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About Our Speakers:

Mikhail Golovnya

Senior Advisory Data Scientist

Mikhail is a Senior Advisory Data Scientist
at Minitab. He has been prototyping new
machine learning algorithms and modeling
automation for the past twenty years.

Mikhail has been a major contributor to
Minitab’s on-going search for technological
improvements among the most important
algorithms in Machine Learning.
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Things to Contemplate

Y0 of

achine learning
models never
make It Into
production

-Venture Beat

Why?

85% of machine

learning projects HE

faill to deliver on B

their intended R

promises STt

-Gartner S
Cd 024 Minitab, LLC
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Predictive Analytics Workflow

Data Data ke Model Model
Gathering / Validating / ¢ ﬂr‘s‘r“(‘(‘!'ﬁ(‘ Buillding & Validation
Ingestion Cleaning B Training Selection
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Deployment Approaches

How can we operationalize a predictive analytics
solution (PA model) to a problem?

Traditional answer: encode model equation

Modern Answer: deploy model universally in
Model Ops
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Survey 1

» How often do you need to operationalize your models?

= Never R

= Sometimes R

= Always R

S

SR T EETS S
L L R S



Equation-Based C

SRR
SRy ol
ROTICYS » oy

© 2024 Minitab, LLC




Minitab &5

CART Has No Equation
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Random Forest Is a Black Box

Random Forest Classifier

X dataset

N, features N, features N, features N,features B N\ 2 00
TREE #1 TREE #2 TREE #3 TREE #4 o
CLASSC CLASSD CLASSB CLASSC S
I | I | e
MAJORITY VOTING SRR

| SRR SR

FINAL CLASS R o
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TreeNet Is an Enigma
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An ldeal!

» Take the TreeNet plots and fit them with
conventional parametric functions

« Alternatively: construct splines using the cutoff points
identified on the TreeNet plots

* Apply these functions to the original predictors
as univariate transformations to obtain derived
features

e Use the derived features to fit conventional
linear or logistic regression

~ + Don’t worry about getting the scaling right, let
-~ the regressmn do it
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TreeNet Model (Classification)

Area Under ROC Curve vs Number of Trees Plot MOdEI Su mima ry
0951 B etnSet Total predictors 4
—&— Training .
0.941 = Tet Important predictors 4
¢ oozl J,__}‘“’J___f’_'f Number of trees grown 300
E ' Optimal number of trees &1
8 0.0
s T Statistics Training Test
5% Average -loglikelihood 0.0734 0.0798
< 085 Area under ROC curve 0.9168 0.8971
0.84- 5% Cl (0.8924, 0.9412) (0.8568, 0.9374)
Lift 8.0579 7.5258
0 50 00 om0 a0 20 300 Misclassification rate 0.0196 0.0222

Number of Trees

Relative Variable Importance

Compare Algorithms (ROC)

o | CART: 0.84
| o RandomForest: 2
TreeNet:

Relative Importance (%)
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Guess the Equation!

One Predictor Partial Dependence Plot One Predictor Partial Dependence Plot
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Build a Conventional Model

Regression Equation

o Original P() = exp(Y)/(1 + exp(Y?))

M Od el ¥'oo = -32.6 + 06853 Air temp - 0.660 p_temp + 0.010728 Rotate_speed + 0.2626 Torgue

Model Summary
Test Test Area

Deviance Deviance Area Under Deviance Under ROC
R-Sq R-Sq(ad)) AlC AlCc BIC ROC Curve R-Sq Curve N
30.58% 30.38% 138645 138645 1420.71 0.8606 27.08% 0.8571 o
D EELSREEES
Regression Equation EEEEE
¢ NeW MOdel P(1) =  exp(Y)/(1 + exp(¥") R
Y' = -8307 + 3.547 AirTempT + 2.270 p_tempT + 0.000003 Rotate_speedT + 0.005330 TorqueT -~~~ -~~~ -
SEEEEEL SRS
Model Summary R
SHEE e Tetaea
S e Deviance Deviance Area Under Deviance UnderROC = T
S R R-Sq R-Sq(adj) AIC  AlCc BIC ROC Curve R-Sq Curve - ..ol
Lol 34.93% 34.72% 130028 1300.29 1334.55 0.8897 33.16% @jjjjjjjjjjjjjjjjjj
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Summary of the Procedure

* We can use TreeNet to automatically
discover the nature of non-linearities and then
use this knowledge to improve conventional
models

* Residual loss can be assessed by comparing
the original TreeNet model performance with
the improved conventional model performance R

 Not capturing interactions is the usual culprit R

to explain the residual loss in accuracy ST
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Survey 2

» Do you need to deploy/operationalize your models outside of MSS (universal deployment)? R
= Yes SRR
" No



Universal Deploy

© 2024 Minitab, LLC
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&

Minitab Model Ops — a comprehensive
platform to deploy, manage, and monitor
predictive analytics models

Bridge the gap between model
creation and model production with a
simple, yet powerful Model Ops

platform.
Build your models in Minitab Statistical Software S
______ and deploy them in Minitab Model Ops. S
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Key Steps to Model Deployment

* Import (upload) a model into Model Ops
* Deploy (turn on) a model in Model Ops
« Activate (access) a model in Model Ops
e Score records In real time
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Step 1: Importing a Model into Model Ops

modelops.minitab.com

&
@ Minitab Model Ops™
®  Model Libi
Import Model
£ Import a m{ Select a file and specify the model to import. §: 34 (14 deployed, 0 failed)

Select a File: webinar.mpx ! B
Model Name .:_i_::::::
Model Name: Predictive Maintenance L
ACD RR_test | 15:42:442 S
_ Specify the model within the file: TreeNet® Classification: Machine_fa... = . B
MingModelt 17:55:592 |
Model Type: TreeNet® Classification S
& Motors o733z | LIl
Sy
Sami_Conso, Close |mP‘“0Ft 13:33:06Z S
o MingMaintenan...  CARI® Ciassimicaton M vepioyea zuzs=ur-us 00:27:49Z TR
D S B  sami Knock_Test2  Multiple Regression M Deployed O scvere 2023-06-26 16:44:15Z Z
L B sami_Knock_Test Multiple Regression M Deployed ©Q scvere 2023-05-29 15:06:21Z -©2024 Mm'ta.b LLC
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The Model Is Avalilable

@ Minitab Model Ops®

(o Model Library

b s Import a model ¥ Refresh Total models: 35 (14 deployed, 0 failed)
Model Name Model Type Status Drift 4 Created )
+ ......
PredictivMaint... TreeNet® Classification Ready 2023-08-09 18:34:15Z N B L
Predictive Maintenance +
ACD RR_test_Au... Discover Best Model (Cont & Deployed 2023-08-07 15:42:447 e
MingModelOps ~ Random Forests® Classific Ready 2023-07-27 17:55:59Z SRR
...... + EE
& Motors TreeNet® Classification N Deployed @ minimal 2023-07-07 10:17:33Z o
R e
N SRR IR REEE IR R L o
... The model is now available for deployment e B
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Step 2: Deploying a Model

@ Minitab Model Ops®

] Model Library

b o Import a model ¥ Refresh Total models: 35 (14 deployed, 0 failed)
Model Name Model Type Status Drift 1 Created T
Predictive Maint... TreeNet® Classification Ready 2023-08-09 18:34:15Z @ []
+ ......
S
ACD RR_test_Au...  Discover Best Model (Cont N\ Deployed 2023-08-07 15:42:44Z A
SRR
MingModelOps Random Forests® Classific Ready 2023-07-27 17:55:59Z S
A Motors TreeNet® Classification N Deployed & minimal 2023-07-07 10:17:33Z SEIREEEE
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The Model is Deployed

@ Minitab Model Ops®

r Model Library

* Import a model ¥ Refresh Total models: 35 (15 deployed, 0 failed)
Model Name Model Type Status Drift 1 Created o +
Predictive Maint... TreeNet® Classification N Deployed 2023-08-09 18:34:15Z _
SESEE USRS
ACD RR_test_Au...  Discover Best Model (Cont M\  Deployed 2023-08-07 15:42:44Z R
MingModelOps Random Forests® Classific Ready 2023-07-27 17:55:59Z S
A & Motors TreeNet® Classification N Deployed @ minimal 2023-07-07 10:17:33Z
L +o e +



¢  Predictive Maintenance

Overview Variables

API Keys

Create an API key for access to the
deployed model. Access to the
endpoint ends when the API key
expires or when an authorized user
revokes the APl key.

Create API Key

Active

—a-
—a—

No keys exist.

Drift Stability Settings

Sample Code

Audit Log

Integration

Generate the code required for prediction and stability requests. You can generate the code

format for a single row, multiple rows, or an entire file of data. Copy this code and use your API

key and data to send to endpoints.

® Prediction O Stability Data

ObservationID UniquelD_001

Timestamp 2023-08-09 18:43

Single row

Method  cURL POST bd

curl -s -X POST -H "ApiKey: API_KE
'https://modelops.minitab.com/ap
'‘Content-Type: application/json’ --
'{"ObservationID":["UniquelD_001"
['2023-08-09 18:43:16Z"],"Air temj
[1.23],"p_temp™:[1.23],"Rotate_spes
[1.23],"Torque™[1.23]}'
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Creating APl Key

@ Minitab Model Ops®

Overview
—
Create APl Key
Or AP1 Keys Enter a key name and expiration date for your API key.
@] Create an API kej te the code

deployed model.
endpoint ends wi
expires or when ¢

A

Before you distribute this API key, make sure you are authorized by your
organization to publicly share the model data. Anyone with this API key has

d use your API

revokes the API k access to send prediction and stability requests for a model without additional el

authentication. Minitab disclaims all liability for model data that are publicly e

AN : SR s URL POST v |

shared in violation of your organization’s policies and procedures.

Create API o

SRR SRS

Key name: | Mikhail_Key_1 POST -H "ApiKey: API_KE L

-— . G g

== | Active 1odelops.minitab.com/ap o

4 Type: application/json’ -- A

Expires: 09/08/2023 ationID":["UniquelD_001" L

No keys exist. 3-09 18:43:16Z"],"Air temj L

REEE temp":[1.23],"Rotate_spes L
o rque™[1.23]} T T
B Cance RHREE
R p_temp 123 b 102024 Minidh, LLC
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Saving API Key

@ Minitab Model Ops®

- Overview
Or API Keys
@l Create an API key

deployed model.
endpoint ends w|
expires or when ¢
revokes the API k

Create API K|

— 1

= Active
Mikh...

o mgolovnya.. Expil

Copy API Key

Copy the key now. For data security we do not store keys and you will not be able to
view or copy it later.

API Key

eyJhbGciOiJSUzITNilsInR5cCl61kpXVCI9.eylzdWJzY3)pcHRpb25JZCI6imQwMGFZTdmNmQyN
zQ4ANmMY5MGI2NzZQwM2M2NmYO0OGVjliwidGIrZWS5JZCI6ImFiYWIOOWRKLTY4ANjMtNDISMS1i
ZWETLTFiYPJmZmI1NjY4MylsimlhdCI6MTY5MTYwNjYyMywibmJmljoxNjkxNjA2NjizLCJleHAIOj
E20TQxMzExOTksImF1ZCl16Im 1vZGVsZXIiLCIpc3MiOiJtb2RIbGVyliwic3ViljoiYXBpliwianRpljoiZ
GJhMGJiOTgtMThjOSO000GE4LWI2MDctZmFhYmVjMWESNGI3In0.2P-
acDA6_8HbTnwDhOXxNK_mdFq1IBxu6b1BR8GjB7Hf4G6k 14WEC2Zj4aV2MEmqwmIif5LeBZCL8
NonGiJUW42cx8toGK82P0OVY1YpsqghN8fOTo2Bg)xZm1BdTB_QI8RR54xS1DuTLGI9xbz)-
bXeZbKgzaKew9zJv7PQYcgFil-TvXLiKwOFAwdUwoxTpFWFvAQ1dxJVpD3ed_DDr5P-
X8ZTil980bXu4UBAPXpYu963KZ6NOdzuKlawtYdMJIgbVS_c6ARRTX7Ywtu56S0BJIT304)Jpomg

D7wk4LXSzZNA

te the code
d use your API

{URL POST o

POST -H "ApiKey: API_KE
10delops.minitab.com/ap
Type: application/json’ --
ationID":["UniquelD_001"
3-09 18:43:16Z"],"Air tem
temp":[1.23],"Rotate_spes
rque™[1.23]}'
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The Model is Active!

@ Minitab Model Ops®

Overview Variables Drift Stability Settings Audit Log Integration

Or API Keys Sample Code
% Create an API key for access to the Generate the code required for prediction and stability requests. You can generate the code
deployed model. Access to the format for a single row, multiple rows, or an entire file of data. Copy this code and use your API
endpoint ends when the API key key and data to send to endpoints. EERREE
expires or when an authorized user o
revokes the API key. R R
® Prediction QO Stability Data  Single row v  Method cURLPOST v S
Create API Key L
SEREE SRR
, , curl -s -X POST -H "ApiKey: API_KE EEEEE
== Active ~ g ean UniquelD 007 'https://modelops.minitab.com/ap EEEEEEEE.
‘Content-Type: application/json’ -- S
T ady 2023-08-09 18:43 '{"ObservationID":["UniquelD_001" S
, e SETa ['2023-08-09 18:43:16Z"],"Air tem)| R
S Mikh... @& a%i... A [1.23],"p_temp™:[1.23],"Rotate_spes o
S mgolovnya...  Expires; 20.. [1.23],"Torque™[1.23]} Cpl iyt
S e, T T T
L Air temp 123 [ e

............. p_temp 1.23 - 10 2024 anlta’b, LLC - -
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Scoring a Record Manually

@ Minitab Model Ops®

Create APl Key

Active

—s-
-8

Mikh...

mgolovnya..  Expires: 20..

® acti...

Timestamp

Air temp
p_temp
Rotate_speed

Torque

Submit Request

2023-08-09 18:5€

300

307

2000

40

curl -s -X POST -H "ApiKey: API_KE
‘https://modelops.minitab.com/ap
‘Content-Type: application/json’ --
'{"ObservationID":["UniquelD_001"
['2023-08-09 18:56:46Z"],"Air tem)
[300],"p_temp™:[307],"Rotate_spee:
[2000],"Torque™:[40]}'
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Scoring a Record Manually

@ Minitab Model Ops®

‘ acti... i . p_temp[5U/], "Rotlate_spee:
mgolovnya..  Expires: 20.., [2000],"T0rque":[40]}'
E p_temp 307
Or
Rotate_speed 2000
Torque o
" SRR
SEREEIREEE
Submit Request S
Status: 200 R
S Response JSON
R R S
Lot {"responseCode":["SUCCESS"],"ObservationID"["UniquelD_001"],"Timestamp":["2023-08-09 R
B 18:56:46"]."predictions":[0],"probabilities”:{"0":[0.9897801812009583],"1": S
R - - 19 2024 Minitab, LLC - -

10.010219818799041713]>
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Scoring a Different Record

@ Minitab Model Ops®

® acti... . p_temp . , ROtate_spee
mgolovnya.. Expires: 20... [2000],"T0rque":[65]}‘
E p_temp 307
Or
Rotate_speed 2000
Torque
EEL SRR
RESELINRES
Submit Request
SESERNLIRSEES
Status: 200 L
Response JSON g
{"responseCode":["SUCCESS"],"ObservationID":[*UniquelD_001"],"Timestamp™:["2023-08-09
18:56:46"],"predictions™[1],"probabilities”:{"0":[0.0819217745179579] IR I © 49 2024 Minitab, LLC - -
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Survey 3

» You need to score your data from

= Python o
R
= Minitab Connect SRR
+ Other S
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Universal Scoring Summary

» Reference a model repo @
 https://modelops.minitab.com/api/score / -
» Reference a deployed model
* Unique API Key D o
» Post a data record D E i
. . A
* Recelve the predicted response PC Smartphone laptop


https://modelops.minitab.com/api/score

Minitab B

Scoring a Record from Python

: Jupyter DeployModel Last Checkpoint: a minute ago (unsaved changes) ﬁ Logout
File Edit View Insert Cell Kernel Widgets Help Trusted ¢ | Python 3 (ipykernel) O
+ & Q] 5 »*» ¥ PRun B C MW Code v

In [8]: fimport requests
key secret = “ethchiOiJSUleNiIsInRScCIGIkpXVCJQ.eszdeZYBJchpr25JZCI6ImeMGFiZTdmNnQyNzQaNmYSMGIﬂ
headers = {"ApiKey": key secret, "Content-Type": "application/json"}
payload = {

‘Air temp': ['300'],

‘p_temp: ['307°],

'Rotate_speed': ['2000'],

"Torque': ['40']}
url = "https://modelops.minitab.com/api/score”

print 'Responée Code: ,'r.staths_co;e
print('Response Content:\n', r.text)

.......................................................... T b bbb 4 2024 Minitab, LLC -
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Scoring a Record from Python

In [9]: import requests
key secret = "eyJlhbGci0iJSUzIINiISINRS5cCI6IkpXVCI9.eylzdWlzY3IpcHRpb25IZCI6IMQWMGF1ZTdmNmQyNzQANmYSMGIZ
headers = {"ApiKey": key secret, "Content-Type": "application/json"}
payload = {

"Air temp': ['300'],

'p_temp': ['307'],

'Rotate speed’': ['2000'],

‘Torque': {C407)}
url = "https://modelops.minitab.com/api/score”
r = requests.post(url, json=payload, headers=headers)
print('Response Code:', r.status code)
print('Response Content:\n', r.text)

B

Response Code: 200
Response Content:
{"responseCepde": ["SUCCESS"],
{"0":[0.98978

i ¢ 3-08-09 19:33
01812009583] <1":[0.010219818799041713}} } ‘
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Scoring a Different Record from Python

In [10]: import requests
key secret = "eyJhbGci0iJSUzIINiISINRS5cCI6IkpXVCI9.eylzdWIzY3IpcHRpb25IZCI6ImMQWMGF1ZTdmNmQyNzQANmMYSMGIZ
headers = {"ApiKey": key secret, "Content-Type": "application/json"}
payload = {

"Air temp': ['300'],
'p_temp': ['307'],
'Rotate_speed’': ['2000'],

‘Torque':
url = "https://modelops.minitab.com/api/score”

r = requests.post(url, json=payload, headers=headers)
print('Response Code:', r.status_code)
print('Response Content:\n', r.text)

‘ ¥

Response Code: 200
Response Content:

{"responseCode": ["SUCCESS"], "Timestamp":["2023-08-09 R
{"0":[0.0819217745179579] LA":[0.91807822548204211})
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Scoring a Dataset from Python

In [ ]: # Sending a batch of rows for scoring / drift

import pandas
import json
import requests

# Read/prep the original data
m_data = pandas.read csv("predictive maintenance2 subsetl.csv™)
headers = list(["ObservationID","Air temp","p temp","Rotate speed”,"Torque","

Machine failure"])
[ m data = m_data[m data.columns.intersection(headers)] ]

# Format the reguest in Python

[ key secret = “ey]thciDi]SUleNiISInRSECIEIkprC]g.ey]zdezY3]chpr25]ECIEImeMGFiZTdmNmQyNszMmYSHGIENzQwMZMENmYBDGVjIiwidGQrzq
scoreHeader = { AplKey : key secret, Content-Type : application/json |

test=m data.to dict(orient="1list")

# Send the batch for scoring to Model Ops
scoringURL = "https://modelops.minitab.com/api/score”

# Extract the results of scoring
dataFromModelOps = json.loads(post scores.content.decode("utf-8"))
predictionsFromModelOps = dataFromModelOps|[ 'predictions'] #raw scored vaLueﬂ
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Conclusion

= TreeNet can be used to suggest classical formula-
based deployments of ML models

= MSS Model Ops offers powerful enterprise-level
solution for model deployment and monitoring

= Once deployed in Model Ops, the model can be
accessed for scoring in a variety of ways

= \Web access
= Python access
= MSS Connect access

= But what about model monitoring?




© 2024 Minitab, LLC
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Upcoming In-Person Events

« Columbus, OH — August 15%

Dates and Location in the US O\ -
« Rosemont, IL — June 18t X{
\

» Dallas, TX — September 10t /“
+ Anaheim, CA — October 10th L O\,
Minitab 5

EXCHANGE -
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You have data. We have solutions. Imagine the possibilities.

At Minitab, we help customers around the world leverage the power of data analysis to gain insights and make
a significant impact on their organizations. By unlocking the value of data, Minitab enables organizations to

improve performance, develop life changing innovations and meet their commitments of delivering high quality
products and services and outstanding customer satisfaction.

Minitab Connect I Minitab’ SPM" [Z] Minitab Model Ops’

« Minitab Workspace’ Minitab Engage’ Education Hub~  [Z] Real-Time SPC"

40
© 2024 Minitab, LLC



Gracias
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