48
L) asaliall agd

Tone ) &l oY) i

i) a liiall 14-3 & sl
L) (loal) oy
ol &yl el

Gendll 18-5 ¢ sl

4-BJ seaill 3¢ 8

Lalill Lypanl) ALY agd
Laiall Gl oY) agd

8SIAl 5 V) agd

o il a )il 112-9 £ sl
ey Al Cpall el

155



ol Aall oLy

aiall Gexill 116-13 & sV
7-10J sl 3¢ )8

A puall Sl 55,11 agd

Lpranl) CLENAY) agd

aaiiall ay jliiall :20-17 & sal!
Calalxiall oyl ¢l

alliall ¢ g g5l el

A jsall 3 SIAN ol

QAT :24-21 & sud)
112120 seail) 3513

Gl aalina A4S L)
oalall dle 5 yia s

ailgall Al

Aglay 13 Al el U s
Al 4y

RPTEEIEE
A jeac Al

o sl SIS jac

oo 038 Ji e VY 4 ma i Y e
LllS pand o el gl 4 piai ¥ jac

156

oY) lag ds )



G sa Ll b je JlS e gSall M)
2026 545228

_E\:\AJ\ ‘f <184l _E.AAM @ U“-‘S SN

C“‘J—‘i Y “—‘-‘-‘i osaldlg
e alall ol
) - ! ..S\ M})}\

Gl g bl

157



