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python
def calculate quantum readiness(bank_data):

nn

#1. (5,5L5 de 00 dewslo (357)

tech_score = (

0.30 * bank data['tech investment'] +

0.40 * bank data['quantum _infrastructure'] +
0.30 * bank_data['cybersecurity']

)

#2. lojlo des 0 yoi dewla (257)
org_score = (

0.40 * bank_data['digital maturity'] +
0.35 * bank_data['workforce skills'] +
0.25 * bank data['organizational agility']
)

#3. i de 0 pad daole (207)
customer_score = (

0.35 * bank data['digital channels'] +
0.35 * bank_data['customer experience'] +
0.30 * bank_data['personalization']

)

#4. ST A 0 o desloeo (207)
ecosystem_score = (

0.40 * bank_data['strategic partnerships'] +
0.35 * bank_data['regulatory compliance'] +
0.25 * bank_data['sustainability']

)

#5. Lajs b ol ol dlno
quantum_readiness_index = (
0.35 * tech_score +

0.25 * org_score +

0.20 * customer_score +

0.20 * ecosystem_score

)

return quantum_readiness_index
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class QuantumTransitionMonitor:
def init (self):
self.metrics_history =[]
self.alert thresholds = {

'qri_growth': 0.05, # Jlw o A A, fola
'tech_investment': 15, # ¢,5l8 ,0 5,54 Lo puw 210 Nl
'workforce_training': 100, # flu o oso w)},c/').m oo ol

‘pilot_projects': 1 # Jlw 0 Sabl 059, ) filus
H

defadd quarterly data(self, quarter data):

nin

b e 2 (ad slaosls (34331
self.metrics_history.append({
'quarter”: quarter data['quarter'],
'timestamp": datetime.now(),
'metrics": {
'qri': quarter_data['qri'],
'tech investment': quarter_data['tech investment'],
'workforce trained': quarter_data['workforce trained'],
‘new_pilots': quarter _data['new pilots'],
'customer _satisfaction': quarter_data.get('customer satisfaction', 0)
}
1)

def check alerts(self):

nin
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nn

alerts = []

if len(self.metrics_history) < 2:
return [ s 95290 &g, Judow gl (B oole]

current data = self.metrics_history[-1]['metrics']
previous_data = self.metrics_history[-2]['metrics']

#als ud) o) ORI

qri_growth = (current_data['qri'] - previous_data['qri']) / previous_data['qri']

if qri_growth < self.alert_thresholds['qri growth']:

alerts.append({

'type': 'warning',

‘message’: I'_asLs o, QRI ({qri_growth:.1%}) Cewl ool s ailin] 51 jasT,
'severity': 'medium’

)

# )5l 0 SIS lopes (o

if current data['tech investment'] < self.alert thresholds['tech investment']:

alerts.append({

'type": 'critical’,

'message": f' 5,5L3 ;o (5,135 4Ly ({current_data["tech_investment"]}%) sl Gellas o> 51 2S5,
'severity': 'high'})

return alerts

b by155 g Y.
python
def generate quarterly report(self):

nin

093 lad 315wy

if not self.metrics_history:
return " 39290 (655 0,155 Sl p losls "

current = self.metrics_history[-1]['metrics']
alerts = self.check alerts()

report = {

'quarter’: self.metrics_history[-1]['quarter'],

'executive summary': self. generate executive summary(current, alerts),
'key metrics': current,

'alerts': alerts,

vy V&7 Ylawo) / & 3la /17 0093
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'trend_analysis": self._analyze trends(),

'recommendations': self._generate recommendations(alerts)

}

return report
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Jol5 ‘so.'.i.‘a.)siﬂ s 1Y Cawgu

el Joo (sl gl o
python
import pandas as pd
import numpy as np
import matplotlib.pyplot as plt
import seaborn as sns
from sklearn.preprocessing import StandardScaler
from sklearn.decomposition import PCA
from factor_analyzer import FactorAnalyzer
import warnings
warnings.filterwarnings(‘ignore')

class QuantumBankingModel:

nin

SIS 53 ol 35 il Jae gl shol o3

nin

def init (self):
self.data = None
self.scaler = StandardScaler()
self.model results = {}

def'load data(self, file path):

nin

b gleosls (6,135 L
try:
self.data = pd.read csv(file path)

print(f'les ;5 ) slass .aiads (6,35, cuadee b aools: {len(self.data)}")

return True
except Exception as e:

print(f'leosls (5,135 ,L o Uas: {e}")

return False

def calculate qgri(self, bank data):

nin

o55lgS (Solel Lasli awlze (QRI)
# ey o sloy s
weights = {

'technology': 0.35,

'organizational': 0.25,

'customer’: 0.20,

'ecosystem': 0.20

}

# de 12 0,ai dewlxo

tech_score = self. _calculate technology score(bank data)
org_score = self. calculate organizational score(bank data)
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customer_score = self._calculate customer score(bank data)
ecosystem_score = self._calculate_ecosystem_score(bank data)

# dewules ORI _lgs

qri = (weights['technology'] * tech_score +
weights['organizational'] * org_score +
weights['customer'] * customer_score +
weights['ecosystem'] * ecosystem_score)

return {

'qri": qri,

'dimension_scores': {
‘technology": tech_score,
'organizational’: org_score,
‘customer’: customer_score,
'ecosystem': ecosystem_score

§

>
reights': weights
!
5

def calculate technology score(self, bank data):

nn

S5l A 0 yel e

i

indicators = {
'tech_investment': 0.30,
'quantum_infrastructure': 0.40,
'cybersecurity': 0.30

}

score =
for indicator, weight in indicators.items():
if indicator in bank data:
score += bank_data[indicator] * weight

return score

def calculate organizational score(self, bank_ data):
Slojlo a0 e auloe
indicators = {
'digital_maturity': 0.40,
‘workforce skills': 0.35,
'organizational_agility': 0.25

}

score =
for indicator, weight in indicators.items():
if indicator in bank_data:
score += bank_data[indicator] * weight

return score
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def calculate customer score(self, bank data):

nn

nn

indicators = {
'digital channels': 0.35,
'customer_experience': 0.35,
'personalization': 0.30

}

score = 0
for indicator, weight in indicators.items():
if indicator in bank data:
score += bank_data[indicator] * weight

return score

def calculate ecosystem score(self, bank_data):

95 | Ay 0 y0d dsloes

indicators = {
'strategic_partnerships': 0.40,
'regulatory compliance': 0.35,
'sustainability': 0.25

}

score =
for indicator, weight in indicators.items():
if indicator in bank data:
score += bank_data[indicator] * weight

return score

def determine transition phase(self, qri_score):

bl )13 5 s QRI

if qri_score < 30:
return {

'phase’: ' s jlwoslel 2\ 518,
'description': 's,ls 1,8 glal al> o o ST,
'key_characteristics": [
'6y9ld 40 dgae (5,105 Lo
oag (90l Sl (5955,
'pasie 51l 3929 puc’
I8

'recommendations': [

'Sl gy Ghsel
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"adgl el g and,

(osS5S 5 il 9
1
'timeline": '1-2 JL,
'budget": ' o'
}

elif 30 <= qri_score < 60:
return {

'phase': 'adql ,IA5 Y 5L,

'description’: 'e3,5" 5Ll 1) Lislejl slaosg G,

'key_characteristics'": [
'G5l 50 bawgle ()15 e s,
'Goisel Jl o Sladl g5
taolgl st

s

'recommendations': [
'Sebl slrois n (s3laslel),
i iy Sl g,
's_%).:‘r..ul L;Lmd)ls.m 4.»..;53'

1,

'timeline": 2-3 JL,

'budget": 'l g’

}

elif 60 <= qri_score < 80:
return {
'phase’: 'aid iy 1A Y 5L,
'description': ' cegilsS Dleas (g3lwazx LSS > 50 ST,
'key characteristics': [
"G ak 5o Vb (o i le s,

1l S AS;L“AJ" 69,:_;"
s i ol
1,

'recommendations': [
s oS (g5luaz LS,
"'Bas segiilsS Dleas axug,

' 6599 oS | drags’
1,
'timeline": '3-4 JL.,

'budget': 'YU'
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)
else: #qri_score >= 80
return {

'phase’: ' sogiilsS Eoli:¥ U8,
'description': ooy 0g5lsS” Sloas yo JolS 5l 4y ST,
'key_characteristics'": [

RESTEEBER I TSI S

VVM}C.Q )Lw Lg'L"*-’\ 65}1?""5
4k sl

I8

'recommendations': [
'Oleds jalins 35.4,
'Sl 5 5k s e,
' srio sl lailinl axuwg!
1
'timeline": 'sg.ps dolol,
'budget": 'YL Lo’
}

def generate roadmap(self, current_phase, target phase, bank_data):

LA gl ol asds adg

roadmap = {
'current phase': current_phase,
'target phase': target_phase,
'transition_path': self._define transition path(current phase, target phase),
'key milestones': self._define milestones(current_phase, target_phase),
‘critical success factors': self._identify_critical factors(bank data),
'risk mitigation': self._identify risks and mitigation()

!

s

return roadmap

def define transition path(self, current phase, target phase):

nin

l;ajléw)\;\?ww

nn

phaSCS:['éijoch] )5 Ayl A8y e, s g AT LT egileS E6b oY 51

current_index = phases.index(current_phase)
target_index = phases.index(target_phase)

if target_index <= current_index:
return {"error": "ol sazd i, Jed 51 Il Gus 58"}
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path = phases[current_index:target index + 1]
return {
'path': path,
number of phases': len(path) - 1,
‘estimated_duration': f"{(target_index - current_index) * 2} JL."

}

def define milestones(self, current_phase, target phase):

nn

38 o ol alae bl s

nin

milestones = {

'sylweslel 1) 58 [
'o55lsS S5l (s,
WS 955 0/ bjsall
"okl 035 sl ssllel )

1

fadgl Hla8 Y 5l [
58 pley Sl 25 Ao
'skl o9 ¥l
‘Sl Dozl s

1,

EVCIR-SERA U i |
"ol spiann (g3lwax LS,
'5o55lsS gy B ans,
' el sla alsS A

1,

oS sk ¥ S
"4y a5 Quantum-Native Bank',
'Caio oo luilinl (o gy ),

(JolS ST s
]
}

phases:['éjt.goelﬂ )5 Ayl A8y 5, sy 1A Y LT egileS E6b :F 51
current_index = phases.index(current_phase)
target_index = phases.index(target phase)

relevant_milestones = {}

for i in range(current_index, target_index + 1):
phase = phases][i]
relevant_milestones[phase] = milestones[phase]

return relevant_milestones
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def identify critical factors(self, bank data):

nn

Sy s Jolge lolis

nn

factors = []

# Lo 8Cs Llor
if bank data.get('tech investment', 0) < 15:
factors.append('Y - /- 4 Gy3kd )0 5,IAT ke ps ]33N

if bank data.get('workforce skills', 0) <40:
factors.append(' IS g5,.5 O+ VA &l 00,28 iigal aslp gl,>1)

if bank data.get('strategic partnerships', 0) < 3:
factors.append(’ Slais 55 0 b Ob Ll Y L o San axngd)

if bank data.get('digital maturity', 0) < 60:
factors.append('a:é i s 4 Jlisos 6l sl )

return factors

def identify risks_and mitigation(self):

byl 2als sla 5ol 5 oS, ololis

risks = [
{
risk": ' Jaatie Sluil (595 9gaS”,
'impact': "Y',
'probability': 'YL,
'mitigation’: ' ;901 31,0 5 LolXislo b (5,80’

Tisk': 'az> g Cudgaa,
'impact: ' law g,
'probability": "YU,

'mitigation": ' glal> 1o (5,J38 dsle yus doli s 1y 905"

risk': ' g ,5L8 Colad puc,
'impact: ' Lo g,
'probability": ' law s,

'mitigation': ' _iulej] g Ssbl lacys, sl
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risk: ' sl sl e,

'impact’: "YU,

'probability": 'law g,

'mitigation”: ' asl> sl Gzl angs’

H
]

return risks

def perform gap analysis(self, current_qri, target qri, dimension_scores):
Bad g b Sy o SIS s

nin

total gap = target qri - current_qri

# s [ o 8l oy
Fole s ol o SICE a3 5s

weights = [0.35, 0.25, 0.20, 0.20]
dimensions = ['technology', 'organizational', 'customer’, 'ecosystem']

gap_analysis = {
'total_gap'": total_gap,
'dimension_gaps": {},
'priority actions': []

}

for i, dimension in enumerate(dimensions):
current_score = dimension_scores.get(dimension, 0)
target_score = current_score + (total_gap * weights|[i])

gap_analysis['dimension_gaps'|[dimension] = {
‘current': current_score,
'target': target_score,
'gap': target_score - current_score,
‘priority': "Y' if (target_score - current_score) > 20 else ' Lo’

# g syl Sloldd] es

sorted_gaps = sorted(
gap_analysis['dimension_gaps'].items(),
key=lambda x: x[1]['gap'],
reverse=1rue

)

for dimension, gap_info in sorted_gaps[:2]: # <5[C0 o cio Loe oo

if dimension == 'technology":
gap_analysis|'priority actions'].extend([

el 5 Y 7 ey (s 9lid azog il
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' oilsS slaldlesen o 5,
"ools 35 e slas I
D

elif dimension == 'organizational':
gap_analysis|'priority actions'].extend([

'l Gajgel aslyy sl 2,
'Slosle sl s,
"egiileS” laasie plasiu!
D
return gap_analysis
def create_dashboard(self, results):

6..:)4.\.0 &)51_4:)& QL?U'

nn

fig, ((ax1, ax2), (ax3, ax4)) = plt.subplots(2, 2, figsize=(15, 12))

# azls o) ,lsei ORI L5 4

phases = [' s jLwoslal, 'adsl 138", "azd oy 1387, egilsS €51
phase_thresholds = [0, 30, 60, 80, 100]

ax 1.axhline(y=results['qri'], color="', linestyle="-', linewidth=2)
ax1.bar(phases, phase_thresholds[1:], color=['lightcoral', 'lightblue', 'lightgreen’, 'gold'])
axl.set_title(' =i QRI I35 slasls o)

axl.set_ylabel('_=>Ls QRI')

# .‘Lxg/.:;ou' :T) /.‘;:,o."

dimensions = list(results['dimension_scores'].keys())
scores = list(results['dimension scores'].values())

bars = ax2.bar(dimensions, scores, color=['skyblue', lightgreen', 'lightcoral', 'gold'])
ax2.set_title('calizes ol o o)

ax2.set_ylabel('s ')

4 loaleo oo, polio 50455/

for bar, score in zip(bars, scores):
ax2.text(bar.get_x() + bar.get width()/2, bar.get_height() + 1,
f'{score:.1f}', ha='center', va="bottom")

R WY NES gy iyo]

if 'gap analysis' in results:
gaps = [gap_info['gap'] for gap_info in results['gap analysis']['dimension gaps'].values()]
ax3.bar(dimensions, gaps, color="orange")
ax3.set_title('calizee olol slacslsiy)
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ax3.set_ylabel(' 25 5.")

#ol, aidi :F logai
phase_info = results['transition phase']
timeline data = {

PN N

"o 58 2,

'Bas 8t 3

}

ax4.bar(timeline data.keys(), timeline data.values(), color=['red’, 'blue', 'green'])
ax4.set_title(' a5 of ) aza)

ax4.set_ylabel('l> ")

plt.tight layout()
plt.show()

return fig

# ol oolacw] dgai
def main():
# Jto ;] diged oloos/

model = QuantumBankingModel()

# Sl

sample bank = {
'tech_investment': 18,
'quantum_infrastructure': 55,
'cybersecurity': 65,
'digital maturity': 60,
‘workforce_skills': 35,
'organizational agility': 45,
'digital channels': 75,
'customer_experience': 60,
'personalization': 50,
'strategic_partnerships': 4,
'regulatory compliance': 85,
'sustainability': 70

[ digad sloools

o

# dewolo ORI

qri_results = model.calculate qri(sample_bank)

# IS 6 e
J J

&

phase_info = model.determine_transition_phase(qri_results['qri'])

# ol, 4t afy
b /s
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roadmap = model.generate_roadmap(phase_info['phase'], 'axé i, 35 .Y 518, sample_bank)

# GG Ll

gap_analysis = model.perform_gap analysis(qri_results['qri'], 70, qri_results['dimension_scores'])

ol CoS

final results = {
'qri'": qri_results['qri'],
'dimension_scores'": qri_results['dimension_scores'],
'transition phase': phase_info,
'roadmap": roadmap,
'gap analysis': gap_analysis

-

# ol iyl
print(" cosislsS IS Julow gzl

print(f" _a=Ls QRI: {final_results['qri']:.1£}%")
print(f' L8 ;L {final_results['transition_phase']['phase']}")

print(f" )Jocs oJol coleludl: {final_results['gap analysis']['priority actions'][:3]}")

#0,00b0 o/
)5 >

model.create_dashboard(final_results)

return final results
if _name_ ==" main_ "
results = main()

..\SR‘S)LJJ.:J%"_;‘)Q

T
/o

(&4

AR ai iy oy lof clo [l
iy (syle/ sla .

F il 0,50 sloailuls

Pk

atghh
PL

library(lavaan)
library(semPlot)
library(ggplot2)
library(dplyr)
library(psych)

ol lole Lo (sly b

perform_cfa_analysis <- function(data) {

eos5lsS IS Jae sl saml ele Julss plosl

oS0l Jo i ot
EP kY V )

cfa_model <-'
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TECHNOLOGY =~ tech_investment + quantum_infrastructure + cybersecurity
ORGANIZATIONAL =~ digital maturity + workforce_skills + organizational agility
CUSTOMER =~ digital channels + customer_experience + personalization
ECOSYSTEM =~ strategic_partnerships + regulatory compliance + sustainability

cfa_fit <- cfa(cfa_model, data = data, estimator = "MLR")
model summary <- summary(cfa_fit, fit. measures = TRUE, standardized = TRUE)

fit measures <- fitMeasures(cfa_fit)

return(list(
model summary = model summary,
fit measures = fit_measures,
parameter_estimates = parameterEstimates(cfa_fit, standardized = TRUE)
)
!

s

perform_sem_analysis <- function(data) {
n

&bl Yol s3le Joe plodl

sem_mode] <-'

TECHNOLOGY =~ tech_investment + quantum_infrastructure + cybersecurity
ORGANIZATIONAL =~ digital maturity + workforce_skills + organizational agility
CUSTOMER =~ digital channels + customer_experience + personalization
ECOSYSTEM =~ strategic_partnerships + regulatory compliance + sustainability

QUANTUM_READINESS ~ 0.35*TECHNOLOGY + 0.25*0ORGANIZATIONAL + 0.20*CUSTOMER +
0.20*ECOSYSTEM

TECHNOLOGY ~~ ORGANIZATIONAL
TECHNOLOGY ~~ CUSTOMER
ORGANIZATIONAL ~~ CUSTOMER
ECOSYSTEM ~~ TECHNOLOGY
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sem_fit <- sem(sem_model, data = data)

sem_summary <- summary(sem_fit, fit. measures = TRUE, standardized = TRUE)

return(list(
sem_summary = sem_summary,
fit_measures = fitMeasures(sem_fit),
path_diagram = semPaths(sem_fit, what = "std", whatLabels = "std")

)
v

s

perform_cluster analysis <- function(data) {

LSl ganatb ol ladss ol alxl

cluster_vars <- ¢('tech_investment', 'digital maturity', 'workforce skills',
'strategic_partnerships', 'customer_experience')

cluster_data <- data[cluster vars]
scaled data <- scale(cluster data)
wss <- sapply(1:10, function(k) {kmeans(scaled_data, k, nstart=25)S$tot.withinss})

set.seed(123)
kmeans_result <- kmeans(scaled data, centers = 4, nstart = 25)

data$Scluster <- as.factor(kmeans_result$Scluster)

return(list(
kmeans_result = kmeans_result,
clustered data = data,
wss_plot = plot(1:10, wss, type="b", xlab="Number of Clusters", ylab="Within groups sum of squares'")

)

create_advanced plots <- function(data) {

Ol sl a8 iy laloged sl
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# 259 0] ,loaes ORI
&3 JPs Y

pl <- ggplot(data, aes(x = qri)) +
geom_histogram(binwidth = 5, fill = "skyblue", color = "black") +
labs(title = " oL & 565 QRI oSSl 0", x =" jazLs QRI", y = "slass") +

theme minimal()

# Sican s ilo :F fogai
(R e s

cor_vars <- ¢('tech_investment', 'digital maturity', 'workforce_skills',
'strategic_partnerships', 'customer_experience', 'qri')

cor_matrix <- cor(data[cor_vars])
p2 <- corrplot::corrplot(cor matrix, method = "circle", type = "upper")

# glaiss fdor N log0s

p3 <- ggplot(data, aes(x = tech_investment, y = digital maturity, color = cluster)) +
geom_point(size = 3) +
labs(title = "l SOl gladss Jodo", x =" 5,5l (g JaTale 0", y =" Jlizus 6b") +

theme_minimal()

return(list(
distribution_plot = p1,
correlation_plot = p2,
cluster_plot = p3
)
}

ol Daos
=l g

#&ls
#data <- read.csv("banking data.csv")

# cfa_results <- perform_cfa_analysis(data)

# sem_results <- perform_sem_analysis(data)

# cluster_results <- perform_cluster _analysis(data)
# plots <- create _advanced plots(data)

A iy S ygilo 9 (i by oimens F gy

ol e JolS o5

python

import pandas as pd

import numpy as np

import matplotlib.pyplot as plt

from datetime import datetime, timedelta
import json

from typing import Dict, List, Optional

class AdvancedQuantumMonitor:

nn

nn

def init (self, config_path: str = None):
self.metrics_history = []

V&7 Yoo / #E 3l /17 0093 &an
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self.alerts_history = []
self.benchmarks = {}

self.default thresholds = {
'qri_growth_quarterly': 0.02, # [ad 0 o rZ A,

‘tech_investment_min'; 15, # 5,505 0 o LS Loy 107 filu>
‘workforce_training_annual': 100, # /Lo o ijae/ ai )+ [élu>
'pilot_projects_quarterly': 1, # [ad ;o &oll ojg, | féli>
'customer_satisfaction_min': 70, # V- 4 o Cols, Jfolas
'security_compliance': 80 # A/ ol Ll il

i

if config path:
self.load config(config path)

defload config(self, config path: str):

nn

@S BBl leas 6 lL

nin

try:
with open(config_path, 'r', encoding="utf-8") as f:
config = json.load(f)
self.default thresholds.update(config.get('thresholds', {}))
self.benchmarks.update(config.get('benchmarks', {}))

PHRI( A (6,155 Coidga b lakiss)
except Exception as e:
print(f" Sle a5 5)135,L 5o Uz {e}")

def add metrics data(self, metrics _data: Dict):

B> S e sbvosls o438
record = {
'timestamp": datetime.now(),
'quarter’: metrics data.get('quarter’, {'Q{((datetime.now().month-1)//3)+1} {datetime.now().year}"),
'metrics': {
'qri": metrics data.get('qri', 0),
'tech investment': metrics data.get('tech investment', 0),
‘workforce trained': metrics_data.get('workforce trained', 0),
‘new pilots": metrics data.get('new pilots', 0),
'customer satisfaction’: metrics data.get('customer satisfaction', 0),
'security score': metrics_data.get('security score', 0),
'strategic partnerships': metrics data.get('strategic partnerships', 0),
'regulatory compliance': metrics data.get('regulatory compliance', 0)
}
}

self.metrics_history.append(record)

&\ \E$ Glimo) / $E b/ 1F 0293
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self._check alerts(record)
print(f" sl G e slaosls{record['quarter']} ol 00438L")

def check alerts(self, current record: Dict):
Qo gbeosls bl b loie cw)p

alerts =[]

if len(self.metrics_history) < 2:
return # o,/ 059 dulis ol S 00l

current metrics = current record['metrics']
previous_record = self.metrics_history[-2]
previous metrics = previous record['metrics']

# 43, o,y ORI

qri_growth = (current metrics['qri'] - previous metrics['qri']) / previous metrics['qri']
if qri_growth < self.default thresholds['qri growth quarterly']:
alerts.append({
'type': 'performance’,
'severity": 'medium’,
'code": 'QRI_ GROWTH_SLOW',
‘message": ' oL o, QRI ({qri_growth:.1%}) coul oo (poad ailin] 5| a8,

'recommendation': ' g JaSale yuo iol33l g 0y mlge o),
‘timestamp': current_record['timestamp']

)

#sls o Il (o)
if current metrics['tech investment'] < self.default thresholds['tech investment min']:
alerts.append({

'type': 'investment',
'severity": 'high',
'code": 'LOW TECH INVESTMENT',
'message': f' 5 ,5Ld ;o (5,354 s ({current_metrics["tech_investment"]}%) ol Cgllae 0> 5 ST,
'recommendation': 'Y + /. Blom 4 (6,0l azog iol58l,

'timestamp': current record['timestamp']

)

#Ogbl sloojy (o
if current metrics[new pilots'] < self.default thresholds['pilot projects quarterly']:
alerts.append({
'type': 'innovation',
'severity': 'medium’,
'code": INSUFFICIENT PILOTS!,
'message': f'aso> Ssbl (sleoss  slasy ({current_metrics["'new pilots"]}) o s ogups 4 5L,

'recommendation’: 'aya> el 059, 90 JElas> £,

V&7 Yoo / #E 3l /17 0093 Z-f
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'timestamp': current_record['timestamp']

1)

T . .
# g pidio Cold, | cwy
&Y, T X

if current_metrics|['customer satisfaction'] < self.default thresholds['customer satisfaction min']:
alerts.append({
'type': 'customer’,
'severity": 'high',
'code": 'LOW_CUSTOMER SATISFACTION!,
'message': f' ¢ ie Cols, ({current_metrics["customer_satisfaction"]}%) cwl Cgllae 0> 5l S,

'recommendation: ' ¢ ylie 4,55 Sgge 9 (o),
‘timestamp': current_record['timestamp']

1)

#lo Juin o0 >3
) o

for alert in alerts:
self.alerts_history.append(alert)

def generate comprehensive report(self) -> Dict:

nin

if not self.metrics_history:

(T}

return {"error": "s )l og=g 5155 ooy (sl (SIS esls"}

current_data = self.metrics_history[-1]
alerts = [alert for alert in self.alerts history
if alert['timestamp'] >= current_data['timestamp'] - timedelta(days=90)]

report = {
‘report_id": f"QTR _ {datetime.now().strftime('%Y %m%d_%H%M%S")}",
'generated at': datetime.now(),
'report period': current _data['quarter'],
'executive summary': self. generate executive summary(current data, alerts),
'key metrics": current_data['metrics'],
'performance analysis': self._analyze performance(),
'trend analysis': self._analyze trends(),
‘alerts summary': self. summarize alerts(alerts),
'benchmark comparison': self. compare with benchmarks(current data['metrics']),
'strategic_recommendations': self._generate_strategic_recommendations(alerts),
'risk assessment”: self. assess risks()

}
return report

def generate executive summary(self, current_data: Dict, alerts: List) -> str:

S pde Ao o g

current_qri = current_data['metrics']['qri']
alert_count = len(alerts)

&y V&7 Ylawo) / & 3la /17 0093
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high severity alerts = len([a for a in alerts if a['severity'] = 'high'])
summary = """

ogils IS il - (G pae adS

6,95 {current_data['quarter']}

S camsg {'sllad if alert_count == 0 else 'ax g5 oL}
2Ly QRT =2 {current_gri:.1f}%

Lo loze sloss: {alert_count} ({high_severity alerts} YL <o b loise)

Ded bl
- 6,y5kd (6,Ja5 @l st {current_data['metrics']['tech_investment']} %
- Sy, sllasl: {current_data['metrics']['regulatory_compliance']} %

- Soll sleosy o {current_data['metrics'[['new pilots']} o5,

Sgape diojli slooje
{', "join([alert['message'] for alert in alerts[:3]]) if alerts else ' sllas oogaze o o azli dan'}

S bk {'eellae i i if current_qri > 50 else ' isuolbis aiels'y

nin

return summary

def analyze performance(self) -> Dict:

if len(self.metrics_history) < 4:
return {"message": "ol 0g>9 o, Slae Jdow gl (3 ook}

recent_data = self.metrics_history[-4:] # 42005 /Lo O cloools

performance = {
'qritrend": self. calculate trend([d['metrics']['qri'] for d in recent data]),
'investment trend": self._calculate_trend([d['metrics']['tech investment'] for d in recent_data]),
'workforce growth': self. calculate growth rate(
recent data[0]['metrics']['workforce trained'],
recent_data[-1]['metrics'|['workforce trained']

'innovation rate': sum([d['metrics']['new pilots'] for d in recent data]) / len(recent data)

}

return performance

def analyze trends(self) -> Dict:

V&7 Yoo / #E 3l /17 0093 &-&
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oy, Julow

if len(self.metrics_history) < 2:
return {"message": "5 )l 3925 &g, Judod sl (B eolo"}

trends = {}
metrics_list = list(self.metrics history[0]['metrics'].keys())

for metric in metrics list:
values = [record['metrics'][metric] for record in self.metrics_history]
trend = self. calculate trend(values)
trends[metric] = {
‘current': values[-1],
'trend": trend,
'direction: ' go¢x.0" if trend > 0 else ' Jg 35" if trend < 0 else 'l

}
return trends

def summarize alerts(self, alerts: List) -> Dict:
bl gjlwasds

alert summary = {
'total alerts': len(alerts),

'by severity": {
'high': len([a for a in alerts if a['severity'] == 'high']),
'medium": len([a for a in alerts if a['severity'] == 'medium']),
'low": len([a for a in alerts if a['severity'] == 'low'])

)

y_type': {},
'recent_alerts": alerts[-5:] # 4 .=/ ,[iLie

}

for alert in alerts:
alert_type = alert|['type']
alert summary['by type'][alert type] = alert summary['by type'].get(alert type, 0) + 1

return alert summary

def compare with benchmarks(self, current metrics: Dict) -> Dict:

comparison = {}

for metric, value in current metrics.items():
benchmark = self.benchmarks.get(metric, {})
if benchmark:
industry avg = benchmark.get('industry average', 0)
best practice = benchmark.get('best practice', 0)

&0 V&7 Ylawo) / & 3la /17 0093




Ul Plo 3o (pezil — (51T Aslo yan YIS Hid9 3y (yole doliiod

comparison[metric] = {
'current”: value,
'industry average': industry avg,
'best_practice': best_practice,
'gap vs industry’: value - industry avg,
'gap vs best practice’: value - best practice,
'performance’: 'Lawsis 5 3YLif value > industry_avg else 'Lwsis 5l 50l

}

return comparison

def generate strategic recommendations(self, alerts: List) -> List[str]:

Sl Gleaross ols

recommendations = []

# ol slodios woi o)y lo,Join [Llxi

high severity alerts = [a for a in alerts if a['severity'] == 'high']
for alert in high severity alerts:
if ' TECH INVESTMENT!' in alert['code']:
recommendations.append("Y - /- <, e 38l g (655ld a0 anass (o L ayass™)
elif CUSTOMER_SATISFACTION' in alert['code']:
recommendations.append(" ol e i g (g i 4o Ses asl gl =)
elif 'QRI_GROWTH!' in alert['code']:
recommendations.append("” _izoolis asl gl >l g ws ) milee ) )

if not recommendations:
recommendations = [

"alS sl el p et ool b Jed Wg, aslol”,
"pgilsS 0j9> 5 Jud Slacb bl b (o) Sen anus®,
"SS5 g 5 ol 6l s yael "

]

return recommendations

def assess risks(self) -> Dict:

S, b))

if not self.metrics_history:
return {}

current_metrics = self.metrics_history[-1]['metrics']

risks = {
'technical risks": {

V&7 Yoo / #E 3l /17 0093 s
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level': "lawsos" if current_metrics['tech_investment'] < 20 else ' oL,

'description': 'Clw 55 g (5,0Ld 4 bey o sl Sy )
}

yorkforce risks': {
'level': "YU if current_metrics['workforce trained'] < 50 else Lo g,
'description': 'la )lgs o (Sl (59,m0 4 gy o sl S
I
'compliance risks": {
level': ' -, L' if current_metrics['regulatory _compliance'] > 80 else 'lawsis,
'description': ' Llail 5 <l 80 45 Loy yo slaSs )
1
'innovation risks': {
level': "lassis" if current_metrics['new_pilots'] <2 else ' .o L',

'description’: 'Sleds dxwgs § (S 5les 4 ba o lacSis)

B S K denle

risk_levels = {' oLt 1, ' lasis’t 2, WL 3}

overall_risk = np.mean([risk_levels[risk['level']] for risk in risks.values()])

if overall risk <= 1.5:
overall_level =" ,.L'
elif overall risk <= 2.5:
overall_level ="lacsis'
else:
overall_level = 'YL

risks['overall risk']= {
"level”: overall level,
'score': overall_risk

}

return risks

def calculate trend(self, values: List[float]) -> float:

i
osls Wy, dwlxe
i

if len(values) < 2:
return 0

x = np.arange(len(values))
slope, = np.polyfit(x, values, 1)
return slope

def calculate growth rate(self, start_value: float, end_value: float) -> float:

&y \E$ Glimo) / $E b/ 1F 0293
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nn

RGNS WWE N
i

if start value == 0:
return 0
return (end value - start value) / start value

def visualize dashboard(self):

nin

S Rgas Oy5080 sl

if len(self.metrics history) < 2:
print("s )l 5925 3,90 Sl (gl (B eols™)
return

fig, ((ax1, ax2), (ax3, ax4)) = plt.subplots(2, 2, figsize=(15, 12))

# g, o) losai ORI
quarters = [record['quarter'] for record in self.metrics history]
qri_values = [record['metrics']['qri'] for record in self.metrics _history]

ax1.plot(quarters, qri_values, marker='0", linewidth=2, color='blue")
axl.set_title(' ja=Ls ais) ORT Lo Jobo o)
axl.set_ylabel('_~=L: QRT)

ax1.grid(True, alpha=0.3)
plt.setp(ax1.xaxis.get majorticklabels(), rotation=45)

# ole) duglio oV 3505

latest metrics = self.metrics_history[-1]['metrics']
dimensions = [' s 5L, ' Slesl), ' (6 misd!, winnsST]
# Closles 5/l polio ORI Wigs ot

dimension_scores = [45, 38,42, 35] # 4oas oldo

ax2.bar(dimensions, dimension_scores, color=['skyblue', lightgreen’, 'lightcoral’, 'gold'])
ax2.set_title('calizes ol o o)

ax2.set_ylabel('s o)

# f:u' VW'L..r/lg L’L\) JLio T“/ /_‘/:w.,v'
if self.alerts history:

alert_types = {}
for alert in self.alerts_history[-10:]: # ) - =/ [iis

alert_types|alert['type']] = alert_types.get(alert['type'], 0) + 1

ax3.pie(alert types.values(), labels=alert types.keys(), autopct=""%1.11%%")
ax3.set_title('ss Lol Lo lois 2 568"
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# Coio slo,lro b duglio :F gai

comparison = self._compare with benchmarks(latest metrics)

if comparison:
metrics to compare = ['tech investment', 'customer satisfaction', 'regulatory compliance']
current_values = [comparison[metric]['current'] for metric in metrics to_compare]
industry_avg = [comparison[metric]['industry average'] for metric in metrics to_compare]

x = np.arange(len(metrics to compare))
width = 0.35

ax4.bar(x - width/2, current_values, width, label=' <5 x4
ax4.bar(x + width/2, industry_avg, width, label='Ceio Laiigis')
axd.set_title('cos lo Lo b aislas)

ax4.set xticks(x)

ax4.set_xticklabels([' s ,l3', ' (g i, 'l as])

ax4.legend()

plt.tight layout()
plt.show()

# ol e jooliin] digas

def demo_monitoring_system():

nin

Uil e 31 ool wgad ioled

nin

monitor = AdvancedQuantumMonitor()

# Laos  clood)s 048/
AJ}A_QLQ BELS

sample_data = [
{

'quarter”: 'Q1 2024,
'qri': 42.5,
'tech_investment': 14,
'workforce trained': 80,
new_pilots": 1,
'customer_satisfaction': 68,
'security score': 75,
'strategic_partnerships': 3,
'regulatory compliance': 82

'quarter”: 'Q2 2024,

'qri': 43.8,
'tech_investment': 15,
'workforce trained': 95,
'new_pilots": 2,
'customer_satisfaction: 72,
'security score'": 78,
'strategic_partnerships': 4,
'regulatory compliance': 85

3
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'quarter”: 'Q3 2024,
'qri": 45.6,
'tech_investment': 16,
'workforce trained’: 110,
new pilots": 1,
'customer_satisfaction': 71,
'security score': 80,
'strategic partnerships': 5,
‘regulatory compliance': 87
!
§

]

for data in sample data:
monitor.add metrics data(data)

#o55 ads

(S

report = monitor.generate comprehensive report()

print(" cosilgS HIAS ol 155"

print("=" * 50)

print(report['executive summary'])

print("\ncSG 551wl sleaogs:")

for i, recommendation in enumerate(report['strategic recommendations'], 1):
print(f"{i}. {recommendation}")

#0,00b0 polas
)52 !

monitor.visualize dashboard()

return report

"

if name ==" main ":
report = demo_monitoring_system()

V&7 Yoo / #E 3l /17 0093 Z\-
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Abstract

This study was conducted with the aim of designing and validating a comprehensive analytical model
for the transition from digital transformation to the quantum era in the banking industry. In response to
the existing research gap in the literature, the study proposes a systematic framework for understanding,
measuring, and managing the paradigmatic transition within the banking sector. The research adopts a
sequential exploratory mixed-methods approach and was carried out among 30 banks and 60 banking
industry experts. In the qualitative phase, thematic analysis was employed to analyze semi-structured
interviews, while in the quantitative phase, a researcher-developed questionnaire based on the
qualitative findings was distributed. The data were analyzed using confirmatory factor analysis,
structural equation modeling, and dynamic simulation.

The final model consists of four main dimensions (technological, organizational, customer, and
ecosystem) and 12 components with 36 measurement indicators. The Quantum Readiness Index (QRI)
of the banking industry was estimated at 45.6%, and banks were classified into four phases: preparation
(26.7%), early transition (50%), advanced transition (20%), and quantum maturity (3.3%). Path analysis
indicated that the technological dimension has the greatest impact on the quantum transition, with a
coefficient of 0.42.

The proposed model provides a systematic framework for assessing, monitoring, and planning the
transition to the quantum era. It can serve as a foundation for strategic decision-making in the banking
industry and assist banks in developing a quantum transition roadmap.

Keywords: Digital transformation, quantum computing, quantum banking, transition analytical model,
banking industry, Quantum Readiness Index
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