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Agenda

Why? — Idea, Goal, Usecase

 How? — What Technologies/MySQL Features are used

What? — Any useful results?

e Wow! —What did | learn




Why? Idea, Goal, Usecase




Motivation, Intention, Idea

* Do something with Machine Learning

e Use real world and new data

* Do it with MySQL

e Use as many features as possible

» ,Detours increase knowledge of the area” (kurt Tucholsky, 1890 - 1935): No Optimizations
e Use whatever is available. Maintainability is for cowards: No Simplicity

* Something useful?

e Learn... even if there is no use in this case

* So...
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Use Case

e Predict Gas Consumption based on
o Outside temperature
o People [not] at home

o Fireplace [not] burning

e Take a photo every 5 minutes
o Raspberry Pi

o OCR s a nice ML use case
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Use Case

e Predict Gas Consumption based on
o Outside temperature
o People [not] at home

o Fireplace [not] burning

* Take a photo every 5 minutes
o Raspberry Pi
o OCRisa nice ML use case
* Mobile phonesin WLAN
o Query WLAN Router for Devices
o JSON data. Great!

e Weather Data from DWD

o Freely available, hourly temp and humidity
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Raspberry Pi

hostscan.py @
"*5+1 LA R

/homel/pi/fotos/devices/
gets JSON list of device
connection status in router

upload_devices®
i

/home/pi/fotos/
Takes foto of gas meter,
stores locally

camtest.py @
g oo e

/home/pi/totos/
Takes foto of gas meter,
stores locally

upload-raw.py
G ke

/home/pi/fotos/
Takes foto of gas meter,
stores locally

hogts_<timestamp>.json

raw &timestamp>.jpg




Use Case

Predict Gas Consumption based on
o Outside temperature
o People [not] at home
o Fireplace [not] burning

* Take a photo every 5 minutes

o Raspberry Pi
o OCR s a nice ML use case
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* Mobile phonesin WLAN
o Query WLAN Router for Devices
o JSON data. Great!

* Weather Data from DWD
o Freely available, hourly temp and humidity

e Fireplace... manually for now
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Use Case

Predict Gas Consumption based on
o Outside temperature
o People [not] at home

o Fireplace [not] burning

Take a photo every 5 minutes
o Raspberry Pi
o OCR s a nice ML use case

Mobile phones in WLAN

o Query WLAN Router for Devices
o JSON data. Great!

Weather Data from DWD

o Freely available, hourly temp and humidity
Fireplace... manually for now
Ship data to OCI MySQL always free
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Data Architecture

OCI MySQL HeatWave (always free)

ldevices_importer devices_sute update_anw_js
oeese
P | Shen.ute ICTE select to define schedule,
[CALL import_all) o laverage presence per tmerame
fcompresses device status to
fehange ®
I o
ISERT trigger 7
import_all ‘store changes !
. lgnore other 1
(AL tort dorce. ) ! aoa v ara v oaa vt
|Load all unprocessed entries. onions' gk aet Kol srents |
1 von von von
e I ; 2. E
PK | when uto import_devices_states : maro-t mario-1 mari-1
= |l Lostwn oo : maro-2 maro-2 mario-2
canlant (150N lLoad al unprocessed entres. L -
{people’s login and logout events |
foaded (tmestamp)_ _ | -~ - = hostname ey o oo v Y
D
processed (imestamp) person
imported router logs owner
‘connecting devices and pecgie
prep_model(mode_view) run_model_variant
‘wetterdaten (invokes eval_model)
it
|| mess dotum |
fmemperatur
oL fouchte
strahungstemparatur
impored weather data
data,variant ;: T i
o e o
digh_prodict model | ) model '}
pixt . phd6 variant ! | varant }
ol CALL 372 WL PREDICT TABLE  gasometor i 8 dgis1. ‘gasometer Sgh preder NULL) > | ename variant_sq) I vanantsq }
K | fiename (
; :mw ML Model for o -—ﬂl | Verbrauch_real, _est }
pixt . 96 1 predicting gas gas_rea_otal,_daly | 1 Dnerenz |
digh_train 5 (i |
Sk i st consumedion g2 varat tot,_cty | neon |
| pixt .. pix96
A1 Gigts as vakes, as predcted dt_abs,_rel
variants resuts
aigit labels 3
filename
X | giait
vave
labels for raining data

‘kamin kamin_hourly
[ Y o I
Ium end
'CHECK constraints! )
frepiace runtime por hour
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Data Architecture

OCI MySQL HeatWave (always free)

Who is at home?

What's the weather like?

How much gas do we consume?

Does the fireplace burn?

Data
Consolidation

Who causes consumption?
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 How? — What Technologies /
MySQL Features are used




Different Technologies

OCI MySQL HeatWave (always free)

ldevices_importer devices_sute update_anw_js
figtes
px | When_ute
(CTE select 1o defne schedule,
(CALL import_all) mee sence per tmetrame
name javerage presence per
fcompresses device status 1o
jchange g ®
1l onine
INSERT trigger 1
iimport_all (Only store changes )
status.Ignore other 1
(CALL import._devices_states() nserts |
Load a8 ungrocessed envies ovicoslogi and lopoutevents |
|
devices raw I |
|
PK | when utc import_devices_states }
Aeness) /v [CALL impon_devices_states() Lot iethrand |
I |Gt |Load s unprocessed entries. PK | mac 4
] foaded (tmestamg)_ _ | . - - = . ipecple’s login and ogout events |
P
processed (tmestamp) )
imported router logs owner
comecting devices and people

‘wetterdaten

stations id
mess_datum

tlemperatur

rol_feuchte

strahlungstemperatur

digh_predict

CALL sy ML PREDICT_TABLE (gasometer dgis, @ dgis1, asometer dgi prodier’. NULL)

ml_resuts

N v,
Pt . px96 S

Al Gigis as vakes, as predicted

SELECT._ 1O fiename

digit
\rainings data, bimaps and lpe! valve

rainings data, bitmaps and label

labels for raining data

\Full meter readings, training data

|
i
HE
BN
Iy s o !
kamin
e - o [ whan ue TRUNCATE. NSERT WNTO K [ stant
— [= =
CHECK constraints! 0,
fireplace runtime per hour

Machine Learning
Pipeline for OCR

(stay tuned)

data_train data_train

mario

mario-2

prep_model(mode_view)
(invokes eval_model)
ireates test and train cata

leeates model

levaluates madel

sql_source
fomcount ran, st
WISE_vain, MSE test
avg_eror_train,_test

rel_error_train,_test

ML Model for
predicting gas
‘consumption

data_variant

von

mario

mario-1

mario-2

'run_model_variant
lcroates vasiant data

levaluates variant
[document

it abs, rel

variants resuls

aatavarant ; ots i
o [T ]
i e ;
— I s ;
von. bis. — :v;mm,mu et |
e o | ome 1
AEEE T | on |
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Different Technologies

devices_importer
o

[CALL import_all)
[compresses device status to
log

limport_all
(CALL import_devices_states()
[Load all unprocessed entries

OCI MySQL HeatWave (always free)

i | When_utc

update_anw_js

(CTE select 1o define schedule,
javerage presence per tmeframe

=== |

devices'login and logout events

devices_raw I
PK | when utc import_devices_states
tiename / oA Ebpoodt devios: seleo0 devices name
content (4SON) Load al unprocessed entres PK | mac
foaded (tmestamp)_ _ { _ - - = hostname
P
processed (umestamp) )
imported router logs owner
comecting devices and people
wetterdaten
K | stations id
mess datum
tiemperatur
oL fouchte
straniungstemperatur
impored weather data
digh_prodict
m poct . phxt
doke CALL 572 ML PREDICT_TABLE  gacometer a1 B diat, gasometor i prodcr NULL) \! > | mename
x| Hename [ q
dian e dgn
pixt . pu96 i Smerorilice ! ML Model
: S Predicton
s T o - poss } gt rain for OCR
btmaps of i digi | | Y mi_resuts
|| thename \ pixt . pix96 &
I o> Al digits as vales, as predicted
1) dat SELECT. WO flename =5
gt labels | Lvae ) dgt
oK | flon rainings data, bitmaps and label valve
we N T rainings data, bemaps and label
labels for raining data |

|
|
| e
|
|
I

|missing vakes in § min siots

Kamin

TRUNCATE. INSERT INTO

/u[m

I

CHECK constrants!

Machine Learning
Pipeline for Consumption

(stay tuned)

MSE_train, MSE test

avg_error_rain, _test

ML Model for
predicting gas
‘consumption

von, bis.
gas.realtotal,_daily
gas.variant tota,_daty

it abs, rel

,,,,,,,,,

variants resuls
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Different Technologies

OCI MySQL HeatWave (always free)

LA

[ — Operate on JSON data
e D json_table(...)

1]
I
I
)

|Full meter reaings, training data

{missing vakes in § min sots

amin ko ourty
... - [ [ whan we TRONGATE MaET W0 ) PK | stan
I3 =
CHECK constraints! duration
froptaco unima por ot

ldevices_importer devices_sute update_anw_js
figtes
e 0 x| shinsk CTE setect 10 define schedule,
import s laverage presence per tmeirame
®
onine
presence_1h mario
INSERT trigger ? |
(Only sore changes ! |
stats. gnare other 1 prosence_1h_simone
finserts |
evices'login and logout events “
|
1
when ute import_devices_states }
— /' (CALL impon_devicos_states() ~ad |
(conlank (13040 lLoad s unprocessed entres ot |
foaded (tmestamp)_ _ | -~ - = )| bl 4
P
processed (imestamp)
imported router logs
comecting devices and people

Kamin

temperature

humidty

zachler_start

data_train data_train data_variant
on von von

maro maro maro

maro-t maro-1 mario-t
maro-2 maro-2 maro-2

prep_model(mode_view)
(invokes eval_model)
crestestest and i data

creates model

levaluates madel

sql_source
fomcount ran, st
WISE_vain, MSE test
avg_eror_train,_test

rel_error_train,_test

'run_model_variant
lcroates vasiant data

levaluates variant
[document

data_variant

ML Model for
predicting gas
‘consumption

modsi
varant

variant_saf

von, bis.
gas.realtotal,_daily
gas.variant tota,_daty

it abs, rel

variants resuls
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Di

fferent Technologies

when utc

fiename

content (JSON)

limport_devices_states
ICALL impon_devices_states()
lLoad s unprocessed entres

foaded (tmestamg)_

«
processed (tmestamp)

imported router logs

OCI MySQL HeatWave (always free)

i | When_utc

=== |

connecting devices and peaple

dighs

CALL 72 W PREDICT TABLE Cgusamotr ot 89gia1, gavormer gt oo ol

diat
pixt . pixd6

bitmaps of al digits

digit laels

PK | e

vae

labels for raining data

SELECT.. T

—

JSON duality views

update_anw_js

CTE select 10 define schedule,
javerage presence per tmeframe

INSERT into view

get data stored autom.
in relational tables

{missing vakes in § min sots

Kamin

/ulm

I

CHECK constrants!

| TRUNCATE mWseRTNTO_

L ———

duration

fropiace runtime por hour

presence_1h_mario

e o]
e B |

data_train data_train
von von
maro mano
mar-1 masio-1
maro-2 mario-2
prep_model(mode_view)
(invokes eval_model)
5| [forestes test anawain cata
levaluates madel

sql_source

foweount_train, _test
MSE_train, MSE test
avg_error_rain, _test

rel_error_train,_test

ML Model for
predicting gas
‘consumption

data_variant

von

mario

mario-1

mario-2

'run_model_variant
lcroates vasiant data

levaluates variant
[document

data_variant : v_variants.
roce M oo T
vaant ! e
vaan s [—
von. bis. H— : Verbrauch_real, _est
oas. oL ttl,_aaly -
gas_variant_total, _dady 4 Rel. Dif

dt_abs, rel

variants resuls
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Different Technologies

lLoad ail
devices ram
PK | when ute limport_
tiename it 3
| | comentison lLoad
foaded (tmestamg)_ _ | _ —
P
processed (umestamp)

OCI MySQL HeatWave (always free)

REST API
Store data via REST
Skip Object storage

Skip cron jobs

imponed oute ogs
g
CALL 72 PREDICT TABLE gasametr gpe #9511
f———_»| pK | fiename
diait
pixt . px96
g wain
Dtmaps o al dgis "
pat . puss
filename
digit_labels digt
"
o [ e vave
vave rangs data, bemaps and sbel
Jabels orrainng data

ingstemperatur

weatnerdata

aigh predict

oot . pig6
:‘|> iename
digt
ML Model A
for OCR S
\&\“\‘ mi_results

{missing vakes in § min sots

Kamin

//,-ulm

I

CHECK constrants!

| TRUNCATE mWseRTNTO_

Al Gigis as vakes, as predicted

presence_1h_mario

data_train data_train data_variant
on von von

maro maro maro

maro-t maro-1 mario-t
maro-2 maro-2 maro-2

sql_source

foweount_train, _test
MSE_train, MSE test
avg_error_rain, _test

rel_error_train,_test

'run_model_variant
lcroates vasiant data

levaluates variant
[document

data_variant i o
= i
varant b vaan
variant_sq : | varant_sql

ML Model for von. bs [ | Vetrauenres_est

predicting gas gas.real_total,_dally |l Oterenz

consimeNen oo variat o, _daly | inson
an_ave, 1o b s e o)
varantsresus 7

18

Copyright © 2025, Oracle and/or its affiliates




Different Technologies

OCI MySQL HeatWave (always free)

|

«
processed (tmestamp)

toaded (umestamp)_ _ | _

devices raw I
PK | when utc limport_devices_states
thename
[CALL impon_devices_states()
content (JSON) L

|Load s unprocessed entries.

devices'login and logout events

imported router s
aigits
CALL sys L_PREDICT TABLE( gasomesr dgis. @ dgis! ‘gasometer 3gh proder NULL}
el [fename [
St ! vaghuse |
. e e 1 gt trai
Dtmaps o al dgis [ i "
|| tename ) pixt . pix96
: | dait SELECT._ 1O fiename “
gt labels | Lvae ) dgt
o | flen rainings data. bimaps and abel vaive
we N T rainings data. bemaps and label
labes for raining data

/ulm

\Full meter readings, time round'd|

{missing vakes in § min sots
Kamin Kamin_hourly
| TruncATE msenTiTO O PK | start
Iunnl end
CHECK constrats! keineal
froplace runtime por hour

presence_1h_mario

presence_1h_simone

Turn polling into event data:
INSERT Trigger does not store
unchanged data.

data_train data_train data_variant
on von von

maro maro maro

maro-t maio-t mario-t
maro-2 maro-2 maro-2

sql_source

foweount_train, _test
MSE_train, MSE test
avg_error_rain, _test

rel_error_train,_test

'run_model_variant
lcroates vasiant data

levaluates variant
[document

data_variant f iy
o [ e T
vt ! e
vt s I s
ML Model for o [ | Vet e
predicting gas gas_real_total,_dally |1 Dttererz
consumption oL s v L i
at_abs, rel Nt reiats. ey forated |
e
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Trigger to store only changed data

e Trigger is executed BEFORE the insert.
e If the last state is also the new state, raise my personal SQL error -> Skip the INSERT

* In calling procedure, catch this SQL exception to continue execution.

CREATE TRIGGER "only state change BEFORE INSERT ON "devices state FOR EACH ROW BEGIN

DECLARE last state BOOLEAN;

SELECT online INTO last state FROM devices state
WHERE devices state.mac=NEW.mac ORDER BY devices state.when utc DESC LIMIT 1;

IF last state = NEW.online THEN

SIGNAL SQLSTATE '45000' SET MESSAGE TEXT="No state change. Row ignored"
END IF;
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CTE to reshape event-based data into fixed sample interval data

var stmt =

"INSERT INTO " + tblname + " WITH RECURSIVE date_pte AS ( " +

"SELECT CAST('" + von + "' AS DATETIME) AS von, " +
"CAST ('™ + von + "' AS DATETIME) + " + interval + " AS bis " +

"UNION ALL " + = Recursive CTE
"SELECT von + " + interval + ", bis + " + interval + " " +
"FROM date cte " +
"WHERE bis + " + interval + " < '" + bis + "' " +

my w4

"SELECT /*+ SET VAR(cte max recursion depth=2000) */ t.*, " +
"SUM(e.online * TIME_TO_SEC(TIMEDIFF(LEAST(t.bis, e.until), GREATEST (t.von, e.when_utc))))

"TIME TO SEC(TIMEDIFF(t.bis, t.von)) AS duration " +

"FROM v _events net e " +

"JOIN date cte t " +

"WHERE e.person='" + person + "' " +
"AND e.when_ute <= t.bis & } Joined rows within the time window
"AND e.until >= t.von " +

"GROUP BY t.von, t.bis, e.person " +

"ORDER BY t.von;";

try A
rs = session.runSqgl (stmt) ;
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CTE to reshape event-based data into fixed sample interval data

/ Optimizer hint

/*+ SET VAR (cte_max recursion depth=2000) */

— JavaScript

try { p—
rs = session.runSql (stmt) ;
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Different Technologies

devices_importer
o

[CALL import_all)
[compresses device status to
log

OCI MySQL HeatWave (always

i | When_utc

limport_all
(CALL import_devices_states()
[Load all unprocessed entries

devices'login and logout events

devices raw I
PK | when utc import_devices_states
o) ICALL impon_devices_states() Cessenaiinrand
|| comentson / okt Wi Unorosessed sriien PK | mac
foaded (tmestamp)_ _ | -~ - = hostname
D
processed (imestamp) )
imported router logs owner
comecting devices and pecgle
wetterdaten
x| siations id
mess_datum
fmemperatur
ol fevcite
straniungstemperatur
imported weather data
digh prodict
m pixt . pad6
ol CALL 3y3 L PREDICT TABLE  gasometor dgi. #0951, ‘gasometer OgH proder NULL) \ > | ename
[P« [ flename q
diait 7 gt
e ML Model oy
s i gt rain for OCR e
btmaps of i digi 1 3 Py
1 pixt . pix96 @
1 & Al Ggts as vales, as prodicted
| Lo s
aigit Iabels | dgt
i
o [ e K valve
vauo rainings data, bemaps and label
labes for raining data

1]
I
I
)

|Full meter reaings, training data

{missing vakes in § min sots

kamin
o [ whan ue TRUNCATE, WSERT W70
I3
CHECK consuants!

presence_1h_mario

presence_1h_simone

data_train data_train

temperature

Sy ML Model for
predicting gas
‘consumption

foweount_train, _test
MSE_train, MSE test

avg_error_rain, _test

rel_error_train,_test

Stored Procedures in

JavaScript

data_variant

von

mario

mario-1

mario-2

'run_model_variant
lcroates vasiant data

levaluates variant
[document

data_variant

modsi
varant

variant_saf

von, bis.
gas.realtotal,_daily
gas.variant tota,_daty

it abs, rel

variants resuls
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JavaScript can do more than SQL

CREATE PROCEDURE prep model (model view VARCHAR(100))

LANGUAGE JAVASCRIPT Store output of ,,SHOW...“ in variable
AS

|

var rs = session.runSql ("SHOW CREATE VIEW "+model view) ;
var row = rs.fetchOne();

// The CREATE TABLE output is typically in the second column

var create sqgl = row[l];
// Update the gas models table

var ps = session.prepare ("INSERT INTO gas models (id,source,sgl source)
VALUES (NULL, ?,?) ") .bind (model view, create sqgl);

ps.execute () ;

ps.deallocate()

* Handle data-intensive app functionality
in stored programs

o Minimize data movement
Reduce cost

o
o |Improve Security
o

_ - Simplify complex ETL - ELT
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Different Technologies

devices_importer
o

ICALL import_all)
[compresses device status to
log

OCI MySQL HeatWave (always free)

limport_all
ICALL import_devices_states()
[Load all unprocessed entries

i | When_utc

=== |

devices'login and logout events

update_anw_js

CTE select 10 define schedule,
javerage presence per tmeframe

devices raw I
PK | when utc limport_devices_states
tiename oaty = devices name
content (JSON) / lLoad al ungrocessed entries PK | meo
foaded (tmestamp)_ _ | -~ - = hostname
P
processed (imestamp) peckn
imported router logs owner
comecting devices and people
wetterdaten
K | stations id
mess_datum
fmemperatur
doke CALL 572 ML PREDICT_TABLE  gacometer a1 B diat, gasometor i prodcr NULL)
e S——— ‘
! v_digh train |
e [ vomrin i
1. paos digh_train
Dtmaps o al dgis [ i "
|| thename \ pixt . pix96
[0 o Al digis as vakves, as predicte
| et SELECT.. INTO. filename c_\_\.“
gt labels | Lvae ) dgt
o | flen vainings data, biraps and tabel vawe
we N T rainings data, bemaps and label
labels for raining data
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CHECK constrants!

CHECK constraints
Only accept data where
when < until AND

until —when < 12 hours

presence_1h_mario

presence_1h_simone

data_train data_train
on von

maro maro

maro-t maio-t
maro-2 maro-2

sql_source

foweount_train, _test
MSE_train, MSE test
avg_error_rain, _test

rel_error_train,_test

ML Model for
predicting gas
‘consumption

data_variant

von

mario

mario-1

mario-2

'run_model_variant
lcroates vasiant data

levaluates variant
[document

data_variant i v_variants \
model U Tmem 1
varant ! varian !
st s I varan s ;
von. bis. — : Verbrauch_real, est |
e o | ome |
s | Lnwon |
an_avs, 1o Nt reiats. ey forated |
A, 00202020 o <




Machine Learning for OCR

ML OCR / ODR: Classification Task

* Digits cut from photo

* Transformed to 8x12 pixels

* 96 features get classified to class 0...9

* Know your data:
* Readings are monotonically increasing

* Rightmost digits are not important
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Machine Learning for OCR

#!pip3 install numpy
#!pip3 install tensorflow

* Prep notebook #!pip3 install mysql-connector-python
#!pip3 install scikit-learn
e connect to database #!pip3 install matplotlib

import math

import matplotlib.pyplot as plt

import mysql.connector

import numpy as np

import tensorflow as tf

from tensorflow.keras import layers, models

from tensorflow.keras.utils import to_categorical
from sklearn.model_selection import train_test_split
from IPython.display import Image, display

config = {
‘user': 'admin',
'password': 'XXXXXXXXXX',
'host': '10.0.1.205",
'database': 'gasometer',
'raise_on_warnings': True
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Machine Learning for OCR

install numpy
install tensorflow

* Prep notebook install mysql-connector-python
install scikit-learn

e connect to database

def fetch_table_as_numpy_array(sql_statement):
try:

® Load data to Num py connection = mysql.connector.connect(**config)

if connection.is_connected():

cursor = connection.cursor()
cursor.execute(sql_statement)
rows = cursor.fetchall()
column_names = [i[@] for i in cursor.description]
numpy_array = np.array(rows)
print("Spaltennamen:", column_names)
return numpy_array

except mysql.connector.Error as err:
print(f"Fehler: {err}")
finally:
# Verbindung schlielen
if 'connection' in locals() and connection.is_connected():
cursor.close()
connection.close()
print("MySQL-Verbindung ist geschlossen")

# Tabelle "train" als NumPy-Array abrufen

# v_digit_train enthaelt alle Digits. v_train enthadlt alle auBer digit=7. Die letzte Ziffer ist oft entstellt und ve
full_array = fetch_table_as_numpy_array("SELECT filename, digit, pix1, pix2, pix3, pix4, pix5, pix6, pix7, pix8, pix¢
meta_array = full_arrayl[:, [0,1,98]]

train_array = full_arrayl[:,2:].astype(int)

# Ausgabe des NumPy-Arrays
#print(train_array[:3])
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train_arrayl[:, :96] # All rows, first 96 columns

* Prep notebook = X / 255.0 - .5 # normalize to -.5 to +.5
_samples, num_pixels = X.shape # reshape because we need a 12x8 matrix again
e connect to database np.reshape(X, shape=(num_samples,12,8,1))

* Load data to Numpy train_array[:, -11 # All rows, only last column
. . y = to_categorical(y, 10) # change to array of 10 binaries for classification
e Split Train/Test Data

X_train, X_test, y_train, y_test = train_test_split(X, y, test_size=0.1)

return numpy_array

except mysql.connector.Error as err:
print(f"Fehler: {err}")
finally:
# Verbindung schlielen
if 'connection' in locals() and connection.is_connected():
cursor.close()
connection.close()
print("MySQL-Verbindung ist geschlossen")

# Tabelle "train" als NumPy-Array abrufen

# v_digit_train enthaelt alle Digits. v_train enthadlt alle auBer digit=7. Die letzte Ziffer ist oft entstellt und ve
full_array = fetch_table_as_numpy_array("SELECT filename, digit, pix1, pix2, pix3, pix4, pix5, pix6, pix7, pix8, pix
meta_array = full_arrayl[:, [0,1,98]]

train_array = full_arrayl[:,2:].astype(int)

# Ausgabe des NumPy-Arrays
#print(train_array[:3])
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# CNN Model setup and compile and train
Prep notebook # Optimierung der Trainings—GréBe

connect to database batch_size=128

num_models = math.ceil(num_samples*0.9/100)
Load data to Numpy test_acc = []
) ) for i in range(@,num_models-1):
Spllt Traln/TeSt Data X_train, X_test, y_train, y_test = train_test_split(X, y, test_size=0.1, train_size=(i+1)%100)
model = models.Sequential( [
Pick a|gor‘ithm (CNN) layers.Input(shape=(12, 8, 1)), # Eingabeschicht mit der Form (12, 8, 1)
layers.Conv2D(32, (3, 3), activation='relu'),
Setup model #  layers.MaxPooling2D((2, 2)),
layers.Conv2D(64, (3, 3), activation='relu'),
GUGSS Hyperparams # layers.Conv2D(10, (3, 3), activation='relu'),

layers.MaxPooling2D((2, 2)),
layers.Flatten(),

layers.Dense(64, activation='relu'),
layers.Dense(10, activation='softmax')

1)

model.compile(optimizer="adam',
loss='categorical_crossentropy',
metrics=["'accuracy'])

~+ 3 — H 3

model.fit(X_train, y_train, epochs=20, batch_size=batch_size, validation_data=(X_test, y_test), ve
test_loss, acc = model.evaluate(X_test, y_test, verbose=0)

test_acc.append(acc)

print("Lauf #"+str(i)+"/"+str(num_models-1)+" trainset=" + str((i+1)*100)+" Accuracy="+str(acc))

=

+
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Prep notebook
connect to database
Load data to Numpy
Split Train/Test Data
Pick algorithm (CNN)
Setup model

Guess Hyperparams
Tune 1 parameter
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mc
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te

test_acc.appenatacc)
print("Lauf #"+str(i)+"/"+str(num_models-1)+" trainset=" + str((i+1)*100)+" Accuracy="+str(acc))
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Machine Learning for OCR

Prep notebook
connect to database
Load data to Numpy
Split Train/Test Data
Pick algorithm (CNN)
Setup model

Guess Hyperparams
Tune 1 parameter
Optimize 2"d HP

~+ 3 — H 3

=
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Accuracy

mc

mc
te

test_al
print('

# CNN Model setup and compile and train
# Optimierung der Trainings—GroBe

training_size = 2700
num_models = [4,8,16,32,64,128,256,512,1024]

test_acc = []
X_train, X_test, y_train, y_test = train_test_split(X, y, test_size=0.1, train_size=training_:
for i in num_models:
model = models.Sequential([
layers.Input(shape=(12, 8, 1)), # Eingabeschicht mit der Form (12, 8, 1)
layers.Conv2D(32, (3, 3), activation='relu'),

# layers.MaxPooling2D((2, 2)),
layers.Conv2D(64, (3, 3), activation='relu'),
# layers.Conv2D(10, (3, 3), activation='relu'),

layers.MaxPooling2D((2, 2)),
layers.Flatten(),

layers.Dense(64, activation='relu'),
layers.Dense(1@, activation='softmax')

1)

model.compile(optimizer="adam’,
loss='categorical_crossentropy',
metrics=["accuracy'])

model.fit(X_train, y_train, epochs=20, batch_size=i, validation_data=(X_test, y_test), ve
test_loss, acc = model.evaluate(X_test, y_test, verbose=0)

test_acc.append(acc)

print("Batch Size: "+str(i)+" Accuracy="+str(acc))

# plot the training history




Machine Learning for OCR

Prep notebook
connect to database
Load data to Numpy
Split Train/Test Data
Pick algorithm (CNN)
Setup model

Guess Hyperparams
Tune 1 parameter
Optimize 2"d HP

Give up on optimizing
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# building the one model with optimal hyperparameters

Prep notebook batch_size=128

train_size=2700
connect to database X_train, X_test, y_train, y_test = train_test_split(X, y, test_size=0.1, train_size=train_size)
model = models.Sequential([

layers.Input(shape=(12, 8, 1)), # Eingabeschicht mit der Form (12, 8, 1)

Load data to Numpy

. . layers.Conv2D(32, (3, 3), activation='relu'),
Spllt Tram/TeSt Data # layers.MaxPooling2D((2, 2)),
. . layers.Conv2D(64, (3, 3), activation='relu'),
Ple algorlthm (CNN) # layers.Conv2D(10, (3, 3), activation='relu'),
layers.MaxPooling2D((2, 2)),
SetUp model layers.Flatten(),
layers.Dense(64, activation='relu'),
GUGSS Hyperparams layers.Dense(10, activation='softmax"')

1)
Tune 1 parameter

Optimize 2"d HP
Give up on optimizing

model.compile(optimizer="adam',
loss='categorical_crossentropy',
metrics=['accuracy'])

z model.fit(X_train, y_train, epochs=20, batch_size=batch_size, validation_data=(X_test, y_test), vert
BU||d final model f test_loss, acc = model.evaluate(X_test, y_test, verbose=0)

m  print("Final model:"+" Accuracy="+str(acc))
Accuracy 99,1% !

z Final model: Accuracy=0.9908257126808167

- Validation Accuracy
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# SQL statements to achieve the same in HeatWave

CREATE TABLE digit_train SELECT *x FROM v_digit_train;

# learning took 30 minutes on 1 core|

CALL sys.ML_TRAIN ('gasometer.digit_train', 'value',
JSON_OBJECT('task', 'classification’,
‘optimization_metric', 'accuracy',
'exclude_column_1list', JSON_ARRAY('digit', 'filename"')
), @digitsl);

e One statement — 30 min on 1 core or 2 min on 16 cores
* Accuracy: 99.1%



Machine Learning Example: Gasometer

digit_predict

pix1 ... pix96

digits :
9 CALL sys.ML_PREDICT_TABLE("gasometer.digits”, @digits1, "gasometer.digit_predict”’, NULL); filename

filename
digit digit

pix1 ... pix96

Prediction

: = pix1 ... pix96 digit_train
bitmaps of all digits

ml_results

filename pix1 ... pix96

W2 All digits as values, as predicted
digit SELECT... INTO filename

digit_labels digit
o

filename
digit

value trainings data, bitmaps and label

value

labels for training data

v_zaehlerstand_missing

““““““ 1
wann
| | |
| |
I |
I
I

: filename

|
|
|
:Full meter readings, training data I
|
| Full meter readings, time round’d:
|
|
I




* What? — Any useful results?




Gas Consumption per Day

Wert over wann

: !
4 -
2 4
) /
T T T T T T
2025-03 2025-05 2025-07 2025-09 2025-11 2026-01
wann

| o Gap in data (Learning: Always monitor!) E
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Gas Prediction Models

e Different models have different feature sets e MSE_train==0...0h, oh... did it memorize?
e 1lhis too fine-grained for proper accuracy * Unit of MSE is m®. Can’t compare 1h to 24h
e 24h with 5 days of temperature history is best * Best daily prediction model is within +/- 16.7%

v_data hourly
gas 6h v2
gas_ 24h vZ
gas 24h vZ
gas 24h vZ2

o® o° o©° o°
o® o o°

o\°

o\° o°
o\® o

gas 24h vl
gas 24h vl
gas_ 24h vl
gas 1lh v3
gas 1lh v3
gas 1h v2

o\°

o°® o° o° o o° o°

o® o® o° o° o°
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Gas Consumption vs. Prediction

Vergleich: Verbrauch (real) vs. Prediction (geschatzt)

—— Verbrauch (real)

_ Prediction (geschatzt)
1
1M | E\A
i T

U\ 4
Mm\( i Wum nMA’"ﬂU’“ﬁ A%w A A V‘Wﬂ L f d

T T T T T T
2025-03 2025-05 2025-07 2025-09 2025-11 2026-01
von

e Ll \ :
i i VoW
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What-if Scenarios for model “gas_12"

. . rel. Diff.
People have little influence

Best if Mario stays away

My son can keep his GF
simone%$=0

) . simone%=1
The fireplace is useless

son%=0
Climate change is risky son%=1

girlfrs=0
girlfrs=

kamin%=
kamin%=1

temp +1

temp
temp
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e Wow! — What did I learn




Some Learnings

 WLAN presence detection is weak
o Weak WLAN -> Switch back to mobile signal -> “not at home”

o My mother committed burglary! .... Or passed by our house and logged into our WLAN

o Easy to collect, easy to draw wrong conclusions

 Machine Learning

@)

O
O
O

Know your data

Easy to misinterpret results — Know what you are doing

OCR: Work on image quality!

Accuracy is too low in the gasometer models to identify small effects

* Project in General

(@)

O
O
O

Document everything — You will have forgotten everything after one month
MONITOR!!! Logs are useful, alarms are useful. (Hopefully backups are not...)
MySQL might not be dedicated to certain use cases, but is generically powerful and versatile

Playing is the best way to learn!
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Q&A

Thank you!

Mario.beck@oracle.com
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