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Data Applications

graphs of computations
that consume and produce
data assets
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In fact, they could be three
components of a broader,
single data application



Data Applications

e Complex and heterogeneous

(personas, tools, teams, environments)
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It starts simple...

Then the toolset
grows...

Along with teams
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Data Applications

e Complex and heterogeneous

(personas, tools, teams, environments)



Data Applications

e Complex and heterogeneous

(personas, tools, teams, environments)



Everythingis hard
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Data Applications

Complex and heterogeneous
(personas, tools, teams, environments)
Hard to develop
Hard to test

Software engineering
Hard to deploy

Hard to operate



Data Orchestrator

Combines ideas from several software lineages:

e Workflow engines (Luigi, Airflow): focus on ops
e Dataflow programming: design principles

e ETL environments (Informatica): user focus

e DevOps: full dev cycle



Data Orchestrator

e View data apps as a graph of functional computations
(isolate external state)

e Nodes are computations, edges are data-aware
(connect data to computations)

e Computations produce stream of structured metadata

(platform for tooling)
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Platform



Dagster

e Programming model
> pip install dagster



@solid: afunctional
description="A solid that posts a message to Slack.", . . .
unit of computation in

config_schema={"channel": Field(str)},
required_resource_keys={"slack"}, the orchestration
) _ graph
def post_slack_message(context, text: str) — List[str]:
channel = context.solid_config["channel"]
slack = context.resources.slack
resp = slack.chat_postMessage(channel=channel, text=text)
yield AssetMaterialization(
description="A message posted to Slack.",
metadata_entries=[
EventMetadataEntry. json(
data=resp.data, label="slack_response"

1,

asset_key="slack.message",

)
yield Output(resp["ts"])



@so0lid: afunctional

def

description="A solid that posts a message to Slack.", . . .
config_schema={"channel": Field(str)}, unit of CompLItatlon it

required_resource_keys={"slack"}, the orchestration
. graph

post_slack_message(context, text: str) — List[str]:
channel = context.solid_config["channel"]
slack = context.resources.slack (Annotated Python
resp = slack.chat_postMessage(channel=channel, text=text) fLH1Ctk)n)
yield AssetMaterialization(

description="A message posted to Slack.",

metadata_entries=[

EventMetadataEntry. json(
data=resp.data, label="slack_response"

1,

asset_key="slack.message",

)
yield Output(resp["ts"])



asolid(

def

description="A solid that posts a message to Slack."J
contig_schema={ channel": Field(str)yJ,
required_resource_keys={"slack"},

post_slack_message(context, text: str) — List[str]:
channel = context.solid_config["channel"]
slack = context.resources.slack
resp slack.chat_postMessage(channel=channel, text=text)
vield AssetMaterialization(

description="A message posted to Slack.",

metadata_entries=[

EventMetadataEntry. json(
data=resp.data, label="slack_response"

1,

asset_key="slack.message",

)
yield Output(resp["ts"])

@solid: afunctional
unit of computation in
the orchestration
graph

(Annotated Python
function)

Self-documenting



asolid( Injected context
description="A solid that posts a message to Slack.", .
parameter isolates

config_schema={"channel": Field(str)},
required_resource_keys={"slack"}, access to external
)
def post_slack_message text: str) — List[str]: N
channel = context.solid_config["channel"]
slack = context.resources.slack
resp = slack.chat_postMessage(channel=channel, text=text)
yield AssetMaterialization(
description="A message posted to Slack.",
metadata_entries=[
EventMetadataEntry. json(
data=resp.data, label="slack_response"

1,

asset_key="slack.message",

)
yield Output(resp["ts"])



asolid( Injected context
description="A solid that posts a message to Slack.", .
parameter isolates

config schema={"channel": Field(str)},
Fequired_resource_keys {"slack" }I, access to external
) state
def post_slack_message(context, text: str) — List[str]:
channel = context.solid_config["channel"]
slack = context.resources.slack Solids declare their

resp slack.chat_postMessage(channel=channel, text=text)
vield AssetMaterialization(
description="A message posted to Slack.",

resource requirements

metadata_entries=[
EventMetadataEntry. json(
data=resp.data, label="slack_response"

1,

asset_key="slack.message",

)
yield Output(resp["ts"])



asolid(

def

description="A solid that posts a message to Slack.",
config_schema={"channel": Field(str)},
required_resource_keys={"slack"},

post_slack_message(context, text: str) — List[str]:
channel Icontext.solid_config["channel"]l
slack = context.resources.stack
resp slack.chat_postMessage(channel=channel, text=text)
vield AssetMaterialization(

description="A message posted to Slack.",

metadata_entries=[
EventMetadataEntry. json(
data=resp.data, label="slack_response"

1,

asset_key="slack.message",

)
yield Output(resp["ts"])

Injected context
parameter isolates
access to external
state

Solids declare their
resource requirements

External resources are
injected by framework
(so can be mocked)



asolid( Solids yield a stream of
description="A solid that posts a message to Slack.",
structured events

config_schema={"channel": Field(str)},
required_resource_keys={"slack"},

def post_slack_message(context, text: str) — List[str]:

slack = context.resources.slack
resp = slack.chat_postMessage(channel=channel, text=text)
Iyield AssetMaterialization(I
description="A message posted to Slack.",
metadata_entries=[
EventMetadataEntry. json(
data=resp.data, label="slack_response"

1,

asset_key="slack.message",

)
yield Output(resp["ts"])



asolid(

def

description="A solid that posts a message to Slack.",
config_schema={"channel": Field(str)},
required_resource_keys={"slack"},

post_slack_message(context, text: str) — List[str]:
channel = context.solid_config["channel"]

slack = context.resources.slack

resp slack.chat_postMessage(channel=channel, text=text)
vield AssetMaterialization(

description="A message posted to Slack.",

metadata_entries=[
EventMetadataEntry. json(
data=resp.data, label="slack_response"

1,

asset_key="slack.message",

)
yield Output(resp["ts"])

Solids yield a stream of
structured events

Metadatais stored
and available to
tooling



asolid(

def

description="A solid that posts a message to Slack.",
config_schema={"channel": Field(str)},
required_resource_keys={"slack"},

post_slack_message(context, text: str) — List[str]:
channel = context.solid_config["channel"]
slack = context.resources.slack
resp slack.chat_postMessage(channel=channel, text=text)
vield AssetMaterialization(
description="A message posted to Slack.",
metadata_entries=[
EventMetadataEntry. json(
data=resp.data, label="slack_response"
)
I

Iasset_key "slack.message"l

)
yield Output(resp["ts"])

Solids yield a stream of
structured events

Metadatais stored
and available to
tooling

Meaningful side
effects are
represented as assets



asolid( Inputs and outputs are
description="A solid that posts a message to Slack.",
typed

config_schema={"channel": Field(str)},
required_resource_keys={"slack"},

def post_slack_message(context,|text: std) —9|List[str]t
channel = context.solid_config["channel"]
slack = context.resources.slack
resp = slack.chat_postMessage(channel=channel, text=text)
yield AssetMaterialization(
description="A message posted to Slack.",

metadata_entries=[
EventMetadataEntry. json(
data=resp.data, label="slack_response"

1,

asset_key="slack.message",

)
yield Output(resp["ts"])



asolid( Inputs and outputs are
description="A solid that posts a message to Slack.",
typed

Iconfig_schemaﬁ{"channel": Field(str)}

required_resource_keys=1"slack"
) _ Config schema is typed
def post_slack_message(context, text: str) — List[str]:

channel = context.solid_config["channel"]

slack = context.resources.slack

resp = slack.chat_postMessage(channel=channel, text=text)

yield AssetMaterialization(

description="A message posted to Slack.",

metadata_entries=[
EventMetadataEntry. json(
data=resp.data, label="slack_response"

1,

asset_key="slack.message",

)
yield Output(resp["ts"])



asolid(

def

description="A solid that posts a message to Slack.",
config_schema={"channel": Field(str)},
required_resource_keys={"slack"},

post_slack_message(context, text: str) — List[str]:
channel = context.solid_config["channel"]
slack = context.resources.slack
resp slack.chat_postMessage(channel=channel, text=text)
vield AssetMaterialization(

description="A message posted to Slack.",

metadata_entries=[

EventMetadataEntry. json(
data=resp.data, label="slack_response"

1,

asset_key="slack.message",

)
Iyield Output(resp["ts"])l

Inputs and outputs are
typed

Config schema is typed

Solids yield meaningful
outputs to
downstream
computations



apipelined
cee
mode_defs=[
ModeDefinition(
¢ 9
name="prod",
resource_defs={"slack": slack_resource,
),
’
]’
)

def ingest_transportation_temp_labor():

ingest_result_message build_ingest_slack_message(
load_s3_to_snowflake( ... )
)

post_slack_message(ingest_result_message)

.}

Pipeline DSL mimics
function invocation



apipeline(
ey
mode _defs=[
ModeDefinition(
° 9
name="prod",
resource_defs={"slack": slack_resource,
)
?
1,
)
def ingest transportation_temp_labor()

ingest_result_message build_ingest_slack_message(
load_s3_to_snowflake( ... )

)

Ipost_slack_message(ingest_result_message)l

Pipeline DSL mimics
function invocation

Solid inputs and
outputs are connected



.

mode _defs=[
ModeDefinition(
cee
name="prod",
resource_defs={"slack": slack_resource,

)

def ingest transportation_temp_ labor():

ingest_result_message build_ingest_slack_message(
load_s3_to_snowflake( ... )

)

post_slack_message(ingest_result_message)

Pipeline DSL mimics
function invocation

Solid inputs and
outputs are connected

Resource
implementations can
be swapped out



Custom types help to

TransportationTempLaborDataFrame Icreate_dagster_pandas_dataframe_type

\ ensure runtime

name="TransportationTempLaborDataFrame",
columns=|[
PandasColumn.datetime_column(
name="date",
min_datetime=datetime.datetime(2017, 10, 1),
max_datetime=datetime.datetime.utcnow(),
non_nullable ue,
)'
PandasColumn.string_column(name="team", non_nullable
<y
1,
dataframe_constraints=[
UniqueColumnsConstraint(columns=["date", "location"]),

LI

1,

)

correctness of inputs
and outputs



@solid

Functional unit of computation

context
Access to external state

@pipeline
Defines data dependencies

@resource
Injected external state

Stream of metadata
Basis for tooling

Custom Types
Correctness guarantees

(and much more...)



Dagster

e Programming model

e Tooling
> pip install dagit && dagit



Tooling

- View of orchestration graph
- Playground with typed config editor

- Operational views: runs, schedules, assets,

longitudinal graphs



o000 %) Dagit X +

[ ]
&« C ® © | D %5 127.0.0.1:3000/pipeline/longitudinal_pipeline/ eoo w L IND % B ® O '=A Daglt

&) DAGSTER longitudinal_pipeline Overview = gk Definition = % Playground =) Runs & Partitions
= 0.9.9 | Instance Details
Select a Solid... & Q
O Runs XS N o
- View of orchestration graph
(@© Scheduler

toys_repository v m

Pipelines & Solids:

ingest_costs ingest_traffic
9 0] <]
gh <
@ P then Up / Down
a
hammer_pipeline persist_costs persist_traffic
]
log_spew
N . !
longitudinal_pipeline ®
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many_events B
retry_pipeline
sleepy_pipeline train_model
Schedules:

ersist_model

£ View All 2
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@© Automatic




[ X X ) %) Dagit X +
&= C @

=) DAGSTER

— 0.9.9 | Instance Details

longitudinal_pipeline Overview

New Run = Add...

O Runs

[ Assets

Partition Set XE e xs)

storage:
filesystem:
execution:

(@© Scheduler

multiprocess:
config:

max_concurrent

retries

toys_repository v m

Pipelines & Solids:

e

XP then Up / Down
branch_pipeline
composition
error_monster
fan_in_fan_out_pipeline
not be None.

hammer_pipeline

log_spew

Schedules:

P then Up / Down & Ve Al

© Automatic

© | D 25 127.0.0.1:3000/pipeline/longitudinal_pipeline/p

@ Value at path root:execution:multiprocess:config must

e U VY ¥ IND i -8 & 0=

o Definition

# Playground = O Runs &' Partitions

+Add ’ﬁ‘

max_concurrent?:
retries?

disabled?:
enabled?:

Ctrl+Space to show auto-completions
inline.

RUI Errors Only
:] intermediate_storage  loggers | storage

build_cost_dashboard  build_model
build_traffic_dashboard ingest_costs ingest_traffic
persist_costs  persist_model persist_traffic

train_model

Dagit

View of orchestration graph

Execution playground with
typed config editor



[ N N ] @) longitudinal_pipeline 69097a6¢ X -+

C @ 0] 25 127.0.0.1:3000/pipeline/longitudinal_pipeline/runs se* w L INn @

&), DAGSTER

o+ Definition Playground = ® Runs | &' Partitions
=4 0.9.9 | Instance Details

Hide not started steps

O Runs

A
[ Assets :
2 B B B No steps are preparing to execute
@© Scheduler . . .
X3
- -. No steps are executing
toys_repository v & e
Pipelines & Solids:

n O
XP then Up / Dow

branch_pipeline
composition
error_monster
fan_in_fan_out_pipeline
hammer_pipeline El RS Hide unselecte( steps

log_spew

Debug | Info | Warning | Error | Critical = Event <® Clear

Schedules:

P then Up / Down & et

persist model  rpnu¢ Got input "_" of type "Any". (Type check passed).

persist_model  ouiput Yielded output "result” of type "Any". (Type check passed).

persist_model Step Finished  Finished execution of step "persist_model.compute" in 522ms.

Pipeline Finis. Finished execution of pipeline "longitudinal pipeline".

Engine Event Finished steps in process (pid: 32531) in 5.67s
pid |32531

['ingest_costs.compute', 'ingest_traffic.compute',
'persist_costs.compute', 'persist_traffic.compute',
'build_cost_dashboard.compute', 'build model.compute',
'build_traffic_dashboard.compute',
‘train_model.compute', 'persist model.compute']

@© Automatic

Engine Event Process for pipeline exited (pid: 32531).

Dagit

View of orchestration graph

Execution playground with
typed config editor

Operational views of
pipeline runs, schedules,
longitudinal views



Schedules

epository

backfill unreliable weekly
Schedule ID: 9098411bba30438ac23184491d109814. ...

daily weather ingest schedule
Schedule ID: 6ed57aa3160a60c19808d16I486088. . .

daily weather schedule
Schedule ID: ede7cBe0BE675c5e6883a60130b136. . .

longitudinal demo
Schedule ID: bcB0de353bt1cc249da3bbe40abl724. ..

- . . .
- unreliable_pipeline

H generate_training_set...

+ daily_weather_pipeline

H longitudinal_pipeline

Every minute

At 02:41 PM

At 02:41 PM

Every 5 minutes

Success

ION PARAMS

Mode: default

Mode: production

Mode: production

Mode: default




Mode: default

compute

@ build_cost_dashboard.compute
@ build_model
@ persist_costs.compute

Run filters
Run steps
@ Total pipeline

w
-]
5
£
£
0
£
)
>
w

Partition

5, longitudinal_pipeline

Runs by Partition
Partitions
Execution Time by Partition
Materialization Count by Partition

t_and_train

longitudinal demo

off

(so8s) awn uopnoex3y

Partition Set: inges!

Schedules




Dagster

e Programming model
e Tooling

e Platform for integrations



Built for interoperability

X dbt —= quflg

— Jupyter

),

Google Cloud Platform AWS ECS




Deep integrations

AssetMaterialization A materialized node within the dbt graph.

asset_key model.dagster_dbt_ test_project.sort_by calories

Node [Show Metadatal],

Status | CREATE VIEW

Execution Time |0.124790906906
Materialization Strategy |view
Database test

Schema test-schema

Alias |sort_by_calories

Description Sort the cereals table by calorie count
Compilation Started At |2020-09-21T18:23:24+00:00
Compilation Completed At 2020-09-21T18:23:24+00:00
Compilation Duration [0:00:00.027323
Eas to SU rface Stru Ctu red ion Started At 2020-09-21T18:23:24+00:00

y Execution Completed At |2020-09-21T18:23:24+00:00

Execution Duration [0:00:00.096249

metadata in Dagster



Pluggable infrastructure

Deployment (local, cloud, k8s, Paas, ...)
Storage (local, s3, ...)

Execution (multiprocess, celery, dask, ...)
Scheduling (cron, Airflow, ....)

Loggers (stdout, CloudWatch, Datadog, ...)



Or Helm deploys this:

celery

Scheduler
\ Worker I
Dagit . k8s job I D k8s job I
(web) per run per step
Worker

Postgres

\ \a




Contribute!

Add Dask-Jobqueue clusters #2668

ISAVCI el natekupp merged 1 commit into dagster-io:master from DavidKatz-il:add-dask-clusters (%) on Jun 30

Conversation 2 Commits 1 =) Checks &

Open & active Slack
Github Issues

DavidKatz-il commented on Jun 30 Contributor (@) *+*

Add support for the following clusters: [ moab , sge , 1sf, slurm, oar].

® natekupp reviewed on Jun 30 View changes

natekupp left a comment Member (@ -+

. . .
G I t I l l I b D I S ‘ l I S S I O l l S hey seems like these files in examples got changed inadvertently—can you remove these changes from the diff?

natekupp commented on Jun 30 Member

L] L]
We ‘ O I I l I I I g & g rOW I n g otherwise LGTM! if you can make that one change I'll approve and merge. Thanks!

.
CO m m l I n Ity Add dask_jobqueue clusters v cal3493

DavidKatz-il force-pushed the DavidKatz-il:add-dask-clusters branch from 463879 to ca13493 on Jun 30

@ natekupp merged commit 93f5a88 into dagster—io:master on Jun 30 View details Revert
5 checks passed

% DavidKatz-il deleted the Davidkatz-il:add-dask-clusters branch on Jun 30




Programming model
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DAGS‘?

Platform



The Data Application Lifecycle
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