sl gl

STEP 1: Load the Dataset
dagll:
oo pJ Ul ilo Jiaxi Google Drive

ol xal:
DataFrame ,owl df <Mlasyl graz sginy

import os
import pandas as pd

from google.colab import drive
drive.mount('/content/drive")

file_path = "/content/drive/MyDrive/Thesis_Project/emails.csv"
df = pd.read_csv(file_path)
print("Dataset Shape:", df.shape)

Mounted at /content/drive
Dataset Shape: (517401, 2)

import pandas as pd

# 1. Jac o 25T rdylisl s¢la> Mount U Google Drive paziuws <uS 15/ Google
Colab

# from google.colab import drive

# drive.mount('/content/drive")

# bl Glo jlus oz
file_path = "/content/drive/MyDrive/Thesis_Project/emails.csv"

try:
# 2. JI lo 551,86 CSV
df = pd.read_csv(file_path)
print("fd v oL s asl\n")

# 3. saac¥ly Ll JSi dilral MoVl dmard| dawdl Lo s

print("Q [1] ol de 40,1 s,m5 (First 5 Rows):")

# paiws eudS 15 Colab pliziwl Jas, display(df.head()) o . duio o2/
print(df.head())

print(df.head())



print("-" * 50)

# 4. (paslar)l sice eMeal/ josaill 31£) cuw Gl sl d6 20

print(f" [2] cow L3l axs: {df.shape[0]} o (Joosl) shw
{df.shape[1]} suaci.")

print("-" * 50)

# 5. olldl glol 20eY Juolii (Data Types). iSlgiwall 6,513 az>s
print(" [3] olslandl elgiis saasyl Olaoglaot™)

df.info()

print("-" * 50)

# 6. 8i9ddall ouill jaxd (Missing Values) bl 659> plaia) s9ac JS o9
print("X [4] ssoe JS L5 5osiiall anill suas:™)
print(df.isnull().sum())

print("-" * 50)

# 7. (& il anidl 1S draddly dnail sracill g la>] jaxlo
print(",/ [5] Joelialdl _Slas¥! gasdadiz")
print(df.describe(include="all"))

print("-" * 50)

# 8. ko JSuiy 8rac¥l slawl Laxs
print ("%, [6] el o8 5 be3etl BaacY! slowi:")
print(df.columns.tolist())

except FileNotFoundError:
print(" O ASLS wodxad! ylaedl 8 Glall e aiedl pai ad flas
1 Jlasl Joxis Google Drive jlueld! dxwg.™)
except Exception as e:
print(f" /N Gl ixdlzs s LSl Lhs sus: {e}")

2 s ol Juans as!

Oy [1] oIl e iyds1 5,05 (First 5 Rows):
file

message

0 allen-p/_sent_mail/l. Message-ID:

<18782981.1075855378110.JavaMail.e...

1 allen-p/_sent_mail/10. Message-ID:

<15464986.1075855378456.JavaMail.e. ..

2 allen-p/_sent_mail/100. Message-ID:

<24216240.1075855687451.JavaMail.e...

3 allen-p/_sent_mail/1000. Message-ID:

<13505866.1075863688222.JavaMail.e...

4 allen-p/_sent_mail/1001. Message-ID:

<30922949.1075863688243.JavaMail.e...

d[2] suseel 2 5 (Jues!) sbw 517401 tow LS ol axs.
(3] ool g1sasly saaeyl Ologlaat

<class 'pandas.core.frame.DataFrame'>

RangeIndex: 517401 entries, © to 517400

Data columns (total 2 columns):

#  Column Non-Null Count Dtype



0 file 517401 non-null object
1 message 517401 non-null object
dtypes: object(2)
memory usage: 7.9+ MB

H [8] ssas JS 5 bosiiall ayill sus:
file 0
message 0
dtype: int64

count 517401
unique 517401
top zufferli-j/sent_items/99.
freq 1

message
count 517401
unique 517401
top Message-ID: <28618979.1075842030037.JavaMail.e...
freq 1

Lo [6] Gl 5 Budesedl Baae¥ 1 s Lawl:
["file', 'message']

import pandas as pd
import email

# 1. obldl sl s5l,9
file_path = "/content/drive/MyDrive/Thesis_Project/emails.csv"
df = pd.read_csv(file_path)

# 2. his LYl jaig fgoeall gzhziwV dzywg wSs alb
def extract_clean_email(raw_message):
msg = email.message_from_string(raw_message)

# (I, lo giai Dgzgo 50 o) 13]) goivgall zliziwl
subject = msg['Subject'] if msg[ 'Subject'] else ""
# ailwdl jai glziwl (Body)
body = ""
if msg.is_multipart():

for part in msg.walk():

if part.get_content_type() == 'text/plain’:
payload = part.get_payload(decode=True)
if payload:
body = payload.decode(errors="ignore")
break
else:
payload = msg.get_payload(decode=True)
if payload:

body = payload.decode(errors="ignore")

return pd.Series([subject.strip(), body.strip()])



pr‘int(" P}r_>u_x_u.\_>)\_i_l_?a BRE-EERD ) R U N ' S SO i S ) S U U ) R S W R R
aow LS. ™)

# S o] & suladl sla)] AiSay a5 a5 puasg 159 295U dpprs apur cuiS [5] ¢ dna
Lais Jioy] 2000 Jol s aipizid:
# df = df.head(2000)

# 3. Lyl jai s9ac9 Egiogall sgac slivy Al ulai
df[['Subject', 'Body']] = df['message’].apply(extract_clean_email)

# 4. ko (LYl pai + foogall) gaxs sl Il s902)l sliv]
df['Subject_and_Body'] = df['Subject'] + " " + df['Body']

# 5. Sl Bizg lnis dellall &Ml s10eVl LlsizY]
df_final = df[['Subject', 'Body', 'Subject_and_Body']]

print (" 1301 sueeY 1 Saens a5 lelai dxldlaadl agssi.\n")

# 6. axull 09> o géxill awlgire wluc aclb

print("Q =s=sss=sss=s======== .01 i) oliys s=ss=s=ss=========")
# dolS cuw L"/).//L')o a.u‘/}uu,c wlue 3 caw

samples = df_final.sample(3)

for i, (idx, row) in enumerate(samples.iterrows(), 1):

print(F'\nfR [a3, L350 ebedl el {1} - Gl 5 oY1 jhwl:
{idx}]:")

print(f" 1. gsb40ll >sac (Subject):\n -> {row[ 'Subject'] if
row[ 'Subject'] else "[¢, L35 ¢enen]"}")

print(f" 2. JoaY ! w5 dsas (Body - bis Gy> 150 Jgi1):\n ->
{row[ 'Body"'][:150]}...")

print(f" ¢ 3. 14w zoull ssac (Subject_and_Body - Lis Gy> 150 Jsi):\n
-> {row[ 'Subject_and _Body'][:150]}...")

print("-" * 60)

: LShadl pax> .:§u3=\l:13JII}s} N 2 e bgmooy LS I 2l phw!l )L
Saw

2 15000 5aeY1 ugas a0 lelainy Ixdlaall cgisl.

C@ [379182 :iidall 5 oY1 bl - 1 ad, Ayl gdall Ligedl]:
* 1. ggbsall 35ac (Subject):
-> Fwd: FW: Fwd[2]:EMBARRASSING MOMENTS IN SPORTS,IT IS TOO FUNNY!!!!
2. Joe¥! g ssas (Body - s Gy> 150 Jgi):
-> From: "Danielle Miller" <dmillee2@hotmail.com>
To: dgioffre@hotmail.com
Subject: Fwd: FW: Fwd[2]:EMBARRASSING MOMENTS IN SPORTS,IT IS TOO FUNNY!!!!
Da...
3. 1sw agoddl sseas (Subject_and_Body - ki Gy> 150 Jgi):
-> Fwd: FW: Fwd[2]:EMBARRASSING MOMENTS IN SPORTS,IT IS TOO FUNNY!!!!
From: "Danielle Miller" <dmille@2@hotmail.com>
To: dgioffre@hotmail.com
Subject: Fw...

[13510 :iidadl 3 doY ! yhall - 2 aby 50 gdxdl sl ]:



* 1. gg0sall 350c (Subject):

-> Re: Jason' Bachelor Party

2. Juey ! g ssas (Body - hid Gy 150 Jgi):

-> Okay. If you decide to use driver/van, I will pay for it. I guess the
real
problem is the driver/van would merely sit at @ the dock for 7 hours. But,

3. 14w agoadl sses (Subject_and_Body - ki Gy> 150 Jyi):

-> Re: Jason' Bachelor Party Okay. If you decide to use driver/van, I will
pay for it. I guess the real
problem is the driver/van would merely sit at @ t...

F@ [348590 :ilall 5 oY1 hudl - 3 ady LSl ghe ! digell]:

1. g425aldl >sac (Subject):

-> Enfolio Gas Purchase template

2. Jue¥! g ssas (Body - his Gy> 150 Jgi):

-> Could one of you please email me a copy of the standard template you
use for Enfolio gas purchase agreements? As we're getting more and more of
those...

* 3. 1gw zeadl ssec (Subject_and_Body - ki Gy> 150 Jyi):

-> Enfolio Gas Purchase template Could one of you please email me a copy
of the standard template you use for Enfolio gas purchase agreements? As
we're ...

Cas Uilall Caydass

import pandas as pd
import re
import numpy as np

# cowl il ailudl o5 ads of ST :damw da>do df_final 8 rlri llsiv o 25
awdzll I3n. )
# J cunid adxJl puii 9 o olilasyl Clusy cidnidl ddazs OV psiiw NameError

df_cleaned = df_final.copy()

pr‘int(": pxr> oy O lhx ) d)_x_l_u.\_g) oS ebdl danaSy goeaddl Guhils sy ls
(ot ™)

def advanced_clean_text(text):
if not isinstance(text, str):
return ""

# 1. surall o josail Lz
text = text.lower()

# 2. oyl byly, alj
text = re.sub(r'https?://\s*\S+[www\.\S+', "', text)

# 3. JI wlslxo audais Forward Headers (From:, To:, g#Jl)
text = re.sub(r'(from|to|subject|cc|bcc|sent):.*", "', text)



# 4. sl pud il cldey aolJl jgo JI alj]
text = re.sub(r'[”a-zA-Z0-9\s]', ' ', text)

# 5. sl olbluwal dlj]
text = re.sub(r'\s+', ' ', text).strip()

return text

# il paidl s90c clivy gl gulai
df_cleaned[ 'Cleaned Text'] =
df_cleaned[ 'Subject_and Body'].apply(advanced_clean_text)

# W il sz ié,l6 coruol il posaill Jiexi NaN lojlo lgsi> ai

df_cleaned[ 'Cleaned_Text'] = df_cleaned['Cleaned Text'].replace(r' \s*$',
pd.NA, regex=True)

df_cleaned = df_cleaned.dropna(subset=['Cleaned Text'])

print(" Lo oL G Iadles dudas adassiM)
pr‘int(" || O il U_>L‘a_>§!| s 0 a5 ol L_;)L?-...\n")

# (g\LoS// go Ml sgac ) axllrall s b o lila>/

total_before = len(df_final)

missing before = df_final['Subject_and Body'].isna().sum() or
(df_final['Subject_and Body'] == ""').sum()

words_per_email before =
df_final['Subject_and_Body'].astype(str).apply(lambda x:
len(x.split()))

avg_words_before = words_per_email before.mean()

max_words_before = words_per_email_before.max()

# (vl olainll sgaz)l We) axllrall a2 b o lblas]

total after = len(df_cleaned)

missing_after = df_cleaned['Cleaned Text'].isna().sum()

words_per_email_after = df_cleaned['Cleaned_Text'].apply(lambda x:
len(x.split()))

avg_words_after = words_per_email_after.mean()

max_words_after = words_per_email_after.max()

# lpuwiig a99izxall cMaumdly Lozl gui o lw>
dropped_records = total _before - total_after
dropped_percentage = (dropped_records / total_before) * 100

2

# isioll guiidl Jdzwy bl 6357 ppii aslb : Wb

B mm o m e e e e e e e e e

print("j] ================= o5 I ol Sla>| ,,35 (Data Profiling
Repor“t) =================")

print(f"| ixlleall 35 | o laxy !l wlaiiedl (Original) | wa

ixJlzad! (Cleaned) |")



print(f"|---------mmm - [ == -mmmmmm [----------

______________ D)

print(f"| 5, 9s5adl Ol o Ilox] | {total_before:<23} | {total_after:
<23} |")

print(f"| 5o, aiall/deyLall Oow | {missing_before:<23} |

{missing_after:<23} |")

print(f"| Ly 5 olal<dl sus huwsis | {avg_words_before:<23.2f} |
{avg_words_after:<23.2f} |")

print(f"| >0 Jue) 6 olals sue _asl | {max_words_before:<23} |
{max_words_after:<23} |")

print(f"\n Joasidl &5 Jxw (Data Retention Log):")

print(f" - (L300 Jowll) doiiiall odewldl suae: {total_after} Jxw.")

print(f" - LS ds,ixadl 3wl sue: {dropped_records} Jx..")

print(f" - ii,ixa)l olSladl iaws: {dropped_percentage:.2f}% sx> (1o
LS cuw Lstadr.™)

pr\j_nt("===================================================================================:
: (Ql_"l_g‘_{._” pxr> o O lhx ) ‘j)_x_"uu_g) oS gl A haSy el ]l duhis gHle...
el oLl Galaisy dxdlas dylee odasst!

ooy e —laxyl o 8 w5y ol syls...

================= 5Ll olyaSla>] 4,45 (Data Profiling Report)
| ixdleedr Jos | —laxyl wliied! (Original) | ixdlaed! s
(Cleaned) |
| o |- mm e R CRIeeE e
------ |
| 516755 | 517401 | 5 beiadl oYl Il
|
| o | o | 3o iaall/ae y Ladl ol
|
| 267.64 | 263.64 | Joaoy! b oladSdl sas hwgie
|
| 191378 | 60530 | u>!y Jues! b oladS sue albl
|

M Jowsidl e Jaw (Data Retention Log):
- Jow 516755 (3Ll Jowdl) daiiiadl odw ! sae.
- Jow 646 LS dsgimall OVawll ode.
- LS cuw LS adl a0 40012 dbgimaldl oLl .

# ool ol Cala)l s> J[uu.a AR
output_path =
"/content/drive/MyDrive/Thesis_Project/emails_cleaned_final.csv"

print("BY s Gl L8 Tabiedl o LSTadl Bas sy la...")

# li>Y aro Joled] dc ws cilodl ax> Judii cilaiodl jail sg9ac lnié laix
df_cleaned[['Cleaned Text']].to_csv(output_path, index=False)
print(f"[4 ,laadl 5 -lai maxil o5t {output_path}")

B oo G s dasiel anw L1al b gy le...
Dlwe 3t 3 plxiy bhax Il aSl
/content/drive/MyDrive/Thesis_Project/emails_cleaned_final.csv



b ol ¥ g lanatill Galdll  galdll alac)
import json
keywords_data = {

"categories": {

"Legal": {
"contract": 5,
"agreement": 5,
"legal": 6,
"lawsuit": 8,
"attorney": 7,
"compliance": 7,
"regulation”: 6,
"court": 8,
"litigation": 8,
"hearing": 7,
"regulatory": 6,
"filing": 5,
"license": 5,
"dispute": 7,
"settlement": 7,
"claim": 6,
"investigation": 7

}s

"Financial”: {
"invoice": 6,
"budget": 5,
"payment™:
"revenue":

)
)
"expense":
"finance": 6,
"financial": 7,
"profit": 7,
"cost": 5,

"cash flow": 8,
"forecast": 6,
"pricing": 6,
"credit": 7,
"investment": 6,
"funding": 6,

B

a O N O

"trading": 7,
"trade": 7,
"cash": 7,
"hedge": 8,

"commodity": 7,
"exposure": 8,
"margin": 8,
"margin plan": 8,
"million": 7,



"billion": 8,
"financing": 8,
"fund": 7,
"loan": 7,
"debt": 8,
"asset": 6,
"liability": 8,
"balance": 6,
"accounting": 8,

"audit": 8,
"tax": 7,
"earnings": 8

})

"HR": {
"employee": 7,
"employees": 7,
"recruitment": 8,
"hiring": 8,
"salary": 8,
"vacation": 5,
"leave": 6,
"benefits": 7,
"training": 6,
"interview": 8,
"candidate": 7,
"staff": 6,
"personnel”: 7,
"promotion": 5,
"termination": 8,
"performance”: 8,
"performance feedback": 9,
"performance management": 9,
"feedback": 7,
"reviewer": 7,
"review": 5,
"management process": 6,
"career": 7,
"development": 6,
"workforce": 7,
"responsibility": 6

}s

"Market": {

"customer": 6,
"sales": 7,
"marketing": 7,
"campaign": 7,
"advertising": 7,
"promotion": 6,
"market": 7,
"client": 6,



"consumer": 6,

"business development": 7,
"product": 5,

"service": 5,
"competition": 6,
"branding": 7,

"energy": 7,
"electricity": 7,
"power": 7,
"generation": 7,
"gas": 7,

"pipeline": 7,
"customer demand": 8,
"supply": 7,
"demand": 7,
"capacity": 6,
"construction": 7,
"bid": 7,
"proposal”: 6,
"vendor": 6,
"supplier": 6,
"contractor": 7,
"project": 5

}J

"Administration": {
"meeting": 6,
"schedule": 6,
"memo": 7,
"administrative": 7,
"office": 5,
"procedure": 7,
"policy": 7,
"conference call": 6,
"agenda": 6,
"minutes": 6,
"coordination": 6,
"planning": 5,
"project": 5,

"update": 4,
"report": 5,
"call": 5,

"attached": 4,
"attachment": 4,
"forwarded": 3,
"please review": 5,
"presentation”: 5,
"document": 5,
"discussion": 5,
"process": 6,
"request": 5,
"approval": 6



}s

"priorities": {

"High": {
"urgent": 10,
"asap": 10,

"immediately": 10,
"critical": 9,
"emergency": 9,
"deadline": 9,

"time sensitive": 8,
"action required": 8,
"response required": 8,
"high priority": 10,
"important": 7,

"must": 7,

"required": 7,

"need today": 8,

"need by": 7,

"final notice": 8,
"termination": 8,
"credit risk": 9,
"default": 9,

"outage": 8,

"power shortage": 8,
"market risk": 8,
"financial exposure": 9,
"lawsuit": 9,
"litigation": 9,
"hearing": 8,
"regulatory filing": 8,
"bankruptcy": 10,
"compliance issue": 8,
"immediate attention": 10,
"approve immediately": 9,
"sign immediately": 9,
"customer complaint": 8,
"incident": 8,

"safety issue": 9

¥

"Normal": {
"meeting": 4,
"conference call": 4,
"schedule": 4,
"discussion": 4,
"review": 4,
"update": 4,
"follow up": 4,
"report": 4,



"forecast": 4,
"budget": 4,
"planning": 4,
"project": 4,
"proposal": 4,
"memo": 4,
"agenda": 4,
"minutes": 4,
"analysis": 4,
"presentation”: 4,
"contract": 5,
"agreement": 5,
"negotiation": 5,
"approval": 5,

"weekly": 3,
"monthly": 3,
"status": 4,

"coordination": 4,
"committee": 4,
"strategy": 4,
"evaluation": 4

¥

"Low": {
"fyi": 8,
"for your information": 8,
"thank you": 7,
"thanks": 7,
"appreciate": 6,
"congratulations": 8,
"welcome": 6,
"vacation": 8,
"holiday": 8,
"party": 9,
"superbowl": 9,
"tickets": 8,
"lunch": 7,
"dinner": 7,
"travel specials": 190,
"discount": 9,
"special offer": 10,
"hotel": 8,
"airline": 8,
"car rental": 8,
"newsletter": 8,
"announcement": 6,
"social event": 8,
"golf": 8,
"sports": 7,
"birthday": 8,
"weekend": 7,
"personal”: 8,
"joke": 9,



"entertainment": 8

json_file_path = "/content/drive/MyDrive/Thesis_Project/keywords_config.json"

with open(json_file_path, "w", encoding="utf-8") as f:

json.dump(
keywords_data,
-FJ
indent=4,
ensure_ascii=False
)

print("[%4 JSON Saved Successfully")
print(json_file_path)

JSON Saved Successfully
/content/drive/MyDrive/Thesis_Project/keywords_config.json

import pandas as pd
import json

import re

import os

from sklearn.preprocessing import MultilLabelBinarizer

# cabiall LoVl Calall
DATA_PATH = "/content/drive/MyDrive/Thesis_Project/emails_cleaned_final.csv"

# olisVly oladSIl Lolo
CONFIG_PATH = "/content/drive/MyDrive/Thesis_Project/keywords_config.json"

# casiaill ole] az; @l alodl
OUTPUT_PATH =

"/content/drive/MyDrive/Thesis_Project/emails_labeled_final multilabel.

# DELETE OLD LABELED FILE

csv



# 29290 OU 5] a0l iladl (95>
# odoyad covivai il cli, gio Iag)l

if os.path.exists(OUTPUT_PATH):

os.remove(OUTPUT_PATH)
print("0ld labeled file deleted")

df = pd.read_csv(DATA_PATH)

print("="%*60)
print("ORIGINAL DATA")
print("="*60)
print(“Shape:", df.shape)

print(df.head())

with open(CONFIG_PATH, "r", encoding="utf-8") as f:
config = json.load(f)

category_rules = config["categories"]

priority rules = config["priorities™]

print("\nCategories:")
print(list(category_rules.keys()))

print("\nPriorities:")
print(list(priority_rules.keys()))

TEXT_COL = "Cleaned_Text"



def clean_text(text):
text = str(text).lower()

# ylg JI 3>
text = re.sub(
r"http\s+",

non
B

text

# i 9 ,xJl blaiz)]
text = re.sub(
r"[~a-z\s]",

non
B

text

# sl o bluwadl dlljf
text = re.sub(
r‘Il\s+l|"

non
)

text
).strip()

return text

df["temp_text"] = df[TEXT_COL].apply(clean_text)

def compute_score(text, rules):
scores = {}
for category, keywords in rules.items():
total_score = 0
for keyword, weight in keywords.items():
if keyword.lower() in text:

total_score += weight



scores[category] = total_score

return scores

# 9790 cisiaill suizy iz blii fgazo S5l
CATEGORY_THRESHOLD = 5
def label category(text):

scores = compute_score(

text,
category_rules

labels = []

for category, score in scores.items():
if score >= CATEGORY_THRESHOLD:

labels.append(category)

# caias sl oz o) 3]
if len(labels) == 0:

labels.append("Other™)

return labels

def label priority(text):

scores = compute_score(
text,
priority rules



best_priority = max(
scores,
key=scores.get

if scores[best_priority] > 6:

return best_priority

return "Normal"

print("\nStarting labeling...")

df["category list"] = df["temp_text"].apply(
label_category

df["priority"] = df["temp_text"].apply(
label _priority

print("Labeling Completed")

mlb = MultilLabelBinarizer()

category_matrix = mlb.fit_transform(
df["category list"]

category_df = pd.DataFrame(
category_matrix,
columns=[
"category_" + C



for ¢ in mlb.classes_

print("\nGenerated Categories:")
print(category_df.columns.tolist())

final_df = pd.concat(

[
df[
[
TEXT_COL,
"priority",
"category_list"
]
1B
category_df
1,
axis=1
)
# =============-============================================
# STATISTICS
ey Sy S
print("\n")

print("="%*60)
print("CATEGORY DISTRIBUTION")
print("="*60)

for col in category_df.columns:

print(
col,

nw,n
A

final_df[col].sum()



print("\n")

print("="*60)

print("PRIORITY DISTRIBUTION")
print("="*60)

print(
final_df["priority"].value_counts()

print("\n")

print("="%*60)

print("NUMBER OF LABELS PER EMAIL")
print("="*60)

print(
final_df[
category_df.columns
]

.sum(axis=1)
.value_counts()

final_df.to_csv(
OUTPUT_PATH,
index=False

print("\n")
print("="*60)
print("SAVE COMPLETE")
print("="*60)

print(
"Saved File:",
OUTPUT_PATH



Shape: (516755, 1)
Cleaned_Text
here is our forecast
re traveling to have a business meeting takes
re test test successful way to go
randy can you send me a schedule of the salary...
re hello let s shoot for tuesday at 11 45

A WNPRPRO

Categories:
["Legal', 'Financial', 'HR', 'Market', 'Administration']

Priorities:
["High', 'Normal', 'Low']

Starting labeling...
Labeling Completed

Generated Categories:
["category_Administration', 'category_Financial', 'category_ HR',
‘category_Legal', 'category_Market', 'category_ Other']

category_Administration : 335630
category_Financial : 201533
category_HR : 171381

category Legal : 156003
category_Market : 250563
category Other : 82944

priority

Normal 263752
Low 189017
High 63986

Name: count, dtype: int64

1 198025
2 113222
3 92584
4 68787
5 44137

Name: count, dtype: int64



Saved File:
/content/drive/MyDrive/Thesis_Project/emails_labeled_final_multilabel.csv

(.\.ul}&‘ salel

import pandas as pd

import json

import re

from sklearn.preprocessing import MultilLabelBinarizer

DATA_PATH = "/content/drive/MyDrive/Thesis_Project/emails_cleaned_final.csv"

CONFIG_PATH "/content/drive/MyDrive/Thesis_Project/keywords_config.json"

OUTPUT_PATH
"/content/drive/MyDrive/Thesis_Project/emails_labeled_analysis.csv"

df = pd.read_csv(DATA_PATH)

print("="%*60)
print("ORIGINAL DATA")
print("="%*60)

print("Shape:", df.shape)
print(df.head())

# 65/, JSON

# Sgixs:
# categories
# priorities

with open(CONFIG_PATH, "r", encoding="utf-8") as f:
config = json.load(f)



category_rules = config["categories™]

priority_rules = config["priorities"]

print("\nCategories:")
print(list(category_rules.keys()))

print("\nPriorities:")
print(list(priority_rules.keys()))

TEXT_COL = "Cleaned_Text"

def clean_text(text):

text

str(text).lower()

text = re.sub(
r'"http\s+",

non
)

text

text = re.sub(
r"[~a-z\s]",

non
I

text

text = re.sub(
PS4,

non
B

text
).strip()

return text

df["processed_text"] = df[TEXT_COL].apply(clean_text)



def compute_score(text, rules):
scores = {}
for label, keywords in rules.items():
total_score = 0
for keyword, weight in keywords.items():
if keyword.lower() in text:

total_score += weight

scores[label] = total_score

return scores

# Csuinai Categories

# Multi Label

CATEGORY_THRESHOLD = 5

def classify_category(text):

scores = compute_score(

text,
category _rules

labels = []

for category, score in scores.items():
if score >= CATEGORY_THRESHOLD:

labels.append(category)

if len(labels) == 0:

labels.append("Other")



return labels

# Coriai Priority

# Single Label

def classify priority(text):
scores = compute_score(

text,
priority rules

best_priority = max(
scores,
key=scores.get

if scores[best_priority] > 0:

return best_priority

return "Normal"

print("\nStarting labeling...")
df["category_list"] = df["processed_text"].apply(

classify_category

df["priority"] = df["processed_text"].apply(
classify_priority

print("Labeling completed")

# Jioxi Multi-Llabel sxacl _JJ



mlb = MultilLabelBinarizer()

category_matrix = mlb.fit_transform(
df["category list"]

category_df = pd.DataFrame(
category_matrix,
columns=[
"category_'
for ¢ in mlb.classes_

"

+ C

print("\nGenerated Categories:")
print(category_df.columns.tolist())

final_df = pd.concat(

[
df[

TEXT_COL,

"priority",
"category_list"

1
category_df

1

axis=1

print("\n")
print("="*60)
print("CATEGORY DISTRIBUTION")



print("="*60)

for col in category_df.columns:

print(
col,

nw,n
.

final_df[col].sum()

print("\n")

print("="*60)

print("PRIORITY DISTRIBUTION")
print("="%*60)

print(
final _df["priority"]
.value_counts()

print("\n")

print("="*60)

print ("NUMBER OF LABELS PER EMAIL")
print("="*60)

label count = (
category_df.sum(axis=1)

)
print(
label count.value_counts()
)
# ==========================================================



high_multi = final_df[
label_count >= 4

print("\n")

print("="%*60)

print("EMAILS WITH 4 OR MORE LABELS")
print("="*60)

print(
"Count:",
len(high_multi)
)

print("\nSample:")

print(
high_multi[
[
TEXT_COL,
"category_list",
"priority"
]
]
.head(20)
)
# mm=mm=mm=mmmmmmmmm—mm—mm—mmmmmmmmmsmm—mmmmmmmmm—mm——m—mm==
# olo)l las>
#f ==========================================================
final_df.to_csv(
OUTPUT_PATH,
index=False
)
print("\n")

print("="%*60)
print("SAVE COMPLETE")
print("="*60)

print(
OUTPUT_PATH



Shape: (516755, 1)

AW NP

Categories:

["Legal', 'Financial', 'HR', 'Market',
Priorities:
["High', 'Normal', 'Low']
Starting labeling...
Labeling completed

Generated Categories:
["category_Administration’,

'category_Legal', 'category_Market',

category_Administration : 335630
category_Financial : 201533
category_HR : 171381

category Legal : 156003
category_Market : 250563
category_Other : 82944

priority

Normal 263752
Low 189017
High 63986

Name: count, dtype: int64

1 198025
2 113222
3 92584
4 68787
5 44137

: count, dtype: int64

'category_Financial',
'category_Other']

Cleaned_Text

here is our forecast

re traveling to have a business meeting takes
re test test successful way to go
randy can you send me a schedule of the salary...
re hello let s shoot for tuesday at 11 45

"Administration’]

'category_HR',



Count: 112924

Sample:
Cleaned_Text \

9 fw fixed forward or other collar floor gas pri...
23  san juan index forwarded by phillip k allen ho...
24 san juan index liane as we discussed yesterday...
25 investment structure forwarded by phillip k al...
26  investment structure forwarded by phillip k al...
40  george below is a list of questions that keith..
41  westgate proforma phillip allen x1ls forwarded ..
50 westgate proforma phillip allen xls forwarded ...
54 re sagewood etc jeff you would clearly receive...
56 westgate proforma phillip allen xls forwarded ...
59 larry just a note to touch base on the sagewoo...
62 wow forwarded by phillip k allen hou ect on 09...
117 gas fundamentals development website forwarded...
127 tim can you authorize access to the west power...
135 assoc for west desk forwarded by phillip k all...
187 re sw gas forwarded by phillip k allen hou ect...
188 sw gas laird did you meet with swg on april 27...
239 pira s california southwest gas pipeline study...
253 forwarded by phillip k allen hou ect on 02 04 ...
276 re 2 survey information email 5 14 @1 outlook ...

category_list priority

9 [Financial, HR, Market, Administration] High
23 [Financial, HR, Market, Administration] Normal
24 [Financial, HR, Market, Administration] Normal

25 [Legal, Financial, HR, Market, Administration] Normal
26 [Legal, Financial, HR, Market, Administration] Normal
40 [Legal, Financial, HR, Market, Administration] Normal
41 [Legal, Financial, HR, Market, Administration] Normal
50 [Legal, Financial, HR, Market, Administration] Normal

54 [Legal, Financial, Market, Administration] Normal
56 [Legal, Financial, HR, Market, Administration] Normal
59 [Financial, HR, Market, Administration] Normal
62 [Legal, Financial, HR, Market, Administration] Normal
117 [Financial, HR, Market, Administration] Normal
127 [Legal, Financial, Market, Administration] Normal
135 [Financial, HR, Market, Administration] Low
187 [Legal, Financial, HR, Market, Administration] Normal
188 [Legal, Financial, Market, Administration] Low
239 [Financial, HR, Market, Administration] Low
253 [Financial, HR, Market, Administration] Normal
276 [Legal, HR, Market, Administration] Low

/content/drive/MyDrive/Thesis_Project/emails_labeled_analysis.csv

5 S Caglatl) il Y1 alasi)



# o lowail éAaLi am Eo azllzo &o

import pandas as pd

INPUT_PATH =
"/content/drive/MyDrive/Thesis_Project/emails_labeled_analysis.csv"

TRAIN_PATH =
"/content/drive/MyDrive/Thesis_Project/emails_labeled_training.csv"

# alall s¢l,9
df = pd.read_csv(INPUT_PATH)

# cliiail sracl zliziwl

category_columns = [
col for col in df.columns
if col.startswith("category ")

print("Category columns:")
print(category_columns)

# ols, [ I Cssiail sracl Jgzi

for col in category_columns:
df[col] = pd.to_numeric(
df[col],
errors="coerce"
).fillna(®)

# Joy] SIS cloriaill sae Cluws
df["label count"] = (

df[category_columns]
.sum(axis=1)

# olriw! Ls olilas)l

pr‘int ( " \[’]:::=======::::::::::::::::::::::lI )
print("LABEL COUNT BEFORE FILTER")

print(
df["label_count"]
.value_counts()



.sort_index()

# wlbiiai 3-1 o Myl blaisY]

df_train = df[
df["label_count"] <= 3
].copy()

# cidsoll s9azll i

df_train.drop(
columns=["1label count"],
inplace=True

# WJ,\.«.// wilo baié>

df_train.to_csv(
TRAIN_PATH,
index=False

print("\n================================")
print ("TRAINING DATA")
ppint("================================")

print(
"Original:",
df.shape

print(
"After filtering:",
df_train.shape

print("\nSaved:")
print (TRAIN_PATH)

Category columns:
["category list', 'category Administration', 'category_Financial',
'category_HR', 'category Legal', 'category Market', 'category_Other']

label count
1.0 198025
2.0 113222



3.0 92584
4.0 68787
5.0 44137
Name: count, dtype: int64

Original: (516755, 10)
After filtering: (403831, 9)

Saved:
/content/drive/MyDrive/Thesis_Project/emails_labeled_training.csv

il Cadas

# yuadll:

# emails_Llabeled_training.csv

#

# Cagll:

# avledl ausdl zhziwl LS dsdai daxuw cliul.

import pandas as pd

INPUT_FILE =
"/content/drive/MyDrive/Thesis_Project/emails_labeled_training.csv"

OUTPUT_FILE =
"/content/drive/MyDrive/Thesis_Project/emails_labeled_training_clean.csv"

df = pd.read_csv(INPUT_FILE)

print("=" * 60)
print("ORIGINAL DATASET")
print("=" * 60)
print("Shape:", df.shape)



df["text_length"] = df["Cleaned_Text"].astype(str).str.len()

before = len(df)
df = df.drop_duplicates(
subset=["Cleaned_Text"]

).reset_index(drop=True)

duplicates_removed = before - len(df)

p995 = df["text_length"].quantile(©.995)

df = df[df["text_length"] <= p995]

#f ============================================================
# SAVE CLEAN DATASET
#f =========s—osmosms—sms—ss—=s———————o————m—s——=s—=s—==s========
df.to_csv(

OUTPUT_FILE,

index=False
)
# Tttt 1ttt 11ttt ittt
# REPORT
# =================——=———————======—===————=——=—==========—======

print("\n" + "=" * 60)

print("CLEANING REPORT")

print("=" * 60)

print("Duplicates Removed :", duplicates_removed)
print("P99.5 Threshold 2", int(p995))
print("Final Shape :", df.shape)



print("\nSaved File:")
print(OUTPUT_FILE)

Duplicates Removed : 211981
P99.5 Threshold : 5965
Final Shape : (190280, 8)

Saved File:
/content/drive/MyDrive/Thesis_Project/emails_labeled_training clean.csv

Gyl dlisiu) (Exploratory Data Analysis
-EDA)

import pandas as pd

df = pd.read_csv(
"/content/drive/MyDrive/Thesis_Project/emails_labeled_training_clean.csv"

lengths = df["Cleaned_Text"].astype(str).str.len()

print("Min :", lengths.min())
print(“Mean :", round(lengths.mean(),2))
print("Median :", lengths.median())

print("\nPercentiles")

print("P95 :", lengths.quantile(©.95))
print("P99 :", lengths.quantile(9.99))
print("P99.5:", lengths.quantile(©.995))
print("P99.9:", lengths.quantile(9.999))

print("\nMax Length:", lengths.max())

Min . 10
Mean . 672.87
Median : 421.0

Percentiles

P95 : 2124.0

P99 : 3756.0

P99.5: 4474.6050000000105
P99.9: 5481.442000000039



Max Length: 5964
sl sbasyl (Descriptive Statistics) 4=l

import pandas as pd

df = pd.read_csv(
"/content/drive/MyDrive/Thesis_Project/emails_labeled_training_clean.csv"

category cols = [
"category_Administration”,
"category_Financial",
"category_HR",
"category_ Legal",
"category_Market",
"category_Other"

print("="%*60)
print("DATASET SIZE")
print("="*60)
print(len(df))

print("\n" + "="*60)
print("LABEL CARDINALITY")
print("="%*60)

label count = df[category cols].sum(axis=1)

print("Average labels per email:")
print(label_count.mean())

print("\nDistribution:")
print(label_count.value_counts().sort_index())

print("\n" + "="*60)
print("CATEGORY DISTRIBUTION")
print("="*60)

for col in category_cols:

count = int(df[col].sum())

print(
col,
count,
round(count/len(df)*100,2),
)

print("\n" + "="*60)
print("PRIORITY DISTRIBUTION")



print("="*60)

print(
df["priority"]
.value_counts(normalize=True)*100

Average labels per email:
1.7297929367248266

Distribution:
1 94389
2 52917
3 42974

Name: count, dtype: inté64

category_ Administration 103304 54.29 %
category_Financial 47397 24.91 %
category_HR 37257 19.58 %

category Legal 33618 17.67 %
category_Market 67362 35.4 %
category_Other 40207 21.13 %

priority

Normal 51.464158
Low 39.288943
High 9.246899

Name: proportion, dtype: float64
"Summary Statistics of Dataset Word Count" (<ULl de sane el 23a] andlill Cileliasl),

df["word_count"] = (
df["Cleaned_Text"]
.str.split()
.str.len()

print(df["word _count"].describe())

count 190280 .000000
mean 124.742795
std 137.452653
min 1.000000



25% 37.000000

50% 79.000000
75% 162.000000
max 1321.000000

Name: word_count, dtype: float64
—Lua Percentiles
print(

df["word_count"].quantile(
[0.90,0.95,0.99,0.995,0.999]

)
)
0.900 283.0
0.950 390.0
0.990 692.0
0.995 827.0
0.999 1037.0

Name: word_count, dtype: float64

(1) pd) agla>/
wlw> Label Cardinality ¢ Label Density

oagll:
i, SS 9 829790l wliviaill sac lawgio d9r20
M @ liadl san) dwwidl liviaill aSLS a8 209

H R R B OB B

import pandas as pd

df = pd.read_csv(
"/content/drive/MyDrive/Thesis_Project/emails_labeled_training_clean.csv"

)

# oliiaill sxacl
category_columns = [
"category Administration”,
"category_Financial™,
"category_HR",
"category Legal",
"category_Market",
"category_Other"

# Moyl SIS lorianill o ol
label count = df[category_columns].sum(axis=1)

# olw> Label Cardinality
label cardinality = label_count.mean()

# olw> Label Density
label density = (



label_cardinality /
len(category_columns)

print("=" * 60)
print("LABEL CARDINALITY & LABEL DENSITY")
print("=" * 60)

print(
"Average Labels Per Email:",
round(label_cardinality, 3)

)
print(
"Label Density:",
round(label_density, 3)
)

print("\nDistribution:")

print(
label_count
.value_counts()
.sort_index()

Average Labels Per Email: 1.73
Label Density: 0.288

Distribution:
1 94389
2 52917
3 42974

Name: count, dtype: int64

(2) @) aglas]
Category Distribution + Imbalance Ratio

dagll:

1- ULl J3ls ats S am> idizo

2- wlldl Joz] po aid S dww d9szo
3- o jlsil pac wls (Imbalance Ratio)

ibaslo:
doss cuuisl lalS IR Jasl ojlsidl oIS 1 ye.
usSaw laily SVl azall IR 1 = Lo

B S T T I S T

import pandas as pd

# u\flg_a.// g,uJ,\.J/ slo 6.€/JL_§



FILE = "/content/drive/MyDrive/Thesis_Project/emails_labeled_training_clean.csv"
df = pd.read_csv(FILE)

# oliiaill sxracl
category_columns = [
"category Administration",
"category_Financial",
"category_HR",
"category Legal",
"category_Market",
"category Other"

print("=" * 60)
print("CATEGORY DISTRIBUTION")
print("=" * 60)

category_counts = {}

for col in category_columns:

count = int(df[col].sum())

percentage = round(
count / len(df) * 100,
2

category_counts[col] = count

print(
f"{col:<25}",
f"Count = {count:<10}",
f"Percentage = {percentage}%"

)
# ============—=—=———————————————————————————————————————--==
# o lw> Imbalance Ratio
# ===============—=—=———=———=————=—=—=—=—=———=———=—=——=—=======—======
print("\n")

print("=" * 60)

print("IMBALANCE RATIO")

print("=" * 60)

max_count = max(
category_counts.values()

for col, count in category_counts.items():

ir = round(



max_count / count,

2

)

print(
f"{col:<25}",
f"IR = {ir}"

)

largest_category = max(
category_counts,
key=category_counts.get

smallest_category = min(
category_counts,
key=category_counts.get

print("\n")

print("=" * 60)
print("SUMMARY")
print("=" * 60)

print("Largest Category :

, largest_category)

print("Smallest Category:", smallest_category)

print(
"Largest Count .
category_counts[largest_category]
)
print(
"Smallest Count .
category_counts[smallest_category]
)

category_Administration Count = 103304

category_Financial Count = 47397
category_HR Count = 37257
category_Legal Count = 33618
category_Market Count = 67362
category_Other Count = 40207

Percentage
Percentage
Percentage
Percentage
Percentage
Percentage

.29%
.91%
.58%
.67%
.4%

.13%



category Administration IR = 1.0

category_Financial IR = 2.18
category_HR IR = 2.77
category Legal IR = 3.07
category_Market IR = 1.53
category_Other IR = 2.57
SUMMARY

Largest Category : category_ Administration
Smallest Category: category_ Legal

Largest Count : 103304

Smallest Count ¢ 33618

il G Jaal il Qa3 (Category Co-occurrence Matrix)

(3) pé) dsla>/
Category Co-occurrence Matrix

Sagll:
leo cuits S lgsd gl il elyall 228 lus
9“3)"'-(/)// )4)+// MRS ub'/_).

Jlo:

Financial + Market
HR + Administration
Legal + Financial

HOH OB R R ¥ W W W R R R R

99l itill u @Ml il ad I Sl Lals.

FILE = "/content/drive/MyDrive/Thesis_Project/emails_labeled_training_clean.csv"

df = pd.read_csv(FILE)

category_columns = [
"category_Administration",
"category_Financial",
"category_HR",
"category Legal",
"category_Market",
"category_Other"



co_matrix = pd.DataFrame(
index=category_columns,
columns=category_columns

for catl in category_columns:
for cat2 in category_columns:

co_matrix.loc[catl, cat2] = (

(
df[catl] ==
) &
df[cat2] == 1
)
) -sum()
# mm=mm=mm=mmm—mmm—mm—mm—mm—mm——mm—mm—mm—mm—mmm—mm—mm——m—mmm=
# d9gsumanll ot
e

print("=" * 70)
print ("CATEGORY CO-OCCURRENCE MATRIX")
print("=" * 70)
print(co_matrix)

# ol g BNl el zliziwl

print("\n")

print("=" * 70)

print("TOP CATEGORY RELATIONSHIPS")
print("=" * 70)

relationships = []

for i in range(len(category_columns)):

for j in range(i + 1, len(category_columns)):

catl = category_columns[i]



cat2 = category_columns[j]

count = (
(
df[catl] ==
) &

df[cat2] == 1
)
).sum()

relationships.append(
(catl, cat2, count)

relationships = sorted(
relationships,
key=lambda x: x[2],
reverse=True

for rel in relationships[:15]:

print(
f"{rel[0]} + {rel[1]} = {rel[2]}"

print("\n")

print("=" * 70)
print("SUMMARY")
print("=" * 70)

print(
"Number of Categories:",
len(category_columns)

)

print(
"Number of Category Pairs:",
len(relationships)

)

category_Administration category Financial \

category_Administration 103304 27690
category Financial 27690 47397
category_HR 24599 8033
category_Legal 18787 8246

category_Market 40952 21835



category_ Other

category_HR category_Legal category_Market \

category Administration 24599 18787 40952
category_Financial 8033 8246 21835
category_HR 37257 7171 11624
category Legal 7171 33618 12902
category_Market 11624 12902 67362
category_Other 0 7] (%]

category_Other
category Administration (%]
category_Financial (%]
category_HR 0
category Legal (%]
category_Market 0
category_Other 40207

category Administration + category_Market = 40952
category_Administration + category Financial = 27690
category_Administration + category_HR = 24599
category_Financial + category_ Market = 21835
category_Administration + category Legal = 18787
category_Legal + category_Market = 12902
category HR + category_Market = 11624
category_Financial + category_Legal = 8246
category_Financial + category HR = 8033
category HR + category_Legal = 7171
category_Administration + category Other = ©
category_Financial + category Other = 0@
category_HR + category_Other = 0

category_Legal + category_Other = 0
category_Market + category_Other = 0

Number of Categories: 6
Number of Category Pairs: 15

il de C\);:\.m\ Ji LW jolias (e gaaill g clilull 30 g (and



import pandas as pd

FILE = "/content/drive/MyDrive/Thesis_Project/emails_labeled_training_clean.csv"

df = pd.read_csv(FILE)

category_columns = [
"category_Administration”,
"category_Financial”,
"category_HR",
"category_ Legal",
"category_Market",

"category_Other"
]
# Tttt ittt 1+ttt
# olbldl a=>
# Tttt ittt 1ttt ittt ittt 1+ttt

print("=" * 70)
print("DATASET OVERVIEW")
print("=" * 70)

print("Rows :", len(df))
print("Columns :", len(df.columns))

print("\n")

print("=" * 70)
print("MISSING VALUES")
print("=" * 70)

missing = df.isnull().sum()

print(missing)

print("\nTotal Missing Values:")
print(missing.sum())

print("\n")



print("=" * 70)
print("EMPTY TEXT CHECK")
print("=" * 70)

empty text = (
df["Cleaned_Text"]

fillna("")
.str.strip()
.eq("")
.sum()

print("Empty Emails:", empty_text)

print("\n")

print("=" * 70)
print("DUPLICATE EMAIL CHECK")
print("=" * 70)

duplicates = df.duplicated(
subset=["Cleaned_Text"]

).sum()

print("Duplicate Emails:", duplicates)

print("\n")

print("=" * 70)

print("LABEL COUNT DISTRIBUTION")
print("=" * 70)

df["label count"] = (
df[category_columns]
.sum(axis=1)

)
print(
df["label_count"]
.value_counts()
.sort_index()
)
# Tt ittt ittt ittt ittt i1+ttt
# olsloVl &g
#} ==========================================================

print("\n")



print("=" * 70)
print("PRIORITY DISTRIBUTION")
print("=" * 70)

print(
df["priority"]
.value_counts(normalize=True)
* 100

print("\n")

print("=" * 70)

print("CATEGORY VALUE VALIDATION")
print("=" * 70)

for col in category_columns:

unique_values = sorted(
df[col]
.dropna()
.unique()
.tolist()

print(col, "=>", unique_values)

# ===============—======—===—=============—===—==================
# LlwJl Jlsbol Jd=

#f ==========================================================
print("\n")

print("=" * 70)
print("EMAIL LENGTH ANALYSIS")
print("=" * 70)

df["word_count"] = (
df["Cleaned_Text"]

.fillna("")
.str.split()
.str.len()

)

print(
df["word_count"]
.describe()

)

print("\nPercentiles:")

print(



df["word_count"]
.quantile(
[6.90, 0.95, ©.99, ©.995, 0.999]

print("\n")

print("=" * 70)
print("SHORT EMAIL CHECK")
print("=" * 70)

short_emails = (
df["word_count"] < 5

).sum()

print("Emails < 5 words :", short_emails)
print(
"Percentage :",
round (
short_emails / len(df) * 100,
2

)s

no/n
(]

print("\n")

print("=" * 70)
print("LONG EMAIL CHECK")
print("=" * 70)

long_emails = (
df["word_count"] > 2000
).sum()

print("Emails > 2000 words :", long_emails)

print(
"Percentage :",
round (
long_emails / len(df) * 100,
4
)>



print("\n")

print("=" * 70)

print("FINAL QUALITY SUMMARY")
print("=" * 70)

print("Missing Values :", missing.sum())
print("Duplicate Emails :", duplicates)
print("Empty Emails :", empty_text)
print("Short Emails :", short_emails)

, long_emails)

print("Long Emails :"

if (
missing.sum() == @
and empty_text ==

print("\nDataset Passed Basic Quality Checks")
else:
print("\nDataset Requires Additional Cleaning")

Rows : 190280
Columns : 8

Cleaned_Text

priority

category Administration
category_Financial
category_HR

category Legal
category_Market
category_Other

dtype: inté64

O OO0 00000

Total Missing Values:



Duplicate Emails: ©

label count
1 94389
2 52917
3 42974

Name: count, dtype: int64

priority

Normal 51.464158
Low 39.288943
High 9.246899

Name: proportion, dtype: floaté64

category Administration => [0, 1]
category_Financial => [0, 1]
category HR => [0, 1]
category_Legal => [0, 1]
category_Market => [0, 1]
category Other => [0, 1]

count 190280.000000

mean 124.742795
std 137.452653
min 1.000000
25% 37.000000
50% 79.000000
75% 162.000000
max 1321.000000

Name: word_count, dtype: float64

Percentiles:

0.900 283.0
0.950 390.0
0.990 692.0
0.995 827.0

0.999 1037.90
Name: word_count, dtype: float64



SHORT EMAIL CHECK

Emails < 5 words : 1261
Percentage : 0.66 %

Emails > 2000 words : ©
Percentage : 0.0 %

Missing Values : ©
Duplicate Emails : ©
Empty Emails : @
Short Emails : 1261
Long Emails : ©

Dataset Passed Basic Quality Checks

Shaall Sl Jlas

unique_emails = df["Cleaned_Text"].nunique()

print("=" * 60)
print("UNIQUE EMAIL ANALYSIS")
print("=" * 60)

print("Total Emails :", len(df))
print("Unique Emails:", unique_emails)

print(
"Duplicate Rate:",
round(
(1 - unique_emails / len(df)) * 100,
2
)>
)

Total Emails : 190280
Unique Emails: 190280
Duplicate Rate: 0.0 %

<l Sall Jilss (Duplicate Frequency Analysis)



#(5) p8) avlas]

# Duplicate Frequency Analysis

#

# agll:

# bl L5 LS awl )0

# S iz le sy Sl o JulS 228 229 b iS40
# oLl dfgazo (po.

duplicate_counts = (
df["Cleaned_Text"]
.value_counts()

print("=" * 70)
print("DUPLICATE ANALYSIS")
print("=" * 70)

print("Total Emails:")
print(len(df))

print("\nUnique Emails:")
print(df["Cleaned_Text"].nunique())

print("\nRepeated Emails:")
print(
(duplicate_counts > 1).sum()

print("\n")

print("=" * 70)

print("TOP 20 MOST REPEATED EMAILS")
print("=" * 70)

print(
duplicate_counts.head(20)



print("\n")

print("=" * 70)

print("DUPLICATE FREQUENCY DISTRIBUTION")
print("=" * 70)

freq_distribution = (
duplicate_counts
.value_counts()
.sort_index()

print(freq_distribution.head(20))

print("\n")

print("=" * 70)

print("EMAIL REPETITION GROUPS")
print("=" * 70)

once = (duplicate_counts == 1).sum()

two_to_five = ((duplicate_counts >= 2) & (duplicate_counts <= 5)).sum()
six_to_ten = ((duplicate_counts >= 6) & (duplicate_counts <= 10)).sum()
more_than_ten = (duplicate_counts > 10).sum()

print("Appeared Once :", once)
print("Appeared 2-5 Times :", two_to_five)

print("Appeared 6-10 Times :", six_to_ten)
print("Appeared >10 Times :", more_than_ten)

total unique = len(duplicate_counts)

print("\nPercentages:")

print(

"Once:",

round(once / total_unique * 100, 2),
)
print(

"yo5:n,

round(two_to_five / total_unique * 100, 2),

no/n
0



print(
"6-10:",
round(six_to_ten / total_unique * 100, 2),

no/n
(]

)
print(

">10:",

round(more_than_ten / total_unique * 100, 2),
)

Total Emails:
190280

Unique Emails:
190280

Repeated Emails:

Cleaned_Text

re ali s essays i think the ymca has a class that is for people recovering
from heart attacks i remeber something about that original message i don t
know about the heart classes i 11 look into it but her dr ravi isn t offering
up any suggestions or anything she saw him before the surgery in august and
he said things were okay i really don t think he s too helpful she is lazy
but it really frustrates me that she doesn t want to help herself i told her
that not walking is like not taking her heart medication that didn t seem to
resonate dad is going to go to the ymca tomorrow and maybe get a membership
for both of them they have a walking track there at least it s something to
do in the winter when she was down this weekend we walked around the craft
show at the exhibition place and she said that was a lot of exercise 2 hrs
the only problem is that we were just strolling and not really walking very
fast john zufferli enron com 11 26 2001 01 41 pm just send the essay at home
i don t know what to do about mom i don t think fear is the only thing
holding her back i think she is lazy is there a heart health class in sudbury
that has excercise regimines as well as diets when is the last time she saw
her doctor original message hi john how was thanksgiving was the baby shower
fun i was wondering if you d have some time to read over ali s chicago essays
later tonight he s going to submit them on wednesday let me know if that s
okay do you have a printer at home can i send them to your home account i don
t think ali will be done before about 8pm or so tonight ps we need to talk
about mom i saw her this weekend she s gained a lot of weight and hasn t been
exercising at all dad s pretty frustrated because all she does is watch tv i
had a talk with her yesterday telling her that she has more risk of having a
heart attack if she doesn t walk exercise than if she exerts herself when
exercising i think she s afraid of having a heart attack while exercising we



need to do something she s 170lbs now and should be at around 1401bs to be
healthy livia this e mail is the property of enron corp and or its relevant
affiliate and may contain confidential and privileged material for the sole
use of the intended recipient s any review use distribution or disclosure by
others is strictly prohibited if you are not the intended recipient or
authorized to receive for the recipient please contact the sender or reply to
enron corp at enron messaging administration enron com and delete all copies
of the message this e mail and any attachments hereto are not intended to be
an offer or an acceptance and do not create or evidence a binding and
enforceable contract between enron corp or any of its affiliates and the
intended recipient or any other party and may not be relied on by anyone as

the basis of a contract by estoppel or otherwise thank you 1
here is our forecast
1

re traveling to have a business meeting takes the fun out of the trip
especially if you have to prepare a presentation i would suggest holding the
business plan meetings here then take a trip without any formal business
meetings i would even try and get some honest opinions on whether a trip is
even desired or necessary as far as the business meetings i think it would be
more productive to try and stimulate discussions across the different groups
about what is working and what is not too often the presenter speaks and the
others are quiet just waiting for their turn the meetings might be better if
held in a round table discussion format my suggestion for where to go is
austin play golf and rent a ski boat and jet ski s flying somewhere takes too
much time

1

re test test successful way to go

1

randy can you send me a schedule of the salary and level of everyone in the
scheduling group plus your thoughts on any changes that need to be made patti
s for example phillip

1

re hello let s shoot for tuesday at 11 45

1

re hello greg how about either next tuesday or thursday phillip

1

please cc the following distribution list with updates phillip allen pallen
enron com mike grigsby mike grigsby enron com keith holst kholst enron com
monique sanchez frank ermis john lavorato thank you for your help phillip
allen

1

fw i newco file inventory original message everything from ops trading
marketing and development in calgary plus mike s inputs from toronto has been
consolidated into one master index the file is located at i newco 00 readme
xls if you have additional items to add to your directories or i have not yet
received inputs from you please update the master index there is one tab for
each department thanks richard c mckeel enron canada corp phone 403 974 6742
fax 403 974 6706

1

fw original message hey there dad told me that you got your bonus
congratulations that s a piece of good news at least i got some bad news
about bonuses today we usually get them paid out this week but we just got an
email from our ceo saying that only a few exceptional performers will get
some sort of bonus but they won t disclose the information until the end of
january given that i have to have a new place to live for february i don t
think that i 11 be able buy a condo anymore the bonus money would have been
for the down payment anyway kind of annoying but i guess i should be grateful



that i have a job mom s size is large she s 5 4 and about 145 pounds could
you pass this on to jess by the way our flight comes in at around 10pm on
saturday but i 11 call to confirm livia

1

re market risk meeting today john zufferli i am waiting on the conference
call and no one is on it yet original message importance high hi the market
risk meeting has been scheduled for today at 5 15 p m houston time the dial
in information is as follows dial in number 203 719 0070 freephone within the
u s 877 315 5218 pin number 808787 mercy please reserve a conference room for
those participants in houston thanks jm visit our website at this message
contains confidential information and is intended only for the individual
named if you are not the named addressee you should not disseminate
distribute or copy this e mail please notify the sender immediately by e mail
if you have received this e mail by mistake and delete this e mail from your
system e mail transmission cannot be guaranteed to be secure or error free as
information could be intercepted corrupted lost destroyed arrive late or
incomplete or contain viruses the sender therefore does not accept liability
for any errors or omissions in the contents of this message which arise as a
result of e mail transmission if verification is required please request a
hard copy version this message is provided for informational purposes and
should not be construed as a solicitation or offer to buy or sell any
securities or related financial instruments

1

gas and power eol access here is the update list that you requested mike
cowan chris lambie chad clark chris dorland lon draper cooper richey john
zufferli also needs access to the nymex eol website mike cowan chris lambie
chad clark chris dorland need access to us west and east basis markets as
well

1

re new company online trader access stack manager website original message
importance high john i understand you have been approached separately to
provide this information if so could i please have a copy of your worksheets
thanks nella original message importance high rob please populate the
attached worksheets for stack manager website access i have added the canada
product types and a drop down for each user product type to populate with
read execute or none for read only website id s additional population is not
necessary please return to me once complete let me know if you have any
questions file can gas stack website for new version 121901 xls thank you
stephanie sever enrononline 713 853 3465

1

re quick question you should talk to jess about that she is due march 2 but i
am not sure when her mom is coming and going i would think that the 2 week in
march is good though look forward to seeing you tomorrow original message
when is jessica due i want to book tickets out to see you guys in feb march
but i want to make sure that you have time to get settled before i come i
have to order tickets by dec 24th as ali has a special 2 for 1 coupon so he
can come with me too what timing is best

1

lethbrige ironworks you can increase the direct sale to include dec 31 2001
thank you john zufferli

1

re w ¢ deficiency rider yes original message importance high this is the
first that i have heard of this something for mike to look at mark original
message wc deficiency notice doc file wc deficiency notice doc eal deferral
summary november 2001 doc file eal deferral summary november 2001 doc

1

training i am interested in a program for myself i am 33 years old have been



inactive for 6 months i am 6 1 and 225 lbs i can easily ride 50 km at about
27 km h on flat terrain i would like to lose 15 lbs improve my speed an
definitely improve my hill climbing ability i live at 3800 ft altitude and
hill climbing is very difficult i hit lactate threshold fairly quick thanks

1

re dad asked if i wanted to lend you some money but i am reluctant to do it
at this point in time since a i am not completely at liberty to touch all the
cash that i have received lately for concern that it may be taken bank under
potential creditor action against enron unfortunatelty without this cash i
really can t afford to lend any the cash that i received recently represents
80 of the cash that i have and i am not sure when i can count on this cash
with any degree of certainty therefore i am reluctant to touch this money for
at least 6 months b as of right now i don t have a job after feb 28 the new
company deal that enron is trying to structure with its traders and a new
buyer will not be done until the month if this deal falls through then i have
to find a job with another company in this case it is most likely that i will
have to move back to the us since my contacts and the most lucrative
opportunities i e compared the the new enron deal are there c if i had the
cash to give dad asked that i could give you a discount to the bank mortgage
with discount rates near 5 even if i gave you a mortgage at 4 i don t think
the monthly interest saving for you would be material enough d i think it is
good for you to develop a credit rating with a bank through a mortgage it is
very beneficial for later on in life paying visa bills does help you a bit in
this category but not like a mortgage hopefully you can get the financing
from a bank i think that this is the best solution in the long run original
message hi john wanted to talk to you about the house stuff dad told me that
he was talking to you about financing options i just wanted to say that i don
t want you to feel compelled to write a mortgage for me dad s just trying to
explore different options i know it s a lot of cash and i would never want to
impose on you i m sure that i can get a mortgage from the bank at a decent
rate as long as i can put down the 25 down payment so that i can avoid the
mortgage insurance which is costly i m cashing in some gics and other bonds
and ali s going to lend me 10k so i will be able to come up with the 55k for
the down payment if writing the mortgage is something that you would like to
do for a stable investment then we can talk too my time horizon on the condo
is 5 7 years so i recognize that that would hold up your capital for a long
while anyway i have to go ahead and get the guarantee of financing within 5
days or so so i have to make a decision in the next day either way maybe you
can call or email me livia

1

re if the legacy deals move to netco then we need the ability to trade
canadian gas canada would not be out of business if we only traded us
denominated financial products but it reduce our daily transactions by 75
original message john dealing with canadian issues and netco original thought
was that legacy deals go away and we can do in canada as we do in us
unfortunately feedback is that currency issue will still exist in your minds
eye will it put canada out of biz if we require that during first 45 days
only us like transactions occur your feedback would be great thanks frank

1

re market risk meeting today john zufferli i waited for 15 min i guess the
conference call was cancelled original message importance high hi the market
risk meeting has been scheduled for today at 5 15 p m houston time the dial
in information is as follows dial in number 203 719 0070 freephone within the
u s 877 315 5218 pin number 808787 mercy please reserve a conference room for
those participants in houston thanks jm visit our website at this message
contains confidential information and is intended only for the individual
named if you are not the named addressee you should not disseminate



distribute or copy this e mail please notify the sender immediately by e mail
if you have received this e mail by mistake and delete this e mail from your
system e mail transmission cannot be guaranteed to be secure or error free as
information could be intercepted corrupted lost destroyed arrive late or
incomplete or contain viruses the sender therefore does not accept liability
for any errors or omissions in the contents of this message which arise as a
result of e mail transmission if verification is required please request a
hard copy version this message is provided for informational purposes and
should not be construed as a solicitation or offer to buy or sell any
securities or related financial instruments

1

Name: count, dtype: inté64

1 190280
Name: count, dtype: inté64

Appeared Once : 190280
Appeared 2-5 Times : @
Appeared 6-10 Times : ©
Appeared >10 Times : @

Percentages:
Once: 100.0 %
2-5: 0.0 %
6-10: 0.0 %
>10: 0.0 %

e X Ae L&) (Stratified Training
Sample)



# (Feature) gslail —yyx lil.
#

# daiuzll azm>:

# 50,000 Jxw

import pandas as pd
from sklearn.model_selection import train_test_split

FILE = "/content/drive/MyDrive/Thesis_Project/emails_labeled_training_clean.csv"
df = pd.read_csv(FILE)

print("=" * 60)
print("ORIGINAL DATASET")
print("=" * 60)

print(df.shape)

category_columns = [
"category_Administration”,
"category_Financial”,
"category_HR",
"category_Legal",
"category_Market",

"category_Other"
]
# Tttt 1ttt 1ttt -ttt 1+ttt
# adlw, S clivnil sac olw>
# it i ittt 1+ttt 1ttt 1+ttt 1+ttt 1+ttt 1+t 1+ 1+ttt

df["label count"] = (
df[category_columns]
.sum(axis=1)

aslb cliv] Stratification

*

gomit
B }ij/
- wliwaill sac

aliol:
Normal 1

H OB OE OB R B R R



df["stratify group"] = (
df["priority"].astype(str)

+ f—
+ df["label count"].astype(str)

sample_df, _ = train_test split(
df,
train_size=SAMPLE_SIZE,
stratify=df["stratify_group"],

random_state=42
)
# ==========================================================
#f ==========================================================

sample_df = sample_df.drop(
columns=["stratify_group"]

OUTPUT_FILE = (
"/content/drive/MyDrive/Thesis_Project/
"emails_training_sample 50k.csv"

)
sample_df.to_csv(
OUTPUT_FILE,
index=False
)
# it ittt 1+ttt 1ttt 1ttt i+ttt 1+ttt 1+ttt
# u\flg_r M2
# ==========================================================

print("\n")



print("=" * 60)
print("SAMPLE CREATED")
print("=" * 60)

print("Original Dataset :", len(df))
print("Sample Size :", len(sample_df))

print("\nSaved File:")
print(OUTPUT_FILE)

print("\n")

print("=" * 60)

print("PRIORITY DISTRIBUTION CHECK")
print("=" * 60)

print(
(
sample_df["priority"]
.value_counts(normalize=True)
* 100
).round(3)

print("\n")

print("=" * 60)

print("LABEL COUNT DISTRIBUTION CHECK")
print("=" * 60)

print(
(
sample_df["label count"]
.value_counts(normalize=True)
.sort_index()
* 100
).round(3)
)
s S e S S
# oSG 2929 paf o génil
# mm==m==m=—m—=m—=mm—mm—mm—mm—mmm—mm—mm—mmmmmmmmmmmm——m——m==

total_records = len(sample_df)
unique_emails = sample_df["Cleaned_Text"].nunique()

print("\n")
print("=" * 60)



print("UNIQUE EMAIL ANALYSIS")
print("=" * 60)
print("Total Records :"
print("Unique Emails
print("Duplicates

, total records)
, unique_emails)
, total_records - unique_emails)

Original Dataset : 190280
Sample Size : 50000

Saved File:
/content/drive/MyDrive/Thesis_Project/emails_training_sample_50k.csv

priority

Normal 51.462
Low 39.290
High 9.248

Name: proportion, dtype: float64

label_count
1 49.606
2 27.810
3 22.584

Name: proportion, dtype: float64

Total Records : 50000
Unique Emails : 50000
Duplicates )

Y 4uall 2205 (Train / Validation / Hold-out)

# I Jros] il 50 JI die ppii:
# Train (70%) + Validation (10%) + Hold-out Test (20%)



# oagll:
# Egpuirad] 9 dorzimadl il Ul wlegazno clinl.
#
# dumgiall:
# 1- plauwl Stratified Split < lldl g g e bLlaxl.
2- e slaicyl:
Priority + Label Count
_utia$ Stratification.
3- W bl arwii:
Train Set 70% (35,000)
Validation Set = 10% (5,000)
Hold-out Test = 20% (10,000)
4- Jic Hold-out Test slil lgoloariwl prcs JolSIL:
- eyl
- wladzol byuw
- gigadl Lzl
5- ow aylially Wlgidl ausil) bhis lgolaziwl:
Baseline ML Models
BERT Model

aazo:
Label_count liés aumsilly Jd=ill Ublﬁﬁy PIET
6 iuaS paxiwy o (Feature) il bl

H R OH OB O OB R OH R H R R B R B R R RHR

import pandas as pd
from sklearn.model_selection import train_test_split

file_path = (
"/content/drive/MyDrive/Thesis_Project/"
"emails_training sample_50k.csv"

df = pd.read_csv(file_path)

print("=" * 60)

print("WORKING DATASET")
print("=" * 60)

print("Dataset Shape:", df.shape)

if "label count" not in df.columns:
raise ValueError(
"Column 'label count' not found in dataset."
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Priority + Label Count

aliol:
Normal 1
Normal 2
High_1
Low_3

HORH OH OB R OB R B R R

df["stratify col"] = (
df["priority"].astype(str)

+ f—
+ df["label count"].astype(str)

)
R ——
# oVl al>,all:

# cliv] Hold-out Test Set (20%)
e —

train_val_df, holdout_df = train_test_split(
df,
test_size=0.20,
random_state=42,
stratify=df["stratify _col"]

awlill al> ,all:
cliv/ Train (70%) ¢ Validation (10%)

H*

8@ = uﬂ-lmjl%
Validation 10 = dagllaally

10 / 80 = 0.125

HOR OF OB E B R R

train_df, val_df = train_test_split(

train_val_df,
test_size=0.125,
random_state=42,
stratify=train_val_df["stratify col"]
)
# ============================================================



for dataset in [train_df, val_df, holdout_df]:

dataset.drop(
columns=["stratify_col"],
inplace=True
)
# mm=mm=mm=mm——m——m——mm—mm—mmmmmmmmm—mmmmm—mm—mmmmmmmmm—mm—mm=
# avlell olegaznall plas/
# mm=mm=mm=mmmmmmmmmmmmmmm—mmmmmmmmmmmm—mm—mm—mmmmmmmmmmmmmmm=

print("\n" + "=" * 60)
print("FINAL DATA SPLIT")
print("=" * 60)

print(f"Train Set : {len(train_df):,}")
print(f"validation Set : {len(val_df):,}")
print(f"Hold-out Test : {len(holdout_df):,}")

print("\nPercentages:")

print(
f"Train : {(len(train_df)/len(df))*100:.2f}%"
)
print(
f"Validation : {(len(val_df)/len(df))*100:.2f}%"
)
print(
f"Hold-out : {(len(holdout_df)/len(df))*160:.2f}%"
)
# it i+ttt ittt 11+ttt 1+ttt 1+ttt
# aslsYl eisi o sanil
e ——

print("\n" + "=" * 60)
print("PRIORITY DISTRIBUTION CHECK")
print("=" * 60)

print("\nTRAIN SET")

print(
(
train_df["priority"]
.value_counts(normalize=True)
* 100
).round(3)
)
print("\nVALIDATION SET")
print(
(

val_df["priority"]



.value_counts(normalize=True)

* 100
).round(3)
)
print("\nHOLD-OUT TEST SET")
print(
(
holdout_df["priority"]
.value_counts(normalize=True)
* 100
).round(3)
)
e Sy S
# wliaill soc g joi o gaxill
S ——
print("\n" + "=" * 60)

print("LABEL COUNT DISTRIBUTION CHECK")
print("=" * 60)

print("\nTRAIN SET")

print(
(
train_df["label count"]
.value_counts(normalize=True)
.sort_index()
* 100
).round(3)
)
print("\nVALIDATION SET")
print(
(
val _df["label count"]
.value_counts(normalize=True)
.sort_index()
* 100
).round(3)
)
print("\nHOLD-OUT TEST SET")
print(
(
holdout_df["label count"]
.value_counts(normalize=True)
.sort_index()
* 100
).round(3)
)
# mm=mm=mm—mm—mm——m——mm—mm—mmmmmmmmmmmm—mm—mmmmm—mmmmmmmmm—mm=

# 2929 paf o gaxil Data Leakage



train_texts = set(train_df["Cleaned Text"])
val texts = set(val_df["Cleaned_Text"])
holdout_texts = set(holdout_df["Cleaned Text"])

print("\n" + "=" * 60)
print("DATA LEAKAGE CHECK")
print("=" * 60)

print(
"Train vs Validation :",
len(train_texts & val_texts)

)

print(
"Train vs Holdout H
len(train_texts & holdout_texts)

)

print(
"Validation vs Holdout :",
len(val_texts & holdout_texts)

)

# it ittt 1+ttt 1ttt i+ttt 1+ttt 1+t

# ============================================================

train_df.to_csv(
"/content/drive/MyDrive/Thesis_Project/train_set.csv",
index=False

)

val _df.to_csv(
"/content/drive/MyDrive/Thesis_Project/validation_set.csv",
index=False

)

holdout_df.to_csv(
"/content/drive/MyDrive/Thesis_Project/holdout_test_set.csv",
index=False

)

# ittt 1ttt 11ttt ittt ittt

# las=xJl ST

# ============================================================

print("\n" + "=" * 60)
print("FILES SAVED SUCCESSFULLY")
print("=" * 60)

print("train_set.csv")



print("validation_set.csv")
print("holdout_test_set.csv")

Train Set : 35,000
Validation Set : 5,000
Hold-out Test : 10,000

Percentages:

Train : 70.00%
Validation : 10.00%
Hold-out 1 20.00%

TRAIN SET

priority

Normal 51.463

Low 39.289

High 9.249

Name: proportion, dtype: float64

VALIDATION SET

priority

Normal 51.46
Low 39.30
High 9.24

Name: proportion, dtype: float64

HOLD-OUT TEST SET

priority

Normal 51.46
Low 39.29
High 9.25

Name: proportion, dtype: float64

TRAIN SET

label_count

1 49.609

2 27.809

3 22.583

Name: proportion, dtype: float64

VALIDATION SET



label_count

1 49.60
2 27.82
3 22.58

Name: proportion, dtype: float64

HOLD-OUT TEST SET

label _count
1 49.60
2 27.81
3 22.59

Name: proportion, dtype: float64

Train vs Validation : ©
Train vs Holdout . 0
Validation vs Holdout : ©

train_set.csv
validation_set.csv
holdout_test_set.csv

4 laa y

full df = pd.read_csv(
"/content/drive/MyDrive/Thesis_Project/emails_training_sample_50k.csv"

train_df = pd.read_csv(
"/content/drive/MyDrive/Thesis Project/train_set.csv"

val _df = pd.read_csv(
"/content/drive/MyDrive/Thesis_Project/validation_set.csv"

holdout_df = pd.read_csv(
"/content/drive/MyDrive/Thesis Project/holdout_test set.csv"



# BASIC INFORMATION

S
datasets = {

"Original"”: full_df,

"Train": train_df,

"Validation": val_df,

"Holdout": holdout_df
}

print("=" * 70)
print("DATASET SIZE COMPARISON")
print("=" * 70)

for name, df in datasets.items():
print(f"{name:<12} {len(df):>8,}")

S
# TEXT LENGTH COMPARISON

B mm e e e e e e e e e e e e
print("\n" + "=" * 70)

print("TEXT LENGTH COMPARISON")
print("=" * 70)

for name, df in datasets.items():
lengths = df["Cleaned_Text"].astype(str).str.len()

print(f"\n{name}")

print(f"Mean Length : {lengths.mean():.2f}")
print(f"Median : {lengths.median():.2f}")
print(f"Min Length : {lengths.min()}")
print(f"Max Length : {lengths.max()}")

S
# PRIORITY DISTRIBUTION
S
print("\n" + "=" * 70)

print("PRIORITY DISTRIBUTION (%)")
print("=" * 70)

for name, df in datasets.items():

print(f"\n{name}")

print(
(
df["priority"]
.value_counts(normalize=True)
.sort_index()
* 100
).round(2)



category cols = [
"category Administration",
"category_Financial",
"category_HR",
"category Legal",
"category_Market",
"category Other"

print("\n" + "=" * 70)
print("CATEGORY DISTRIBUTION (%)")
print("=" * 70)

for name, df in datasets.items():

print(f"\n{name}")

dist = (
df[category_cols]
.mean()
.sort_values(ascending=False)
* 100
)
print(dist.round(2))
B o m o e e e e e e e e e e e e e e o
# MULTI-LABEL DISTRIBUTION
S
print("\n" + "=" * 70)

print("LABEL COUNT DISTRIBUTION (%)")
print("=" * 70)

for name, df in datasets.items():
label count = df[category_cols].sum(axis=1)

print(f"\n{name}")

print(
(
label_count
.value_counts(normalize=True)
.sort_index()
* 100
).round(2)



print("\n" + "=" * 70)
print("DATA LEAKAGE CHECK")
print("=" * 70)

train_texts = set(train_df["Cleaned Text"])
val_texts = set(val_df["Cleaned_Text"])
holdout_texts = set(holdout_df["Cleaned Text"])

train_val _overlap = len(train_texts & val_texts)
train_holdout_overlap = len(train_texts & holdout_texts)
val holdout_overlap = len(val_texts & holdout_texts)

print("Train vs Validation :", train_val_overlap)
print("Train vs Holdout , train_holdout_overlap)
print("validation vs Holdout:", val_holdout_overlap)

B o m e e e e e e e e e e e -
# FINAL SUMMARY

# ____________________________________________________________
print("\n" + "=" * 70)

print("FINAL CHECK")
print("=" * 70)

total split = len(train_df) + len(val_df) + len(holdout_df)

print("Original Records :", len(full_df))
print("Split Records :", total_split)

if total_split == len(full_df):

print("PASS: All records accounted for.")
else:

print ("WARNING: Record count mismatch.™)

Original 50,000
Train 35,000
Validation 5,000
Holdout 10,000

Original
Mean Length : 673.16
Median : 421.00

Min Length : 10
Max Length : 5963



Train

Mean Length : 675.88
Median : 422.00
Min Length : 10

Max Length : 5963

Validation
Mean Length : 684.32
Median . 427.00

Min Length : 10
Max Length : 5928

Holdout
Mean Length : 658.05
Median : 415.00

Min Length : 10
Max Length : 5944

Original
priority
High 9.25
Low 39.29

Normal 51.46
Name: proportion, dtype: float64

Train

priority

High 9.25
Low 39.29

Normal 51.46
Name: proportion, dtype: float64

Validation
priority

High 9.24
Low 39.30

Normal 51.46
Name: proportion, dtype: float64

Holdout
priority

High 9.25
Low 39.29

Normal 51.46
Name: proportion, dtype: floaté64

Original
category Administration 54.25



category_Market 35.50

category_Financial 24.94
category_Other 21.10
category_HR 19.53
category_Legal 17.65

dtype: floate4

Train

category_ Administration 54.21
category_Market 35.29
category_Financial 24.97
category_ Other 21.16
category_HR 19.66
category_Legal 17.69

dtype: float64

Validation

category Administration 54.26
category_Market 35.70
category_Financial 25.56
category_Other 20.98
category_HR 19.96
category Legal 16.52

dtype: floate4

Holdout

category_Administration 54.35
category_Market 36.14
category_Financial 24.56
category_Other 20.95
category_HR 18.89
category Legal 18.10

dtype: float64d

Original

1 49.61
2 27.81
3 22.58

Name: proportion, dtype: float64

Train

1 49.61
2 27.81
3 22.58

Name: proportion, dtype: float64

Validation
1 49.60
2 27.82
3 22.58

Name: proportion, dtype: float64

Holdout



1 49.60
2 27.81
3 22.59
Name: proportion, dtype: float64

Train vs Validation : ©
Train vs Holdout : 0
Validation vs Holdout: ©

Original Records : 50000
Split Records : 50000
PASS: All records accounted for.

TF-IDF + OneVsRest Logistic Regression

Multi-lable Classification Baseline Models

TF-IDF + Logistic Regression

H

BASELINE MODEL #1
TF-IDF + Logistic Regression

*

*

oagll: .
Cisai Jol sli] Baseline go li>Y i liall BERT.

drmgioll:

1- aleill Lass cy i)l dcgazno plaziwl.

2- dfgazo pliziwl Validation audill.

3- pliwl dwad, wlogzio J| Losaill Jjoxi TF-IDF.

4- gulai One-vs-Rest axllza) Multi-Label Classification.
5- «w, Logistic Regression.

6- awlwVl juyliodl lus.

HOH OH R OHE R OB O® W W R R R

import pandas as pd

from sklearn.feature_extraction.text import TfidfVectorizer
from sklearn.linear_model import LogisticRegression

from sklearn.multiclass import OneVsRestClassifier

from sklearn.metrics import (



accuracy_score,

precision_score,
recall_score,
f1_score,
hamming_loss,
jaccard_score
)
#f ============================================================
# bl Loz
H ============================================================

train_df = pd.read_csv(
"/content/drive/MyDrive/Thesis_Project/train_set.csv"

val _df = pd.read_csv(
"/content/drive/MyDrive/Thesis_Project/validation_set.csv"

print("=" * 70)

print("DATASETS LOADED")

print("=" * 70)

print("Train Shape :", train_df.shape)
print("validation Shape :", val_df.shape)

category_columns = [
"category_Administration",
"category_Financial",
"category_HR",
"category Legal",
"category_Market",

"category_Other"
]
# ============================================================
# ,ouud; Features o Labels
# ============================================================

X_train = train_df["Cleaned_Text"]
X_val = val _df["Cleaned_Text"]
y_train = train_df[category_columns]
y_val = val_df[category_columns]

print("\n" + "=" * 70)
print("FEATURES AND LABELS READY")



print("=" * 70)

print("Training Samples :", len(X_train))
print("Validation Samples :", len(X_val))
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max_features:
dosriwiall > yiall uad¥l azl.

ngram_range:
elilidly 85,80l o ldSI plaziwl.

@in_df:
Iz 6l ol Jaolx.

@ax_df:
I a=ilidl e ladSI Jblzs.

sublinear_tf:
LS ol ppwuxi.

HOH R OB R R OB R OB R B R R B R R

vectorizer = TfidfVectorizer(
max_features=20000,
ngram_range=(1, 2),
min_df=5,
max_df=0.95,
sublinear_tf=True

X_train_tfidf = vectorizer.fit_transform(X_train)
X_val_tfidf = vectorizer.transform(X_val)

print("\n" + "=" * 70)
print("TF-IDF COMPLETED")
print("=" * 70)
print("Vocabulary Size :", len(vectorizer.vocabulary ))
print("Train Matrix :", X_train_tfidf.shape)
print("Validation Matrix :", X_val_tfidf.shape)
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OneVsRest:
Jo=i/ Logistic Regression J| Multi-Label Classifier

H OB K B R

class_weight="balanced'’



# oliall ol prs go Jolzill.

model = OneVsRestClassifier(

LogisticRegression(
max_iter=3000,
class_weight="balanced",
random_state=42

)

print("\n" + "=" * 70)
print("TRAINING MODEL")
print("=" * 70)

model.fit(
X_train_tfidf,
y_train

)

print("Training Completed")

y_pred = model.predict(

X_val_tfidf

)

# Tttt ittt
# suwliodl Olu>
T

subset_accuracy = accuracy_score(

y_val,
y_pred

)

micro_precision = precision_score(
y_val,
y_pred,
average="micro",
zero_division=0

)

micro_recall = recall_score(
y_val,
y_pred,
average="micro",
zero_division=0



micro_f1 = f1_score(
y_val,
y_pred,
average="micro",
zero_division=0

macro_precision = precision_score(
y_val,
y_pred,

average="macro",
zero_division=0

)

macro_recall = recall_score(
y_val,
y_pred,

average="macro",
zero_division=0

)

macro_f1l = f1_score(
y_val,
y_pred,

average="macro",
zero_division=0

)

ham_loss = hamming_loss(
y_val,
y_pred

)

jaccard = jaccard_score(
y_val,
y_pred,

average="samples",
zero_division=0

print("\n")

print("=" * 70)

print("BASELINE MODEL RESULTS")
print("=" * 70)

print(f"Subset Accuracy : {subset_accuracy:.4f}")
print("\nMICRO METRICS")

print(f"Precision : {micro_precision:.4f}")
print(f"Recall : {micro_recall:.4f}")



print(f"F1 Score : {micro_f1:.4f}")

print("\nMACRO METRICS")

print(f"Precision : {macro_precision:.4f}")
print(f"Recall : {macro_recall:.4f}")
print(f"F1 Score : {macro_f1l:.4f}")

print("\nOTHER METRICS")
print(f"Hamming Loss : {ham_loss:.4f}")
print(f"Jaccard Score: {jaccard:.4f}")

print("\n" + "=" * 70)
print("BASELINE #1 COMPLETED")
print("=" * 70)

Train Shape : (35000, 9)
Validation Shape : (5000, 9)

Training Samples : 35000
Validation Samples : 5000

Vocabulary Size : 20000
Train Matrix : (35000, 20000)
Validation Matrix : (5000, 20000)

Subset Accuracy : 0.6840

MICRO METRICS

Precision : 0.8711
Recall : 0.8925
F1 Score : 0.8817

MACRO METRICS

Precision : 0.8601
Recall : 0.8958
F1 Score : 0.8751

OTHER METRICS



Hamming Loss : 0.0691
Jaccard Score: 0.8280

# ============================================================
# BASELINE MODEL #2

# TF-IDF + Linear Support Vector Machine (Linear SVM)

# ============================================================
#

# Coagll:

# gleai <wyu Linear SVM ioai jusi plaxiwl TF-IDF

# go paximall Logistic Regression.

#

# syl cuw:

# iz, Linear SVM dodidl gilodl sl o

# olel adle josaill Civai 5.

#

# pliiwl i

# - eyl olly puii

# - gaxil olbly jus

# - ohblag] yusi TF-IDF

#

# go daiyliaJl dlac yloia) Baseline #1.

#

import pandas as pd

from sklearn.feature_extraction.text import TfidfVectorizer
from sklearn.svm import LinearSVC

from sklearn.multiclass import OneVsRestClassifier

from sklearn.metrics import (

accuracy_score,
precision_score,
recall _score,
f1_score,
hamming_loss,
jaccard_score
)
O O O O O O S S
# bl Jraxi
# ============================================================

train_df = pd.read_csv(
"/content/drive/MyDrive/Thesis_Project/train_set.csv"



val_df = pd.read_csv(
"/content/drive/MyDrive/Thesis_Project/validation_set.csv"

print("=" * 70)

print("DATASETS LOADED")

print("=" * 70)

print("Train Shape :", train_df.shape)
print("validation Shape :", val_df.shape)

category_columns = [
"category_Administration",
"category_Financial”,
"category_HR",
"category_ Legal",
"category_Market",

"category_Other"
]
# )
# gz Features ¢ Labels
# ============================================================

X_train = train_df["Cleaned_Text"]
X_val = val_df["Cleaned_Text"]
y_train = train_df[category_columns]

y_val = val_df[category columns]

# dorriwal| ohlxeyl jusi phiwl oi
# 9 Logistic Regression i, liall dlxc loial.

vectorizer = TfidfVectorizer(
max_features=20000,
ngram_range=(1, 2),
min_df=5,
max_df=0.95,
sublinear_tf=True



X_train_tfidf = vectorizer.fit_transform(X_train)
X_val_tfidf = vectorizer.transform(X_val)

print("\n" + "=" * 70)
print("TF-IDF COMPLETED")
print("=" * 70)
print("Vocabulary Size :", len(vectorizer.vocabulary ))
print("Train Matrix :", X_train_tfidf.shape)
print("validation Matrix :", X_val_tfidf.shape)

# OneVsRest o=, Linear SVM J/
# Multi-Label Classifier.

model = OneVsRestClassifier(
LinearSVvC(
random_state=42

print("\n" + "=" * 70)
print("TRAINING MODEL")
print("=" * 70)

model.fit(
X_train_tfidf,
y_train

)

print("Training Completed")

y_pred = model.predict(

X_val_tfidf
)
# ============================================================
# ouwliol olws>
# ============================================================

subset_accuracy = accuracy_score(
y_val,
y_pred



micro_precision = precision_score(
y_val,
y_pred,
average="micro",
zero_division=0

)

micro_recall = recall_score(
y_val,
y_pred,

average="micro",
zero_division=0

)

micro_f1 = f1_score(
y_val,
y_pred,

average="micro",
zero_division=0

macro_precision = precision_score(
y_val,
y_pred,

average="macro",
zero_division=0

)

macro_recall = recall_score(
y_val,
y_pred,

average="macro",
zero_division=0

)

macro_f1 = f1_score(
y_val,
y_pred,

average="macro",
zero_division=0

)

ham_loss = hamming_loss(
y_val,
y_pred

)

jaccard = jaccard_score(
y_val,
y_pred,

average="samples",
zero_division=0



print("\n")

print("=" * 70)

print("BASELINE MODEL RESULTS")
print("=" * 70)

print(f"Subset Accuracy : {subset_accuracy:.4f}")

print("\nMICRO METRICS")

print(f"Precision : {micro_precision:.4f}")
print(f"Recall : {micro_recall:.4f}")
print(f"F1 Score : {micro_f1:.4f}")

print("\nMACRO METRICS")

print(f"Precision : {macro_precision:.4f}")
print(f"Recall : {macro_recall:.4f}")
print(f"F1 Score : {macro_f1:.4f}")

print("\nOTHER METRICS")
print(f"Hamming Loss : {ham_loss:.4f}")
print(f"Jaccard Score: {jaccard:.4f}")

print("\n" + "=" * 70)
print("BASELINE #2 COMPLETED")
print("=" * 70)

Train Shape : (35000, 9)
Validation Shape : (5000, 9)

Vocabulary Size : 20000
Train Matrix : (35000, 20000)
Validation Matrix : (5000, 20000)

Subset Accuracy : 0.8092

MICRO METRICS
Precision : 0.9691



Recall : 0.8993
F1 Score : ©0.9329

MACRO METRICS

Precision : 0.9697
Recall : 0.8884
F1 Score : 0.9267

OTHER METRICS
Hamming Loss : ©.0373
Jaccard Score: 0.8870

TF-IDF + Random Forest

# =m==m=========================================m==============
# BASELINE MODEL #3

# TF-IDF + Random Forest

# ============================================================
#

# coagll:

# zisai sl Random Forest ailiall cJb jwlwl laxs

# go Logistic Regression ¢ Linear SVM.

#

# duzmgiall:

#

# 1- usi plzuwl Train Set ¢ Validation Set.

# 2- ohblag] jusi plaxiwl TF-IDF.

# 3- plaixiwl One-vs-Rest ,acx) Multi-Label Classification.
# 4- lijlw dorxriwall puglioll juii olws.

#

# aaslo:

# Random Forest siail éolc bLasyljézﬂ azs YV

# iijliall g7 ,08 poin aiSly ole Yl adle jogail.

#

import pandas as pd

from sklearn.feature_extraction.text import TfidfVectorizer
from sklearn.ensemble import RandomForestClassifier

from sklearn.multiclass import OneVsRestClassifier

from sklearn.metrics import (
accuracy_score,
precision_score,
recall_score,
f1l_score,
hamming_loss,
jaccard_score



train_df = pd.read_csv(
"/content/drive/MyDrive/Thesis_Project/train_set.csv"

val_df = pd.read_csv(
"/content/drive/MyDrive/Thesis_Project/validation_set.csv"

print("=" * 70)

print("DATASETS LOADED")

print("=" * 70)

print("Train Shape :", train_df.shape)
print("Validation Shape :", val_df.shape)

category_columns = [
"category_Administration",
"category_Financial”,
"category_HR",
"category_Legal”,
"category_Market",

"category_Other"
]
# e L T )
# jug=x Features o Labels
# )

X_train = train_df["Cleaned Text"]
X_val = val_df["Cleaned_Text"]
y_train = train_df[category_columns]

y_val = val_df[category_columns]

# gra> w9 dorriwol] whlacyl jusi Baseline Models
# aiyliadl dhe ylaal.



vectorizer = TfidfVectorizer(
max_features=20000,
ngram_range=(1, 2),
min_df=5,
max_df=0.95,
sublinear_tf=True

X_train_tfidf = vectorizer.fit_transform(X_train)
X_val_tfidf = vectorizer.transform(X_val)

print("\n" + "=" * 70)
print("TF-IDF COMPLETED")
print("=" * 70)
print("Vocabulary Size :", len(vectorizer.vocabulary ))
print("Train Matrix :", X_train_tfidf.shape)
print("Validation Matrix :", X_val_tfidf.shape)
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n_estimators:
aledl dsb Szl sac.

max_depth:
cdolly 64513l Wlgiw! Jdsi)  Gas)l rubi.

n_jobs=-1:
isliall a5 Yl graz plaziwl.

HOH OB R R OB W OB OB R

model = OneVsRestClassifier(
RandomForestClassifier(
n_estimators=200,
max_depth=30,
random_state=42,
n_jobs=-1

print("\n" + "=" * 70)
print("TRAINING MODEL")
print("=" * 70)

model.fit(
X_train_tfidf,
y_train



print("Training Completed")

y_pred = model.predict(

X_val_tfidf

)

# ==========c==—==—=—==—===—=====—==—===—==—======================
# suwlioll Clu>

# T S L L L L L L L L L L L L L L L L L L I L L L I S I S I I I I S I I S I S o I o o I o I I o o I o s s s s s =

subset_accuracy = accuracy_score(
y_val,
y_pred

micro_precision = precision_score(
y_val,
y_pred,
average="micro",
zero_division=0

micro_recall = recall_score(
y_val,
y_pred,
average="micro",
zero_division=0

micro_f1 = f1_score(
y_val,
y_pred,
average="micro",
zero_division=0

macro_precision = precision_score(
y_val,
y_pred,
average="macro",
zero_division=0

macro_recall = recall_score(
y_val,
y_pred,
average="macro",
zero_division=0



macro_f1l = f1_score(
y_val,
y_pred,
average="macro",
zero_division=0

ham_loss = hamming_loss(
y_val,
y_pred

jaccard = jaccard_score(
y_val,
y_pred,
average="samples",
zero_division=0

print("\n")

print("=" * 70)

print("BASELINE MODEL RESULTS")
print("=" * 70)

print(f"Subset Accuracy : {subset_accuracy:.4f}")

print("\nMICRO METRICS")

print(f"Precision : {micro_precision:.4f}")
print(f"Recall : {micro_recall:.4f}")
print(f"F1 Score : {micro_f1:.4f}")

print("\nMACRO METRICS")

print(f"Precision : {macro_precision:.4f}")
print(f"Recall : {macro_recall:.4f}")
print(f"F1 Score : {macro_f1:.4f}")

print("\nOTHER METRICS")
print(f"Hamming Loss : {ham_loss:.4f}")
print(f"Jaccard Score: {jaccard:.4f}")

print("\n" + "=" * 70)
print("BASELINE #3 COMPLETED")
print("=" * 70)

Train Shape : (35000, 9)
Validation Shape : (5000, 9)



TF-IDF COMPLETED

Vocabulary Size : 20000
Train Matrix : (35000, 20000)
Validation Matrix : (5000, 20000)

Subset Accuracy : 0.3442

MICRO METRICS

Precision : 0.9005
Recall : 0.5524
F1 Score : 0.6848

MACRO METRICS

Precision : 0.9501
Recall . 0.4700
F1 Score : 0.6024

OTHER METRICS
Hamming Loss : 0.1466
Jaccard Score: 0.4980

Priority Classification Baseline Models

(Priority Classification) #lasisl TF-IDF + Logistic Regression

Low / Normal / High

H ======m=s=====mmm=s========m==========m=========m=============
# PHASE 3B

# PRIORITY CLASSIFICATION

#

# BASELINE MODEL #1

# TF-IDF + LOGISTIC REGRESSION

# ==================—=======—=====—=—=—=====—=—======—================
#

# Coagll:

# ri9ai Jol cly Baseline wig uiSIVI a il dsglol xozid.

#

# dagall:

#

# Email

# A

#

#



# alSuiadl gg5:
Multi-Class Classification
i sa>ly dyelel lliai dlu, JS O.

R N T T

# Train Set = 35,000

# Validation Set = 5,000

#

# plaxiwl oy oo Hold-out Test LJ>.

#

import pandas as pd

from sklearn.preprocessing import LabelEncoder

from sklearn.feature_extraction.text import TfidfVectorizer

from sklearn.linear_model import LogisticRegression

from sklearn.metrics import (

accuracy_score,
precision_score,
recall_score,
f1l_score,
classification_report,
confusion_matrix
)
#f ============================================================
# bl Loz
H ============================================================

train_df = pd.read_csv(
"/content/drive/MyDrive/Thesis_Project/train_set.csv"

val df = pd.read_csv(
"/content/drive/MyDrive/Thesis_Project/validation_set.csv"

print("=" * 70)

print("DATASETS LOADED")

print("=" * 70)

print("Train Shape :", train_df.shape)
print("validation Shape :", val_df.shape)



X_train = train_df["Cleaned Text"]

X_val = val _df["Cleaned_Text"]
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encoder = LabelEncoder()

y_train = encoder.fit_transform(
train_df["priority"]

y_val = encoder.transform(
val_df["priority"]

print("\nPriority Classes:")
print(encoder.classes_)

# Lijlw dorsiwol] holacyl juis
# aiyliadl alac Hloial.

vectorizer = TfidfVectorizer(
max_features=20000,
ngram_range=(1, 2),
min_df=5,
max_df=0.95,
sublinear_tf=True

X_train_tfidf = vectorizer.fit_transform(
X_train

X_val_tfidf = vectorizer.transform(



X_val

print("\n" + "=" * 70)
print("TF-IDF COMPLETED")
print("=" * 70)
print("Vocabulary Size :", len(vectorizer.vocabulary ))
print("Train Matrix :", X_train_tfidf.shape)
print("validation Matrix :", X_val_tfidf.shape)

model = LogisticRegression(
max_iter=2000,
random_state=42,
n_jobs=-1

pr‘int("\n" + n_no ox 79)
print("TRAINING MODEL")
print("=" * 70)

model.fit(
X_train_tfidf,
y_train

)

print("Training Completed")

y_pred = model.predict(

X_val_tfidf
)
#f ============================================================
# ouwlaadl
#f ========—s—osmosms—sms—sss—=s—s—————s—————m—s——=s==s—==—========

accuracy = accuracy_score(

y_val,
y_pred
)
precision = precision_score(
y_val,
y_pred,

average="weighted"



recall = recall_score(

y_val,
y_pred,
average="weighted"
)
f1l = f1_score(
y_val,
y_pred,
average="weighted"
)
#f ============================================================
# gl
# Tttt ittt
print("\n")

print("=" * 70)
print("BASELINE MODEL RESULTS")
print("=" * 70)

print(f"Accuracy : {accuracy:.4f}")
print(f"Precision : {precision:.4f}")
print(f"Recall : {recall:.4f}")
print(f"F1 Score : {fl:.4f}")

print("\n")

print("=" * 70)
print("CLASSIFICATION REPORT")
print("=" * 70)

print(
classification_report(
y_val,

y_pred,
target_names=encoder.classes_

print("\n")

print("=" * 70)
print("CONFUSION MATRIX")
print("=" * 70)

print(



confusion_matrix(
y_val,
y_pred

print("\n" + "=" * 70)
print ("PRIORITY BASELINE #1 COMPLETED")
print("=" * 70)

Train Shape : (35000, 9)
Validation Shape : (5000, 9)

Priority Classes:
['High" 'Low' 'Normal']

Vocabulary Size : 20000
Train Matrix : (35000, 20000)
Validation Matrix : (5000, 20000)

Accuracy : 0.8716
Precision : 0.8711
Recall . 0.8716
F1 Score : 0.8640

precision recall fl-score  support

High 0.86 0.43 0.57 462

Low 0.87 0.89 0.88 1965
Normal 0.88 0.94 0.91 2573
accuracy 0.87 5000
macro avg 0.87 0.75 0.79 5000

weighted avg 0.87 0.87 0.86 5000



[[ 198 128 136]
[ 18 1744 203]
[ 13 144 2416]]

PHASE 3B
PRIORITY CLASSIFICATION

BASELINE MODEL #2
TF-IDF + LINEAR SVM

H R B R R

*

Iagll:
Zi9ai <y Linear Support Vector Machine
s iSIVI 2l ayslsl xyazil.

a..a.g.o.//
Email
\:
Low / Normal / High
ilSuiadl goi:
Multi-Class Classification

Train Set 35,000
Validation Set = 5,000

whblag] guiig TF-IDF (9 doaiimall
Logistic Regression dai,liaJl dlxc (loal.

HOH K OHE O W oW OB OB R ORE RO O O® W W OH R R R R ®

import pandas as pd

from sklearn.preprocessing import LabelEncoder

from sklearn.feature_extraction.text import TfidfVectorizer
from sklearn.svm import LinearSVC

from sklearn.metrics import (
accuracy_score,



precision_score,

recall_score,
f1_score,
classification_report,
confusion_matrix
)
## ============================================================
# Ul Jraxi
# ============================================================

train_df = pd.read_csv(
"/content/drive/MyDrive/Thesis_Project/train_set.csv"

val _df = pd.read_csv(
"/content/drive/MyDrive/Thesis_Project/validation_set.csv"

print("=" * 70)
print("DATASETS LOADED")
print("=" * 70)

print("Train Shape :", train_df.shape)
print("Validation Shape :", val_df.shape)

X_train = train_df["Cleaned_Text"]

X_val = val_df["Cleaned_Text"]

encoder = LabelEncoder()

y_train = encoder.fit_transform(

train_df["priority"]

y_val = encoder.transform(
val_df["priority"]

print("\nPriority Classes:")
print(encoder.classes_)



vectorizer = TfidfVectorizer(
max_features=20000,
ngram_range=(1, 2),
min_df=5,
max_df=0.95,
sublinear_tf=True

X_train_tfidf = vectorizer.fit_transform(
X_train

X_val_tfidf = vectorizer.transform(
X_val

print("\n" + "=" * 70)
print("TF-IDF COMPLETED")
print("=" * 70)
print("Vocabulary Size :", len(vectorizer.vocabulary ))
print("Train Matrix 2", X_train_tfidf.shape)
print("Validation Matrix :", X_val_tfidf.shape)

# LinearSVC ogwaill _uwwlisll Lzl g2
# oo amill Sl aJle TF-IDF.

model = LinearSVC(
Cc=1.0,
random_state=42

print("\n" + "=" * 70)
print("TRAINING MODEL")
print("=" * 70)

model.fit(
X_train_tfidf,
y_train

)

print("Training Completed")

y_pred = model.predict(



X_val_tfidf

accuracy = accuracy_score(

y_val,
y_pred
)
precision = precision_score(
y_val,
y_pred,
average="weighted"
)
recall = recall_score(
y_val,
y_pred,
average="weighted"
)
f1l = f1_score(
y_val,
y_pred,
average="weighted"
)
# ============================================================
# gl
#f ============================================================
print("\n")

print("=" * 70)
print("BASELINE MODEL RESULTS")
print("=" * 70)

print(f"Accuracy : {accuracy:.4f}")
print(f"Precision : {precision:.4f}")
print(f"Recall : {recall:.4f}")
print(f"F1 Score : {f1:.4f}")

print("\n")

print("=" * 70)
print("CLASSIFICATION REPORT")
print("=" * 70)

print(



classification_report(
y_val,

y_pred,
target_names=encoder.classes_

print("\n")

print("=" * 70)
print("CONFUSION MATRIX")
print("=" * 70)

print(
confusion_matrix(
y_val,
y_pred
)
)

pl"int("\n" + w_no ok 7@)
print("PRIORITY BASELINE #2 COMPLETED")
print("=" * 70)

Train Shape : (35000, 9)
Validation Shape : (5000, 9)

Priority Classes:
["High' 'Low"' 'Normal']

Vocabulary Size : 20000
Train Matrix : (35000, 20000)
Validation Matrix : (5000, 20000)

Accuracy : 0.8988
Precision : 0.8981
Recall : 0.8988
F1 Score : 0.8968



precision recall fl-score support

High 0.87 0.66 0.75 462

Low 0.90 0.90 0.90 1965

Normal 0.90 0.94 0.92 2573
accuracy 0.90 5000
macro avg 0.89 0.83 0.86 5000
weighted avg 0.90 0.90 0.90 5000

[[ 304 73 85]
[ 27 1764 174]
[ 18 129 2426]]

Transformer-Based Deep Learning

Models Evaluation <¥ saall 7z dlai aus
(Transformers) <Udl) asia Ciyiail

from google.colab import drive
drive.mount('/content/drive")

print("Google Drive mounted successfully")

Mounted at /content/drive
Google Drive mounted successfully

import pandas as pd
import numpy as np



import os
from sklearn.model_selection import train_test_split

print("Libraries imported successfully")
Libraries imported successfully

DISTILBERT MULTI-LABEL CLASSIFICATION

zsaill el

# ============================================================
# DistilBERT Multi-Task Email Classification Model

# Coagll:

#1) o )Lﬁ:&ép'Category JSJ Email (Multi-Llabel)

# 2) &d¢i Priority JSJ sa>lg Email (Single-Llabel)

#

# Input:

# Cleaned Text lais

#

# Outputs:

# Category probabilities (6 classes)

# Priority class (High/Normal/Low)

## ===========================================================-=
# z====zzzzzoczzozzmzzzczzzo==

# 1) Install Libraries

# ============================

import torch
import torch.nn as nn

import pandas as pd
import numpy as np

from torch.utils.data import Dataset
from transformers import (

AutoTokenizer,
AutoModel

from sklearn.preprocessing import LabelEncoder



# 3) Check GPU

device = torch.device(
"cuda" if torch.cuda.is_available()
else "cpu"

print("Using device:", device)

# cund 610Vl 0in Input
# gigail lgio plziy il dxxadl CLBYI o
#

category _cols = [
"category_Administration”,
"category_Financial”,
"category_HR",
"category_ Legal",
"category_Market",
"category_Other"

# Multi-Llabel Category Targets

y_train_category = (
train_df[category cols]
.values
.astype(float)

y_val_category = (
val_df[category_cols]

.values
.astype(float)
)
# ========m====m====m=========
# Priority Encoding
# ========z=zzzzzzzzzz=zz=====

priority_encoder = LabelEncoder()

y_train_priority = priority_encoder.fit_transform(
train_df["priority"]



y_val_priority = priority_encoder.transform(
val_df["priority"]

)
print(
"Priority classes:",
priority_encoder.classes_
)
# ittt 1ttt
# 5) DistilBERT Tokenizer
# m=mm===mm===mmm=mmmm—————===

MODEL_NAME = "distilbert-base-uncased"

tokenizer = AutoTokenizer.from_pretrained(
MODEL_NAME

H*
=)
~
)
Q
~+
Q
W0
n
ﬁ'.
(R}
~
Q
W0
0n

*

&ZH9:
Labels ,l=ill
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class EmailDataset(Dataset):

def __init_ (
self,
texts,
category_labels,
priority labels,
tokenizer,
max_length=256

self.texts = texts.reset_index(drop=True)

self.category_labels = category_labels

self.priority_labels = priority_labels



self.tokenizer = tokenizer

self.max_length = max_length

def __len_ (self):

return len(self.texts)

def _ getitem_ (self, idx):

text = str(
self.texts.iloc[idx]

encoding = self.tokenizer(
text,
truncation=True,
padding="max_length",
max_length=self.max_length,
return_tensors="pt"

return {

"input_ids":
encoding["input_ids"].squeeze(9),

"attention_mask":
encoding["attention_mask"].squeeze(9),

# Multi-label targets
"category labels™:
torch.tensor(
self.category_labels[idx],
dtype=torch.float

)s

# Single-Llabel target
"priority_labels™:
torch.tensor(
self.priority_labels[idx],
dtype=torch.long



train_dataset = EmailDataset(
train_df["Cleaned_Text"],
y_train_category,
y_train_priority,
tokenizer

val dataset = EmailDataset(
val _df["Cleaned_Text"],
y_val_category,
y_val_priority,
tokenizer

print("Train samples:", len(train_dataset))
print("validation samples:", len(val_dataset))
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DistilBERT:

omwl) Chrai @i

Head 1:
Category prediction

Head 2:
Priority prediction

H OB OH R R R O®H W W OB R R

class DistilBERT_MultiTask(nn.Module):

def _ init_ (
self,
model name,
num_categories,
num_priorities



super().__init_ ()

self.encoder = AutoModel.from_pretrained(
model_name

hidden_size = (
self.encoder.config.hidden_size

# Category Head
self.category_head = nn.Linear(
hidden_size,
num_categories

# Priority Head
self.priority _head = nn.Linear(
hidden_size,
num_priorities

# Loss functions

# 6oaziall < lial)
self.category loss = (
nn.BCEWithLogitsLoss()

# sazledl d0lolU
self.priority_loss = (
nn.CrossEntropyLoss()

def forward(
self,
input_ids,
attention_mask,
category_labels=None,
priority labels=None

output = self.encoder(
input_ids=input_ids,
attention_mask=attention_mask



# iias CLS
pooled = (

output.last_hidden_state[:,0]

category logits = (
self.category_head(pooled)

priority logits = (
self.priority_head(pooled)

loss = None

if category_labels is not None:

loss_category = (
self.category_loss(
category_logits,
category_labels

loss_priority = (
self.priority_loss(
priority logits,
priority_labels

# psiogol| @oo

loss = (
loss_category
+
loss_priority

return {
"loss": 1loss,

"category logits":
category _logits,



"priority_logits":
priority_logits

}
e
# 9) Create Model
# ==m===mm===mmm==mmm——=—m—===

model = DistilBERT_MultiTask(
MODEL_NAME,
num_categories=1len(category_cols),
num_priorities=1len(priority_encoder.classes_)

model.to(device)

print("Model ready")

Using device: cuda
Priority classes: ['High'

Low' "Normal']

Warning: You are sending unauthenticated requests to the HF Hub. Please set a
HF_TOKEN to enable higher rate limits and faster downloads.
WARNING:huggingface_hub.utils._http:Warning: You are sending unauthenticated
requests to the HF Hub. Please set a HF_TOKEN to enable higher rate limits
and faster downloads.

{"model_id":"ca7a3ae7a5c54e898eaf104254ddc881", "version_major":2,"version_minor"
{"model_id":"f5f32dalébd74d22be4508e5e3210ba9", "version_major":2,"version_minor"
{"model_id":"1blbfb8fc09f41c7b804d5bf3b5e7113","version_major":2,"version_minor"
{"model_id":"e39595eff90140b184f6c3d2b0213ece", "version_major":2,"version_minor"

Train samples: 35000
Validation samples: 5000

{"model_id":"@bf2cbe32b84d4a9e9355d950bea73e", "version_major":2,"version_minor"
{"model_id":"906e00d7bafc43c389d84fa7d89ebf50","version_major":2,"version_minor"

[transformers] DistilBertModel LOAD REPORT from: distilbert-base-uncased
Key | Status ||

+ +
vocab_projector.bias | UNEXPECTED |
vocab_layer_norm.weight | UNEXPECTED |
| |
| |
| |

vocab_transform.weight UNEXPECTED
vocab_layer_norm.bias UNEXPECTED
vocab_transform.bias UNEXPECTED

:0}
:0}
:0}
:0}

:0}
:0}



Notes:
- UNEXPECTED: can be ignored when loading from different
task/architecture; not ok if you expect identical arch.

Model ready

DistilBERT Multi-task Training + Evaluation + Visualization

# DistilBERT Multi-task Training + Evaluation + Visualization
#
Input:
Cleaned Text lais

1) Multi-label Category Prediction

#

#

#

# Outputs:
#

# 2) Single-label Priority Prediction
#

import torch

import torch.nn as nn

import numpy as np

import matplotlib.pyplot as plt

from torch.utils.data import Dataloader
from torch.optim import Adamw

from sklearn.metrics import (
f1l_score,
precision_score,
recall_score,
accuracy_score,
hamming_loss,
classification_report,
confusion_matrix

import seaborn as sns

# J Ul awuii batches
# GPU 6a>lg 640 Ul SIS gl Y



#

BATCH_SIZE = 16

train_loader = Dataloader(
train_dataset,
batch_size=BATCH_SIZE,
shuffle=True

val_loader = Dataloader(
val_dataset,
batch_size=BATCH_SIZE,
shuffle=False

)

# m=mm===mm===mmm=mmmm=m———===
# 3) Training Settings

# ============m====mm===——====
EPOCHS = 5

LEARNING_RATE = 2e-5

optimizer = AdamW(
model.parameters(),
1r=LEARNING_RATE

# Mixed Precision

scaler = torch.cuda.amp.GradScaler()

# o) @lidl iz
history = {

"train_loss": [],
"val loss": [],

"category_f1": [],
"priority_f1": []



best_f1 = 0

for epoch in range(EPOCHS):
pr‘int("\n" + ||=||*7@)
print(

f"Epoch {epoch+1}/{EPOCHS}"

print("="%*70)

model.train()

train_losses = []

for batch in train_loader:

optimizer.zero_grad()

input_ids = (
batch["input_ids"]
.to(device)

attention_mask = (
batch["attention_mask™]
.to(device)

category_labels = (
batch["category labels"]
.to(device)



priority labels = (
batch["priority labels"]
.to(device)

# FP16 training

with torch.cuda.amp.autocast():

output = model(
input_ids=input_ids,
attention_mask=attention_mask,
category_labels=category_labels,

priority_labels=priority_labels

loss = output["loss"]

scaler.scale(loss).backward()

scaler.step(optimizer)

scaler.update()

train_losses.append(
loss.item()

avg_train_loss = np.mean(
train_losses



# Validation

model.eval()

val losses = []

all category preds = []

all_category true = []

all priority preds = []

all priority true = []

with torch.no_grad():

for batch in val_loader:

input_ids = (
batch["input_ids"]
.to(device)

attention_mask = (

batch["attention_mask™]

.to(device)

category_labels = (

batch["category labels"]

.to(device)

priority labels = (

batch["priority labels"]

.to(device)

output = model(

input_ids=input_ids,



attention_mask=attention_mask,
category_labels=category_labels,

priority_labels=priority_labels

val losses.append(
output["loss"].item()

# Category prediction
#
# Sigmoid threshold = 0.5

category_prob = torch.sigmoid(
output["category logits"]

category pred = (
category_prob > 0.5

all category_preds.extend(
category_pred.cpu().numpy()

all category_true.extend(
category_labels.cpu().numpy()

# Priority prediction

priority pred = torch.argmax(
output["priority logits"],
dim=1

all priority_preds.extend(
priority_pred.cpu().numpy()



all priority_true.extend(
priority labels.cpu().numpy()

avg_val loss = np.mean(

val_losses
)
e
# Metrics
# ============================

category f1 = f1_score(
all category_true,
all_category_preds,

average="macro"

priority f1 = f1_score(
all priority_true,
all priority_preds,

average="macro"

history["train_loss"].append(
avg_train_loss

history["val loss"].append(
avg val loss

history["category f1"].append(
category_f1



history["priority f1"].append(
priority_f1

)
print(

f"Train Loss : {avg_train_loss:.4f}"
)
print(

f"Validation Loss : {avg_val_loss:.4f}"
)
print(

f"Category Macro F1 : {category_ f1:.4f}"
)
print(

f"Priority Macro F1 : {priority_ f1:.4f}"
)
# m=m====mm==mmmmmmmmmmm—m—===
# Save Best Model
# ========m====m==============

combined_f1 = (
category_f1
+
priority_f1
) /2

if combined_f1 > best_f1:

best_f1 = combined_f1

torch.save(
model.state dict(),

"best_distilbert_email model.pt"



print(
"Best model saved!"

)
# Tttt ittt ittt 1+t
# 5) Final Evaluation
e oy ey ey

print("\nCATEGORY RESULTS")
print(
"Hamming Loss:",
hamming_loss(

all category_true,
all_category_preds

print(
classification_report(

all_category_true,
all category_preds,

target_names=category_cols

)
)
B e e =
# Priority Detailed Metrics
S

print("\nPRIORITY RESULTS")

print(
classification_report(



all priority_true,
all_priority_preds,

target_names=
priority_encoder.classes_

# Loss Curve
plt.figure(figsize=(8,5))
plt.plot(

history["train_loss"],
label="Train Loss"

)

plt.plot(
history["val_loss"],
label="Validation Loss"

)

plt.xlabel("Epoch™)
plt.ylabel("Loss")
plt.title(

"Training and Validation Loss"
plt.legend()

plt.show()

# F1 Curve
plt.figure(figsize=(8,5))
plt.plot(

history["category f1"],
label="Category Macro F1"



plt.plot(
history["priority f1"],
label="Priority Macro F1"
plt.xlabel("Epoch™)
plt.ylabel("F1 Score")
plt.title(
"Validation F1 Scores"”
plt.legend()

plt.show()

# Priority Confusion Matrix
cm = confusion_matrix(
all priority_true,

all priority preds

plt.figure(figsize=(6,5))

sns.heatmap(
cm,
annot=True,
fmt="d",
xticklabels=priority_encoder.classes_,

yticklabels=priority_encoder.classes_

plt.xlabel(

"Predicted"”

plt.ylabel(
"Actual"



plt.title(
"Priority Confusion Matrix"

plt.show()

# Category Performance
category f1 scores = fl1_score(
all category_true,
all category_preds,

average=None

plt.figure(figsize=(10,5))

plt.bar(
category_cols,

category_f1_scores

plt.xticks(
rotation=45,
ha="right"

plt.ylabel(

"F1 Score"
)
plt.title(

"Category-wise F1 Score"
)

plt.show()



/tmp/ipykernel_545/758017852.py:86: FutureWarning:
“torch.cuda.amp.GradScaler(args...)  1is deprecated. Please use
“torch.amp.GradScaler('cuda', args...)  instead.

scaler = torch.cuda.amp.GradScaler()
/tmp/ipykernel _545/758017852.py:169: FutureWarning:
“torch.cuda.amp.autocast(args...)  is deprecated. Please use
“torch.amp.autocast('cuda', args...)  instead.

with torch.cuda.amp.autocast():

Train Loss 1 0.6249
Validation Loss : ©.3340
Category Macro F1 : 0.9315
Priority Macro F1 : 0.8919
Best model saved!

/tmp/ipykernel_545/758017852.py:169: FutureWarning:
“torch.cuda.amp.autocast(args...)  1is deprecated. Please use
“torch.amp.autocast('cuda', args...)  instead.

with torch.cuda.amp.autocast():

Train Loss : 0.2649
Validation Loss : 0.2317
Category Macro F1 : 0.9578
Priority Macro F1 : 0.9217
Best model saved!

/tmp/ipykernel_545/758017852.py:169: FutureWarning:
“torch.cuda.amp.autocast(args...)  is deprecated. Please use
“torch.amp.autocast('cuda', args...)  instead.

with torch.cuda.amp.autocast():

Train Loss : 0.1866
Validation Loss : ©.2195
Category Macro F1 : 0.9655
Priority Macro F1 : 0.9206
Best model saved!

/tmp/ipykernel_545/758017852.py:169: FutureWarning:
“torch.cuda.amp.autocast(args...)  is deprecated. Please use
“torch.amp.autocast('cuda', args...) instead.

with torch.cuda.amp.autocast():



Train Loss : 0.1340
Validation Loss : 0.2051
Category Macro F1 : 0.9677
Priority Macro F1 : 0.9350
Best model saved!

/tmp/ipykernel_545/758017852.py:169: FutureWarning:
“torch.cuda.amp.autocast(args...)  is deprecated. Please use
“torch.amp.autocast('cuda', args...)  instead.

with torch.cuda.amp.autocast():

Train Loss : 0.0944
Validation Loss : ©.2458
Category Macro F1 : 0.9677
Priority Macro F1 : 0.9314

Training Finished

CATEGORY RESULTS
Hamming Loss: ©.017133333333333334

precision recall fl-score support
category_Administration 0.98 0.97 0.98 2713
category_Financial 0.99 0.94 0.96 1278
category_HR 0.99 0.93 0.96 998
category_Llegal 0.99 0.94 0.96 826
category_Market 0.98 0.96 0.97 1785
category_Other 0.97 0.98 0.98 1049
micro avg 0.98 0.96 0.97 8649
macro avg 0.98 0.95 0.97 8649
weighted avg 0.98 0.96 0.97 8649
samples avg 0.98 0.96 0.97 8649
PRIORITY RESULTS
precision recall fl-score support
High 0.94 0.84 0.88 462
Low 0.94 0.96 0.95 1965
Normal 0.96 0.97 0.96 2573
accuracy 0.95 5000
macro avg 0.95 0.92 0.93 5000
weighted avg 0.95 0.95 0.95 5000

/usr/local/lib/python3.12/dist-
packages/sklearn/metrics/_classification.py:1565: UndefinedMetricWarning:
Precision is ill-defined and being set to 0.0 in samples with no predicted
labels. Use “zero_division™ parameter to control this behavior.
_warn_prf(average, modifier, f"{metric.capitalize()} is", len(result))
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# sl 592> laws Threshold Tuning gisei DistilBERT
#
# Coagll:

# 1) 1,9 cuwuxi Category (Multi-Llabel Classification)



2) 4% pwwxi Priority dawl>9 High Priority

wlbas)o:
- susi Y gasadl olis]
- Jadl pe ¢ lasé Threshold sl 55Y

i Validation Loader lyy) ,9giall oV:
val_Lloader

H R OF OB R B R B R

import numpy as np
import torch

from sklearn.metrics import (

f1_score,
classification_report,
hamming_loss
)
## ============================================================
# 1) boiro gisai Jiasl Jroxi
# ============================================================

model.load_state dict(

torch.load(
"best_distilbert_email model.pt",
map_location=device

)

model.eval()

print("esses Jadl Jyans a5 DIStilBERT ¢lnin")

2) oo gisaidl wVlizl glhxiwl Validation Set

Category:
Sigmoid Civias o iST seizi ol HSay alwJl oY

Priority:
Softmax lais sazly dyelel lgf alw I oY

H R OF OB RE B R R

category _probs = []
priority probs = []



category_true
priority_true

[l
[]

with torch.no_grad():

# Lozl i
# pliwl val_Lloader (o Vi test_Loader

for batch in val_loader:
input_ids = batch["input_ids"].to(device)

attention_mask = batch["attention_mask"].to(device)

category_labels = batch["category labels"]

priority labels = batch["priority_ labels"]

outputs = model(
input_ids=input_ids,
attention_mask=attention_mask

# < Ylai>l Category

cat_probability = torch.sigmoid(
outputs["category logits"]

# <Ylai>l Priority

pri_probability = torch.softmax(
outputs["priority logits"],
dim=1

category_probs.append(
cat_probability.cpu().numpy()



priority probs.append(
pri_probability.cpu().numpy()

category_true.append(
category_labels.cpu().numpy()

priority true.append(
priority labels.cpu().numpy()

category_probs = np.vstack(category_probs)

priority probs = np.vstack(priority probs)

category_true = np.vstack(category_true)

priority true = np.concatenate(priority_true)

print("z iy 3]l oY Lladsl gl gadwl as5")

# ============================================================
# 3) Category Threshold Tuning

#

# Wl szl dagill:

#

# Threshold = 0.5

#

# cuus JasVl lixig psd 526 <z Macro F1

#
e S S

for threshold in np.arange(©.1,0.91,0.05):

category_prediction = (
category_probs >= threshold
).astype(int)



macro_f1 = f1_score(
category_true,
category_prediction,
average="macro"

ham_loss = hamming_loss(
category_true,
category_prediction

threshold_results.append(

(
threshold,
macro_f1,
ham_loss

)

best_category_threshold = max(
threshold results,
key=lambda x:x[1]

print("\n================================")
print("asi Threshold _1_ Category")

print(
f"Threshold : {best_category_threshold[90]:.2f}"

print(
f"Macro F1 : {best_category_threshold[1]:.4f}"

print(

f"Hamming Loss : {best_category_ threshold[2]:.4f}"

# bLajngyix'ThreshoLd

category_prediction_best = (



category probs >= best_category_threshold[9]
).astype(int)

print("\nCATEGORY REPORT lic.all aso"

print(
classification_report(
category_true,
category_prediction_best,
zero_division=0
)
)
# =============m==============================================
# 4) Priority Threshold Tuning
#
# oagll:
# &9, Recall ais) High
#
# oV High Priority eladl s ais aaf
#

# I cwiri o 1Tl Labels
# w5 I5]:
# ['High', "Low’, '"Normal ']
# o 0 by

*

4) Priority Threshold Tuning

oagll:

&9, Recall ais) High Priority

H OB R R

*

JI «wi,i Labels ZJLé Jaic:
0 = High
1= Low

2 Normal

H R OH R K W

lio ot lilixo OlS 15

high_index = ©

priority results = []

for threshold in np.arange(9.2,0.71,0.05):



# bl 1,6l
# Jloisl el lisl

priority prediction = np.argmax(
priority_probs,
axis=1

# culs I3 i)l Lo High o el Threshold

high_prediction = (
priority probs[:,high_index]
>= threshold

priority prediction[high_prediction] = high_index

report = classification_report(
priority_ true,
priority_prediction,
output_dict=True,
zero_division=0

high_recall = report[
str(high_index)
1["recall"]

macro_f1 = report|
"macro avg"
1["f1l-score™]

priority results.append(

(
threshold,
high_recall,
macro_f1

)

best_priority_ threshold = max(



priority_results,
key=lambda x:x[2]

print(
f"Threshold : {best_priority_threshold[90]:.2f}"

print(
f"High Recall : {best_priority_threshold[1]:.4f}"

print(
f"Macro F1 : {best_priority_threshold[2]:.4f}"

pr‘int( "\n===:::::::::::::::::::::::::::::")
print("J.ss! Threshold Tuning »Llxio")
pl"int( "================================")

zdsas Juadl Juaxs a5 DistilBERT p Lyis
el sl oY Ll gl pxdwl sl

Threshold : 0.60
Macro F1 : 0.9681
Hamming Loss : 0.0171

CATEGORY REPORT luall axo

precision recall fl-score support

0 0.99 0.96 0.97 2713

1 1.00 0.93 0.96 1278

2 0.99 0.92 0.96 998

3 1.00 0.94 0.97 826

4 0.99 0.95 0.97 1785

5 0.97 0.98 0.98 1049

micro avg 0.99 0.95 0.97 8649
macro avg 0.99 0.95 0.97 8649
weighted avg 0.99 0.95 0.97 8649
samples avg 0.98 0.96 0.96 8649



Threshold : 0.50
High Recall : 0.8571
Macro F1 : 0.9350

zisoi) Nl oausill DistilBERT W[c Holdout Test Set

wilall:

holdout _test set.csv

Sagll:
- lislw gigaidl lgorriny of lly e lgidl shYI Luwls
- zigaidl Olisl Wl Lawi azgs Y

bizl o Thresholds o Zh¢ua Validation Set:

Category Threshold = 0.60
Priority Threshold = 6.50

HOH OH R OH ¥ W W O®H oW OH R R R R

import pandas as pd
import numpy as np
import torch

from torch.utils.data import Dataset, Dataloader

from sklearn.metrics import (
classification_report,

f1_score,
hamming_loss,
accuracy_score,
confusion_matrix
# Tttt ittt ittt

# 1) syl ilo jluwo o= Holdout Test Set



#
# Iy il e dliiwe dair)l oin Validation
# gisadl e Wlgidl oSHl prxiuiyg

holdout_path = (
"/content/drive/MyDrive/Thesis_Project/"
"holdout_test_set.csv"

holdout_df = pd.read_csv(
holdout_path

print("Holdout Dataset Shape:")
print(holdout_df.shape)

2) sxach s 425 Category
Category e 6,Le Multi-Llabel
casiar o SV craiis Of oSKar 25lodl Loty Of ST

Jlis:

Financial + Administration

H OB OF OB R B R B R

category_columns = [

"category_Administration",
"category_Financial®,
"category_HR",

"category Legal",
"category_Market",

"category_Other"
]
# it i+ttt 1+ttt 11+ttt 1+ttt -+ttt
# 3) JLexi Priority ols,[ I
#
# Priority lais a>ly Cisiaj:
#

# High



# Low
# Normal

priority mapping = {

"High":0,
"Low":1,
"Normal":2

*

4) <lis/ Dataset LisW
a2l clil dosrimall Ul jugri dij b gusi 9o Of

T Is
- Cleaned_Text
- Tokenizer
- max_Llength

HOH OB R R OB OB OB R

class HoldoutDataset(Dataset):

def __init_ (
self,
dataframe,
tokenizer,
max_length=256

self.texts = dataframe[
"Cleaned_Text"
].astype(str).tolist()

self.category_labels = dataframe[
category_columns
].values.astype(float)

self.priority labels = dataframe[
"priority"
1.map(priority_mapping).values



self.tokenizer = tokenizer

self.max_length = max_length

def __len_ (self):

return len(self.texts)

def _ getitem__ (self,index):

encoding = self.tokenizer(
self.texts[index],
padding="max_length",
truncation=True,
max_length=self.max_length,

return_tensors="pt"

return {

"input_ids":
encoding["input_ids"].squeeze(9),

"attention_mask":
encoding["attention_mask"].squeeze(9),

"category_labels™:

torch.tensor(
self.category_labels[index],
dtype=torch.float

)>

"priority_labels":
torch.tensor(
self.priority_labels[index],



dtype=torch.long

)

}
# B T e e e e e e e e e e e e e e
# 5) sliv/ DataLoader LizW
#
# shuffle=False ,ouiill culi ;4{p‘gifiluy
#
# L L L L L L L L L L L L L L L L L L L L L L L L S L S L L S L S S S S S S S o o o o o o o o o o

holdout_dataset = HoldoutDataset(
holdout_df,

tokenizer

holdout_loader = DatalLoader(
holdout_dataset,
batch_size=32,

shuffle=False

print(" o ¢x5 a5 Holdout DatalLoader")

#6) boiro gisai Jasl Jraxi
#
# il slil sl Jiasl gi> s3Jl zisaill oo lin

model.load_state_dict(
torch.load(

"best_distilbert_email model.pt",



map_location=device

model.eval()

print("z3s05 Jasl Juoex3 3 DistilBERT™)

7) gisedl wliwi zliriwl

Category:
PIxium Sigmoid

JS oY Category Jsiwo Jlaizl lgJ

Priority:
PIxim Softmax
s szl sl o) oY

HOH R R OR O W W R R R

category_probs

1}
—
—

[]

priority_ probs

[l

category_true

[]

priority_true

with torch.no_grad():

for batch in holdout_loader:

input_ids = batch[
"input_ids"
].to(device)



attention_mask = batch|
"attention_mask"
].to(device)

outputs = model(
input_ids=input_ids,

attention_mask=attention_mask

# <Ylai>l Category
cat_probability = torch.sigmoid(

outputs["category logits"]

# < Ylai>l Priority
pri_probability = torch.softmax(
outputs["priority logits"],

dim=1

category_probs.append(

cat_probability.cpu().numpy()

priority_ probs.append(

pri_probability.cpu().numpy()

category_true.append(



batch["category labels"].numpy()

priority true.append(

batch["priority labels"].numpy()

category_probs

np.vstack(category_probs)

priority probs = np.vstack(priority_probs)

category_true np.vstack(category_true)

priority true = np.concatenate(priority_true)

print("; Lo ol sl 2l gshwl a3")

# 8) gulai Threshold vlgdl
#

# o Zz.m looyoxi o5 ouill oin Validation

1}
(&)
(o)}
(&)

category_threshold

1]
()
U1
()

priority_threshold

# Category Prediction
category _pred = (
category_probs >= category_threshold

).astype(int)

# Priority Prediction



priority pred = np.argmax(
priority_probs,

axis=1

# Ja=i High Priority

#

# Jaizl jolzi 5] High ésaxa)l doudll
# aoll adnzi High

#

high_index = 0

high_mask = (
priority probs[:, high_index]

>= priority_threshold

priority_pred[high_mask] = high_index

pr‘int ( " \n:::::::::::=====================================" )
print("FINAL CATEGORY RESULTS - HOLDOUT TEST")

print(
"Hamming Loss:",
hamming_loss(
category_true,

category_pred



print(
"Macro F1:",
f1_score(
category_true,
category pred,

average="macro"

print(
classification_report(
category_true,
category pred,
target_names=category_columns,

zero_division=0

pr‘int ( " \n================================================" )
print("FINAL PRIORITY RESULTS - HOLDOUT TEST")

print(



"Accuracy:",
accuracy_score(
priority_true,

priority_pred

print(
"Macro F1:",
f1_score(
priority_true,
priority pred,

average="macro"

print(
classification_report(
priority_true,
priority pred,
target_names=[
"High",
"Low",
"Normal"

1B

zero_division=0



print("\nConfusion Matrix:")
print(
confusion_matrix(
priority_true,

priority_pred

pr\int( "\n::::::::::::::::::::::::::::::::::::::::::::::::")
print(" Je _Slegdl aoii il Jesst Holdout Test Set™)

Holdout Dataset Shape:

(10000, 9)

Ja¢x5 a5 Holdout Dataloader
2dsas Juasl Juexs a3 DistilBERT
el of il gl yibwl as

Hamming Loss: ©.01755
Macro Fl: 0.9672121917636307

precision recall fl-score support

category Administration 0.99 0.95 0.97 5435
category_Financial 0.99 0.93 0.96 2456
category_HR 0.99 0.93 0.96 1889
category_Legal 1.00 0.93 0.96 1810
category_Market 0.99 0.95 0.97 3614
category_Other 0.97 0.99 0.98 2095
micro avg 0.99 0.95 0.97 17299

macro avg 0.99 0.95 0.97 17299

weighted avg 0.99 0.95 0.97 17299
samples avg 0.98 0.96 0.97 17299

Accuracy: 0.9529
Macro F1: ©.9326535828034164
precision recall fl-score support



High 0.89 0.86 0.88 925

Low 0.95 0.96 0.96 3929

Normal 0.96 0.97 0.96 5146
accuracy 0.95 10000
macro avg 0.94 0.93 0.93 10000
weighted avg 0.95 0.95 0.95 10000

Confusion Matrix:

[[ 798 63 64]
[ 36 3762 131]
[ 58 119 4969]]

# wli laé> DistilBERT avlell
#

# awledl ai)liall doorsimall zilid]
# Holdout Test Set

import pandas as pd

import json

# dole @l

distilbert_results = {
"Model": "DistilBERT Multi-task",
"Dataset"”: "Holdout Test Set",
"Samples": 10000,
"Category_Hamming Loss": ©.01755,
"Category_Macro_F1": ©.9672121918,
"Priority_Accuracy": ©0.9529,
"Priority_Macro_F1": 0.9326535828,
"High_Recall": 0.8627,
"Category_Threshold": 0.60,

"Priority_Threshold": 0.50



# le> CSV

pd.DataFrame(
[distilbert_results]

).to_csv(
"/content/drive/MyDrive/Thesis_Project/distilbert_final_results.csv",
index=False

)
# lae> JSON
with open(
"/content/drive/MyDrive/Thesis_Project/distilbert_final_results.json",
"
) as f:
json.dump(
distilbert_results,
f,
indent=4

print("z5L ka> a3 DistilBERT »lxso aSLgsdl™)

a5 Ui his a3 DistilBERT s lsxio i, 5Lgill

Al ddad) o Leladd aey - Madl) (s il Bl
Jsasd

PHASE 3B
PRIORITY CLASSIFICATION

BASELINE MODEL #2
TF-IDF + LINEAR SVM

Final Version:

- Training

- Validation Evaluation

- Holdout Test Evaluation
- Save Model + Results

H R OB R R OB W W OB BB R



import pandas as pd

import numpy as np

import json

import joblib

import os

from sklearn.preprocessing import LabelEncoder

from sklearn.feature_extraction.text import TfidfVectorizer

from sklearn.svm import LinearSVC

from sklearn.metrics import (

accuracy_score,
precision_score,
recall_score,
f1_score,
classification_report,
confusion_matrix
)
#f ==========z==z=======—==z=—==—==—==—===—==—=====================
# 1) Paths
H =====m=m=======m==============================================

base_path = "/content/drive/MyDrive/Thesis_Project/

train_path = base_path + "train_set.csv"
val_path = base_path + "validation_set.csv"

holdout_path = base_path + "holdout_ test set.csv"

save_path = base_path + "SVM Priority Results"

os.makedirs(
save_path,
exist_ok=True



train_df = pd.read_csv(train_path)
val_df = pd.read_csv(val_path)

holdout_df = pd.read_csv(holdout_path)

print("="*70)
print("DATASETS LOADED")
print("="%*70)

"

print("Train :", train_df.shape)
print("validation:", val_df.shape)

print("Holdout :", holdout_df.shape)

X_train = train_df["Cleaned_Text"]
X_val = val _df["Cleaned Text"]

X_holdout = holdout_df["Cleaned Text"]

# 4) Encode Priority Labels
#

encoder = LabelEncoder()

y_train = encoder.fit_transform(
train_df["priority"]

y_val = encoder.transform(
val_df["priority"]



y_holdout = encoder.transform(
holdout_df["priority"]

print("\nPriority Classes:")

print(
list(encoder.classes_)

# 5) TF-IDF Feature Extraction
#

# o fit lés cy il Lle

# o transform SLl

vectorizer = TfidfVectorizer(
max_features=20000,
ngram_range=(1,2),
min_df=5,
max_df=0.95,

sublinear_tf=True

X_train_tfidf = vectorizer.fit_transform(
X_train

X_val_tfidf = vectorizer.transform(
X_val

X_holdout_tfidf = vectorizer.transform(
X_holdout



print("\nTF-IDF Completed")
print(

"Vocabulary Size:",
len(vectorizer.vocabulary )

svm_model = LinearSVC(
c=1.0,

random_state=42

print("\nTraining Linear SVM...")

svm_model.fit(
X_train_tfidf,

y_train

print("Training Completed")

def evaluate_model(
y_true,

y_pred,
dataset_name

results = {



"Dataset"”: dataset_name,

"Accuracy":
accuracy_score(
y_true,

y_pred

)s

"Macro_F1":
f1_score(
y_true,
y_pred,
average="macro"

)s

"Weighted_F1":

f1_score(
y_true,
y_pred,
average="weighted"
)
"Precision":
precision_score(
y_true,
y_pred,
average="macro"
)
"Recall":
recall_score(
y_true,
y_pred,
average="macro"
)
}
print("\n")

print("="*70)
print(dataset_name)

print("="*70)

for key,value in results.items():

if key != "Dataset":



print(
f"{key}: {value:.4f}"

print("\nClassification Report")
print(
classification_report(
y_true,

y_pred,

target_names=encoder.classes_

print("\nConfusion Matrix")

print(
confusion_matrix(
y_true,
y_pred
)
)

return results

val pred = svm_model.predict(
X_val_tfidf

val _results = evaluate_model(



y_val,

val_pred,
"Validation"
)
# ============================================================
# 9) Final Holdout Evaluation
# ============================================================

holdout_pred = svm_model.predict(
X_holdout_tfidf

holdout_results = evaluate_model(

y_holdout,
holdout_pred,
"Holdout_Test"
)
# ============================================================
# 10) Save Results
#f ============================================================

all results = pd.DataFrame(

val_results,

holdout_results

all results.to_csv(

save_path + "/SVM_priority results.csv",



index=False

)
with open(
save_path + "/SVM priority results.json",
"
) as f:
json.dump(
all results.to_dict(
orient="records"
)
f,
indent=4
)
# ===========—===—===—===—=—==—=—===—==—=—===—=—=—===—=—=—=—==—==—=—===========
# 11) Save Model Components
# mm=mm=mm—mmm—mm—mm—mm—mm—mmm—mm—mm—mm——mmmmm—mm—mm—mmmmmmmme
joblib.dump(
svm_model,
save_path + "/linear_svm_priority.pkl"
)
joblib.dump(
vectorizer,
save_path + "/tfidf_vectorizer.pkl"
)
joblib.dump(

encoder,



save_path + "/priority_encoder.pkl"

print("\n")

print("="*70)

print("SVM PRIORITY FINAL PIPELINE COMPLETED")
print("="*70)

print(
"Results saved in:"

print(save_path)

Train : (35000, 9)
Validation: (5000, 9)
Holdout : (10000, 9)

Priority Classes:
["High', 'Low', 'Normal']

TF-IDF Completed
Vocabulary Size: 20000

Training Linear SVM...
Training Completed

Accuracy: 0.8986
Macro_F1: 0.8565
Weighted_F1: 0.8966
Precision: ©.8905
Recall: 0.8327

Classification Report

precision recall fl-score  support

High 0.87 0.66 0.75 462

Low 0.90 0.90 0.90 1965
Normal 0.90 0.94 0.92 2573
accuracy 0.90 5000
macro avg 0.89 0.83 0.86 5000

weighted avg 0.90 0.90 0.90 5000



Confusion Matrix
[[ 364 73 85]
[ 27 1763 175]
[ 18 129 2426]]

Accuracy: 0.9079
Macro_F1: 0.8695
Weighted_F1: 0.9064
Precision: ©.8982
Recall: ©.8483

Classification Report

precision recall fl-score support

High 0.88 0.69 0.77 925

Low 0.91 0.91 0.91 3929

Normal 0.91 0.94 0.93 5146
accuracy 0.91 10000
macro avg 0.90 0.85 0.87 10000
weighted avg 0.91 0.91 0.91 10000

Confusion Matrix

[[ 637 129 159]
[ 48 3586 295]
[ 43 247 4856]]

Results saved in:
/content/drive/MyDrive/Thesis_Project/SVM_Priority Results

PHASE 3A
CATEGORY CLASSIFICATION

BASELINE MODEL #2
TF-IDF + Linear SVM

Final Pipeline:

- Multi-label Classification
- Validation Evaluation

- Holdout Test Evaluation

- Save Results

HOH K ¥ W W OB R R R R

import pandas as pd



import json

import joblib

import os

from sklearn.feature_extraction.text import TfidfVectorizer

from sklearn.svm import LinearSVC

from sklearn.multiclass import OneVsRestClassifier

from sklearn.metrics import (

accuracy_score,
precision_score,
recall _score,
f1_score,
hamming_loss,
jaccard_score
)
# ============================================================
# 1) Paths
# ============================================================

base_path = "/content/drive/MyDrive/Thesis_Project/

train_path = base_path + "train_set.csv"

val_path = base_path + "validation_set.csv"

holdout_path = base_path + "holdout_ test set.csv"

save_path = base_path + "SVM_Category_ Results”

os.makedirs(

save_path,
exist_ok=True
)
# ============================================================
# 2) Load Data
#f ============================================================

train_df = pd.read_csv(train_path)



val_df = pd.read_csv(val_path)

holdout_df = pd.read_csv(holdout_path)

print("="*70)
print("DATASETS LOADED")
print("="%*70)

print("Train :", train_df.shape)

n

print("validation:", val_df.shape)

print("Holdout :", holdout_df.shape)

ey ey gy
# 3) Category Labels

# ============================================================

category_columns = [
"category_Administration",
"category_Financial",
"category_HR",
"category Legal",

"category_Market",

"category_Other"
]
ey S Sy S
# 4) Prepare Data
# Tttt ittt Tttt

X_train = train_df["Cleaned_Text"]
X_val = val _df["Cleaned_Text"]

X_holdout = holdout_df["Cleaned_ Text"]



y_train = train_df[
category_columns
1.values

y_val = val df[
category_columns
].values

y_holdout = holdout_df[
category_columns
].values

# 5) TF-IDF

#

# fit il ole lais
# transform SLl

vectorizer = TfidfVectorizer(
max_features=20000,
ngram_range=(1,2),
min_df=5,
max_df=0.95,

sublinear_tf=True

X_train_tfidf = vectorizer.fit_transform(
X_train

X_val_tfidf = vectorizer.transform(
X_val



X_holdout_tfidf = vectorizer.transform(
X_holdout

print("\nTF-IDF Completed")

print(
"Vocabulary:",
len(vectorizer.vocabulary )

6) Train Multi-label Linear SVM

OneVsRest:
sxc | alSuinadl Jo= Binary Classifiers

Jbo:

Financial yes/no
HR yes/no

Legal yes/no

HOH O R O®H W OB OB R R

svm_model = OneVsRestClassifier(

LinearsSvc(
random_state=42

print("\nTraining Linear SVM...")

svm_model.fit(
X_train_tfidf,

y_train

print("Training Completed")



def evaluate_category(
y_true,

y_pred,
name

results = {

"Dataset”: name,

"Subset_Accuracy":

accuracy_score(
y_true,
y_pred

)

"Micro_F1":

f1_score(
y_true,
y_pred,

average="micro",
zero_division=0

)>
"Macro_F1":
f1_score(
y_true,
y_pred,
average="macro",
zero_division=0
)>

"Hamming_Loss":
hamming_loss(

y_true,
y_pred

)

"Jaccard":

jaccard_score(
y_true,
y_pred,

average="samples",



zero_division=0

print("\n")
print("="%*70)

print(name)

print("="%*70)

for k,v in results.items():

if k != "Dataset":

print(
" {k}: {v:.4f}"

return results

val pred = svm_model.predict(
X val _tfidf

val_results = evaluate_category(

y_val,
val_pred,
"Validation"
)
# ===================—=========================================



holdout_pred = svm_model.predict(
X_holdout_tfidf

holdout_results = evaluate_category(

y_holdout,

holdout_pred,

"Holdout_Test"
)
#f ============================================================
# 10) Save Results
O O O O O O SO S iy

results_df = pd.DataFrame(

val_results,
holdout_results
]
)
results_df.to_csv(
save_path + "/SVM_category results.csv",
index=False
)
with open(

save_path + "/SVM_category results.json",

"

) as f:



json.dump(

results_df.to_dict(
orient="records"
)>
f,
indent=4
)
ey Sy S
# 11) Save Model Components
## ============================================================
joblib.dump(
svm_model,
save_path + "/linear_svm_category.pkl"
)
joblib.dump(
vectorizer,
save_path + "/tfidf_vectorizer.pkl"
)
print("\n")

print("="%*70)
print("SVM CATEGORY PIPELINE COMPLETED")
print("="*70)

print(
"Saved in:"

print(save_path)

DATASETS LOADED



Train : (35000, 9)
Validation: (5000, 9)
Holdout : (10000, 9)

TF-IDF Completed
Vocabulary: 20000

Training Linear SVM...
Training Completed

Subset_Accuracy: 0.8092
Micro_F1l: ©.9328
Macro_F1: 0.9266
Hamming_Loss: 0.0374
Jaccard: 0.8869

Subset_Accuracy: 0.8117
Micro_F1: 0.9333
Macro_F1l: 0.9269
Hamming_Loss: ©.0370
Jaccard: 0.8857

Saved in:
/content/drive/MyDrive/Thesis_Project/SVM_Category Results

The final comparison

# FINAL MODEL COMPARISON

dagll:
wle adledl zilodl aiylio Holdout Test Set

Models:

1) Linear SVM + TF-IDF
- Category Multi-Llabel
- Priority Multi-class

2) DistilBERT Multi-task
- Category Multi-Llabel
- Priority Multi-class

HOH OH R OH ¥ W O® W oW OH R R R

lisuwo abgizall @ilidl plaxiwl pi



# zlgoai Ls'/ ey éole] o

import pandas as pd
import matplotlib.pyplot as plt
import os

base_path = "/content/drive/MyDrive/Thesis_Project/"

distilbert_file = (
base_path +
"distilbert_final_results.csv"

svm_category_file = (
base_path +
"SVM_Category Results/"
"SVM_category_results.csv"

svm_priority file = (
base_path +
"SVM_Priority Results/"
"SVM_priority_results.csv"

output_path = (
base_path +
"Final_Model_Comparison/"

os.makedirs(
output_path,
exist_ok=True



distilbert = pd.read_csv(
distilbert_file

svm_category = pd.read_csv(
svm_category_file

svm_priority = pd.read_csv(
svm_priority_ file

# wli lass 33l Holdout
svm_category_test = svm_category[

svm_category["Dataset"]=="Holdout_ Test"
1.iloc[@]

svm_priority test = svm_priority[
svm_priority["Dataset"]=="Holdout Test"
1-iloc[9]

distilbert_test = distilbert.iloc[9]

comparison = pd.DataFrame({
"Model": [
"Linear SVM",

"DistilBERT Multi-task"

1s

"Category Macro F1":[

svm_category_test["Macro_F1"],



1}

distilbert_test["Category Macro F1"]

1

"Category Hamming Loss":[
svm_category_ test["Hamming Loss"],

distilbert_test["Category Hamming Loss™]

1B

"Priority Accuracy":[
svm_priority_test["Accuracy"],

distilbert_test["Priority_ Accuracy"]

1B

"Priority Macro F1":[
svm_priority test["Macro F1"],

distilbert_test["Priority Macro F1"]

1

"High Recall":[
0.69,

distilbert_test["High Recall"]

print("="*80)

print("FINAL MODEL COMPARISON")

print("="%*80)

display(comparison)



# Joaxl s>
comparison.to_csv(

output_path +
"final _model_comparison.csv",

index=False
)
e S ——
# 4) daiyléo 6,90 Macro F1
# s=====m=mmmmmmmmmmsmmmmmmmsmmmmosmsmsmsmmsmmmmmmmmmmmmmmmmmmmms
#
# L_M}//
#
# oily sz e gigai S 6,09 SSudl e pog
# ow Precision ¢ Recall «liJl gra> juc.
#
# Jasl sl iz, s902)l glii)l.
#
# Tttt i1ttt 1ttt ittt ittt i1+ttt
plt.figure(
figsize=(8,5)
)
plt.bar(
comparison["Model"],
comparison["Category Macro F1"]
)
plt.title(
"Category Classification - Macro F1 Comparison"
)
plt.ylabel(
"Macro F1 Score"
)
plt.xticks(

rotation=20



plt.tight_layout()

plt.savefig(

output_path +
"category_macro_f1.png",

dpi=300

plt.show()

print(

non

by guall oyl

yLie xosy JS] Macro F1 Gia’ d.ga) Category.
Gei5 h>d5 DistilBERT Multi-task pgs e 45505 oo
dadieny Lada cpaidd ¥ adl GLaw I Linear SVM e

O AxSUid L SlasY ! blasY 1 TF-IDF.

)
e
# 5) daiyléo 6,90 Priority Macro F1
O O Sy
plt.figure(

figsize=(8,5)
)
plt.bar(

comparison["Model"],

comparison["Priority Macro F1"]
)
plt.title(

"Priority Classification - Macro F1 Comparison"



plt.ylabel(
"Macro F1 Score"

plt.xticks(
rotation=20

plt.tight_layout()

plt.savefig(

output_path +
"priority_macro_f1.png",

dpi=300

plt.show()

print(

by gall oyl

e SSY L W A el wgams b g dleddl s lol xben JSadl.
ol ¢k DistilBERT ai> Macro F1 e Juo Leo ¢ el

Lolsy 4530 sdedl jue oLl s Joladdl 3 Jadl 5 yas

i5s High Priority.

non

plt.figure(
figsize=(8,5)



plt.bar(
comparison["Model"],

comparison["Category Hamming Loss"]

)
plt.title(
"Category Classification - Hamming Loss Comparison"
)
plt.ylabel(
"Hamming Loss (Lower is Better)"
)
plt.xticks(
rotation=20
)

plt.tight_layout()

plt.savefig(

output_path +
"hamming_loss_comparison.png",

dpi=300

plt.show()

print(

non

by gmall oyl
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plt.figure(
figsize=(8,5)

plt.bar(

comparison["Model"],

comparison["High Recall"]

plt.title(
"High Priority Recall Comparison"

plt.ylabel(
"Recall”

plt.xticks(
rotation=20

plt.tight_layout()

plt.savefig(

output_path +
"high_priority_recall.png",

dpi=300

plt.show()

print(



byl ogl

Jolwy Slassl e gdlasdl 3,458 avey JSid!l High Priority.
¢Lasyl Recall i, 0,Y1 Lle ddluw, olaid oY pgo

Leroe JolaSdl 3 l5 ] oo L.
Go5 DistilBERT bLLisdl e _JeV|
Slawdly Hmadl.

45y A8 Cow

print("="*80)

print("s Lo oloswy ity oLy Lialdl gyoa> hisy s Lis] a5")
print("="%*80)
print(
B) o
)
print(output_path)
FINAL MODEL COMPARISON
Model Category HC;:lefl(i);y Priority Priority High
ode Macro F1 Los% Accuracy | Macro F1 | Recall
Linear SVM | 0.926879 0.03700 0.9079 0.869483 | 0.6900
DistlBERT | 957515 | 0.01755 0.9529 0.932654 | 0.8627
Multi-task




Category Classification - Macro F1 Comparison
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Priority Classification - Macro F1 Comparison
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iis High Priority.

Category Classification - Hamming Loss Comparison
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High Priority Recall Comparison
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elisy !l Recall doeie¥1 dydle idluy ol Lid oY peos
Lers Jobasdl osls I goiy as.
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Glawdly HAxadl.
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/content/drive/MyDrive/Thesis_Project/Final_Model_Comparison/
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