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What this talk is about

» Offline APEX is no new topic, there have
been a few methods already

* | am interested in HOW it should be
usable in APEX (and the technical details)



What this talk is about

How should it be accessible ?

* Low Code Interface -> No
JavaScript Code wrangling
 APEX Plug-Ins
* Easy to configure
* Enter your Query and let’s

go!




What this talk is about

How should it be accessible? How should it work ?

* Low Code Interface -> No * Fast
JavaScript Code wrangling * Handle lots of data
 APEX Plug-Ins * Concept to merge changes
* Easy to configure back to DB
* Enter your Query and let’s * Somewhat future proof
go!

Proof of Concept: Not production ready!
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Setup Sync Plug-In
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Setup Plug-Ins that use offline storage
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Go offline, change something and sync to DB

People List

Selected Id

Search

Ward Moncure
Marvella Moncure
Peggie Loera
Noelle Gervin
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What | didn‘t show

You actually need packages
*For Plug-Ins

*Code to merge your data back to the source
(more on tha later)
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Why this topic is important

* Allowing users to edit data without a
connection to the DB has effects of
decentralization

* You still want a single source of truth

* This results in new challenges for data
consistency

13 it



Setup Sync

Identification

Action Sync Offline Data [Plug-In]

Settings

Source Query

select ID ,
EMAIL ,
SALARY ,
COMPANY ,
SKILLSET ,
LAST_NAME ,
FIRST_NAME ,
SHIRT_SIZE ,
BIRTHDAY ,

round(( LAST_CHANGED - date '1970-01-01'

from OFFL_PEOPLE

Unique Storage ID  people
Storage Version 1
PK Column ID

Last Changed LAST_CHANGED
Column

Rows to fetch per 500
request

Sync timeout

. 60
minutes

) % 60 x 60 x 24) as LAST_CHANGED

Dynamic Action Plug-In on
page-load:
Handles all the sync

Changes to query ->
Increase version

Last Changed column
needed for conflict
management (more on that
later)

14
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Sync Timeline - 1
1. Cache current HTML page
2. Synchronize Client Changes with DB
* Send client updates to central DB
* Delete corresponding rows on the client

* |t is now in the control of the DB what will happen with

these rows




Sync Timeline - 2

3. Synchronize DB Changes with Client
* DB sends PK + Timestamp for each row:
* PK known and Timestamp matches:

* PK unknown or Timestamp mismatch:
> insert / update

* Delete rows not present in central DB anymore:
* Store every PK received from server in a temp table

 After receiving all rows, delete local rows where PK not in
temp table

' request full row -




Data Access Strategies - Online First Design Decision

< ‘Q TN
° v\_ ’ s <Z ///// ';"/{' ,
* First try to get data from the DB Periodic Snye W

* Only when no connection use  oracle DB
offline storage R G3

Pros Cons

* “Normal APEX Mode® ¢ Much logic for

e Less conflicts consumers
e Live data  What to do on slow /
unreliable

connections
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Data Access Strategies - Offline First Design Decision

7 %3

* First try to get datafromthe DB | rescde s

% 4 =
O -

* Only when no connection use o:§|:1/>3 Offline Storage
offline storage

Pros Cons

* Reliable Experience * Only updates after re-
* Less logic for sync
consumers X * More conflicts

I chose This approach
because of this




. Build different experiences for different use cases

e Offline-first has downsides

* Make sure only people who
need offline access use it

* Field technician gets offline
App / Page

* Office worker gets online App
/ Page

Photo by MIOPS Trigger from Unsplash



https://unsplash.com/@miops?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
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Change Synchronization

* Local changes need to be
written back to the central f—)
J 4
DB .-' 2
* Ensure all local updates are v
. 2 Client 2
properly saved in the 2 R
central DB 7/
* Different scenarios Oracle DB “. ~
o /’.
\\ “7
W,

Client 3




Change Synchronization - Potential outcomes

@&

a: Single Client Row Update ()

* Only one client modifies the row, Client 1 (=

Y
v

straightforward synchronization Chonged Record #23

! &
b: Sequential Client Row Updates () v <" hent 2

* Client 2 updates row after receiving " Changed Record #42
Client 1's changes, preserving data

Integrity

c: Concurrent Client Row Updates (')

* Two clients modify the same row version clent 3
simultaneously, potential data conflict Chawnged Record #92

it
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How changes are stored

* Don‘t directly insert into source table to handle conflicts
* Generic changes table

Storouje ID Data TSON 'T'iw\es’to\mp Sre

\ Im Failed
Storage Version Clr\omge T ype Tim eS'tamP cw\g Audit Cols por’t aile

¢ .. ¢ 192...0003 JAMESBOND 0
2 I, U or D 192....9843 00?16(5633307\) SOMCAOML/ FOJSC D




How changes are processed

* Package gets called where you can implement
your own logic
* Resolve the conflicts <— Up to you how to do it
* Call your existing Table- / Transaction-APlIs

* Future consideration: Bulk Processing with
Transaction IDs

* No trigger, instead directly call a process package

* Add transaction IDs so you can bulk process all
changes




Conflict Resolution #1 — Last Write Wins Design Decision

SR 1
Nothlng;t’*con5|der

szst wrlte g-lhanges

4%,

Photo by Matthias Speicher from Unsplash

Photo by Ryan Moreno from Unspla sh
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Conflict Resolution #2 — Merge Conflict Detection Design Decision

Changes Table

Chna'rype Data RowSrceTwmeSt me  RowC hng‘T'imeS‘tmp

U g..3 192....0003 192...5843

v

= srec ‘toJole row ‘timestamp? —_— upda‘te sre 'to&:le_ row
timestamp now 192...5843




Conflict Resolution #2 — Merge Conflict Detection
Chomie,s ToJ:le

Chna'rype Data RowSrceTwmeSt me  RowC hng‘T'imeS‘tmp

U g..3 192....0003 192...5843

v

= srec ‘toJole row ‘timestamp? —_— upda‘te sre 'to&:le_ row
timestamp now 192...5843

Later...

v .2 192....0003 192....993 2

V

sre table row ts 192...5843 /= 192...0003 A\

— chomge_s ne,ed to be_ momua“t/ me_rge,d

26
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Conflict Resolution #2 — How to do a merge Design Decision

* On conflict:
e don‘t delete row from changes table and set failed = 1

* User must do merge manually
e Show current row next to changed row (like Git 3-way-merge)

192.....0003 192...5843 APter Merge Row
Firstname: Peter Firstname: Peter Firstname: Peter
Lastname: Parka m Laostname: Parker Lastname: 777

<

Age: 23 Age: NULL Age: 777
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Where to store data

Browser Storage Options:

* LocalStorage

* Key-Value object-store, slow, The thing with IndexedDB:
designed for small amounts

e Complex API
* WebSQL * No support for complex queries
* Deprecated * History of nasty bugs (mostly
* IndexedDB Safari)
* For large data, transactions, * Not ACID compliant

Key-Value object-store

The pain and anguish of using IndexedDB: problems,
bugs and oddities

29 it



https://gist.github.com/pesterhazy/4de96193af89a6dd5ce682ce2adff49a
https://gist.github.com/pesterhazy/4de96193af89a6dd5ce682ce2adff49a

Not the DB we deserve, but the hero we need

% Chrome Developers ( €@ Verified
@

Yes, the plan is to eventually remove Web SQL, but  our intention is to
empower developers to create their own solutions for structured
storage, and we're therefore working with the #SQLite team to create a
SQLite implementation over Wasm. This solution will replace Web SQL

b

Source
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https://twitter.com/ChromiumDev/status/1565105522092695553?s=20

Wait a minute... What is SQLite?

* Most used DB, top 5 most ¢ Really fast

deployed software ever * Stores data in a single file

(estimated one trillion active DBs) e Recommended Storage

* Full-featured SQL Format by the US Library of
* Serverless (not the cloud thing) Congress

* Transactional
e ACID
e Public Domain

More on SQLite

31 it


https://www.sqlite.org/about.html

How does it run in the browser

Origin Private File System (OPFS)
* Sites get a private file system
e SQLite directly writes to here

WEBASSEMBLY

Compile existing software to hardware-
near browser understood layer

@ Samsung Internet

B
2
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<
o
£
e
£
(]
0}

© Opera Android

@ Edge
< | @ Firefox for Android

< € Firefox
@ Safari
< | @ SafarioniOS

AN
N
AN
<

5 ©

Source

< # WebView Android



https://developer.mozilla.org/en-US/docs/Web/API/StorageManager/getDirectory

Implement into APEX

WebAssembly & JavaScript

sqglite-wasm-3410200.zip A precompiled bundle of sqlite3.wasm and its JavaScript APIs, ready for use in web applications. .
(702.24 KiB) ' c: ; | _ A Link

* OPFS requires these headers:

Cross-Origin-Embedder-Policy: require-corp
Cross-Origin-Opener-Policy: same-origin

* APEX bug: .wasm invalid mime-type in header

® Uncaught (in promise) TypeError: Failed to execute 'compile' on
'WebAssembly': Incorrect response MIME type. Expected 'application/wasm'.

Response Headers
cache-control: max-age=315360000, immutable
content-disposition: inline; filename="sqlite3.wasm"; filenamex=UTF-8''sqlite3.wasm
content-language: en
content-type: application/wasm; charset=utf-8

date: Mon, 16 Jan 2023 12:27:26 GMT



https://www.sqlite.org/download.html

Will be fixed in 23.1

* Thanks to Stefan !!! For now proxy magic:

- "traefik...traefik-plugin-rewrite-headers.rewrites[0].header=Content-Type"
- "traefik...traefik-plugin-rewrite-headers.rewrites[0].regex=application.*wasm.*"
- "traefik...traefik-plugin-rewrite-headers.rewrites[0].replacement=application/wasm"

z
SAFE

HARBOUR HARBOR
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https://twitter.com/stefan__dobre

How develop Plug-Ins

- window. hartenfeller_dev.plugins.sync_offline_data.storages.people_vl

< w{config: {..}, getColInfo: f, getRowByPk: f, getRows: f, getRowCount: f, ..}
» config: {pageSize: 500}
» getColInfo: () => _getColInfo(storageId, storageVersion, apex)
» getRowByPk: (pk) => _getRowByPk(storageId, storageVersion, pk, apex)
» getRowCount: ({ searchTerm }) => {..}
» getRows: ({ offset = 0, maxRows = 100, orderByCol, orderByDir, searchTerm, }) => {..}

» sync: () => {..}
» writeChanges: (rows) => {..}




Offline Data List

Search — ‘

= 3e‘tRows(f searchTerwm: 'xyz" #)

Ward Moncure
Marvella Moncure
Peggie Loera
Noelle Gervin

Lola Loera

Adam Binette 1234
Dave Gervin
Daphine Dardar 3etROW$(s o*PPse_‘t: 10 })
Rosemarie Moncure

Dean Koschnitzki

> getRowC ount()

Page1 > >>







What still needs to be done

* Data type handling * Notify when sync completed
* Dates, Timestamps ... with data changes

* BLOBs  Expand Plug-In Ecosystem
* LOVs (Select Lists, Popup LOV,
Shuttle, Checkboxes...)

AG Grid Plugin Demo
Right click to insert / delet

e. Data gets reset every hour.

[ ] 1+] Name Jos Salaay = Commission
. A p p Iy I I l O re ta b I e r u I e S to C | I e n t 1 Gricelda Luebbers Receptionist $3,938.00 $76.00
° LJ 2 Dean Bollich etwork Architect $8,426.00 $92.00
(FKS check constraints Bl e o
’ ’ | 4 Laurice Karl x Programmer $5,440.00 $11.00
i n d eXe S d efa u |tS ) 5 August Rupel Receptionist $3,375.00 $99.00
’ eee 6 Salome Guisti Systems Administrator $10,906.00 $73.00

LovieRitacco @ = Network Architect @~ 8489300 = 87300

* Error message improvements ] i . -

Jeraldine Audet Analyst




Why you may not want to use this

* You lose authority over your data

* Data on the client can easily be duplicated /
shared

* Merge conflicts / Inconsistent data state

* Divergent development approach for
offline apps

* Increased complexity

* Scalability: Synchronization processes can
demand significant data transfers

Photo by JESHOOTS.COM from Unsplash

e SQLite as fast as the device using it



https://unsplash.com/@jeshoots?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/de/fotos/-2vD8lIhdnw?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText

Where can | get this ?

https://github.com/phartenfeller/apex-off-grid
*Needs Documentation
*Needs Refactoring
*Contributions welcome &

Languages

[ B
® JavaScript 87.3% TypeScript 7.8%

® PLSQL 2.6% Svelte 1.4%
® Other 0.9%


https://github.com/phartenfeller/apex-off-grid

Conclusion

*| am quite happy with the result

* Sync-Plug-In easy to use, hides
complexity

* Confident that SQLite is a great
choice for small to large data sizes

* Great browser support

* Not sure about header
requirements

Photy by Sebastian Herrmann from Unsplash
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Testing APEX Apps is now
as easy as creating them.

. Tailored to APEX V

« Save a lot of time on regression tests
» Use ourintuitive LCT-App and don't write any

test code

42




* Open Source

® e * Community Driven

employee
Submitted Reminder finished
expense claim

Fires 2 times, each after 30 seconds.
For this to work, a timer job needs to be installed

1 > L]
N (see script enable_timers.sql in the software distribution) o S u O rt a Va I | a b | e
Correct expense

claim

Employee

Status?

= ©

i declined_mgr
;/::g:;i Review expense Inform employee

approved_mgr

Expense limit

exceeded? declined_vp

Status?

Review exp

Vice President

approved_vp

Expense
g Status? repayed

o Prepare Execute
payment transaction

Set status

Accountant
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