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How to accelerate machine
learning development with
BigQuery ML




BigQuery ML ¥t At

BigQuery ML operators for Vertex Al Managed Pipelines “*
BigQuery ML to Vertex Al Model Registry A

Multivariate time series forecasting VeV

Import custom vision models Preview

Advanced Feature Engineering functions Preview

Inference on Imported Models - TFLite & XGBoost Preview

Inference on Remote Models - Vertex Al & Cloud Functions Preview

Launching in Q4 2022 or early 2023.
Express interest in trialing at bit.ly/bgml-interest-form

Google Cloud


http://bit.ly/BQML-interest-form

BigQuery ML + Vertex Al Model Registry

1 1 Register and monitor your BigQuery ML models with Vertex Al Model Registry
2 ' Quick and easy model deployment to Vertex Al Endpoints
3 Use Vertex to compare and track eval metrics

4 | Explainable Al for models, including built-in XAl for your BigQuery ML models! ©oming in @4 2022
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et train data
’ g

BigqueryCreateModelJobOp getio inocomponents1.012
To train the forecasting model /'

BigQuery ML operators for g
Vertex Al Pipelines

@ trainarima plus model
Ny ger.io/...ine-components:1.0.12 ©
Y

BigqueryEvaluateModelJobOp
To evaluate the trained model

Jrm—
. evaluate arima plus time ... N valuate arima plus model
¥ oo inecomonensiors D NV o necompmensions @

20+ BigQuery ML operators that bring ’ i I
BigQuery ML to Vertex Al Pipelines.

@ plot evaluation metrics
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I \BigqueryForecastModelJobOp
I\ To generate forecasts




Google Cloud erwinh-demo-joo Q Search Products, resources, docs (/)

Workbench NEW NOTEBOOK (CREFRESH P START W STOP Y RESET 1 UPGRADE ® DELETE SILEARN
'] MANAGED NOTEBOOKS USER-MANAGED NOTEBOOKS EXECUTIONS SCHEDULES
HH
E Managed notebooks provide JupyterLab services and flexible computing resources

integrated with Google Cloud services. Learn more
e

Region -

% us-centrall (lowa) + ©

= Filter Enter property name or value () m
v o e Notebook name Owner Custom docker images Last modified
@ D [} next-bgml-vertex OPEN JUPYTERLAB Service account No custom images 9 Sept 2022, 11:06:56
A
L
()

o
4

a

Eic

Show debug panel



https://docs.google.com/file/d/1CwCjyxIXiM9XpNfSEW5eHC3pOwO-g8Z2/preview?resourcekey=0-SWEnJccHlFzG-xoFDCt_EA

Remote Models T HEsh

Run inference on models hosted on any of the these endpoints

i @

Vertex Al Cloud Functions

REMOTE WITH CONNECTION connection
OPTIONS (
ENDPOINT = 'https://project.cloudfunctions.net/FUNCTION_NAME'

);

Q CREATE OR REPLACE MODEL remote_model_name

Google Cloud
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ARIMA PLUS, BigQuery’s built-in large scale time series
forecasting model, now supports external regressors

Timestamp
Target Metric \Q‘A
Forecast Target
Feature 1 » ARIMAPLUS XREG ———» Metric
Feature 2 7
Feature 3

Google Cloud



Private preview
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Object Table [Z&K5ERT—2NDEH

Google Cloud e BQHuron +

g < Bucket details

- "
caspian_houses
fd Location Storageclass  Public access  Protection
us (multiple regions in United States)  Standard Not public None
&
OBJECTS CONFIGURATION PERMISSIONS PROTECTION LIFECYCLE
Buckets > caspian_houses I
UPLOAD FILES UPLOAD FOLDER CREATE FOLDER MANAGE HOLDS DOWNLOA
Filter by name prefix only ¥ = Filter Filter objects and folders
Name Size Type Created @
B 10_Downing_Stjpeg 143.4 KB image/jpeg Aug 4, 20.
B 1242_Rose_Stjpeg 196.2 KB image/jpeg Aug 4, 20.
B 1995_Ward_Ave.jpeg 63 KB image/jpeg Aug 4, 20.
B 1_Washington_Ave.jpeg 109.6 KB image/jpeg Aug 4, 20.
>
¥ B 2034_Cedar_St.jpeg 26.8 KB image/jpeg Aug 4, 20.
B 666_Newell_St.jpeg 170.8 KB image/jpeg Aug 4, 20.

0o0ooOooao

CREATE EXTERNAL TABLE dataset.houses
WITH CONNECTION us.demo_lake

. . . ' gs://caspian_houses/10_Downing_St. jpe: 1659659941032822 image/jpe
OPTIONS (uris=['gs://caspian_houses/*'], . cuspian_houses/’124Z_RDSe?StAj;egg 1659659941932150 mge/%ﬁes
object_metadata='DIRECTORY") ://caspian_houses/1995_Ward_Ave. jpeg 1659659942122696 ]
caspian_house Nashington_Ave. jpeg 1659659940828040
://caspian_houses/2034_Cedar_St. jpeg 1659659942231821
SELECT * FROM dataset.houses LIMIT 160 caspian_houses/666_Newell_St.jpeg 1659659941129893

caspian_houses/823_University_Ave.jpeg | 1659659941526406 | image/jpeg
caspian_houses/892_Fulton_Rd. jpeg 1659659941628295 | image/jpeg




BigQuery ML TERD4FHANIMILZHE

Import the imagenet model into BigQuery

CREATE MODEL dataset.imagefv

OPTIONS (model_type='TENSORFLOW',
color_space="'RGB"',
model_path="gs://imagenet/*")

Use ML.PREDICT to extract the latent representations of images

. aspian_houses/1 ing_St.jpeg . 866 .03352648764848
SELECT uri, -Featur‘e—vec FROM aspian_houses/823_University_Ave 47689 7 i . 8592596 .
. ML . PREDICT( g aspian_houses/892_Fulton_Rd. jpeg .6773165464401245 .6930949687"
‘ aspian_houses/666_Newell_St.jpeg 8 .2468279153108596 1.681239604
MODEL dataset. image-Fv, aspian_houses/2034_Cedar_St.jpeg "-1.0804210 3 .12350475788116:
aspian_houses/1242_Rose_St. jpeg «259 4 -0.5539816617 9
TABLE dataSEt . hOUSGS) g aspian_houses/1_Washington_Ave. jpeg A /6 037597

uses/1995_Ward_Ave.

Z
The results are then used to join the customer-house
\ click record data as the model training dataset
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9
| | (unstructured data)

Create an

Step 1 Object Table

Generate
Step 2 Q image
embeddings

Now you can combine
-4  SearchData structured and unstructured
data for model prediction

Image
Embeddings

Wide & Deep
Model for
Prediction Google Cloud

Step 3




Object Table Z e LEET—2IZT7V£X

uri content_type size
Va Va
(‘:BEATE OR REPLACE . EXTERI‘\IAL TABLE gs://as-bgml-launch-demo/images/ER010-aerialrearext.jpg image/jpeg 1940969
images.property-images

. . R gs://as-bgml-launch-demo/images/KD1111-rearext.jpg image/jpeg 1508587

WITH CONNECTION "us.property-images
OPTIONS( gs://as-bgml-launch-demo/images/ER011-aerialrearext.jpg image/jpeg 1949278
object metadata="DIRECTORY" gs://as-bgml-launch-demo/images/B800-rearext.jpg image/jpeg 338409

— B

uris=["gs://demo/images/*"] gs://as-bgml-launch-demo/images/b372-rearext.jpg image/jpeg 1841978
) K gs://as-bgml-launch-demo/images/J10975-aerial-2.jpg image/jpeg 1606464

Step 1: Create an

object table Google Cloud




TensorFlow EM{ZEEEBET ILZELY, EEEHANIKLIHE

CREATE OR REPLACE MODEL SELECT *
“pipeline.resnet_imagenet_embeddings_model® FROM ML.PREDICT (
OPTIONS( MODEL “pipeline.resnet_imagenet_embeddings_model”,

model type="TENSORFLOW", (SELECT * FROM “images.property-images")

color_space="RGB",

model path="gs://demo/resnet-embeddings/*")

img_name pcl pc2 pc3

Ve V2 Vz Vz
EC1-Bar.jpg 1.8493... 1.3984... 1.9969...
EC1-ext.jpg -18.16... -8.0527... 1.3630...
EC1-Bar2.jpg -1.382... -0.5212... -3.135...
EC1-Bar3.jpg 3.8091... -5.0284... 2.1694...
ecl1-pool.jpg -4.891... 7.1742... -5.182...

Step 2: Generate
image embeddings Google Cloud




Wide and Deep ETILDFH

image_embeddings search_data CREATE OR REPLACE MODEL pipeline.wide_and_deep
e el b2 b3 e | ercarens | losaion e ?PTIONS(MODEL_TYPE='DNN_LINEAR_COMBINED_CLASSIFIER
EC1-Bar.jpg 1.8493... 1.3984.. 1.9969... EC1-Barjpg Oceanfront Corolla NC ’
ECT-ext.jpg -18.16... -8.0527..  1.3630.. EC1-extjpg Oceanfront Corolla NC AUTO_CLASS_WEIGHTS =TRUE,
EC1-Bar2,pg 1382  0.5212.  -3.135. EC1-Barzipg Qgeantront Corolla NG ACTIVATION_FN = 'RELU",
EC1-Bar3.jpg 3.8091..  -5.0284..  2.1694.. Skl Oceantront Comla e BATCH_SIZE = 64,
ec1-pool.jpg Oceanfront Corolla NC
ec1-pool.jpg -4.891... 7.1742... -5.182... T DROPOUT = 0.1,
' EARLY_STOP = FALSE,
HIDDEN_UNITS = [128, 64,32,64,128],
INPUT_LABEL_COLS = ['clicked']
LEARN_RATE=0.00001,
img_name 4 distanceTo... 7 location 4 state/, pcl 4 pc2 4 pc3 MAX_ITERATIONS = 25'
EC1-Bar.jpg Oceanfront Corolla NC 1.84936261... 1.39845214... 1.99695636... OPTIMIZER = 'RMSPROP' '
EC1-ext.jpg Oceanfront Corolla NC -18.166918... -8.0527233.. 1.36307251... DATA_SPLIT_METHOD="CUSTOM" ‘
EC1-Bar2.jpg Oceanfront Corolla NC -1.3826520... -0.5212412... -3.1352281... DATA_SPLIT_COL = " split_col_bool " ,
EC1-Bar3.jpg Oceanfront Corolla NC 3.80916701... -5.0284545... 2.16948761... ENABLE_GLOBAL_EXPLAIN = TRUE
ec1-pool.jpg Oceanfront Corolla NC -4.8918667... 7.17424064... -5.1822880... )

. . . Select * from image_embeddings with_search
image__embeddings_with_search

Step 3: Wide & Deep

model for prediction Google Cloud




ML.predict TEEJALD V) v 3E%HFH|

SELECT

*
FROM

ML .PREDICT (MODEL
“bgml-demo.pipeline.wide_and_deep’,
(SELECT * FROM base));

name img_name avg_prob
Aqua Dream J10975-aerial-2.jpg 0.77494834...
Atlantis KD1111-rearext.jpg 0.78830668...
Creme de la Creme J20944-aerialrearext.jpg 0.69067030...
Heavens to Betsy ERO11-aerialrearext.jpg 0.82573245...
Mariner's Compass EROOQ8-aerialrearext.jpg 0.74198232...
SEAesta KD1301-rearext.jpg 0.69142866...
Salty Paws B800-rearext.jpg 0.70336384...
Sound to Sea Beach Club ec3-aerialrearext.jpg 0.78168062...
Step 3: Wide & Deep

model for prediction Google Cloud




Taking action on the data

HHEEZEMOHNDILE

~57% attribution credited to image data Water & natural environment top performers
principal_component_ 50% 05 Do this more! Keep it up!
. sei;FhPoEition ous condominium  Swimming pool Water
number_properties_shown : o
image_label 6,48 Baath
priceWeek ' ¢ Azure
location g 0.44 “.?;‘iﬁ‘égion Bas
max_price § . . Urban.design
. min_beds ‘:5 : Daytime
dlstanceT.oBea'ch § 54 | Shale Waadhitecture
min_price - . ¢
=
average_beds < 0.38
max_beds ' Low impact. Do this less.
. :sm:ed: 0.36 | Vegetation POICh [ﬂ{‘,}"e
neighborhoo .
average_price Stalurs
std_price 03445 20 40 60 80 100 200
stil el Frequency of Image Label

0 10 20 30 40 50 /
% of Feature Attribution



Taking action on the data /

Twiddy % ARTHEAZEH

The model prefers daytime shots over the nighttime shots selected by the editorial team
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Vertex Al
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Prediction - Custom prediction routines (GA)
TabNet on Vertex Al Tabular Workflows (Preview)
Feature Store - Streaming ingestion (Preview)
Model Registry (GA)

Model Evaluation (Preview)

Batch Prediction Monitoring (Preview)
Feature Store - Feature value monitoring (GA)

Matching Engine - Streaming update (Preview)



Feature Store
Streaming Ingestion (Preview)

Vertex Al Feature Store (L. #FE DSBS B,
RIF. BT LD —TibShi=URSK)AAESh
TL%,

CNFETIENYFURICEDFHHERYIAAHAD RSN T
LV©f=AhY, Streaming Ingestion [Z&>T Online Serving M
D7 ILEA LHEZEDHS,

=IR(CHRBEREZRIERICEHLNS Online Serving [
BEWT, BROT—A8MYRAD B EFT—2RYIME
EDEFELRAFTES .

Source: https://cloud.google.com/vertex-ai/docs/featurestore/ingesting-stream

Feature Store

Batch Ingestion

Streaming
Ingestion

Batch Serving

Online Serving

Google Cloud



Matching Engine
Streaming Update (Preview)

Vertex Al Matching Engine X, #ESRENESL AT Model Architecture
MEWLRIRLEERIE Ty F U GRS EIFER) —E
AzrRELTWS,

:*Li—célj:/ {‘ya—-MIE‘:J:é/rtjj_—\\‘ygx-?\yjoi—“_I\bﬂ\?l_.EE Query Tower Database Tower
HENTLV =AY, Streaming Update [Z&>T7 T 7—h
EVT)EHNEIZRITTED,

WELE-WTFATLNTAFIVIIZEL T HIRETIL,
Streaming Update [C&>THREIREZERST CL(CD%
M5,

Source:
https://cloud.google.com/vertex-ai/docs/matching-engine/update-rebuild-index#update_an_index_using_streaming_updates



Batch Prediction Monitoring (Preview)

Feature: petal_length

Vertex Al Model Monitoring I&. ET /LD /N4 —T 2 A&
I51=0. ETILDFAANT—HEE=2)TL, HEOR
Fa1—ERYTREEZRI)UT T HI-HDHEEE,

Prediction stats distribution

NETIIAUTA TR T HHEEE L TR SN TV =AY,
INYFFRITHLEZZ) T A[EIZEoT=,

fﬁﬁf{%d)x:‘?l—& N )2 I"&/ {‘ya‘_ /j—ya,{sj%;ﬂ“ D I_D.ﬁjj_ D+ Training stats distribution
A THRTEBIET, B=RULT ORIERAAELE:

Source: https://cloud.google.com/vertex-ai/docs/model-monitoring/model-monitoring-batch-predictions
Google Cloud



Model Evaluation (Preview)

Vertex Al Model Evaluation &, ###3E O sFMIEIE (&
R _BFREELGE)ZEHL. ETILERZABIZITSEO
nY—Ib,

HEOEMEEETIILOFERKICELHEIEZEE kL T
3. BALTF—2 Yyt AL IX AR NELIEN
2L\,

NFETEFLTEL-ETIVICHLT., EEEEIEIEORS
FRJE1—Sa ZHBL. ETIVEBREDERILTES .

Source: https://cloud.google.com/vertex-ai/docs/evaluation/introduction

& Compare evaluations

Evaluation MAE MAPE RMSE RMSLE R*2
Version 1 evaluation_v2 1.916 30,046,758 2.905 0.413 0.607
Version 2 evaluation_v2_model_v2 1.258 28,534,026 1.967 0.291 0.817

Feature importance

Model feature attribution tells you how much each feature impacted model training.
Attribution values are expressed as a percentage; the higher the percentage, the more
strongly that feature impacted model training. Model feature attribution is expressed
using the Sampled Shapely method. Learn more

Google Cloud



Demo

Model Evaluation

Google Cloud
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Thank you.

Google Cloud



