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616390
wiliSall Colab «jgisly aalilbill LIl aiiuall Jgaill s ki — 616320 o
wolgall ailgall f Juwilw ilpsiall :adgo Guini — 618340 o
JolS ad) Ao alo :30i — 816330 o

l@isjlitog Colab jilos Jue i @

dyp judl ilibl @0 boolg strg floatg int déyllno @

wilals Ay — Gjalll pilgall Jlgay duiso Juuwllw yausli @

uolgd dailas dlolS dma) granig ((J3laio) yugoldy a0l yay o driai @

o
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31 g il oMl e cuai JSimo Jauw Lo lauudi doiéll @
wilolil Mg 63ga bawd Mg waloMeiwl M+ uouwill aic dalall sy §gll @
Jall Gl ealpall aiiwi Gis Julaillg Jiowill 863 6)g2)l 03m @

djgall bluAil

A Ia¢ DataFrame daaclg ogul ailgall — Gaolg deas dlolS degano e Jaer Juai JS
Adw adll Gpanidl o if/else Mg dyjlySi caléls
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Google Colab I5laJg — ¢jgquil I5Lal

Lol I5Lol
12681825 ( | Gupoll @ulniuy drilao 6)61.h :6eg)dog Janall dagioao @
Joaiall il clihnl ¢lSAll dol — scikit-learng pandasg NumPy -dralc doghhio @

v

Colab I5lal

a3 il Al il g sl 46un — aduniall Lo Jos) o
(ai/ o) aiiuras ¢jbig deo ajudi+ ciloyo + dpand LAA o

requirements.txt + pip :0juC ,0Q 181,10 dirio dralell doglhhiall @

v
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denll SHyw Jlo Lieall golll
58 3gdll 620 yaell aac int
1.4 Ct HbAc. (sl sl SHiLc e float
"MOH-00042"  ouaunill.Aupall djeo Al str
True I PCR (1320 \/aeid)l)  bool
duig JisIl Jglaall cliasi calsi
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Colab 6 Joell jiuu

Your browser write | Colab notebook run Google runtime
(any device) (cells in Drive) (cloud CPU/GPU)

A =

results: numbers, tables, charts

Drive 8 ¢jlol (jUhgano aijériiig jioall ni — disgo Jre dill diy o
i Lill e dbuull:63us bl wlegado Yoy gnlgiall wgubll Gis @
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f dluluy pyoill jnuug glgilllg calpgiall

patient_id = "MOH-00042" # str
age = 58 # int
creatinine_mgdl = 1.4 # float
smoker = True # bool
name = "Ali Hassan"

glucose_mgdl = 182.0

hbalc_pct = 8.14

print(f"{patient_id} | {name} | {age} vy |
f"glucose {glucose_mgdl:.0f} mg/dL | HbAlc {hbalc_pct:.1f} %")

MOH-00042 | Ali Hassan | 58 y | glucose 182 mg/dL | HbAlc 8.1 %

JlGl Sgaor Gpuati — &y pisell Jjliall agy : 1F ©
dllo] dd)gS e 13a] pnull :8.1% HbAlc 20182 jgSgle o
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daln \ — &jolall Laligag jgSglell calelyd dlulu

glucose_readings = [148, 162, 155, 171, 149, 180, 158]

print("Number of readings:", len(glucose_readings))
print("Lowest :", min(glucose_readings), "mg/dL")
print("Highest:", max(glucose_readings), "mg/dL")
mean_glucose = sum(glucose_readings) / len(glucose_readings)
print (f"Mean : {mean_glucose:.1f} mg/dL")

Number of readings: 7
Lowest : 148 mg/dL

Highest: 180 mg/dL
Mean ¢ 160.4 mg/dL

ol duod Lo aic ol oo p3 ySu oy J3/lo 126 diic jglaii 6¢6 JS @
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lio Lol yiw ciyjlySi dals pal

# ANTI-PATTERN -- shown once, then banned
total = @
for g in glucose_readings:
total = total + g
mean_loop = total / len(glucose_readings)
# Course standard -- whole-collection, one Line
mean_builtin = sum(glucose_readings) / len(glucose_readings)
import numpy as np
mean_numpy = np.mean(glucose_readings)
print(mean_loop, mean_builtin, mean_numpy)

160.42857142857142 160.42857142857142 160.42857142857142

6jgall 6acla
duwfadll 6papnill 0 if/else Mgwhile Mg for M .anall 637 dalall (j3) .dalinio wibly]
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(Jalaio) yugold 6 2olg yduyo

patient = {"patient_id": "MOH-@0042", "name": "Ali Hassan",
"age": 58, "sex": "M", "smoker": True}

print(patient["name"], "is", patient["age"], "years old")
patient["governorate"] = "Baghdad" # add a field
patient["cbc"] = {"wbc": 12.7, "hgb": 10.9, "plt": 214}
print("Hgb:", patient["cbc"]["hgb"], "g/dL")

anemic = patient["cbc"]["hgb"] < 13 # male cut-off
print("Anemia flag:", anemic)

Ali Hassan is 58 years old
Hgb: 10.9 g/dL
Anemia flag: True
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ward = [
{"patient_id": "MOH-00042", "age": 59, "sex": "M", "glucose": 182.0},
{"patient_id": "MOH-00107", "age": 34, "sex": "F", "glucose": 94.0},

{"patient_id": "MOH-00311", "age": 71, "sex": "M", "glucose": 143.0},
1

print("Patients in ward:", len(ward))

import pandas as pd
print(pd.DataFrame(ward)) # explained tomorrow

Patients in ward: 3
patient_id age sex glucose
MOH-00042 59 M 182.0
MOH-00107 34 F 94.0
MOH-00311 71 M 143.0
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6jSyall diliell Lo Ladyl ubypall alo — g ppll Al

(Gpadl 6 )5 yall diliell dyyai) gl

joll 92/101/88/110/97/104 Auill 148 5Laill Inell 38.4 6yl il Lole 63 MoH-00873 alsIS Liisj
Ct 184yl RT-PCR: pao Plt 512 .Hct 32.1.Hgb 10.4 . WBC 13.8 ;021 )90 .0 1.74 Jghall ;05 82.0
{(ORF1ab)

bmi = weight_kg / height_m**2 Lol @

demographics / vitals / cbc / rtpcr :Al3laio LLugoLo G Q

Janluiiall Jgngll Ct daidg (juglégoumll1)élg svitals 0 el dlis jigo e_jai Q
max(pulse) > 100 dilyllg sumgmaxgming len Jlgal auill cilelinol @

len pladiwl Jawl Jlais] e @lg f dluwluy pnini duwad o i pw lnalo il @

Ay Alas Mg ciléls M — haa f Juwiling uiolgag pilgag cilpeio
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ogdl wlnils

130 isi 6)9allg — pMleiwMl Jild Jya ) déyaiall ilill J§ai dlSumall cadlaull @
. Jluaall

i AL dylauw Jiles :Colab «drale doglhio Gaclig (§u6aill dbls dyilao - gl @

G IOLﬁ_le”g — yaill dlal bool Ay pall wajeal str(pidil S float jaellint @
~ uegniyulidl Giodle

el sgiway ol i s 1f o f Juwllw @

VA ety Ay — Juodldl Lp5l| sortedq sumgmaxgming len Gjalall Jlgall @

wolgall daildg «(duigyisIVl dndl caMauull JSON JSai) (Auyo Joauw Gugolsll @
dm))

a0lg Jgao «anlg pauw :pd.DataFrame(ward) @

Jolg dulnll carlall alpiwl :630lg deds 8163 JAupo Jaw 1,200 J4i pd. read_csv
LSl
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wlamVig Jlacll Jgao

Joewill ogyl §ilds

oMU LIS pani gl Juani @ Excel 22y Lo :dyplai — 4616320 @
pd.read csv() dpiaill Jgsgigpg il jlio] oy paliic
. oVl

oy b nf Sl @ )
Zj)jn}mescr‘l e()ginfo() acljo Lle a0 Gulni — 15540 @

il LJ.L'i_iAJILJ LS diabetes_dataset.csv
Jodb A0 yuu

value_counts() . T e
e e alo ol 327 — 3616530 @
abio glid) diic §go ol ic @ plell paall chemistry_panel.csv

b wlily o wilily 63923 6530 AIIS —

cbc_results.csvg
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Excel jlai I5lal

dioln Juits blail des)i
(65,536 :daundll . x1s deung) lam 1,048,576 aic  Jaell dd)g Ladgii :ogamnll 3gas @
J13il ¢jga Ll Gailjil Loganll —
6)guitio Ghgl L6 Au)lgi vl calis claunlg 42 auny eees2 wajeall :¢lgilll Jigai @
loauluii Mg Lalie i dale] (jSay M ealyai dlulu : liiyl Galed) dihls A o
dp Il dassll §il Mg Gaolg duisilo Jj dner :@§iéai Jouw N @

v

—IJJJﬁJIUQdJogJIg_thJIL}OLUQQ_mCOVID 19 dlb 16,000 duly6 - ZOZOLJgMIU.U_LLU
cmLJJJ.LoJIJoLoJIL}oUILJ_QJJMt_UJiJJ.LII .daya6 Excel deun 6 L6ga 10 Ly

140/18 2026 uln el 20 bl goauiiill Lelinw il ¢lSallg gghly (@l 6)ljg) Gamo pAlin plus >



OLSTwl Julai Joalg dulall caala ] slpiawl 2 ool

il o] Ay i

a0lgadegq clpi ai\l

620lg disc gl 23lg _Au o 1dlgll canll .aganll (uglic — Gupmall @
Oleo 2lg wlily ggi lavio (JSIg il calpeiall — Gaacill @
dey j NumPy calégano 6 dijho lauwnai calwbéll — aidll @

v

(Series) dluluull

.ol gras pic a0lg 6JJJ_LLJJ_LQ_L0.“J9J_?_DLQJ.LD j;DIgTJgoL Q1w df["glucose”]
bl Lle apiad dliwl cilclnoyl pkheng

dlulw ey df["glucose"] dolg UJJ|9_6| 29j @
yeni wilily jUo) larey df[["glucose”, "bmi"]1] Lulgdlbgj @
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dunuanini diaing ealily calibl glgil

Sagaell Ao JSuy a1éll 4o £qi 6'
SHpw Jlio agiy Lo goill
ulbuan]lsac gaell  dann alacl inte4
Ct d.aué HbATc. NaNg dyjuiic alaci  floatss
uuinll patient_id  yogni object
> 126 jogSglell¢lia  True / False bool
sample_date Qu)lgi datetime64

o

Ao aavy |5lal

Elg.ii U0 describe() (Jo viony 013 (pending laud 6aolg duld) [P=Y JJ2o jgSgle rgac
digell Joi ga calilyl
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ciMlaleo b jolgl duas :JgVl 6 Al JgSqgig s

i il 1amy aya0 alo S el 140

SHidall plaill Jlgudl oM

kel ynaoll Seoqgiall calalllae Jo  tail()/head()
wilizell 3¢ g‘TJJ.&?_Log T_DJJ.O fob shape

Jowoll ynno Sag6aall S¢lgilll info()

dagall b walo  Suilesjqill describe()
Loaill aell Sealiall calylysi value_counts()

drenyo Mo wilitiall

(97.5 giall 2.5 cpiall (po) daplus 63ma0 (30 95% dy jS poll duwill go 2040l Joall
durell 65LI dardll IoLoi Hio — gl ge 50% wan lawiai delll ¢iaaiy describe()g
.Gaolgll
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import pandas as pd
pd.set_option("display.width", 100)

df = pd.read_csv("diabetes_dataset.csv")
print(df.shape)
print(df[["glucose"”, "bmi", "age", "outcome"]].head(3))

(768, 9)
glucose bmi age outcome
134 41.3 31
149 34.7 37
106 31.5 46

oliAai L3y bo Jiléo Gani — culpeio dewig Ly 1o 768 (Gaacill aganl) Laily shape aue)
.0)3p il LIS
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info() :didill dicle il 6jgnll

df.info()

RangeIndex: 768 entries, © to 767
#  Column Non-Null Count

pregnancies non-null
glucose non-null
bmi non-null float64d
outcome non-null inte4
dtypes: float64(2), int64(7)
memory usage: 54.1 KB

als Jganllg LDJJSJ.LOJgSgJ_c Vg 63gaao 2ilii \ :dc Lo juc 768 lalSq drad) Gaacll S
lighs 54 walyy
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dlolS dcganall g ino )6 describe() yolll

print(df[["glucose"”, "bmi", "age"]].describe().round(1).T)

count mean std min 25% 50% 75% max
glucose 768.0 116.2 30.1 44.0 96.0 114.0 138.0 211.0
bmi 768.0 31.7 6.7 15.0 27.2 31.6 36.2 57265
age 768.0 38.7 11.2 21.0 30.0 37.0 44.0 81.0

LoVl aallg ledgo gi J3/glo 126 dyic aic L jall @1):138 sgluw jgSglell 75 (piall @
SHudl alall (o il cingiuy 44

i 03 Jaaall die wani oo Jisi:31.6 awall dlis pigo bywg e
Lo clgill M +jgSqlell npugll wjléy Jnungiall @

140/24 2026 uln il 20 bl goauinill Lelinw il ¢lSallg ggily (@l 6)ljg) Gamo pAlin plus >



OLSTwl Julai ngig duhll il wdl slpiwl 2 gyl

value_counts() yoMU jLiiiMl Jaeo

print(df["outcome"].value_counts())
print ((df["outcome"].value_counts(normalize=True) * 100).round(1))

outcome

0 485

1 283

Name: count, dtype: int64
outcome

0 63.2

1 36.8

Name: proportion, dtype: float64

U adyll eo jaluy of iy Gl 13eq 16)glnall dule Jaas dié 6 — 36.8% jLiiiil Jaeo
e -
Al Js
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Ved uwdlas cilajiall g1jgi

485
400 |-
283
00 l
0

Patients

Non-diabetic Diabetic

gill value_counts () loalel Ll ola )il — Ly po 283 Jilao 485
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Lalnio clié Jolg daylniall audll Cuiji

top5 = df.sort_values("glucose", ascending=False)
print(top5[["glucose”, "bmi", "outcome"]].head(3))

high_glucose = df["glucose"] >= 126
print(high_glucose.sum())
print(round(high_glucose.mean() * 100, 1))

glucose i outcome
211 1
207 1
205 1

Gilall.drwill gm .mean()g (J3/¢lo > 126 _dall 32y . sum() jolL6 T Ciwi True
2l pgdll 6 Jini dlolsl disniall
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lalc alell paall nol (gl 2l

AVl adeiiNI pe Jalpolll ibgll polipll (duudo 63lo 13 (A y0 1200) chemistry_panel.csv calolgajaiwl
4616330 ,6.Jad yuod (40 6)S30 20

describe().round(1).T cinfo() aleVl ¢ Jraaill Q

LU.U_u_l duyo 5gn6/liz 3gad wild cilpeio 3193y @

> 6.5% Laslill jSuullg > 126 jgSqlell jLiiiil :deidVl @
pailojeas péynio (40 51giselg:daolg dyjo dalo Goglas) @
2olg ¢lyolg [dopniall ardllg JLitiiVlg (Jlaisyl :6jSaall lgisl 9

§lall jano odillanll  Lislllaall  Julaill

pall 5w bhgie 186 55 (Ja/glo) joSglell

3Ly o pall S 5.6 29 (ji/Jgo o) pgruligl
paixgnll bys Ll yadi go 152 130 (Ji/Jgo o) pgyrginll
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ogdl wlnils

Pl diw o Lilill ogull
Gu6illg pliiyl daley dbld wiliy Sl «erany Jruai aabildl Jglao o
Ll 33lgll sgaellg {a16g daacig Lupma elilwl jlo| o

Jainy Jolsll walall Inei (value_counts «describe .info .shape head) J.Dlgi duod @
willeo

lpeioll 6 lhuugiall Lle §galy hyngllg «GjSiio drenyo willao describe() wiliio @
dsgilol
(292/768 = 38.0% > 126 jgSqlell) JLisiill .mean()g Leajall .sum() glidll Soll

i (Jga cliauslig pall 6jgng (s Sl calélo oAl awai (JgSgigull @

danlld)ljg) sam0 pAln pluis >

aWa
ol yaraudill elihn) elSallg (gl

T PN ‘
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wlamllg Jlaclll Jgan — 3 aglll

JUgewill ogyl §ils>
dei g\l wgrellg diglo calilwll jgSil5lal iy i — 616320 @
messy_lab_data.csv-_élo.UG;ﬁg.oLc')_dei."l—d_é._!_ﬁJ4O ]
caAiill Jaw go panill slaicl ga2ill — 4616330 @

Tl crany uilg — (pugeill Jiléo wanll «jlasall Giéai @
dolill cuhysill dlljl @

M/F awliall juofill I uis jgos9 Jigai @

Ly Slguidll Lle @sallg (eull g0l Lol wibus @
Al Jauw go d0ieo walo aluii @

v
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diglo dunll dile JI eabil jgSi 15Lal

eVl ciglill gilno
900 jgsglég 99 awny 9.9 yuglégoum :dypirell dlnlall bl jil — ggaul dunill @
9000 puny

o louuai deaall Juuyi cadlglaall éale) — ealmalgllg Gjanll dLb.cI °
(jg3glell18 Jolc) jil/Jgo Lo Jildo Ja/glo — culangll (u balall @
ol ajioji Jugolé Ll aliAi (S — dayaéll dalhilll a0 @

v

J2/10 9000 Lmjlado 6a0lg jgSglé doard eiglill ale) diglo wilily le wjaall 93gaill
.pguuil duiljro amgi arei canlSq duaséill aai lnaugio ciacla
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SHw JIp8 — JAugei ol La3n dagasall calilull

(ngioJl,?_,J_Lu.iJlgg.l_ﬂ?Jl)dF.isna().mean() * 100 [CIJ df.isna().sum()

Jul Unded V digall — canll 3al :3gd6o patient_id @
(63Lil Al a6 (uno) gl gage dolac lwd ic Jauug 63gaao dllni @

ct_value doud :dlNall cula calehall Tl hgei Mg .gaugei JSI Jawdl o u6g dily agac
dulw dayiill gV dcylo RT-PCR 6
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cbayihiwl ¢illig glegi :63Lal audll

(dipns 4y o) el saall (39 bluw

(0 Q1,03 20.Q3 + 1.5 x IQRg Q1 — 1.5 x IQR aic gybluullg  JOR = Q3 — Qy
quantile())

(Janall pisall glhig) W3al:900 Ay ciliyS «(J>/Lo 9000 jgSglé —2.0 (uisilyS 250 jac

SJUJJQL'JJ'JJIUDJQJI—" 0167 lvis) da jniall

) givg @JI :J3/&10 900 diiali pgai ¢ g ySall igiusll LJOLOJ.||U.QLJJ/8J_D 500 jgSgle
ub“U.OEgJ.IJJJBJng—LOJ_OLg.QJJLp.Q”
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Quudill daulall s — iglall yanill Lo joSglel

fence 28.5 fence 184.5

, 9000 off scale

o -

0 20 40 60 80 100 120 140 160 180 200 220 240
Glucose (mg/dL)

\ ayilao dagla 9000 Lol .dily gig @il — boguan Ji¢ g jSw Lo J3/glo 185-193 aic 6L a16 g1 i
i 03— a0
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import pandas as pd
import numpy as np

lab = pd.read_csv("messy_lab_data.csv")
print(lab.shape)
print(lab.isna().sum())

(600, 8)
patient_id

age
glucose_mgdl
hgb
creatinine_mgdl
wbc

dlols vilo Jeallg dlulni JS) diall 9.29 5.8 ¢ Jladall dyui
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gl yhigeill ai digall dilgs :3-4 (lighnall

lab = lab.dropna(subset=["patient_id"])

glucose_median = lab["glucose_mgdl"].median()
print(glucose_median)

lab["glucose_imputed"] = lab["glucose_mgdl"].isna()

lab["glucose_mgdl"] = lab["glucose_mgdl"].fillna(glucose_median)
print(lab["glucose_imputed"].sum())

106.0

Jil g@ dilyll agacg .9000 lady Ligauio bniuglls — 123.6 bl knungll U106 bapwgll
.§16ill
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uinll bl juojillg calysill :5-6 (lighsll

print(lab.duplicated().sum())
lab = lab.drop_duplicates()

sex_clean = lab["sex"].str.strip().str.upper().str[0]
lab["sex"] = sex_clean.map({"M": "M", "F": "F"})
print(lab["sex"].value_counts())

20

M 300

F 280
Name: count, dtype: int64

daillnall ¢ jgoyllg .(lar 300 + 280 = 580) dbrgano grolaallg il cijlo jgo) de i
.i:n.gi u.ﬁ:u Alg — NaN lmamngs galniw cuils
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deslall dilyg eu I a0l bluw ;7 Gglnsll

gl = lab["glucose_mgdl"].quantile(®@.25)
g3 = lab["glucose_mgdl"].quantile(@.75)
igr = g3 - g1

lo = g1 - 1.5 * igr

hi = g3 + 1.5 * iqgr

is_outlier = ~lab["glucose_mgdl"].between(lo, hi)
print(lo, hi, is_outlier.sum())

flag = np.where(is_outlier, "review", "ok")

28.5 184.5 5

— i) 9000 A (bl — &80 p3 S knya) 1939 1889 1879 185 6Ly pud o
(Lm0 ALl day il
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dglguuall ddgaeall cibilgs 8 dglaall

a_ok = lab["age"].between(@, 110) | lab["age"].isna()
g_ok = lab["glucose_mgdl"].between(20, 1000)
c_ok = (lab["creatinine_mgdl"].between(0.1, 20)

| lab["creatinine_mgdl"].isna())
h_ok = lab["hgb"].between(3, 25) | lab["hgb"].isna()
w_ok = lab["wbc"].between(0.5, 100) | lab["wbc"].isna()

lab_clean = lab[a_ok & g_ok & c_ok & h_ok & w_ok].copy()
print(lab_clean.shape)

josglell s jleall calpivllg 5 (o A lan 169 cigay aigay -l isna() cadlal n s
J/@lo 28.7 JJ1382.1 (o bouay
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240 3gac Iguiilgduw — dagaaall arall clinol @

i) go bopugll joSlell gl pi digal dilgy @

lm63ng dolill caljljsill 3c @

eroball has Igisil —m/F Lol juoyill @
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value_counts()gisna().sum()g shape eJ.D_I L'_ji J1o gos o

Laily Jauwll a9 daila dily go — bapgly hgeg :ieall glud aic Al 6311\ @
(IO (HIgI20 LD )0 lar 20 LS «drop_duplicates() piduplicated() @

map @i str[@] ai upper aj strip :23lg jojaolg pog@man @

aisl wayniall Lle dily @hg (Jiniuwall il g )b cliblig «jlaniisy ¢l @
Juall g0 —Iaaieo lon 575 cujlo pld L 600 o

j9li s Sl wbno (Hao JS )yl wlblaell cadilnig doadiall didiniall §ilall
olg ango pouy Gpadl o il
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wlamllg Jlacll Jgas — 4 ogyll

au)lqillg aoallg gronillg deidVl — da16>20 @
dbolo] JICSV Lalo (40 :a5g0 Gulni — d616340 @
paall 6a0lgll KPI daam :3nj — dé16330 @

V.

e 16 (oSt
209 Jhuw 0 Juleo diMi dlbb cayyei jio)i @
dypirall 2iliill go dralycgayall calilll oo @
3gdll 6ale] Jaeo ciud pludill cuifi @
awai adls olun 6 KPIJgao il @
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dygall dyjSpall 6ol alniall clial!

JoB agac daolg dijlao
Ga0lg 4265 1,200J1 L1 y0ll groal loj_(")jmer‘ged["age"] > 60 @
clisll le — False/True (Jo dluluw :doyiill @
l@ang True LOga Gy merged. loc[mask, cols] @

clnnyll ga cligll

(1 cani True) cadllall nac oo mask. sun() @
Jaeall giJLJ.L'i_ilJl eymask.mean() @
G162l dlld 1M ciléy yei 6yapiil Lo digiso diiell
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uaglaill dblall p¢ danlgll 6acldllg — yuleall (ju goall

(Lai)~ (g ] (g)&:uiloleall @

isin(["Basra", "Najaf", "Karbala"]) :wuliallvilcgono @
hbalc.between(5.7, 6.4) :diedjall ciMlhall @
department.str.contains("Medicine") :jall poill @

ol Lulgall
>=9> (o lblijl 1uile @

df["age"] > 60 & df["hbalc_pct"] >= 6.5:i_|o3' ()
(df["age"] > 60) & (df["hbalc_pct"] >= 6.5) :Jlgry @
danll dogd hgac Uns :Gaacl Ll or/and ¢jlijuSivl jlials)l @
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bl ol auudii :200]l- guinill-aruéill

auéll cuns Jolga 6 wiguil 1,200 36 .apudill @
Job U3 Lle auudi clinoyi ¢lpal - Gubaill o
Job J3J 20lg )41 jouw ;gaall @ |

pandas 0 dcbunll

merged.groupby ("department")["length_of stay days"].mean() @

daolg dﬁ}ojghuchDJ!dejE,jii.agg(["mean", "median", "count"]) @

wifi e halag groupby (... ) size()g gl Sill ciwn iy value_counts() el @
vilcganall

db i Jao Mg wiléls M — élhio dgac lnuigio go Jaeall @

o
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L0 Lopall & Jglaall 205

clidiall aliaall Lle 20all
patients.merge(chem, on="patient_id", how="inner") @
UH922lIMIS (6 (ygagagall Bjall néa:I5lall @
NaN Lle (jglnay (ungaaoll jiég adly yayo JS il @

(064 dlolS wilily) LIl - ggall LSl Gjglnall Julai @
(Lil3 dayiill L@ NaN Lagam) Ll :calingaall dinei Giéai @
02219 203 (JS (J16 . shape gibnl :drulSeill 6alell @
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loguw}o goall- Gunill- oy il

SPLIT APPLY COMBINE
Emergency _
M mean 5.58
| report:
merged ICU mean 9.26 one row
1200 rows 130 rows per rack
S mean 6.07
202 rows ’

(drgyeo Jolgo diw (o dili) auné JSJ 296l 620 lnwgio :d16161 aud
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patient_id _lc 20allg Jronill —1a3gall Guinill

patients = pd.read_csv("patients_demographics.csv")
chem = pd.read_csv("chemistry_panel.csv")

merged = patients.merge(chem, on="patient_id", how="inner"
print("merged:", merged.shape)

cols = ["patient_id", "age", "department", "hbalc_pct"]
print(merged[cols].head(3))

merged: (1200, 21)
patient_id age department hbalc_pct
MOH-00001 53 Pediatrics 7.4
MOH-00002 23 Emergency 7.2
MOH-00003 63 Pediatrics 4.4

s Jaw adly gapo JSlo wan gl 286] al

140/50 2026 uln il 20 bl goauinill Lelinw il ¢lSallg ggily (@l 6)ljg) Gamo pAlin plus >



el cililaell @alinig doadiall didlniall 6jilall 4 pgl

20lg 2ibo Jhuu 6 Juleo divi — 2 aSgall Gubnill

high_risk (merged["age"] > 60) \
(merged["hbalc_pct"] >= 6.5) \

(merged["1d1l_mgdl"] >= 160)

0 0 1

print("Case count:", high_risk.sum())
print(merged.loc[high_risk,
["patient_id", "age", "hbalc_pct", "1dl_mgdl"]].head(3))

Case count: 14

patient_id hbalc_pct 1dl_mgdl
217 MOH-00218 7.0 178
278 MOH-00279 7.1 179
310 MOH-00311 7.0 164

.6) 3320\ dlb] doilé — 8o b o uiic dey i
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str.containsg betweeng isin — 3 adqall Gulnill

south = merged["governorate"].isin(["Basra", "Najaf", "Karbala"])
print("Southern admissions:", south.sum())

smoker_tg = (merged["smoker"] == "Yes") \
& (merged["triglycerides_mgdl"] >= 200)
print("Smokers with high TG:", smoker_tg.sum())

prediab = merged["hbalc_pct"].between(5.7, 6.4)
print("Pre-diabetic band:", prediab.sum())

Southern admissions: 354
Smokers with high TG: 39
Pre-diabetic band: 302
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lhwgio admngs Jaeallg aggg groupby — 4 aSgall Guinill

los_stats = (merged.groupby("department”)["length_of_stay_days"]
.agg(["mean", "median", "count"]).round(2))

merged["readmit”] = merged["readmitted_30d"] == "Yes"
readmit_rate = (merged.groupby("department”)["readmit"]
.mean().round(3)
.sort_values(ascending=False))
print(readmit_rate.head(3))

department
Oncology 0.161

Emergency 0.149
Surgery 0.129

.ubldld&glpé@@ﬂlpﬁﬁl—iogg 30d3bopruo16.1%pUgileJ.LL61_m_g
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ol naillg Ay jlgill —5 adqall Guinill

merged["admission_date"] = pd.to_datetime(merged["admission_date"])
merged["month"] = merged["admission_date"].dt.month

monthly = merged["month"].value_counts().sort_index()
print("Peak month:", monthly.idxmax(), "with", monthly.max())
print(monthly.tail(5))

Peak month: 8 with 131
month

8 131

9 88

10 100

11 92

12 99

Jgauidliasl (o calill gais Ll L
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paall Gaolgll ¢lall calpiiigo dadm — (g yunll (22l

dpanll cloisl J16 03cgog 8:15 delull 0 s
:a02all chasslig Lialyegaall Jgao Lle
693l ymuiy ya3ig yauis JS) 2981 @
(65+ 40-64 .18-39.0-17 :pd. cut) dyjaell diall (1 298yl hiungg lnuugin @
gl iguill a8 JsI agayll éale] Jaeo @
396l 332y gVl eanlill callhclholl @
> 65 Jacg HbA1c > 6.5% :dajall 6)ghaall b0 dac @
0D 41105 (40 Juidi g0 20lg pen KPIwilil jlo) @

Jnédavalue_countsgaggg groupbyg pd. cutg deid\ll — din iy Jas Mg caléls A
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A Yl oAl — 4 ogul

Jaeall go .mean()g caMlall Aoy . sum() :deid)l
dijlan JS Jgo yulgsi —~q |g &1 juleall gadl

Unginillg cibaallg culeganall str. contains / between / isin
g jhw 6 iVl Jobb Jac ju agg &0 groupby

2LVl 6ale Nl dblg JuuS] jglao :pivot_tableg crosstab
i G16ai juullg . &riqill Jols 299 LIl imerge

2nJi L auylgill Jgali . dt @0 pd. to_datetime

Loing dilgp digiall caloilell iaig doguy auni pgull KPI Jglas «ealilull s pnl Jyioill
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wlamllg Jlaclll Jgan —5 ogull

616390 9 ogull

SRl JIgull g0 hlnaall ggi déjlino Juidlwlilull jgnilslal — 46165 20

dnlg) doguigo JISuii ¢cliy o gaalabsel

plt.subplots() Jo ulblnio duwod — dé16r40 @
6)9all plall CSV wilalo

ol duiojll gilghall (jo ilig Linio puw)

Gclyd lijAl djlyall dloy )l 6clys @ dypaoll anji dagl clis — d6163 30 «

CITpe
6)ljgll jlail dpi 300 dd ganill e
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Sl 63g2ag JSuadl Qg i

matplotlib oy puiii

20lg caliilan] plAi = Axes «druladll daglll = Figure @
Jbu o Jbido — fig, ax = plt.subplots()
ax.boxplotgax.scattergax.plotgax.hist :auull
ax.axhlinegax.axvline :diell a1d
(ax=ax) auiai Axes (JilS Lle climo)l seaborn gy

djljoll Gur61i dailé

dpi=300 2o fig.savefig+ jgo) oliao + ylgic + wilangll go jgbho wiliowwi

140/61 2026 uln el 20 bl goauiiill Lelinw il ¢lSallg gghly (@l 6)ljg) Gamo pAlin plus >



dignall cilolell dnég wilill s paull pginill 5 agull

bbaall S JIgudl go il day s

[How is one analyte distributed? ]—)[ Histogram

[Do groups differ? Outliers? j—)[ Boxplot ]
[How does it move over time? j—>[ Line chart ]
)

[Are two analytes related? H Scatter

[Which of many move together? H Heatmap
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cbc = pd.read_csv("cbc_results.csv")

demo = pd.read_csv("patients_demographics.csv")

blood = cbc.merge(demo[["patient_id", "age", "sex"]],
on="patient_id")

print(blood.shape)

fig, ax = plt.subplots(figsize=(8, 5))

ax.hist(blood["hgb"], bins=24, color="teal", edgecolor="white")
ax.set_xlabel("Hemoglobin (g/dL)")

ax.set_ylabel("Number of patients™)

fig.savefig("hgb_hist.png", dpi=300)

(1200, 11)

1j510 waganll jhail naili  $ — 203 JS a2 Lails sleslll gunl
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male = blood[blood["sex"] == "M"]

female = blood[blood["sex"] == "F"]

ax.hist(male["hgb"], bins=24, alpha=0.6, label="Male")
ax.hist(female["hgb"], bins=24, alpha=0.6, label="Female")
ax.axvline(13.0, linestyle="--") # male Lower Limit
ax.axvline(12.0, linestyle="--") # female Lower Limit
ax.legend()

count  mean
557 13.10

643 14.58

alpha.guic J d.nb'iag:n uuglegaall Joay lhal — (Ja/¢ 1.5 laaiy Jrnay gl
dijlao | 9gall cMinll (J§ay
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dm = pd.read_csv("diabetes_dataset.csv")
no_dm = dm[dm["outcome"] == @]["glucose"]
yes_dm = dm[dm["outcome"] == 1]["glucose"]

fig, ax = plt.subplots(figsize=(7, 5))
ax.boxplot([no_dm, yes_dm],
tick_labels=["No diabetes", "Diabetes"])

ax.axhline(126, linestyle="--", color="firebrick")
ax.set_ylabel("Plasma glucose (mg/dL)")

outcome count 25% 50% 75%
(%) 485.0 88.0 104.0 121.0

1 283.0 120.0 136.0 151.0

(Sl UAALI 6a0lg dard A - Ml (ubgainl (3] — 136 Jiléo 104 ¢ jlarugll
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o o gl Linial

pcr = pd.read_csv("rtpcr_results.csv",
parse_dates=["collection_date"])
pcr[pcr["result”] == "Positive"]

pos

week = pos["collection_date"].dt.isocalendar().week
weekly = pos.groupby(week)["sample_id"].count()

fig, ax = plt.subplots(figsize=(9, 4.5))
ax.plot(weekly.index, weekly.values, marker="o0")

Weeks: 52 | peak week: 3 | cases: 12
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dignall cilolell dnég wilill s paull pginill 5 agull

d20) 5 clyoyS)l gl — dyylyall dlny Al

chem = pd.read_csv("chemistry_panel.csv")

cols = ["glucose_mgdl", "hbalc_pct", "creatinine_mgdl",
"urea_mgdl", "total_chol_mgdl", "1dl_mgdl"]

corr = chem[cols].corr()

sns.heatmap(corr, annot=True, fmt=".2f", cmap="vlag",

vmin=-1, vmax=1, ax=ax)
fig.savefig("chem_heatmap.png", dpi=300)

0.90 LDL g0 JgiulgsIl<0.65 Ujgull g0 (pisiliy<Il0.85 HbATC go jgSglell @
wililwl o caareiwl Loglgyjio Lo dislall Jisll e
wililwll §63 s iei Waglgyjuall (Aslii diylp doyys @
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dignall cilolell dnég wilill s paull pginill 5 agull

(drduénll 6ygall ilily) 2025 plel ilgll Liniall

Positive samples

1 10 20 30 40 50
I1SO week of 2025

JIail diic GUnilllam auny .(JAgio uuLuJI h3y —121e)a6 dgjag Egj__;_u:\ll w9 dull 6.9 lnwgio
Jsaall awigall
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dignall cilolell dnég wilill s paull pginill 5 agull

anjill dag) — gyl (g2l

U9l gngllg LSl ecrell iVl ogs plell paoll ciljloy) ley e.LLQJ danlg daanm
.d616330 :jojllg p1t.subplots(2, 2) :Gla\l

J>/8l0 126 aic jaoiaxvline + jgSglell g jSi aj20-A @

6.5% aic 03 + Guinll cuus Saslill Sl ,6gain hihio B @
RT-PCR ynnal dicgruill calylagyl Linio € @

alpha 20 jgSglell Jildo yaell jLuiil:-D @

dpi 300 déay savefigg tight_layoutgsuptitle @

Ngl plaj Ul — el dui gl 2l sl @

JgSglell yaell Uyl a9yl ggruml s yuin JSI Laslyil ySul g <> 126 jgSglall i
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dgll ciloilell dndg cililull g poul pginill 5 pgl
ogdl wlnils

dlny jallg JLiiVlg Lnallg 89ainllg § jl)sill ojaall .allbbbhio duias (Aliwi duad e
Iy Al ga JIguullg — dyylpall

9 — dpi=3009 jgo) olicog ylgicg wulangll @o wiliawiifig, ax = plt.subplots() @
. .6)0 JS

Uged) gueuhll (jo 5%g — clanl g1jgi (4o d1j33all 95%J1 @ dmp.ll wMball @
il asay laoyld

1J3/glo 136 s )Suull Li5go Inping > 126 jgSgley Un}o.llu.o 15.9% :0quliang @
EgLLuAJIUQ69:LLCJ_QLu_LoUJIJ9U11Log

r = jgSglell yaell blijl) dulull iliillg — dypaoll didlano uO.JJ diolll jghall @
Ll il Lo (0.01

il wlpeiall auni pgull Ellisc Lenil il alaill (Feature Englneerlng LJU_LOJ'CLLUJJ_GJ
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5300 QU plusis > o all oyl clibanl clSallg ggiil

6 og i

Sl wbll wljell dwaio

lio plei i drojjlgl i cilib] ) plall yidoll 6aack Jyg
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&l call ciljiall duwaio 6 pgyl

wlamllg Jlacll Jgas — 6 aglll

Jgewill ogll Gild>
d)gall ciloya Juojill ialiall wealodlell wuljrall :(20) dypAaill @
dogoaall claisll degano duaim :(40) Gubhill @
g_;Lu.Lll pg.]J.l heart_risk.csv duami :(30) L5:13.1J| (*)

wilély (jga dp pndl coill Gléiml @
np.where aladiwl wiliell alei @

pd. cut pladtuwl wilis QI wbhall grnsi @
get_dummies /map olaaiwl calioll jioyi @
Guoaill dils dispo Gghd dnyacly @
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&l call ciljiall duwaio 6 pgyl

Gaoacl dum ,0 dippw dayeo wiljpall

drad) 6aacl 4y ail — cuall jay M 93gaill @

oSl = dwaimall ciljrall «lulis = olall daaclll @
droj)lgall JUidl laitaal 6 dalc §gai culjrall Gaga @

v

dliol

0/1 dolc rgac + «éJﬁJ.IJ.” L,J9_| > 6.5% «HbAlc @
duu agac + «dilegl duléll 6jglnall Liii TC/HDL» @
ouud JSJ aolg Juigo dgac +— «alivi wilesyll» @

o

hdé Jgaall loginy al 6)Luis] @2 jiuui drojjlgs Al
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&l call ciljiall duwaio 6 pgyl

Ing 1uir Mg culéls M — dengall Gall

Jlo o\l ddaell
TC/HDL GaocVl (w dubwall Gblaell  ddidio diui
> 126 jgSglell np.where duliy dollc
HbAlc) o Al pd.cut diipo wilia
Ul il uXgold +map LI jLoji
uuoll pd.get_dummies 0/1 Louul
Joiad sl 8 i
djglnall Jac dailé  (ygjgo ggano ds)0 da)a
1,200J1 Livyall (S aolg juei
i (93 gy awndi oo pll yaillg — daolg deas Alols agaell lc Joei Glal JS
L9 Jaw
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&l call ciljiall duwaio 6 pgyl

loaslhog — juojill iacla

map ¢— uifi / il 1 6aclll
LJ_LD| 1lg ,06) 3gac — Gl cilnjag (Yes/No) smokerg (M/F) sex

pd.get_dummies <— ,awl 2 acldll
ailj wuifi g9y — did (JS anlg 0/1 juigo < janll p.ll lnaig.dhdlhallg bl

bl s o)
D12 .isna().sum()U.osLojlalg.éj—dj.SJ.oJlJ,g_élo,;éJJNaNdo,g_émapJ,!_ﬁi °

— tsJlghall caer 6jS jall diliell b Lnall 93gaill 3y Emergency=1,ICU=2 jioji @
dal)s Lle ailgo Juo
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&l call ciljiall duwaio 6 pgyl

ljpall dwaie jJLuo

Raw columns Operations Model-ready
age, sex, smoker arithmetic ratios chol_ratio
glucose_mgdl np.where flags hbalc_category
hbalc_pct pd.cut bands dept_ICU, ...
department map / get_dummies risk_score

9o hugllg .@ilull ogdll o3lai asSlaiwi bo - il dlisll . pisall 0j3ny Lo g puul dLislI
eletl] cmpJ
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&l call ciljiall duwaio 6 pgyl

TC/HDL duwi GlaLil ai goall — 1 a el

demo = pd.read_csv("patients_demographics.csv")
chem = pd.read_csv("chemistry panel.csv")

df = demo.merge(chem, on="patient_id", how="inner")
print(df.shape)

df["chol_ratio"] = (df["total_chol_mgdl"]
/ df["hdl_mgdl"]).round(2)

(1200, 21)
patient_id total_chol_mgdl hdl_mgdl chol_ratio
MOH-00001 161 45 3.58
MOH-00002 214 40 5.35
MOH-00003 234 44 5.32
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&l call ciljiall duwaio 6 pgyl

ADA ciliag ciloAlell — 2 Ajell

df["hyperglycemia_flag"] = np.where(
df["glucose_mgdl"] >= 126, 1, @)

df["hbalc_category"] = pd.cut(
df["hbalc_pct"], bins=[@, 5.7, 6.5, 20],
labels=["Normal", "Pre-diabetic", "Diabetic"],
right=False)

hbalc_category
Normal 661

Pre-diabetic 302
Diabetic PEY

S5l dia 6 6.5 26io Jlull (4o déleo wiljiall right=False
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&l call ciljiall duwaio 6 pgyl

liicgano 6 HbATC wlis

661
600 |
400 -
302
237
B l .
0

Patients

Normal Pre-diabetic Diabetic

2019 il puy 6 J2i aolip do — g Sl dia 6 @) duwad JS o g0 @

(@l 6)ljg) Gamo pAlin plus >
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&l call ciljiall duwaio 6 pgyl

df["sex_code"] = df["sex"].map({"M": 1, "F": @})
df["smoker_code"] = df["smoker"].map({"Yes": 1, "No": @})
print("Unmapped:", df["sex_code"].isna().sum())

dept = pd.get_dummies(df["department"],

prefix="dept", dtype=int)
dept.columns = dept.columns.str.replace("™ ", "_")
df = pd.concat([df, dept], axis=1)

Unmapped: ©
dept_Emergency
dept_ICU
dept_Internal_Medicine
dept_Surgery

140/80 2026 ubnuci 20 ol il elinnl ¢l$allg gl

wliall pojyi— 3 pyell
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&l call ciljiall duwaio 6 pgyl

duMaiwll 6jglhall dajy — 4 (el

df["risk_score"] = (

2.0 * np.where(df["hbalc_pct"] >= 6.5, 1, 0)
+ 1.5 * df["smoker_code"]
+ 1.0 * np.where(df["age"] >= 65, 1, 0)
+ 1.0 * np.where(df["chol_ratio"] »>= 5, 1, 0))

worklist = df.sort_values("risk_score", ascending=False)
cols = ["patient_id", "age", "hbalc_pct",

"chol_ratio", "risk_score"]
print(worklist[cols].head(3).to_string(index=False))

patient_id age hbalc_pct chol_ratio risk_score
MOH-01054 95 8.1 7.11 5.5

MOH-00313 84 7.0 5.90 5.5
MOH-00339 71 6.9 577/ 503

diilhg cilé jeqr Jnisl dblé deilio Jac dailé = diipall dajall @
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&l call ciljiall duwaio 6 pgyl

el ¢lSall dayludl daladul 6NN — dis yall calajall

jgli.ngJ Loy 15Lal

gunluy cubs gl @63l duls o ujgll  )heall
Lo Luis Glel +2.0 > 6.5%HDbAlc
wilily g3 .gorwill e pihill duls @ +15 Wb i
TRy +1.0 > 65 jaell
gyl — iwngll jlanidl calw @ +1.0 >5TC/HDL
JligVl aleiy gilull 55 Lol
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&l call ciljiall duwaio 6 pgyl

SLogll clall cilo jyo — (gl (g aaill

ae wyainw Sl ad i Jgaall auny (Al juisy dlb] 900) heart_risk.csv yuaiol
dialll yljgl (o pgull disgall jpall dails Aiilg (gsludl ogul

dinll gljgl plaoall
+2:> 60 Joeoll @ amall dydg yuiclinap @
+2:ASY jap IQJI o Janll pJI hhailc get_dummies @

+2:alo > 2 ST yHlaail pd.cut pladiwl djjoc wilic @

+1:> 240 g jinnlgsl]
+1:< 120 Llé Jaeo Ll
+1:ailinll jgSglell doile

digjgo priority_score @

dule / dlnuugin / dradio cilis @

CSV 1aan « Jilgll 6 uitell doils @
udiiaall

140/83 2026 uln el 20 bl goauiiill Lelinw il ¢lSallg gghly (@l 6)ljg) Gamo pAlin plus >



&l call ciljiall duwaio 6 pgyl

lend iy yll dayeall (645 caljrall dwaimg — dradyll Gaacll (yo oslaill aleii @

dia 6 26i6.5) dinbinyll dasll wilial right=False 20 pd. cutg:Gaolg driel np.where @
(G5l

[BY] iLLl_jJ €431 J — aw\ pd. get_dummiesq « uijill/jiliill map @

Ub_j_oﬂlij_éjd"LDLDﬂNaNp._!_é— .isna().sum() (Jo G map JS 22 @

73% I (d5.83i0) 33% (o 618l o all JLwiil cied ngJJ digjgall dulsll liingy @
Lelihnl ¢185 s (ygag Guaaill dlls — (dulle)

a2ll jmly heart_risk_engineered.csv @

dial jlyay pgul elife il gljolll alei) o3gai AUl aleil diojjlgall Guwill
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Al aleil drojlgall Luwill 7 pgul

wlamllg Jlacll Jgas — 7 agull

JUgewill ogyl §ils>
il dpleall yapndill byo « Sl @bl aleill :(20) dyaill @

diabetes_dataset.csv juAni :(40) adgall Guknill @
heart_risk.csv calal dinmiall 016 :(30) ga2ill @

stratify=y 20 a1udillgyg Xcliy @
fit / predict / score pladiwlg «ipuii (jgy Gpleall @
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Al aleil drojlgall Luwill 7 pgul

@l aleigo Lo

doguugo cillauw (jo blailll goilaiwl = wl il enlall aleill
d pidall daglll — Gl J3) aslg agacg (yay o J3J aolg Lam X wiljrall dogano @
@uwdi wganll Luijiig amwail Lijall 33¢all garuiiill y waall azio
ns pai pl oo Lle adel ol laule @ — f(X) ~ y diojjlgall pleli o

e — 23gaill Jedy cllasg .Mlall dogleo a.ojgo GAIb o gaisall culnall alely
JolsJl Jowdl ggiuo
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Al aleil drojlgall Luwill 7 pgul

3jgul (yloiolg dola)ll

Ay Loy of 23gaill :dolédl cadlls = (75%) cuyjaill degano @
dilaill ,6.620lg 6)0 8J_Qj 0 pé nyo :aygul glaiol = (25%) jLisyl dcgodo @

Lol elihmyl el8all Lalapaio psSUl gaall — jawnaill nya

Sl Gbjall 2o @ild ey yaill s 6 géio :duslall olgclll clilaiol has Sl cllall
ngaa.oJlJnga_cg.og.osllqn_u.lﬁJM

LLQLCIQJ_LLLO_IJ| JALeai (lilhiwg

Joodl jLiil Jaeo (le cpawsll MS Aalay istratify=y @
G930 J3J Gillno a1u1di :random_state=42 @
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Al aleil drojlgall Luwill 7 pgul

il @io 6aclég duleall

(d16165 dagl a16) Gauiy cuglaii uulaall Sdrwliall d pleall 15lal
Jil/Jgo 1o 4.2 pgruligul nuging — /210 185 Jgsiuulgsll lhuugio e

dpenll oL\l 6yusil 4lé Al caSai (G plen (jga (jo @
DXA Ungnag gaill wullalhial dyjueoll dajall —z = (x — X) /s :StandardScaler @

UbioMl wipuipe Jols)l Jowdl Sle anid .dyjleall cildlnillg willoungioll aleiy pledll
icganoll Jgog Jndd cuyyaill Lle piV :dacléll .doloyl I
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Al aleil drojlgall Luwill 7 pgul

il o6 daiy

X —— Training error

X —— Test error (unseen)
1

1

Diagnostic error

Model complexity

laile calneir cuijall e byall Lle Unallg lpaiwl gAdsi cujailllhs e
l..... II@J_O(J_C . .." . II dg_é_! ODgJ_OJSJI . . II o
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Al aleil drojlgall Luwill 7 pgul

V59630 ciills agjo — Layall il

Full registry: 768 patients (36.8% positive)

485 negative 283 positive
364 212 121 71
Train: 576 (36.8%) Test: 192 (37.0%)

doloM gl awnai yayall coae (laioll istratify=y @
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Al aleil drojlgall Luwill 7 pgul

woaallg wiljrallg Jauudl :1-2 (jliglhall

df = pd.read_csv("diabetes_dataset.csv")
print (df.shape)
print(df["outcome"”].value_counts(normalize=True).round(3))

X = df.drop(columns="outcome") # the Lab panel
y = df["outcome"] # the confirmed diagnosis

print("X:", X.shape, y:", y.shape)

(768, 9)

outcome

@  0.632

1 0.368

X: (768, 8) y: (768,)

0 3o a3lajib o i : Ol — 36.8% L 220
[AIS (po0 03l b culiaiw g3l ad l — 36.8% Londinl
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Al aleil drojlgall Luwill 7 pgul

il ésle M (Jil6 61 andi :3—-4 (lighall

from sklearn.model_selection import train_test_split
X_train, X_test, y_train, y_test = train_test_split(
X, y, test_size=0.25, stratify=y, random_state=42)

print("X_train:", X_train.shape, " X_ test:", X_test.shape)
print(y_train.value_counts(normalize=True).round(3))
print(y_test.value_counts(normalize=True).round(3))

X_train: (576, 8) X_test: (192, 8)
outcome

0 0.632

1 0.368

outcome

0 0.63

1 0.37

292l e 32.8-41.1% u juid NI Ll Jaeo eJJlJ :stratify (Jga (Jo
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Al aleil drojlgall Luwill 7 pgul

néé Cyjaill Lle docMall — G pleall 5 dglnall

from sklearn.preprocessing import StandardScaler

scaler = StandardScaler()

scaler.fit(X_train) # lLearns mean, SD from train ONLY

X_train_s = pd.DataFrame(scaler.transform(X_train),
columns=X.columns, index=X_train.index)

X_test_s = pd.DataFrame(scaler.transform(X_test),
columns=X.columns, index=X_test.index)

print(X_train_s[["glucose", "bmi"]].agg(["mean", "std"]).round(3))

glucose bmi
0.000 -0.000

1.001 1.001

danyl— 11660/ 1wyé s galiall syl Jgas Lof dawally 0/ 1 aic Cujaill By
4 jLisVldegono ol pled) diijoll
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Al aleil drojlgall Luwill 7 pgul

aclgéllg .anlg Ao :6—7 (Jlighhall

cols6 = ["glucose", "blood_pressure", "bmi", "age"]
print(X_train.loc[[711], cols6]) # raw units
print(X_train_s.loc[[711], cols6].round(2)) # z-scores

model = DummyClassifier(strategy="most_frequent")
model.fit(X_train_s, y_train)
print("baseline:", round(model.score(X_test_s, y_test), 3))

glucose blood_pressure  bmi
711 149 64 43.2

glucose blood_pressure  bmi
711 1.08 -0.45 1.72
baseline: 0.63

ol L8183 23gai JS Lle caay SilljLidiiil dua i — Ainl 63% (o g po 291 b uiill
Lo jolahy
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Al aleil drojlgall Luwill 7 pgul

Il i o LUl aclgall

Ul scikit-learn 4 6lal S

model = SomeEstimator(...) :)3dall U.JJJ| Q

model.fit(X_train, y train) (].DLQL”U.O'QJM_Q_I Q

vilblleall transform gi —model.predict(X_test) :(puijo pc o Lle gib @
a1l

v

|ac
iy 15l ¢ abr Mg — auwdi gl le bummyClassifier (JlSo LogisticRegression pd'al

duwlyy (JSJ 6aolg doco

J16 fit_transform(X) .5l S0 S O predict/transformg {086 cuyjaill Ll fit

iyt = prgil
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Al aleil drojlgall Luwill 7 pgul

dulall 6jglasll dnmio s — 6 gl Gl

(A1 42.8% D130 900) heart_risk.csv s Jljg duwljd (JgSgig p :qylivuull
target JLuiiil Jaeo0g slesMl ;e glig walall Jd> @
(J0 — chest_pain_type 3gae] L__Sabi JuoJig mapd dauallg uiall Jnay)l :6 oqul wiljio)i @
diopiis Jao Mg wiléls (jga
eiljrall clouwl §S31g g (6jo 12) X (pl @
random_state=42q stratify=y 0 75/25 IQJ.T:LQ Q
Qo S 6 cilisll yjlgi go §61 @
<5 el s aill e pcllo standardscaler pleds plc @
é.uJ|JJJ|p,!.uLdU|d.!.ﬁé_J,!L?.OJ|d.|Oﬁ 15la) o puilg sl Joall cald dramioll 6566 Ciisl @ )
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Al aleil drojlgall Luwill 7 pgul

@5la1o Lagary i 330 Laam + X wiljro alpdill el pleill

620l 30 aiai.ajgul jlaiol = jLisVl degaang «doldyl = Luyjaill degano
CHjganall Loyall Lle clalil M) aief Mg (s = Jounaill Inya

Qlivléale ALls plell Jeay random_stateq LiiMl Jaeo hayy stratify=y
nao cyjaill Lle @iV «dy pyudl dyjueall dajall = standardscaler

Vgl aic cuayi duls gl cileallg — crany d8all pAry Cipuwill
predict/transform aj fit aijiéall .Ml )] aclgall

~L'JL53LL!5 @ ||[09,!J|[6LLLLc"li I “llul'? ”U.Q_IJJ
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diab = pd.read_csv("diabetes_dataset.csv")

X = diab.drop(columns="outcome")

y = diab["outcome"]

X_train, X_test, y_train, y_test = train_test_split(
X, y, test_size=0.25, stratify=y, random_state=42)

scaler = StandardScaler()

X_train_scaled = scaler.fit_transform(X_train)

X_test_scaled = scaler.transform(X_test)

log_model = LogisticRegression(max_iter=1000, random_state=42)

log_model.fit(X_train_scaled, y_train)

y_pred_log = log_model.predict(X_test_scaled)

First 10 predicted labels: [0 061 0000 10 0]

First 10 true labels: [pOo101011600]

difle dlbs Jgl — e 5w gag pabw aily Uil :juolall yAupall @
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risk = log_model.predict_proba(X_test_scaled)[:, 1]
review = pd.DataFrame ({
"glucose": X_test["glucose"].values,
"bmi": X_test["bmi"].values, "age": X_test["age"].values,
"risk_pct": (risk * 100).round(1l),
"predicted": y_pred_log,
"true_outcome": y_test.values,

)

print(review.head(5).to_string(index=False))

glucose bmi age risk_pct predicted true_outcome
108 33.5 38 29.5

151 48.2 65 96.8
89 31.5 45 17.5

0.5 ditic Lo diila dan dl — 185 di S dr jal 17.5% djghasd il canll e
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coef_table = pd.DataFrame({

"feature": X.columns,

"coefficient": log_model.coef_[0].round(3),
9]
coef_table["direction"] = np.where(

coef_table["coefficient"] > @, "raises risk", "lowers risk")
coef_table = coef_table.sort_values("coefficient", ascending=False)
print(coef_table.to_string(index=False))

feature coefficient direction

glucose 1.099 raises risk

ELS 0.614 raises risk

bmi 0.596 raises risk
diabetes_pedigree 0.107 raises risk

whll aedgl Lo lolai — auunll dlis jiiigog jaellg jgSglell a0l Gi6aill @
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rf_model = RandomForestClassifier(n_estimators=200,
random_state=42)

rf_model.fit(X_train_scaled, y_train)
y_pred_rf = rf_model.predict(X_test_scaled)
importance = pd.DataFrame({

"feature": X.columns,

"importance": rf_model.feature_importances_.round(3),
}).sort_values("importance", ascending=False)
print(importance.head(4).to_string(index=False))

feature importance
glucose 0.224
bmi 0.210
age 0.129
insulin 0.121
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svm_model = SVC(kernel="rbf", probability=True, random_state=42)
svm_model.fit(X_train_scaled, y_train)
y_pred_svm = svm_model.predict(X_test_scaled)
scoreboard = pd.DataFrame ({
"model": ["Logistic regression", "Random forest", "SVM (RBF)"],
"test_accuracy": [
accuracy_score(y_test, y_pred_log),
accuracy_score(y_test, y_pred_rf),
accuracy_score(y_test, y_pred_svm),
1,
}) .round(3)
print(scoreboard.to_string(index=False))

model test_accuracy
Logistic regression 0.802

Random forest 0.797
SVM (RBF) 0.771
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97.3% 99.8% NPV
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proba = logit.predict_proba(X_test_s)[:, 1]
y_pred = (proba >= 0.50).astype(int) # the hidden default, made visible

tn, fp, fn, tp = confusion_matrix(y_test, y_pred).ravel()
sensitivity = tp / (tp + fn)

specificity = tn / (tn + fp)

ppv = tp / (tp + fp)

npv = tn / (tn + fn)

TN = 106 | FP = 15 | FN = 23 | TP = 48
Sensitivity : 0.676 (48 of 71 diabetics caught)

Specificity : 0.876 (106 of 121 healthy cleared)
PPV : 0.762 NPV : 0.822 Accuracy : 0.802

LS (Jgd S S Ao 71 (40 23 opay elld @og — dially 80 dd
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from sklearn.metrics import roc_curve, auc

fpr, tpr, thresholds = roc_curve(y_test, proba)
auc_logit = auc(fpr, tpr)

forest = RandomForestClassifier(n_estimators=200, random_state=42)
forest.fit(X_train, y_train) # trees need no scaling
proba_rf = forest.predict_proba(X_test)[:, 1]

fpr_rf, tpr_rf, thr_rf = roc_curve(y_test, proba_rf)

Thresholds swept by roc_curve: 58

AUC, logistic regression : 0.854
AUC, random forest : 0.833

.ng.l.jjl o e .- ..' "..._ ) ...IILJ_!Lé_” I Sjlejg_o_ul—jg_é_!
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y_pred_030 = (proba >= 0.30).astype(int)
tn3, fp3, fn3, tp3 = confusion_matrix(y_test, y_pred_030).ravel()

compare = pd.DataFrame(
{"thr_o0.50": [sensitivity, specificity, ppv, npv],
"thr_0.30": [tp3/(tp3+fn3), tn3/(tn3+fp3),
tp3/(tp3+fp3), tn3/(tn3+fn3)]},
index=["Sensitivity", "Specificity", "PPV", "NPV"]).round(3)

thr_0.50 thr_0.30

Sensitivity 0.676 0.803
Specificity 0.876 0.711
0.762 0.620

0.822 0.860
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thr_grid = np.round(np.arange(0.10, 0.91, 0.10), 2)

pred_grid = (proba[:, None] >= thr_grid).astype(int) # 192 x 9 grid
truth = y_test.to_numpy()[:, None]

tp_g = ((pred_grid == 1) & (truth == 1)).sum(axis=0) # etc.

j = tpr - fpr # Youden J at every ROC threshold
best = np.argmax(j)

Youden J max
Best threshold :

Sensitivity
Specificity

Jlgh JAB Gu8ill jelag «dylysi wildls Ay — §anlg argmaxg 2olg ¢y

140/123 2026 uln il 20 bl goauinill Lelinw il ¢lSallg ggily (@l 6)ljg) Gamo pAlin plus >



140/124

2026 julnuéi 20

(n = 192) g Sl

Sensitivity (TPR)

0.2

il bW g16ill auaill 9 pgyll

* | —e— Logistic (AUC = 0.854)
—as— Forest (AUC = 0.833)
- Coin flip

A Youden (thr 0.374)

| juisl dcgano — (pudall ROC inio

1 - Specificity (FPR)

0.4 0.6

elilbhvyiclsallg ygi

(@l 6)ljg) Gamo pAlin plus >



il bW g16ill auaill 9 pgyll

LUl auall calo — g pull g2l

plell paall . ilhg ileg U6 oo aolipl glubijo heart_risk.csv Sle gy i glbigai
ouaill alo cpl . Judall ggrnlil 6 34y

Liwoghl a3gaill plegliall cuwi e Kleall @0 75/25 auiidg jb) @

Nlaibl g)Aiwlg «diilgaiell dilellg Liwngll wj> @

TPg FNg FPg TN ¢LiS.4ig::0.50 aic ¢\l liogarno @

AUCq déallg NPVg PPVg ducgillg drwbunll - JolS)l juulaall Jgao @

1028 _aa) Al 93gaill Jislg ROC: inio isl) @

dially 10 jLiiiil aic FP) hléo FN wals) auoll Jieuini dhéiy gagig saliiell ol @

Jao (uod (40 63530 + Ungaao 1000 JSJ digaall cullall @

140/125 2026 uln el 20 bl goauiiill Lelinw il ¢lSallg gghly (@l 6)ljg) Gamo pAlin plus >



il bW g16ill auaill 9 pgyll

Loy Lubiiil Ja20 go dlolSIl yupléall degaao e gl — Jlni loang déall o

ddqlll darigh Lo ¢llijl doganog «inll La d1aeo J6Ul hallgm FN o

dicgillg dnulinall oii Vg (16% )| 69% (10) JLitiivl Ihgi 20 PPV jlaii @

23 (o (pidaall Sl Ko JAe3 0.30 LI 0.50 (o Wil :daliw dedl) driell
W0 (a4 I

jJ0dn)30.7919 jliao 0.854 . wijill §jlao (jlai AUC @

Jjlgiall ualyioNl (jagig gl drcgill — wslilig gl drwluall — auwall o

o n dioill) junidl — ¢lueiy uliso JS wlwo acl @

dlolS dpnyanin dlal aluy ¢l6136 2331l ¢g pitog — caliéM31lg diailllg Jaell viljluo

140/126 2026 uln el 20 bl goauiiill Lelinw il ¢lSallg gghly (@l 6)ljg) Gamo pAlin plus >



&22.0 oA pluis 3 o il gapdill elibnl ¢lSallg ggisl

10 ogyl

o)Al ggpuinng cilisAsVIg dinilllg Joell ciljluuo

25l gg;.u.Lo:' 9 — dipaoll Jac jluo I callhoMall jias ¢jo

@Hpu%j30—a590ggbj40—§}bj20 e d616390



23ill gguiing vilidMls g diailllg Joell ciljluio 10 agull

wlamllg Jlacll Jgas — pilell ogyll

sdelols osdogl  eosdlluel

il ak aSao Jac jluocliy @ Jaediill L)) Juaill o @
[JJU_QD =Ld|J3-i| :tLb_ngLo AUC 1l @ 20lg (JilS 25gaill + G leall :Pipeline @
audillg Jranill 6alclg ailall aaall o AUC daidl  ulas ghldio Gasi @

=201l 8U_Ddﬁplog G40 LJ)3 :joblib @
diijo Excel Joc dailé pani o Jluwivlg junillg dungnall byl @
doSga dns gyegloall @ Jpalldsls o
‘ sl ggpuito @ |

1407128 2026 uln el 20 bl goauiiill Lelinw il ¢lSallg gghly (@l 6)ljg) Gamo pAlin plus >



23ill gguiing vilidMls g diailllg Joell ciljluio 10 agull

Jadall déy pnll walo S jasll jluo I5lal

1131 23gaillg Agi dpleall :diipo dlawo cilghs @
AT Qi 66 ey )il wlily Lle pleypipe.fit @
digjaall 6 pleall Gulni 1oy pipe.predict_proba @

ciony — Guyléall JS avAis Juisyl olily Q) il §piwi dpleo :olibdl wipui o

laglao (9> (4o Jaei duuldo — Lol lawd Ll jguitio p3gai eulghaall gl o
2obadl

140/129 2026 uln el 20 bl goauiiill Lelinw il ¢lSallg gghly (@l 6)ljg) Gamo pAlin plus >



23ill gguiing vilidMls g diailllg Joell ciljluio 10 agull

ailall haallg day jill déslnall

U.LULOJJ|8JO|.O.LOJ|@_QQ_IJ|
Al 6a0lg 630 G6aiy Ao S = vl yuos «daslg il dinun = 10lg aLndi @
dil 22y doyii @uwlgll waljaiMig AUC: daudl s jleall W6laiMl + bhungiall 2jgl @
Gt | — dybs S U515 dioe Mo sley alash Jaell jluo @

L0.lgS dedd 3gaill ;joblib

1olg walo 6 pellall Joell jluro 262y joblib.dump @
lglaall cwifi + cilMloleall + dpleall callaaugio (g jou @

Il ailSo 6 Jj2 g, 3409 Jlawyll adjo o

140/130 2026 uln el 20 bl goauiiill Lelinw il ¢lSallg gghly (@l 6)ljg) Gamo pAlin plus >



23ill gguiing vilidMls g diailllg Joell ciljluio 10 agull

uAglaill dlall peé culgill .cala sl

duppaall 6 )guitio p3gai JSJ YISl Gl

auanill diclibunl 6ygall calily s Juaill J16 cildfeall (@aol dpngnall
dawdlyell Gnll 6)ljg 6 dpull dwlug GDPRg HIPAA dyigilall pnill
LaguH 20 §3la2y p5gai — LAy y0 91 cAlyS (léo 336 3l :0jJ1ga]l juaill
dailgll VUL daill La puiull oy diaiill jiaiyl

20919 G631 Luhllg 2Jids a3gaill Jlall déls ;6 gluil

diw g1j JS auéill acl — wajaii caluwldallg ciljmanll :dislyoll

140/131 2026 uln el 20 bl goauiiill Lelinw il ¢lSallg gghly (@l 6)ljg) Gamo pAlin plus >



23ill gguiing vilidMls g diailllg Joell ciljluio 10 agull

p3lkhall g0 — Liolol Gyl

wiliogiinllg Ggall Laluinis! :ealiy jall dlunl 6lSlho @
muﬂngJgaﬂ—gﬂldﬁSd}&Dd@i 094l @

G sl cdugeelll o5Laill

Pl yeill dsieg youalillg (§4igill - 8162 jge @

JaAaall jnillg duwglall :dojln 391> @

1ai dutwgall dinill gl jalei M _nyall cili o

Ll §aai) @ai §3guwo ogul dwlws i) duwlull

v

140/132 2026 uln el 20 bl goauiiill Lelinw il ¢lSallg gghly (@l 6)ljg) Gamo pAlin plus >



23ill gguiing vilidMls g diailllg Joell ciljluio 10 agull

Morning Pipeline Risk Ranked Clinician
Csv scaler + model scores worklist review
1

human-in-the-loop: verify, override, feed back

anaiy A lanhni guiillg duleall Guny 1lg khgaao (Jils e
20690 S juin J8 aic Laiii diy JS @
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df = pd.read_csv("diabetes_dataset.csv")
df.drop(columns=["outcome"])
df["outcome"]

pipe = Pipeline([

("scaler", StandardScaler()),

("model", LogisticRegression(max_iter=1000)),
D
auc_folds = cross_val_score(pipe, X, y, cv=5, scoring="roc_auc"
print("Fold AUCs:", auc_folds.round(3))
print("Mean AUC :", auc_folds.mean().round(3),

"+/-", auc_folds.std().round(3))

Fold AUCs: [0.819 0.88 ©.843 0.821 0.815]
Mean AUC : 0.836 +/- 0.025
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X_train, X_test, y_train, y_test = train_test_split(
X, y, test_size=0.2, stratify=y, random_state=42)

pipe.fit(X_train, y_train)

joblib.dump(pipe, "diagnostic_model.joblib")

# --- a new session, a new analyst, the next morning ---
model = joblib.load("diagnostic_model.joblib")
proba_test = model.predict_proba(X_test)[:, 1]
print("Hold-out AUC of reloaded pipeline:",
round(roc_auc_score(y_test, proba_test), 3))

Hold-out AUC of reloaded pipeline: ©0.848

JoSgigy le kol a3l g9 uiing — 13m0 piill (el pliiyl wiglul; 80720 ja o
‘ agllall 75/25
n66 andig asi — 1l fit caiuww M sl cu o
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new_patients = pd.read_csv("new_patients.csv")
risk = model.predict_proba(new_patients)[:, 1]
worklist = pd.DataFrame({

"case_id": "NEW-" + (new_patients.index + 1)

.astype(str).str.zfill(2),

"glucose": new_patients["glucose"],

"risk_pct": (risk * 100).round(1),

"flag": np.where(risk >= 0.5, "REVIEW", "routine"),
}).sort_values("risk_pct", ascending=False)
worklist.to_excel("morning worklist.xlsx", index=False)

case_id glucose risk_pct flag
NEW-16 177 91.2 REVIEW
NEW-10 170 85.3 REVIEW
NEW-14 144 72.4 REVIEW
Exported morning worklist.xlsx | 9 of 20 flagged
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pred = (proba >= 0.35).astype(int)
tn, fp, fn, tp = confusion_matrix(y_test, pred).ravel()

heart_risk.csv | 5-fold CV AUC: ©.751 +/- ©0.032 | test AUC: 0.791
At 0.50 -> TP 59 FP 22 FN 37 TN 107

Sens 0.615 Spec 0.829 PPV 0.728 NPV 0.743

At 0.35 -> TP 75 FP 47 FN 21 TN 82

Sens 0.781 Spec 0.636 PPV 0.615 NPV 0.796

LéJioJli.ijlgdeg_d.oJld,!.!J_éjldeJl jpall 0 @
dinyyj ddls dulay) 25 clél digao dllb 16 a1eiui 0.35 diic @
Gl dlis Vg yai il o daliell d6ln — 54% auleill Jaeo @
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