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class DynamicDemandClustering:
N O™ M
/|- =g o
A Z2EY

def __init__(self):
#DBSCAN Itct0IH s& =&
self.eps_spatial = adaptive_eps_spatial() # =2t

self.eps_temporal = adaptive_eps_temporal() # Al
self.min_samples =3 # £ 4 S AH 3|

def cluster_demands(self, demand_requests):
o HEH M4
features = extract_spatiotemporal_features(demand_requests)

#1.AS2H S
#2. 8 2HAHEY =
clusters = dbscan_clustering(features, self.eps_spatial,
self.eps_temporal, self.min_samples)

#3.24dAH SE EIHEL £ 8
cluster_quality = evaluate_clusters(clusters)

if cluster_quality < threshold:

self.adjust_parameters()
clusters = self.cluster_demands(demand_requests)

return clusters
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e
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Hungarian Algorithm
2P

|J(-| []H
— 212l HI2: euclidean_distance x distance_weight

b

F—uis
F— Al2} Bl 2: waiting_time x time_weight
— Ol Xl BIE: energy_consumption x energy_weight

| L— AMHIA HIS: service_quality x quality_weight
A & 3122

— miot =2 %2l
| —xe ez e (s
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2t 0124 45% (JIE S Al CHHI)
2: 0fl A CHH| 88% (2 H: 90% 01 1)
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272ABHAE TSR3 &M &

HAE EH SHE

ABHIAE A& d:

—as a2

| F— Xeie 28 (Geographical Split)

| | F— 28 A: Square (1,1)~(7,14) - 9871 Square

| | F— 2& B:Square (8,1)~(14,14) - 9871 Square

| | F—2H &0 24508 NG H4SEHE 24

| | LN sS4 28 FH/AYDS N HE S

| — A2t 28 (Temporal Split)

| | F—2EA 2% A2 (1,357.9,11,13,15,17,19,21,23A])
| | F— 2% B: %% A2+ (0,24,6,8,10,12,14,16,18,20,22A1)
| | 224 D2t 8¢ nx ad

| | L—S<golHE M =M, S5 |2t
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| L—Xa &0l 49 29 - 5t9 2

L— Xt 22
F—== Xe 29 8& 220 12 GPU B2
F— 2429 2:55Y sts zH A=
— 26t 24 0l2f bl 2t 8t &l 24
L—0olUXl S8:5ts A2 2 X3 (HE Al

3. AIAE & O8N X &b Al & A

1GtERO 12t &b Al &

311 =52 M2l AlAE (Central Processing System)

GPU S2iAH 74

GPU ZciAH AFY

— 50l ¢l = GPU (NVIDIA H100)

| — 26404 (8I1 ABi x 84 GPU)

| F—0iI22l: GPUY 80GB HBM3 (5 5.12TB)
| b— & 4s:GPUY 67 TFLOPS FP16

| — ©EI3{9 E: NVLink 4.0 (900GB/s)

| L—SZ: R 2e s =2

F— OIS &2l Xl GPU (NVIDIA A100)

| F— #=&: 12801 (1601 M x 81 GPU)

| F—OiI22l: GPUZ 40GB HBM2 (5 5.12TB)
| F—9ol&t 45: GPUY 312 TFLOPS FP16

| F— 28131 E: NVLink 3.0 (600GB/s)

| L Sc-AA2=2 9 =2t A0 88

= =

— 2 Xl GPU (NVIDIA RTX 4090)
| — #=&F:25601 (2 Square™ 17 + 05l 607H)
| —oil22l: GPUY 24GB GDDR6X
| — o4 845: GPUY 83 TFLOPS FP16
| F—a%: Xog Az xel
| L—UHiXI: 2t Square 22| HIE
L— 4 ERA
— InfiniBand HDR: 200Gbps, Xl & Al 2} 0.6ps
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— Ethernet 100GbE: 22| ¥ M= G0l E
A 2| Xl: Mellanox SN4600 (64 % & 400GbE)
L £EZ2X|: Fattree 2 X, 2 & E A

o2 & XM

02

X 7

22 HS =
F— AIAE B 22] (RAM)
| F— &%&: ANt 2TB DDR5-5600 (5 96TB)
| F— F4:32GB x 64 DIMM per server
| F— O =: A8 700GB/s
| L—ECC:2% ¥ JIsZ®
F— 2= 3 Al (NVMe SSD)
: N & 30TB (& 720TB)
: 1TB NVMe x 30l per server
2171 7GBI/s, 27| 6GB/s
OPS: 1002t IOPS
24 0olgAa, 24 M3
b T & A (HDD)
: ANHHE 200TB (= 4.8PB)

SO
ofy

0x

FTLTT

010

H
Hl

olE
—_ —

_|_
:|(_1=
0f0
o

40

: =Xt 8171 260MB/s

&: MTBF 2.5M Al 2t

: Ot2t01 2 OIOIE, 84

£l X

— Ceph 221 AH: =X &I& 3
|—Erasure Coding: 8+4 14 (B2t 82 4)
TS 27 LS DAl IS A
'—ﬁl%@ SHE/ZE U0 22l

N

0

[ TTTT

o = ox
> N ® oor ox oy

=
I_T'__

rz

3128 FFE UERAD

SquareZ %X =& 74

Q

MK == AFY (19600 = E):

—st=si0 24

: 20TB Enterprise HDD x 1074 per server



| |— CPU: AMD EPYC 7543 (32201, 2.8GHz)

| |— GPU: NVIDIA RTX 4090 (24GB VRAM)

| F— 0i22l: 256GB DDR4-3200 ECC

| — M= 4TB NVMe SSD + 20TB HDD

| L— UIES3: 10GbE x 2 (0| S 3t)

—szmegof Ag

| |— 0S: Ubuntu 22.04 LTS Server

| |— 21E10I4: Docker + Kubernetes

| F— Al =& 3: PyTorch, TensorRT

| — 2LIEIE: Prometheus, Grafana

| L— 2 1: ELK Stack (Elasticsearch, Logstash, Kibana)

|_ s o A&t

| — 22 GloIE X2l dA HolE &2

| F—&AI2E=2:213 AAZE (3X 0IUH)

| — oA U= ABE= 22 2 o= 2D

| =0 =75 AAY 012 A

| L—CIOIE 8 SYC2 MSE HOIH 2

L —ds5s 7 A
F— XIStAIZE: B2 1ms (5 AIAE 10ms)
— ®2l2: 10,000 L /%
|— E4H:99.95% (A2 4.38A12F CH2)
L— S Al ©12:5,00004 CIbHHOIA

HWESRZ lZet X

HUERIA EZ=2XI:

— 2= HIE< 3 (Core Network)

| |— JI=: 400GbE Ethernet + InfiniBand HDR
| F—EZ2X: 015 A6 X (HZEA)

| |— 2FSE: Cisco 8000 Al2I = (400G T E)

| F— U= =: = 8Tbps (L&)

| L—XISHAIREEZ 0.1ms

F— 24 WE S 3 (Distribution Network)

| F—2J1%:100GbE Ethernet

| — 74:2 221 AE(4x4 Square)E A (X
| — ASI%I: 48 E 100GbE + 8% E 400GbE uplink
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F—O0IZ5h 2t X = C 204 22 12

=
L QoS: EZjL 2@2829H o= - X}

Tl =2 -/ "

E ¥ 3 (Access Network)

=245 20 wE w0

L 20 WPA3, 802.1X 2!

— J1=: 10GbE Ethernet (% Xl = E)
|— Jl=: 1GbE/Wi-Fi 6E (loT ClHt0l &)
F— 31l XI: 2 Square Wi 2 & 34 H

L XM= 4 EY 3 (Dedicated Networks)
— 22l W E<S 3: Out-of-band 22| S
F—AECIX HERT: 24 ALK ES
F— e HIESIT: GI0IE e L =X
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L— Triton Inference Server: IE{ T2
|—E% UAME e BY & =2

=
F— S= iRl XIetAIZE 2 =31

— PyTorch Distributed: UI0IEI 2 &4t &t &

| |— Data Parallel: GIOIE & & X2

| — Model Parallel: 22 &2 X2l

| |— Pipeline Parallel: It 0| = 20! & Xl
| L—FSDP: &® AL GIOIEH B2

|— Horovod: C+ = Z a3 XI&

— Hierarchical AllReduce: HZ X S 4l
— Compression: Z12HCIHE &=
L— Fusion: 41 88 2 & 3}

F=N=] -/

|

|

|

|

|—DeepSpeed Wr2 22 ss
x

|—Off|oad CPU/NVMe 22| &
— Mixed Precision: 28 &4
L— 1-bit Addam: S4I 58 %/ X3}
L— FairScale: 22 &4 &

— ShardedDataParallel: AtE! CIOIE & &
— FullyShardedDataParallel: & & A&l
— OffloadModel: 22 @ T2 ¢

L— Checkpothrapper el E8= M3

<
=
@)
o]
®
Uhtl

<
o
(o8
D
(2]

0

e
=
N
04
Mo
T
H

— Kubeflow: B UIEIA D18 ML
— Pipelines: ML TIH0l Z 201 @ 3| A
— Training: 24 8t &gy 2+2)
— Serving: 2& A&l 22|
L— Notebooks: FILIE =E= MHIA

— Ring AllReduce: E 2= J2iCIHE Sl

=
B
I
i
x
T
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L— HI0IE OOl = 2tol

F— Airflow: I EZ222 AHEZ
—DAG: &4 Hlz=8 e J O
F— 22022 22 J18t AHNEEY
F— 2UE: = A
L— &) Mel: WAl &

L— Weights & Biases: &/ & =& & A|2t5}
F—ad& 22 HE, StolHI2t0IE =X
F—AlZsh tHAIEE & 2l ZE

o

— Apache Kafka: & Al2F CIOIEH AE2|Y
| —Em s aNg, 1o e 2o
| F—DEIHY: 25 a2 gE o

| —=H:30 2HE SX (HZeA)

| L—SZ= 722 GO0IE 2= 33

T T o=

— Apache Spark: T2 i Xl X 2l

| |— Structured Streaming: AE & X2l

| |—ML|ib: Oialeld cetolEe el

| F— GraphX: J2i = X2l

| L— Delta Lake: ACID E&i 2 & X &

— Apache Flink: M XI ¢ AE & el

| F— Event Time: OI#I E A2} DIt X2l

| |— Checkpointing: Z0i = HIHLIS

| |— State Management: &€l 22|

| L— Exactly-Once: ¥ &t5| & & M2l 2&

L— Feature Store
— Feast: S& MZ A 2e|
F—2ctol MY AR ES JHIB
— omotol MR A X B8 S4

J

-

3.22 00|22 MHIA O EN X

MHIA 2o & &

ool 2 MHlA 24
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—&al AL I A
— =2 0= AMHlA (Demand Prediction Service)
| F—2:0S £2 SI/SI/EI S
| F—API:REST + gRPC
| —GIOIEIHI 0l 2: InfluxDB (Al &)
| F—9HAl: Redis (01 = Z1t)
| —OIlAIE: Kafka (& AI2F 2 CI0IE)
| L— A2 HPA (Horizontal Pod Autoscaler)
F— Z 2 #2183l Al (Route Optimization Service)
| F—2:oig/08 == 32 A
| — API: GraphQL + WebSocket
| F— GIOIEIHIOlA: Neodj (D2 )
| — M Al: Hazelcast (2 &F 31 Al)
| F— OilAIE: RabbitMQ (2 )
| L—oDe|s: OUAERL AL S 202 S

= , TTE =2 L2

| F— 2 0S¢ =X gix L iR

| F— API: REST + SSE (Server-Sent Events)

| |— CIOIE HI0I A: PostgreSQL + PostGIS

| F— 31 Al: Memcached (21Xl & 2)

| F— 7: Apache Pulsar (HIAIXl =X 2 &)

| L x=3: 848 HEY, SelAE

L— A= %X 35} AHIA (Policy Optimization Service)
F— 2o AAt S 3 X F
— API: REST + WebHook
— Cil Ol E4 Bl 01 A: MongoDB (& 2 7))
— 7= X Drools (HI ZLIA 7 &)
— A Ec2lY: Kafka Streams
L 2 5t8t&: Ray RLIib

—GIOIEl el MblA
— 4 Al GIOIE MHIA (Sensor Data Service)

F— 2 loT dlA GIOIH =& ¥ Hxel

— Z 2 £2: MQTT, CoAP, HTTP

— Ol AIXI 2 2 3H: Eclipse Mosquitto

— GIOIEIHI 0l A: InfluxDB (D& S Al H &)

— A E2& HMel: Apache Kafka + Kafka Streams

L— Gi0IE &&: Apache Griffin

|
|
|
|
|
|
|
|
|
|
|
|
|
|
| — Xt BIXI AHIA (Resource Allocation Service)
|
|
|
|
|
|
|
|
|
|
|
|
|
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— AFS X GI0IE M BIA (User Data Service)
| — 2L A Z20Y L A5 242
| —API: REST + OpenAPI 3.0
| F— GIOIEIHIOIA: PostgreSQL (ACID E 2t X &)
| |— 9HAl: Redis Cluster (£ & I Al)
| — 20+ OAuth 2.0 + JIWT
| L—GDPRZE#:JOIXE &S5 L AHl A2
F— <X CI0IE AHlA (Location Data Service)
| el MAI T R Y N QEA
| |— API: WebSocket + Socket.lO
| — GIOIEIHIOl A: MongoDB + X2l 32+ Q1S A
| — 2E2IY: Apache Pulsar (X XI 1)
| — XI= AHIA: OpenStreetMap + Mapbox
| L—Z2toltiAl: ®IXI GIOIE 2935t
L— 0|#IE CI0IEl AMHIA (Event Data Service)
F— 2 SAIOIHIE 2X L 28
— IH &l: Event Sourcing + CQRS
— OI#I € X & 4 : Apache Kafka + KsqIDB
— 2l M&: Elasticsearch
— &l Al 2} X{2l: Apache Storm
L o+2l: Apache Kafka + Push AlH| 2
F— SIEIHIOl A MHIA
— API X0l ESII0I (API Gateway)
| — 21=: Kong + nginx
| F— 9Z:0Auth 2.0, API Key, JWT
| — ® & RBAC (Role-Based Access Control)
| —dO0IE 2I0IE: AFZXIE, IPE RIS
|
|
|

F—=2Cc w@aia: 2tec 281, JFEX J|et
— 2 UIE &!: Prometheus + Grafana
L 22: 2X35= 271 (JSON)

— 2 HrY API A HI 2 (Mobile API Service)
— e 202 & M= API 2
— JI=: Node js + Express.js
— &l AI2F S 41: Socket.10
— = Al 2 &: Firebase Cloud Messaging
F—eZciol X&: 22 MAl + SI|3t
L— 45 2/ =3 CDN + 0l01 X &=
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NENRN

F

| IR DN
to HU Nx 08
o
x
&=

RN

— =

— Z2E = React.js + TypeScript
— AHEH 2t2l: Redux + RTK Query
— Ul 2t01 221 2I: Material-Ul

— XI &: Mapbox GL JS

— X E: D3.js + Recharts

L— PWA: MHIA RAH + Al B et

L— A2 = A HIA (Dashboard Service)

[0

MY 2el ki 2 2N HAIEE

C: Python + FastAPI

E Al =: Vue.js + Vuetify

2 200l &: WebSocket + SSE
Al 2 2t: Apache Superset

=N

Slack + Email S &

[H JE
2 0

=

2oy @
0 o g o
Z g
<
>
A
(0]
<
Q
o
Q
53
»
wn
9

02 >
)

SgstE 28 2

& o

: HashiCorp Consul + Vault
|:Git J|gt &8 B & 2t

A > 09

T
B
ru

e JA

z
2
J
02
ol
fol

ey

=

x
20
g £
X

=)

1@

A (Logging Service)

I Fluentd + Fluent Bit

: Elasticsearch Cluster

t: Kibana + HAE HAIEE

: ElastAlert (Ol & THES 2F K1)

Z£:90¢ (3 HIOIE&) 248 (& Oold)
=: 21 &= & 03t01 Y

LIHE MHlA (Monitoring Service)

=& Prometheus + Node Exporter
0o

I

HL ne = = 4>
F H I]E N Oﬁ
tol

I

=
Im
v

x
=

| Al Istio Service Mesh
& Jaeger Tracing
ot: Grafana+ HAE HAIEE

: AlertManager + PagerDuty

=
N

o
o

2l Ml (Configuration Management Service)
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| L—SLAZLIEHE: Uptime & 85 XIE

L il 9 =1 A H| A (Backup & Recovery Service)
— GOl Ef 24 2i: Velero (Kubernetes 24 &
— CIOIE 8l 01 A 84 ¢f: pgBackRest, MongoDB Ops Manager
— @BRE AE2|X: MinlO (S3 & &)
F—oie =019 =82
F— X< 2t sx1: 03
F—=3HAE 822
L— RTO/RPO: 1Al 2+ U

, =2t & A

s 39
- Al=d0l&
=£+,152 UI0IH &4 &1 &8

3.23 2HI0IH LHAAEHOIE
Kubernetes 22 A& & H

Kubernetes Ot &l X :
F— 228 24

| — OtAE == (Control Plane)
| ] 2230 (2ItE4)

| | |— AF: 16 vCPU, 64GB RAM, 500GB SSD
| | —=48 22

| | | F— kube-apiserver: APl At (X E 6443)
| | | F—etcd: 2HAE MEH HE (E 2379-2380)
| | | F— kube-scheduler: & AHZE

| | | F— kube-controller-manager: 2 E=Zef 22|

| | | Y— cloud-controller-manager: 2ctE ™
| | L—2C5 ®WalN: HAProxy (OtAE =E 2t 2
| —23 k= (Worker Nodes)

| —GPU S (AIML K2 2E)

| | —=&: 2400

| | I— At 32 vCPU, 256GB RAM, 2TB NVMe, GPU 84
| | F— GPU EF: NVIDIA A100/H100

| | — NVIDIA Device Plugin: GPU 2| & A 22

| | L— Taints: ai-workload=true:NoSchedule

] oo
I
I
I

LE (M8 YIRE)
25 480H

1 2f: 16 VCPU, 128GB RAM, 1TB NVMe
ST API A, CIOIEAHI 01 A, SH Al

[
A
e
A



Ak

—

oin
HT

| e 90 =2
| L—aX iE(Il‘E%‘ x2l)
|  — 221962 (2 SquareE 17H)
| — Ab2F: 8 vCPU, 32GB RAM, 500GB NVMe
| ExJls: NFE AL 2a Ml
| '—ulé%azmz'% WEKD Xt £ A3
L_HE3 &3
— CNI: Calico (W EH 3 = X&)
F—IP & %I:10.244.0.0/16 (I} =), 10.96.0.0/12 (M HI 2)
— DNS: CoreDNS (M HIA CIAHAH2I)
|— Ingress: NGINX Ingress Controller
L— Service Mesh: Istio (00| A2 M HI A S 4l)
F—ulgAmolA &3
— ai-services: AI/ML 281 At A
| F— 222 FE: CPU 10002 01, Memory 4TB, GPU 64 i
| F—UE3 ™ GPU =S0IA 2 &3
| L— &< PriorityClass HIGH
— data-services: GIOIEf X2l AMHIA
| F—c2l&2 FE: CPU 5002 0f, Memory 2TB
| F— 2 E2IXI: 10TB persistent volume

|

|

|

|

|

|

|

| | L—94ed: Velero 2 ey

| |— api-services: API & & AHlA

| | F—z2l&2 RE: CPU 200201, Memory 800GB
| | F— 23L& HPA (CPU 70%, Memory 80% J| &)
| | L—UET: AL EHE SIE

| — monitoring: 2LIEHE L 22

| | F—2la2 AE: CPU10020{, Memory 400GB
|| BE XM M E2 902, 27 302

| | L—28:2E UYAHOA 2LIHE
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#OAADZ: HAAIZFOOIH =8 Z2 M A

class RealTimeDataCollector:
def collect_demand_data(self, timestamp="08:00:00"):
llllll/é| Al a'_ DL% _J'\_JQL E_” Ol E_I _+_I‘:’| nmun

#1. ALEN & OIOIH =&
user_requests = {
'total_requests': 100,
'request_distribution": {
'urgent: 10, #2A=&X, =2 3
'normal: 70, #ZB=2
flexible: 20  # 2t&, O Ot
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|3
'pickup_locations": self.get_pickup_heatmap(),
'destination_clusters': self.get_destination_clusters(),

'time_windows": self.extract_time_constraints()

#2. A2t WS &E =F
traffic_status ={
'vehicle_availability": {
'bicycles': {'available': 28500, 'in_use": 1500},
'‘autonomous_cars': {"available': 1350, 'in_use': 150},
'delivery_robots'": {'active': 26900, 'standby': 0}
2
'infrastructure_status': {
‘'underground_tunnels": 'normal’,
'surface_tunnels': 'normal’,
'charging_stations": 'station_3_4 reduced',
'bike_stations": 'mostly_available'

2

‘congestion_levels': self.get_realtime_congestion()

#3.2& 4ol =&
environmental_data = {
'‘weather": {
'temperature': 22, 'humidity": 65,
'wind_speed": 12, 'precipitation”: 0
2
'air_quality': 'good’,
'visibility': 15000, # meters

'road_conditions": 'dry’

return {
'users': user_requests,
'traffic': traffic_status,

‘environment': environmental_data,
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'timestamp': timestamp

def preprocess_data(self, raw_data):
llllll_¢_ Q %I E_H Ol E_I x|__| i_l a| nnn
#8st & E&

qd =<
o T

[IA]

processed = {

'‘demand_vector': self.normalize_demand(raw_data['users"),

'supply_vector': self.normalize_supply(raw_data['traffic']),

A 2: =2 UHE L

'context_vector': self.encode_context(raw_data['environment']),
return processed
cll

=

'spatiotemporal_features': self.extract_st features(raw_data)

class DemandPredictionModel:

nnn EI’% /\| a E‘I _‘|:_ #9 01' éllllll

predictions = {}

for horizon in prediction_horizons:
HAZLHEYE 2 HE

def predict_demand(self, current_data, prediction_horizons=[5, 15, 30, 60]):
if horizon <= 10:

elif horizon <= 30:

else:

model = self.ultra_short_model # LSTM + Attention
model = self.short_model

model = self.medium_model
#oO=ad

# Transformer

# GNN + Temporal Conv
pred_result = model.predict(
input_data=current_data,
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horizon_minutes=horizon,

confidence_level=0.95

predictions[f"{horizon}min"] = {
'demand_by square': pred_result['spatial_demand'],
'total_demand": pred_result['total_demand'],
'peak_locations': pred_result['hotspots'],
'confidence_intervals': pred_result['uncertainty'],

'contributing_factors': pred_result['explanations']

return predictions

def detect_anomalies(self, predictions, historical_data):
"Illl__'A_ 9 O| /C\>|. HH EI_.l jc'|. Il nnn

anomalies =[]

#SH A Ol &KX 2K

for square_id in range(1, 197):
current_demand = predictions['5min']['demand_by_square'|[square_id]
historical_mean = historical_data[square_id]['mean’]

historical_std = historical data[square_id]['std']
z_score = (current_demand - historical_mean) / historical_std

if abs(z_score) > 3: # 3-sigma 17 &
anomalies.append({
'square_id'": square_id,
'anomaly_type': 'statistical_outlier’,
'severity": min(abs(z_score) / 3, 5),
'predicted_demand': current_demand,

'historical_average": historical_mean
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pattern_anomalies = self.detect_pattern_anomalies(predictions)

anomalies.extend(pattern_anomalies)

return anomalies

class MultiModalOptimizer:
def __init_ (self):
self.transportation_modes = {
'‘walking'": {'speed'": 5, 'capacity': 1, 'cost": 0, 'weather_factor": 0.8},
'bicycle": {'speed": 15, 'capacity": 1, 'cost": 1, 'weather_factor': 0.6},
'e_bicycle": {'speed'": 20, 'capacity": 1, 'cost": 2, 'weather_factor': 0.7},
'cargo_bike'": {'speed": 12, 'capacity": 30, 'cost’: 3, 'weather_factor': 0.5},
'‘autonomous_car': {'speed": 45, 'capacity': 4, 'cost": 10, 'weather_factor': 1.0},

'shared_van'": {'speed": 40, 'capacity": 8, 'cost": 6, 'weather_factor": 1.0}

def optimize_allocation(self, user_requests, available_resources):
llllllA}%Il_téﬂ il E' DL%#E} g%},llllll
#1AEXNE M A HESHA MY

constraint_matrix = self.build_constraint_matrix(user_requests)

#2. HE HESH A A4t

cost_matrix = self.calculate_cost_matrix(
users=user_requests,
resources=available_resources,
time_factor=1.2, # &2 A2 )} =X

weather_factor=0.9 # Z2 M 28

#3.0=& x| &g &
optimization_result = self.multi_objective_assignment(

cost_matrix=cost_matrix,
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constraints=constraint_matrix,
objectives={
'minimize_time": 0.4,
'minimize_cost": 0.2,
'maximize_satisfaction': 0.3,

'minimize_environmental_impact': 0.1

return optimization_result

def build_constraint_matrix(self, user_requests):

"AIES S M 2A HEHA L™
constraints = {}

for user_id, user_info in user_requests.items():
user_constraints = {
'physical_limitations'": self.check_physical_constraints(user_info),
'time_constraints": self.extract_time_windows(user_info),
'cargo_requirements'": self.check_cargo_needs(user_info),
'weather_sensitivity": self.assess_weather_impact(user_info),
'accessibility_needs'": self.check_accessibility(user_info),

'group_requirements": self.identify_group_travel(user_info)

#HO ZAS HIOIL2 HEHAZ Bia

— = —

constraints[user_id] = self.encode_constraints(user_constraints)

return constraints

def calculate_cost_matrix(self, users, resources, time_factor, weather_factor):
llllllE}i}% Ij| g DHEQ& ﬁ|&"l"l

cost_matrix = np.zeros((len(users), len(self.transportation_modes)))

for i, (user_id, user_info) in enumerate(users.items()):



for j, (mode, mode_info) in enumerate(self.transportation_modes.items()):

#Jl= O0l= BIE H A

distance = self.calculate_distance(
user_info['origin'], user_info['destination’]

)

travel_time = distance / mode_info['speed']

base_cost = travel_time * mode_info['cost’]

#IiclstHlE 28

preference_factor = user_info.get('mode_preferences', {}).get(mode, 1.0)

weather_adjusted_cost = base_cost * mode_info['weather_factor'] *
weather_factor

time_adjusted_cost = weather_adjusted_cost * time_factor

personalized cost = time_adjusted_cost * preference_factor

#AAE M EHSHE ?I6H R HIS
congestion_factor = self.get_congestion_factor(user_info['route'], mode)

environmental_cost = self.calculate_environmental_cost(mode, distance)

# XS HlE A

total_cost = (

personalized_cost * 0.6 + #OoHel Bl =
congestion_factor * 0.3 + #ALEHE
environmental_cost * 0.1 #EZ HE

cost_matrix]i, j] = total_cost

return cost_matrix

A 4: 2 AIZ2E XHE HH X

class ResourceAllocationEngine:
def allocate_resources(self, assignments, current_resources):

" SHE B ZD0 MHE A K KR YR
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allocation_plan = {
'bicycle_dispatches': [],
'vehicle_dispatches'": [],
'route_reservations'": [],

'infrastructure_adjustments’: []

#1. Xk& 1 BRI = & st

bicycle_allocation = self.optimize_bicycle_allocation(
assignments=assignments,
available_bikes=current_resources['bicycles']

)

allocation_plan['bicycle_dispatches'] = bicycle allocation

#2. XEX sH B

vehicle_allocation = self.optimize_vehicle_routing(
assignments=assignments,
available_vehicles=current_resources['vehicles'],

real_time_traffic=current_resources['traffic_data']

)

allocation_plan['vehicle_dispatches'] = vehicle allocation

#3. 012 & = F
infrastructure_adjustments = self.adjust_infrastructure(
expected_load=assignments,

current_capacity=current_resources|['infrastructure']
)
allocation_plan['infrastructure_adjustments'] = infrastructure_adjustments

return allocation_plan

def optimize_bicycle_allocation(self, assignments, available bikes):
llllllI}@ 31 $| E HH il ﬁ| /d,l"lll

bike_dispatches =[]

66



42 UAH 24

demand_clusters = self.cluster_bike_demands(assignments)

for cluster in demand_ clusters:
#2HAHE =E HMEH R 28
optimal_bike_mix = self.determine_optimal_bike_mix(
cluster_demands=cluster['demands'],

available_inventory=available bikes

#UOIX B2 = &3t

dispatch_routes = self.optimize_bike dispatch_routes(
bike_mix=optimal_bike mix,
pickup_locations=cluster['pickup_points'],

delivery_locations=cluster['drop_points']

bike_dispatches.extend(dispatch_routes)

return bike_dispatches

def optimize_vehicle_routing(self, assignments, available_vehicles, real_time_traffic):

nun I'_% il_ % E‘ al_ _?_ %I il &I él_llllll

#AEE 2N B2 A

vehicle_routes =]

for vehicle_id, vehicle_info in available_vehicles.items():

if vehicle_info['status'] == 'available":

1]

#olE X0 22 =24 1
assigned_passengers = |
assignment for assignment in assignments

if assignment['vehicle_id"] == vehicle_id

if assigned_passengers:
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#OU=s HY/ESLE 32 F A3

optimal_route = self.solve_vehicle_routing_problem(
passengers=assigned_passengers,
vehicle_capacity=vehicle_info['capacity'],
traffic_data=real_time _traffic,

time_windows=self.extract_time_windows(assigned_passengers)

vehicle_routes.append({
'vehicle_id": vehicle_id,
'route”: optimal_route,
'‘estimated_duration': optimal_route['total_time'],

'passenger_count’: len(assigned_passengers)

return vehicle_routes

423 & AI2H 22 /A3t (08:02:00 - 08:02:30)
EHAHIS:HE =2 ALt

class RouteOptimizationEngine:
def __init__(self):
self.graph_database = Neo4jConnection()
self.traffic_predictor = TrafficPredictor()

self.weather_service = WeatherService()

def optimize_individual_routes(self, assignments, real_time_conditions):

lmujH %:‘ /\l_gxl_%:‘ Ji—| &! (DD:‘ E j:”/‘ll'"""

optimized_routes = {}

#9284 Mel2 &5 &
with ThreadPoolExecutor(max_workers=20) as executor:
future_to_user = {
executor.submit(

self.calculate_optimal_route,
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assignment,
real_time_conditions
): assignment['user_id']

for assignment in assignments

for future in as_completed(future_to_user):

user_id = future_to_user[future]

try:
route_result = future.result(timeout=1.0) #1xX Et20t2
optimized_routes[user_id] = route_result

except TimeoutError:
HEILOIZ Al D2 B2 AE
optimized_routes[user_id] = self.get_fallback route(user_id)

except Exception as e:
logger.error(f"Route optimization failed for user {user_id}: {e}")

optimized_routes[user_id] = self.get_fallback_route(user_id)
return optimized_routes

def calculate_optimal_route(self, assignment, conditions):

"Erel ALE X E R HE A

user_info = assignment['user_info']

transport_mode = assignment['transport_mode']

#1.)lsst 22 222 44

route_candidates = self.generate_route_candidates(
origin=user_info['origin'],
destination=user_info['destination’],
transport_mode=transport_mode,

max_candidates=10

#2. A2 B2 28 It
route_evaluations =[]

for route in route_candidates:
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evaluation = self.evaluate_route(
route=route,
transport_mode=transport_mode,
user_preferences=user_info['preferences'],
real_time_conditions=conditions,
time_constraint=user_info['time_constraint']

)

route_evaluations.append((route, evaluation))

#3.0S= ZN3S S8 3% F=2 o

optimal_route = self.select_optimal_route(

J2

route_evaluations=route_evaluations,
optimization_criteria={
'travel_time": 0.4,
'safety_score': 0.25,
‘comfort_score': 0.2,
‘energy_efficiency": 0.1,

'scenic_value": 0.05

#4 MM TEH QA BHH

adjusted_route = self.apply_real_time_adjustments(
base_ route=optimal_route,
traffic_predictions=conditions['traffic_forecast'],
weather_conditions=conditions['weather'],

infrastructure_status=conditions['infrastructure']

return adjusted_route

def generate_route candidates(self, origin, destination, transport_mode,
max_candidates):

i [:} g}g} A2 §E AH A wn

— O

#UERAD JHZ0A B2 84

if transport_mode in ['bicycle’, 'e_bicycle', 'walking']:
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# Xt/
network = self.graph_database.get_pedestrian_network()

elif transport_mode in ['autonomous_car', 'shared_van']:

#IASE UHERID ME
network = self.graph_database.get_vehicle_network()

else:
#ES HESRI AIE
network = self.graph_database.get_mixed_network()

# U 2NBLE 2 44
candidates =[]

#1. X2 AHel B2
shortest_path = self.dijkstra_shortest_path(network, origin, destination)

candidates.append(('shortest_distance', shortest _path))

#2. X AI2HEZ
fastest_path = self.a_star_fastest_path(network, origin, destination, transport_mode)

candidates.append(('fastest_time', fastest_path))

#3. &St B2 (At ®IE = A3}
safest_path = self.safety_optimized_path(network, origin, destination)

candidates.append(('safest_route', safest_path))

il =)
— o T o

#4. 32 2= 2 (
scenic_path = self.scenic_route_path(network, origin, destination)

candidates.append(('scenic_route', scenic_path))
#5. 0Kl 22 22 (EIIXHE I XHE AH)
efficient_path = self.energy_efficient_path(network, origin, destination, transport_mode)

candidates.append(('energy_efficient', efficient_path))

)

# 6-10. K-shortest paths (2 £ Ct&¥ 4
network, origin, destination, k=5)

k_shortest = self.k_shortest_paths(
)

for i, path in enumerate(k_shortest
candidates.append((f'alternative_{i+1}', path))
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return candidates[:max_candidates]

def evaluate_route(self, route, transport_mode, user_preferences, real_time_conditions,
time_constraint):

IIIIIIDO:| E _g_é'. Jg' jl_llllll

evaluation = {}

#1.0l= Al2t H &
travel_time = self.calculate_travel_time(
route=route,
transport_mode=transport_mode,
traffic_conditions=real_time_conditions['traffic'],
weather_conditions=real_time_conditions['weather']
)
evaluation['travel_time'] = travel_time
evaluation['time_feasibility'] = travel_time <= time_constraint
#2. otM A EHIL
safety_score = self.calculate_safety _score(
route=route,
transport_mode=transport_mode,
accident_history=real_time_conditions['safety_data'],
weather_impact=real time_conditions['weather']

)

evaluation['safety_score'] = safety_score

#3. B2 M EIt

comfort_score = self.calculate_comfort_score(
route=route,
transport_mode=transport_mode,
infrastructure_quality=real_time_conditions['infrastructure'],
crowding_level=real_time_conditions['congestion']

)

evaluation['comfort_score'] = comfort_score

#4. 04Kl =84



energy_consumption = self.calculate_energy_consumption(
route=route,
transport_mode=transport_mode,
elevation_profile=route['elevation'],
weather_resistance=real _time_conditions['weather']['wind_speed']

)

evaluation['energy_efficiency'] = 1.0/ (1.0 + energy_consumption)

#5. 01 A& BtHA
preference_score = self.calculate_preference_alignment(
route=route,

user_preferences=user_preferences

)

evaluation['preference_score'] = preference_score

#6. S B A

evaluation['total_score'] = self.calculate_weighted_score(evaluation, user_preferences)

return evaluation

424 =8 THZE 2L A2t 2LIHE (08:02:30 - 08:03:00)

A 6: A AIZH &

0
o

CH

0l0

class RealTimeMonitoringSystem:
def __init__(self):
self.event_detector = EventDetectionSystem()
self.traffic_monitor = TrafficMonitoringSystem()
self.user_feedback_system = UserFeedbackSystem()

self.reoptimization_engine = ReoptimizationEngine()

def monitor_and_adjust(self, initial_plan, monitoring_duration=30):

""“/él /\Ia}_ EL' E1 g S_c| %E‘ XH_ILgl"l"

start_time = time.time()

adjustment_log =[]
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while time.time() - start_time < monitoring_duration:
#1. A2 & & 2K

current_situation = self.detect_situation_changes()

#2. 4= UHEl & X &l o8& =4

execution_status = self.analyze_execution_status(initial_plan)

#3. M8 24 o

if self.needs_reoptimization(current_situation, execution_status):

#4. Jetet= AES I AE
affected_users = self.identify_affected_users(
situation=current_situation,

current_plan=initial_plan

#5. 22 Mz Hat &

reoptimization_result = self.reoptimization_engine.partial_reoptimize(
affected_users=affected users,
new_constraints=current_situation,
time_budget=5.0 #5x Wl & &

#6. 883 At HE &L S
self.apply_changes(reoptimization_result)

self.notify_affected users(reoptimization_result)

adjustment_log.append({
'timestamp’: time.time(),
'trigger': current_situation,
‘affected_users': len(affected_users),
'‘changes_applied": reoptimization_result

b

#7. =2 W)l = U3 Z2LEHE A0S
2} 2

time.sleep(2) #2=x 2t 2LIEHE
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return adjustment_log

def detect_situation_changes(self):

IIIIIIAE| Al a'_ <AD|.§OI_ % §|_ j:'l. Il nnn
situation_changes = {}
#1. WS &8 Bst ZX
traffic_changes = self.traffic_monitor.detect_changes(
baseline_time=time.time() - 300, # 52 & CHH|

current_time=time.time(),
significance_threshold=0.15 # 15% 0| & 23}

)
if traffic_changes:
situation_changesy'traffic'] = traffic_changes

#2. 012t &Ef Bt 2K
infrastructure_events = self.event_detector.detect_infrastructure_events()

if infrastructure_events:
situation_changes['infrastructure'] = infrastructure_events

#3. MENH AHS IHE Hat
behavior_anomalies = self.detect_user_behavior_anomalies()

if behavior_anomalies:
situation_changes['user_behavior'] = behavior_anomalies

Z B3 (EM, 0lBE &)
environmental_changes = self.detect_environmental_changes()

#4902 8

if environmental_changes:
situation_changes['environment'] = environmental_changes

I

I

return situation_changes
def needs_reoptimization(self, current_situation, execution_status):
"I E A ERd g
# QA Jle H#H D=
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reoptimization_triggers = {
'traffic_delay_threshold: 5.0, #5= O0l& XA
'route_deviation_threshold: 0.2, #20% 0l& 22 HZE Z€R
'user_satisfaction_drop: 0.15, # 9t=% 15% 0| & St
'system_efficiency_drop": 0.1, #AAE SEH 10% 0l & 5t

'safety risk_increase": 0.05 # Ot A& T 5% 0l & SOt

-

#21Jl=g &el

—/ —

for criterion, threshold in reoptimization_triggers.items():

if self.check_criterion(criterion, current_situation, execution_status, threshold):

return True
return False

def partial_reoptimize(self, affected_users, new_constraints, time_budget):

llllll_?__i_ XH £| E §|_ /él écl;lllllll
reoptimization_start = time.time()

#1. Jet= AAENS2 S AEf O
current_states = {}
for user_id in affected_users:

current_states[user_id] = self.get_user_current_state(user_id)

#2.MZ22 M A otoI A THEA St

#AZE S22 Olo SElAE e AS

reoptimized_plan = self.heuristic_reoptimization(
users=current_states,
constraints=new_constraints,
time_limit=time_budget-1.0 #1x 0 & AlZt

#3. BHI3AE F A (MER E2H 1)
minimized_changes = self.minimize_disruption(
original_plan=self.get_original_plan(affected_users),

new_plan=reoptimized_plan
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elapsed_time = time.time() - reoptimization_start

return {

'reoptimized_routes': minimized_changes,

'‘computation_time'": elapsed_time,

'improvement_metrics': self.calculate_improvement_metrics(minimized_changes)
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