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Let’s talk about elephant in the room




SQL Transformation Timeline

Aug 2025

Slides polished and ready
for November



SQL Transformation Timeline

Sept 2025
Aug 2025 Acquisifion
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Slides polished and ready Fivetran acquires Tobiko.
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SQL Transformation Timeline

Sept 2025
Aug 2025 Acquisifion Oct 2025 Merger
O O O
Slides polished and ready Fivetran acquires Tobiko. Fivetran merges with dbt.

for November
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51.5-2B

Lineage market size

The growing demand for data lineage solutions reflects the increasing
complexity of data ecosystems, with businesses recognizing the need for
improved visibility and accountability in data management.
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https://reprint.forrester.com/reports/the-forrester-wavetm-enterprise-data-catalogs-q3-2024-4c3ecef8/index.html
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SQLGlot Deep Dive



SQLGlot Deep Dive

SQL parser, transpiler, optimizer &
engine

/ero dependencies

Supports 24+ dialects




SQLGlot Deep Dive

SQL parser, transpiler, optimizer & Comprehensive SQL parsing with
engine robust testing

/ero dependencies Syntactically & semantically

correct output
Supports 24+ dialects

High performance despite pure
Viiglelp

Formart & translate SQL effortlessly




SQLGlot Parser and AST



ASTract Syntax
Tree (AST)

Understanding SQLGIlot's Albstract Syntax
Tree

The Abstract Syntax Tree (AST) visually represents SQL
queries, showcasing the structure and relationships
within the code, enabling easier parsing, optimization,
and transformation for various SQL engines.




Abstract Syntax Tree (AST)
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Abstract Syntax Tree (AST)

SELECT SELECT first_name, Llast_name FROM users WHERE city

FROM WHERE

last name ginaryop:

'"Mew York'




Abstract Syntax Tree (AST)

Select|
expressions=|
Column(
this=Identifier(this=first _name, quoted=False)),
Column(
this=Identifier(this=last name, quoted=False))],
from=Fromi
this=Table(
this=Identifier(this=users, quoted=False)))
re=Where|
EQ
this=Column(

this=Identifier(this=city, quoted=False)),

expression=Literal(this="'New York', is_string=True))))




Why ASTs Are Important



Transpilation



input dialect
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output dialect

Source
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https://tobikodata.com/transpiling_sql1.html
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SQLMesh Capabllities



SQLMesh State
Database



It has a DB for state




IT has a DB

incremental

||-.r|1..|'|[

or stare

t= sglmesh

- §E] Tables 7
5] _auto_restatements -1 rows, 16KB

I _environment_statements -1 rows, 16KB

I _environments -1 rows, 16KB
i _intervals -1 rows, 32KB

il _plan_dags -1 rows, 24KB
iT] _snapshots -1 rows, 24KB

i _versions -1rows, 16KB




It has a DB for state

Ol Laractly

Lagirig ey

L marts__dev
L marts  dev.

L. marts  dev =

Breaking Change

@

~ Non-Breaking Change

Fa®

0O Forward-Cnly Change

8@ =2,7 +2,13 g@

nase jaffle shop.staging.stg orders,
gtart "2006-@9-01°,

dialect postgres,

kingd INCREMENTAL EY TIME
fime SoluSs oroered &5k T ==l
partition by time column TRUE
forsard only FALSE
disalleée restateaseEnt FALSE.
on destructive change

*ERROR*




It has a DB for state

geenti to dallars(order total) AS order tatal,
CALT lordered at AS DATE) A% ordered at
FEOM jaffle_shop.raw. ras_orders

hlpditeed Indurecily




dbt vs SQLMesh Models



Model Definition

id as customer_id,
name as customer_name
from {{ source('ecom', 'raw_customers') }}

[ ()



SQLMesh

MODEL
jaffle_shop.staging.stg_customers,
kKind FULL,

Cron

columns |(
customer_id STRING COMMENT °1
customer name STRING COMMENT 'Customer

1d AS customer_id,

customer_name

jaffle_shop.raw.raw_customers

[ ()



lesting Approaches
Comparison






SQLMesh! et

not_null{columns := (customer_id)),
unique values{columns := (customer_id)]),

forall(criteria := (
ABS(Lifetime_spend_pretax + lifetime_tax_paid - lifetime_spend) = 8.81
1),

accepted_values(column := customer_type, is_imn := ('new', 'returning"}),

(
'returning' AND count_lifetime_orders > 1) OR

forallicriteria :
{customer_type
{customer_type
b:ll

‘new' AND count_lifetime_orders == 1)

forall(criteria := (
(first_ordered_at IS NULL) OR (last _ordered_at IS NULL) OR (first_ordered_at <= last_ordered_at])
Lt Found 18 audit(s).
. . not_null on model jaffle_shop.marts.customers &
foralficraterda = 1 unique_values on model jaffle_shop.marts.customers ?
lifetime_spend_pretax »>= @
), forall on model jaffle_shop.marts.customers & .
ek accepted_values on model jaffle_shop.marts.customers §°
ifetime tax _paid >= ¢ =
yy | emetapetd == € forall on model jaffle_shop.marts.customers
forall(criteria := forall on model jaffle_shop.marts.customers
e RS forall on model jaffle_shop.marts.customers
‘ forall on mogel jaffle_shop.marts.customers
- - Torall on mogel jaffle_shop.marts.customers
forall{criteria := ( u
(is_repeat_buyer = TRUE AD count_lifetime orders » 1) or  1@rall on mogel jaffle_shop.marts.customers
(is_repeat_buyer FALSE AND count_lifetime_orders <= 1)

L Finished with @ audit errors and @ audits skipped.
Done.




Breaking Changes
Comparison



Differences from the "prod’ environment:

Differences g

14,6 +14,62
lifetime_tax_paid DOUBLE PRECISION,
lifetime_spend DOUBLE PRECISION,
customer_type TEXT
)
audits |
NOT _NULL('columns'
customer_id
)Y,
UNIQUE VALUES('columns'
customer id
)Y,
FORALL (
'criteria’ (
ABS(lifetime spend pretax + lifetime tax_paid - lifetime_spend)
)
) s
ACCEPTED VALUES('column' customer_type, 'is_in' ('new', 'returning')),
FORALL (
'‘criteria’ = |

(

customer_type = 'returning' AND count_lifetime orders

)
OR (
customer_type = 'new' AND count_lifetime_orders

[ ()



Breaking Changes

Models:

Directly Modified:
I

Indirectly Modified:
l — marts.customers

SELECT
id AS customer_id,
name AS customer name
id AS customer id
FROM jaffle_shop.raw.raw_customers

Directly Modified: staging.stg_customers (Breaking)
L Indirectly Modified Children:

L — marts.customers (Indirect Breaking)
Models needing backfill:

marts.customers: [full refresh]

staging.stg_customers: [full refresh]
Apply - Backfill Tables [y/nl: |}

*Bonus: suggests fo backfill as well

[ ()



Breaking Changes

Directly Modified: staging.stg customers (Breaking)
Indirect Ly Modified Children:
L— marts.customers (Indirect Breaking)

Models needing backfill:
— marts.customers: [full refresh)

— staging.stg_customers: [full refresh]
Apply = Backfill Tables [y/n]: ¥

UndefinedColumn:
Co Lumn does not exist
LINE 1: ...tomer id™, ) SELECT

HINT: Thare 15 A columh rmased

« P:D0:00

"Customer ...

; but 1t cannot be réeferénced from this part of the gQuUery.

[ ()



Detection Methods
Comparison

Manual vs. Automatic Processes

dbt Manual Detfection SQLMesh Automatic Detection
Manual detection in dbt involves SQLMesh streamlines the detection
extensive code review, which can process by offering automatic

be time-consuming and prone to identification of breaking changes,
human error, leading to delays in which accelerates development
identifying breaking changes during cycles and enhances overall

the development process. reliability in managing SQL

transformation projects.

Efficiency of Processes

The shift fromm manual to automatic
detection not only improves
efficiency but also fosters a more
collaborative environment, allowing
teams to focus on innovation rather
than burdening themselves with
manual checks.



Pnysical vs. Virruadl Versioning




] Tables 15

Data Versioning

Physical layer

sqlmesh__marts

iH marts__customers__3005130245__dev -1 rows, 8KB

15 marts__customers___636861326 -1 rows, BKB, Customer overview data mart, offering key details for each unique cust...

5 marts__locations__1131120513 -1 rows, 16KE, Location dimension table. The grain of the table is one row per location

i5H marts__locations__1131120513__dev -1rows, 8KB

i marts__order_items__4201012444 91K rows, 16MB, Items contained in each order. The grain of the table is one row p...

5 marts__order_items__4219241195 91K rows, 16MB, Items contained in each order. The grain of the table is one row p...

5 marts__order_items__4219241195__dev -1 rows, BKE

150 marts__orders___ 2407527982 62K rows, 13MB, Order overview data mart, offering key details for each order including...

15 marts__orders__3596175331 62K rows, 13MB, Order overview data mart, offering key details for each order including ...

B5H marts__orders__3596175331__dev -1rows, 8KB

5l marts__products__2640858307 -1 rows, 16KB, Product dimension table. The grain of the table is one row per pr

i marts__products__ 2640958307 __dev -1 rows, BKB

5 marts__supplies_ 3295864632 65 rows, 16KB, Supplies dimension table. The grain of the table is one row per supply...

H marts__supplies__3295864632__dev -1 rows, 8KE

_|_

15 marts__customers___3005130245 935 rows, 168KB, Customer overview data mart, offering key details for each unigu...

g (e



Data Versioning
Virtual layer

| customers Customer overview data mart, offering key details for each unique customer. One row per customer
| locations Location dimension table. The grain of the table is one row per location

' order_items Items contained in each order. The grain of the table is one row per order item

orders Order overview data mart, offering key details for each order including if it is a customer's first order and

' products Product dimension table. The grain of the table is one row per product

' supplies Supplies dimension table. The grain of the table is one row per supply and product combination

*Bonus adds metadata to DB if possible

a Famed i
el I-.'-.".- Waas

g (e



Data Versioning

Virtual layer

OR REPLACE VIEW marts.customers
SELECT marts__customers__3005130245.customer_id,
customer_name,
count lifetime orders,
is_repeat_buyer,
first _ordered_at,

marts__customers__3005130245.
marts___customers_ 3005130245,
marts___customers_ 3005130245.
marts___customers__ 3005130.245.
marts_ customers_ 3005130245.

marts__ customers_ 3005130245

marts__ _customers_ 3005130245

last _ordered at,

. Lifetime_spend_pretax,
marts__ customers_ 3005130245.
marts__ _customers_ 3005130245.

lifetime_tax_paid,
lifetime_spend,

.customer_type

FROM sglmesh__marts.marts__customers__3005130245;

g (e



LIneage Approaches



LIneage Approaches:
Just Buy a Tool that fits
yOur need



LIneage Approaches:
dpt Native



Just Use dbot
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https://www.getdbt.com/blog/guide-to-data-lineage

..out
WHERE NON-SQL SOURCES?

e

S

:



...messy Ul



https://www.getdbt.com/blog/guide-to-data-lineage

..extra features = extra money

Column
level lineage
In dbt core

Column-level
lineage in dbt

cloud ($$9%)
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LIneage Approaches:
Airflow Openlineage
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Airflow executes a set of DAGs The openlineage-airflow Python Metadata is stored in an
that operate on various data module automatically captures OpenlLineage-compatible
sources (e.g., Showflake, metadata and calls the repository like Marquez, where it

Redshift, Bigquery, PostgreSQL) OpenlLineage Collection API can be analyzed



..out

- Not all operators have Openlineage integrations

« Custom Operators require manual OL implementation
« SQL Parsing doesn’t work well on custom cases

« Column level lineage is not ready yet

- Dynamic Tasks + SQL



LIneage Approaches:
Dagster
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« Relatfively small community
. Requires mindset shift

. ANd...

..out



..extra features = extra money

~ Column
L level lineage
In dagster

Column-level
lineage
In dagster

cloud ($$9%)
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Let’s start si\e



from sqlglot import parse_one
sql = """
CREATE TABLE mart.customer_orders AS
SELECT
C.customer_name,
c.email,
o.order_id,
o.order_date,
o.amount,
o.price,
o.amount = o.price AS total_price
FROM staging.orders o
JOIN dim.customers ¢ ON o.customer_id = c.customer_id"""

parse_onel(sql)

g (e



Createl
this=Table(
this=Identifier{this=customer_orders, quoted=False),
db=Identifier(this=mart, quoted=False)),
kind=TABLE,
expression=Select(
expressions=|
Column
this=Identifier(this=customer_name, quoted=False),
table=Identifier(this=c, quoted=False))},
Column(
this=Identifier(this=email, quoted=False),
table=Identifier(this=c, quoted=False)),
Column
this=Identifier(this=order_id, quoted=False),
table=Identifier(this=0, quoted=False)),
Column(
this=Identifier(this=order_date, quoted=False),
table=Identifier(this=o0, quoted=False)],
Column(
this=Identifier(this=amount, quoted=False),
table=Identifier(this=o0, quoted=False)),
Column(
this=Identifier(this=price, quoted=False),
table=Identifier(this=o0, quoted=False))},
Alias(
this=Mull(
this=Column(
this=Identifier(this=amount, gquoted=False),
table=Identifier(this=o0, quoted=False)),
expression=Column(
this=Identifier(this=price, quoted=False),
table=Identifier(this=o0, quoted=False))),
alias=Identifier(this=total_price, quoted=False))],
from=F rom(
this=Tablel
this=Identifier(this=orders, quoted=False),
db=Identifier(this=staging, quoted=False),
alias=TableAlias(
this=Identifier(this=o0, quoted=False}))),
joins=[
Join(
this=Table(
this=Identifier(this=customers, quoted=False},
db=Identifier(this=dim, quoted=False],
alias=TableAlias(
this=Identifier(this=c, quoted=False))),
on=EQ(
this=Column(
this=Identifier(this=customer_id, quoted=False),
table=Identifier(this=o0, gquoted=False)),
expression=Column(
this=Identifier(this=customer_id, quoted=False),
table=Identifier(this=c, quoted=False))))]))



Let’s Increase complexity a bif



sql_queries = {
"staging": i
CREATE TABLE staging.orders AS
SELECT order_id, customer_id, order_date, amount, price
FROM raw data.orders

aw
!

llma r-.tll : LLRLRL]
CREATE TABLE mart.customer orders AS
SELECT
c.customer_name,
.email,
.order _id,
.order_date,
. amount,
.price,
.amount #* o.price AS total_price
FROM staging.orders o
JOIN dim.customers ¢ ON o.customer id = c.customer id

=T = T = T = R = T



b

Analyzing staging query:
Source tables: {'raw_data.orders'}
Target tables: {'staging.orders'}

Column lineage:

order_id <- ['order_id']
customer_id <- ['customer_id']
order_date <- ['order_date']
amount <— ['amount']

price <— ['price']

Analyzing mart query:
Source tables: {'dim.customers AS c', 'staging.orders AS o'}
Target tables: {'mart.customer_orders'}

Column lineage:

customer_name <— ['c.customer_name']
email <- ['c.email']

order_id <- ['o.order_id"']

order_date <- ['o.order_date']

amount <- ['o.amount']

price <- ['o.price']

total_price =— ['o.amount', 'o.price'l

g (e



more...



sql_queries = {
"staging":
CREATE TABLE staging.enriched_orders AS
WITH daily_rates AS (
SELECT date, currency, exchange_rate
FROM raw_data.exchange_rates
WHERE currency = 'UsSD’

)
order_metrics AS (
=SELECT
o.order_id,
o.customer_id,
o.order_date,
o.amount * COALESCE(r.exchange_rate, 1.8) as usd_amount,
COUNT (%) OVER (PARTITION BY o.customer_id) as customer_order_count
FROM raw_data.orders o
LEFT JOIN daily_rates r ON o.order_date = r.date
)
SELECT
Om. %,
c.customer_segment,
C.country,
CASE
WHEN usd_amount = 1008 AND customer_order_count = 5 THEN 'VIP'
WHEN usd_amount = 50@ THEN ‘Premium'
ELSE 'Standard’
EMD as customer_tier
FROM order_metrics om
JOIN dim.customers ¢ ON om.customer_id = c.customer_id

“mart": "
CREATE TABLE mart.customer_analytics AS
SELECT
c.customer_segment,
c.country,
DATE_TRUNC( 'month', o.order_date) as month,
COUNT (DISTINCT o.customer_id) as unique_customers,
COUNT(*) as total_orders,
SUM(o.usd_amount) as total_revenue,
AVG(CASE WHEN o.customer_tier = 'VIP' THEM o.usd_amount ELSE @ END) as avg_wvip_order_wvalue
FROM staging.enriched_orders o
JOIN dim.customers ¢ ON o.customer_id = c.customer_id
GROUP BY 1, 2, 3
HAVING COUNT (%) > 1@



Analyzing staging query:

Source tables: {'raw_data.orders AS o', 'order_metrics AS om', 'dim.customers AS ¢', 'raw_data.exchange_rates', 'daily_rates AS r'}
Target tables: {'staging.enriched_orders'})

Column lineage:

Table: staging.enriched_orders

Target column: =
Source columns: [{‘om', "='}]

Target column: customer_segment
Source columns: [('c', "customer_segment')])

Target column: country
Source columns: [(‘c', 'country')]

Target column: customer_tier
Source columns: [(Mone, ‘usd_amount'), (None, 'usd_amount'), (None, ‘customer_order_count'))

Analyzing mart query:

Source tables: {'staging.enriched_orders AS o', ‘dim.customers AS c'}
Target tables: {'mart.customer_analytics')

Column lineage:

Table: mart.customer_analytics

Target column: customeér_segmént
Source columns: [('c*, ‘customer_segment'))

Target column: country
Source columns: [(‘'c', "country®)]

Target column: month
Source columns: [('o‘, ‘order_date'))

Target column: unique_customers
Source columns: [(‘e", “customer_id'))

Target column: total_orders
Source columns: [

Target column: total_revenue
Source columns: [('o', 'usd_amount'))

Target column: avg_vip_order_value
Source columns: [(‘o', ‘usd_amount'), ('o', 'customer_tier')]






sql_queries = {
"“staging": """
CREATE TABLE staging.enriched_orders AS
WITH daily_rates AS (
SELECT date, currency, exchange_rate
FROM raw_data.exchange_rates
WHERE currency = 'USD’
),
order_metrics AS
SELECT
o.order_id,
o.customer_id,
o.order_date,
o.amount * COALESCE(r.exchange_rate, 1.0) as usd_amount,
COUNT(%) OVER (PARTITION BY o.customer_id) as customer_order_count
FROM raw_data.orders o
LEFT JOIN daily_rates r ON o.order_date = r.date
)
SELECT
om, *,
c.customer_segment,
c.country,
CASE
WHEN usd_amount > 18@@ AND customer_order_count > 5 THEN 'VIP'
WHEN usd_amount > 58@ THEN 'Premium'
ELSE 'Standard’
END as customer tier
FROM order_metrics om
JOIN dim.customers ¢ ON om.customer_id = c.customer_id

LLELRT]
[

"I'I'IEI'T.": LLELRE]
CREATE TABLE mart.customer_analytics AS
SELECT
c.Ccustomer_segment,
c.country,
DATE_TRUNC( ‘month', o.order_date) as month,
COUNT(DISTINCT o.customer_id) as unique_customers,
COUNT (%) as total_orders,
SUM{o.usd_amount) as total_revenue,
AVG(CASE WHEN o.customer_tier = 'VIP' THEN o.usd_amount ELSE @ END) as avg_vip_order_value
FROM staging.enriched_orders o
JOIN dim.customers ¢ ON o.customer_id = c.customer_id
GROUP BY 1, 2, 3
HAVING COUNT (%) > 1@



Analyring staging guery:

Lource tables: {"Sdin™.“customers™ &S “c¥°, "Sraw_data®.“exchange_rates” AS "exchange_rates™', "Yorder_petrics® AS “oa™",; "Yrow_data®.%orders® A% "o, "Sdally_rates™ A5 “r=°}
Target tables: {*“staging™.“enriched_orders™'}

Column Lineage:

Table: “staging™.“enriched_orders™

Target column: order_id
Source columas: (("oa’, “order_id"}]

Target column: Customer_id
Source colummi: (("oa*, “customer_id')]

Target column: order_date
Source columng: [("om°, “order_date®)]

Target colusn: uid_asdunt
Source columas: ((*oa°, “usd_amdunt®])

Target columa: Custtomer_order_count
Source columag: ((*oa®; “cultomer_order_coumt®]]

Target columm: Cuttomer_segment
Source colummi: [(°c®, ‘customer_segeent'))

Target columni country
Source columns: [(°c", “country®)]

Target column: Customer tler
Source columas: (("oa’, “uvid_ssount®), (‘om°, ‘usd_ssgunt®), ("oa', "customer_order_couwnt'}]

Analyzing mart guery:

Source tables: {"“staping™.enriched_orders™ AS “o¥°, "“dim".“customsrs™ AS “c¢"')
Target tables: {"“mart™.“customer_analytics™')

Column | Lneage

Tabler “mart™.“custoner_analytics™

Target columa: Cultoner_segaent
Source columagy ((°c*, “customer_segment’ )]

Target column: country
Source colummi: ((°c*, “country®ll

Target columa: month
Source columns: (("0°, ‘order_date']]

Target columm: unigue_Customeri
Source colummi: ((*0", ‘“customer_id" )]

Target colusn: total_srders
Source colummi: ||

Target column: total_revenss
Sowrce columag: (("0°, ‘wid_amount"]]

Target columa: awg_vip_order_value
Source columns: [("o", ‘usd_asgunt'), ("6°, 'customer_tier')]



s

People who use SELECT *
IN production




O sgl = "SELECT orders.* FROM orders JOIN customers ON orders.customer_id = customers.id"
print(parse_one(sgl).sql{pretty=True))

SELECT
orders.*
FROM orders
JOIN customers
ON orders.customer_id = customers.id

[}]



I} schema = {"orders": {"id": "INT", "order_date": "DATE", "amount": "FLOAT", "price": "FLOAT", "customer_id": "int"},
“customers": {"id": "INT", "name": “varchar", "email": “varchar"},
"exchange_rates": {"date": "DATE", "currency": "STRING", "exchange_rate": "FLOAT"}}

expression = parse_one(sql)
ast = gualify(expression, schema=schema, expand_stars=True).sql(pretty=True)

print{ast)

SELECT
"orders"."id" AS “id",
“"orders"."order_date" AS "“order_date",
“"orders"."amount" AS "amount",
“"orders"."price" AS "price",
“"orders"."customer_id" AS “customer_id"

FROM “orders" AS "orders"

JOIN "customers" AS "“customers"
ON “orders"."customer_id" = “customers®."id"

[})




What if | use dbt?



Compile your files

RuN parsing over them



What's next?



Process Flow: Extract SQL — Parse — Push to Database — Add APl on top



Congratulations!
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