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Getting Started

Your First 10 Minutes

A Delphi IDE. Two packages installed. One form. In ten minutes you will have a running FMX
application that fetches live data from a REST API and displays it in a grid. The data will appear
before you understand the plumbing. That is the point -- you ship first, then you learn.

1. What Is Tina4 Delphi

Tina4 Delphi is a design-time component library for Delphi 10.4+ (FireMonkey / FMX). Nine
components, each solving one problem:

* TTina4REST for REST client configuration -- base URL, auth, headers

» TTina4RESTRequest for declarative REST calls -- link an endpoint, a MemTable, and
execute

* TTina4JSONAdapter for static JSON to MemTable binding -- no HTTP required

e TTinadHTMLRender for rendering HTML with CSS on an FMX canvas -- forms, tables,
images, events

* TTinadHTMLPages for SPA-style page navigation inside your desktop app

* TTinadWebSocketClient for real-time WebSocket communication with auto-reconnect and
ping/pong keepalive

e TTina4SocketServer for raw TCP socket server functionality
* TTinadWebServer for hosting an embedded HTTP web server
» TTina4Route for declarative URL routing

Plus a core utility unit (Ti na4Cor e. pas) with standalone functions for HTTP, JSON, database,
encoding, and shell commands. There is also TTi na4Twi g, a plain TObj ect class (not a
design-time component) for Twig-compatible template rendering.

What It Is Not

Tina4 Delphi is not a framework. It does not take over your application. It does not impose an
architecture. It does not require you to restructure your project. Drop components on a form. Set
properties. Call methods. Your existing FireDAC connections, your existing business logic, your
existing Ul -- everything stays exactly where it is.

Tina4 Delphi is not VCL. It is FireMonkey only. If you need VCL support, you can still use
Ti na4Cor e. pas directly -- the utility functions have no FMX dependency.
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2. Prerequisites
You need three things. Nothing else.

 Delphi 10.4 or later -- any edition that includes FireMonkey and FireDAC.

* OpenSSL DLLs -- required for HTTPS. Without them, every REST call to an HTTPS
endpoint will fail silently or raise an exception.

* The Tina4 Delphi source -- cloned from GitHub.

3. Installation

Step 1: Clone the Repository

git clone https://github.conltinadstack/tina4ddel phi.git

Step 2: Open the Project Group
In the Delphi IDE, open the Tina4DelphiProject project group file. You will see two projects:

 Tina4Delphi -- the runtime package

» Tina4DelphiDesign -- the design-time package

Step 3: Build and Install the Runtime Package

Right-click Tina4Delphi in the Project Manager and select Build. This compiles the runtime units
but does not register anything in the IDE.

Step 4: Build and Install the Design-Time Package
Right-click Tina4DelphiDesign and select Build, then Install. You should see a confirmation
dialog:

Package Tina4DelphiDesign has been installed. The following new component(s) have
been registered: TTina4REST, TTina4dRESTRequest, TTina4JSONAdapter,
TTinadHTMLRender, TTinadHTMLPages, TTina4dWebSocketClient, TTina4SocketServer,
TTina4WebServer, TTina4Route.

Step 5: Verify

Open the Tool Palette. Search for "Tina4". All nine components should appear under the
Tina4Delphi category. If they do not, check that the output directories for both packages are on
your IDE's library path.

4, SSL Setup

HTTPS calls require OpenSSL DLLs. Delphi's TNet HTTPCl i ent (which Tina4 uses internally)
will fail without them. The error is often cryptic -- an empty response, a 0 status code, or an
access violation.
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Windows

Download the OpenSSL binaries for your Delphi version (typically OpenSSL 1.1.x for Delphi
10.4/11, or OpenSSL 3.x for Delphi 12+). You need two sets:

*32-bitDLLs (Iibssl-1 1.dll,libcrypto-1_1.dll)--copyto
C:\ W ndows\ Sys\WWOW64\ . The IDE runs as a 32-bit process and needs these to make
HTTPS calls at design time and during debugging.

* 64-bit DLLs (1 i bssl-1_1-x64.dll,libcrypto-1_1-x64.dll)--copy to
C. \ W ndows\ Syst enB2\ . Your compiled 64-bit application uses these at runtime.

Quick Test
After placing the DLLs, create a blank FMX project and add this to a button click:

procedure TForml. Buttonld i ck(Sender: TObject);
var
St at usCode: | nteger;
Response: TBytes;
begi n
Response : = SendHtt pRequest ( St at usCode, 'https://jsonpl acehol der.typicode.com, '/posts/1');
Showessage(' Status: ' + StatusCode. ToString + ' / ' + TEncodi ng. UTF8. Get Stri ng( Response));
end;

Add Ti na4Cor e to your uses clause. If you see a JSON response with a status of 200, SSL is
working. If you get a status of 0 or an exception, your DLLs are missing or the wrong bitness.

5. Available Components

Here is the full inventory. Each gets its own chapter, but knowing the landscape helps you plan.

TTi na4REST Holds base URL, credentials, One per APl endpoint
bearer token

TTi na4RESTRequest Executes a REST call, One per endpoint/action
populates a MemTable

TTi na4JSONAdapt er Binds static JSON to a Offline data, config files
MemTable

TTi na4dHTM_Render Renders HTML + CSS on an Reports, dashboards, forms
FMX canvas

TTi na4HTM_Pages SPA navigation between Multi-page desktop apps
pages

TTi na4dWebSocket Cl i ent WebSocket client with  Real-time data feeds, chat

auto-reconnect and keepalive

TTi

na4Socket Ser ver Raw TCP socket server Custom protocol servers
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TTi na4\WebSer ver Embedded HTTP web server  Local dashboards, APIs

TTi nad4Rout e Declarative URL routing REST endpoint definitions
Additionally, TTi na4Twi g is a plain TCbj ect class (not a design-time component) that provides
a Twig-compatible template engine for dynamic HTML generation.

And the standalone utility functions in Ti na4Cor e. pas:

SendHt t pRequest Low-level HTTP with auth, headers, timeouts

Byt esToJSONObj ect Parse raw HTTP response bytes to
TJSONObj ect

CGet JSONFr onDB SQL query to JSON with camelCase, 1SO
dates, Base64 blobs

Popul at eMenirabl eFr omJ SON JSON to MemTable with Clear or Sync mode

SendMul ti part For nDat a File upload with form fields

Canel Case / SnakeCase Name conversion between database and
JSON

Get QU D Generate a GUID string

Execut eShel | Conmand Run a shell command and capture output

6. Your First App: API Data in a Grid

Time to build something real. You will fetch a list of posts from a public APl and display them in a
grid. No dummy data. No mocking. Live HTTP on your first try.
Step 1: Create the Project

File > New > Multi-Device Application > Blank Application. Save it as Fi r st Ti na4App.

Step 2: Drop Components on the Form
From the Tool Palette, add these components:
* TTina4REST -- name it Ti na4REST1
» TTina4RESTRequest -- name it Ti na4RESTRequest 1
e TFDMemTable -- name it FDMenirabl el (from the FireDAC palette)
» TStringGrid -- name it St ri ngG-i d1 (from the Grids palette)

e TButton -- name it bt nFet ch, set Text to Fet ch Posts
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Step 3: Configure the REST Client

Select Ti na4REST1 and set these properties in the Object Inspector:

Baselr | htt ps://jsonpl acehol der. typi code.
com

No username, no password, no bearer token. This is a public API.

Step 4: Configure the REST Request
Select Ti na4RESTRequest 1 and set:

Ti na4REST Ti na4REST1
EndPoi nt / posts
Request Type Get

MentTabl e FDVenTabl el
SynchMode C ear

The Dat aKey property can be left empty. When the API returns a JSON array at the root level (as
jsonplaceholder does), the component handles it automatically.

Step 5: Wire the Button

Double-click bt nFet ch and add:

procedure TForml. bt nFet chCl i ck( Sender: TCbject);
begi n
Ti na4RESTRequest 1. Execut eRESTCal | ;

/1 Populate the grid fromthe MenTabl e
StringGidl. RowCount := FDMenirabl el. RecordCount;

/1l Clear existing colums and create fromfield definitions
StringGidl. C ear Col ums;

for var I := 0 to FDMentabl el. Fi el dCount - 1 do
begi n
var Col := TStringColum. Create(StringGidl);

Col . Header : = FDMenirabl el. Fi el ds[I]. Fi el dNane;
StringGidl. AddObj ect (Col);
end;

/1 Popul ate rows
FDMVeniTabl el. First;

var Row := O;
whi | e not FDMenTabl el. Eof do
begi n

for var C:= 0 to FDMenTTabl el. Fi el dCount - 1 do
StringGidl. Cell s[C, Rowf = FDWemTabt el Fietds{(C].AsString;
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I nc(Row) ;
FDMVenirabl el. Next ;
end;
end;

Add Ti na4REST, Ti na4RESTRequest, FMX. Gid. Styl e to your uses clause.

Step 6: Run

Press F9. Click Fetch Posts. The grid fills with 100 posts from the API -- id, userld, title, and body
columns. If it does not work, check the SSL setup from Section 4.

What Just Happened

One component configured the base URL. Another component made the HTTP call, parsed the
JSON response, created field definitions from the JSON structure, and populated a MemTable.
You wrote zero HTTP code. Zero JSON parsing code. Zero field-definition code. The component
chain handled all of it.

7. Quick Wins with Tina4Core

You do not always need components. Ti na4Cor e. pas gives you standalone functions you can
call from anywhere. Here are one-liners that solve common problems:

Fetch JSON from an API

uses Ti na4Core;

var
St at usCode: | nteger;
Response: TBytes;
JSON: TJSONObj ect ;
begi n
Response : = SendHtt pRequest ( St at usCode, 'https://api.exanple.com, '/users');
JSON : = Byt esToJSONObj ect ( Response) ;
try
Showessage(JSON. ToSt ri ng) ;
finally
JSON. Free;
end;
end;

Database Query to JSON
var JSON : = Get JSONFr onDB( FDConnecti onl, ' SELECT * FROM customers WHERE active = 1');

try
Menol. Li nes. Text := JSON. For nat ;
finally
JSON. Fr ee;
end;
/l Qutput: {"records": [{"id": "1", "firstName": "Alice", ...}, ...]}

/1 Note: field names auto-convert from snake_case to canel Case
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JSON to MemTable

var JSONStr := '{"users": [{"id": 1, "name": "Aice"}, {"id": 2, "nane": "Bob"}]}";
Popul at eMenTTabl eFr omJSON( FDMenirabl el, 'users', JSONStr);
/| FDMenTabl el now has 2 rows with id and name col ums

Upload a File

var
St at usCode: | nteger;
begin
SendMul ti part For nDat a(
St at usCode,
"https://api.exanple.con,
" upl oad/ docunent ',

["userld, "42', 'description', ' Report'], [/ formfields
["file', "C\reports\qg4. pdf'], /1 file field
', "admn', 'secret'); /1 auth

end;

Convert Between Naming Conventions

Canel Case(' first_nane'); /1 ' firstNane'
Canel Case(' user_email"'); /1 'userEmail"’
SnakeCase(' firstName'); /1 'first_name'
SnakeCase(' userEmail"'); /1 'user_email"’

8. Exercise: Build a Weather Dashboard

Build an FMX application that fetches weather data from a public APl and displays it in a
MemTable-backed grid.
Requirements

e Use TTi na4REST configured with ht t ps: // api . open- net eo. com(no APl key needed)

e Use TTi na4RESTRequest to call
/vl/forecast?l atitude=52.528& ongi tude=13. 41&hourl y=t emperature_2m

« Display the hourly temperaturesina TSt ri ngGi d
* Add a TEdi t for latitude and a TEdi t for longitude so the user can change the location

» Add a "Refresh" button that re-fetches with the new coordinates

Hints

» The Open-Meteo API returns JSON with nested structure. The hourly data is under the
hour | y key.

 Set Dat aKey to hour | y on the TTi na4RESTRequest -- but note this API returns parallel
arrays (t i me and t enper at ur e_2m), not an array of objects. You may need to use
Ti na4Cor e. SendHt t pRequest directly and parse manually.

e Use Byt esToJSONObj ect to parse the response, then extract the arrays yourself.
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Solution

unit Weat
interface

uses
System
FMX. Typ
FMX. Gri

her For m

SysUtils, System Types, System Cl asses, System JSON,
es, FMX Controls, FMX Fornms, FMX StdCtrls, FMX Edit,
d, FMX. Grid. Style, FMX. Scrol | Box,

Fi reDAC. Conp. d i ent,

Ti na4Co

type

re;

Tf r MMeat her = cl ass(TForm
edt Latitude: TEdit;

edt Lo
bt nRe
Strin

ngi tude: TEdit;
fresh: TButton;
gGidl: TStringGid,;

| bl Lati tude: TLabel;

I bl Lo
proce
proce
private

ngi t ude: TLabel ;
dure FornCreate(Sender: TCObject);
dure btnRefreshC ick(Sender: TObject);

FMenirabl e: TFDMemTabl e;

proce
end;

var
f r m\éat

i mpl enent
{$R *.fnx

procedure
begi n
edt Lat i
edt Long

FMenirab

FMenirab

FMenirab

FMenirab
end;

procedure
begi n

Fet chwe
end;

procedure
var

dure Fet chWeat her;

her: TfrmAeat her;
ation
}
Tf r MAeat her . For nCr eat e( Sender: TCObj ect);

tude. Text := "'52.52";
i tude. Text := '13.41";

| e := TFDMenirabl e. Create(Sel f);

| e. FieldDefs. Add(' Tine', ftString, 25);

| e. Fi el dDefs. Add(' Tenperature', ftFl oat);
| e. Creat eDat aSet ;

Tf r Meat her . bt nRefreshd i ck( Sender: TObj ect);

at her;

Tf r MAéat her . Fet chWeat her;

St at usCode: | nteger;

Respons

JSON: T

Ti nes,

I: Inte
begi n

e: TBytes;
JSONObj ect ;

Tenps: TJISONArray;
ger;
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Response : = SendHtt pRequest ( St at usCode,
"https://api.open-neteo.con,
"/vl/forecast',
Format (' | atitude=%& ongi t ude=%s&hour | y=t enperature_2n ,
[edt Latitude. Text, edtlLongitude. Text]));

if StatusCode <> 200 then

begin
Showessage(' APl returned status: ' + StatusCode. ToString);
Exit;

end;

JSON : = Byt esToJSONObj ect ( Response) ;

try
if not Assigned(JSON) then
begin
Showiessage(' I nvalid JSON response');
Exit;
end;

var Hourly := JSON Get Val ue<TJSONObj ect >("' hourly');
Times := Hourly. GetVal ue<TISONArray>('tine');
Tenps : = Hourly. Get Val ue<TIJSONArray>('tenperature_2nm);

FMenTabl e. Enpt yDat aSet ;
for I :=0 to Tines.Count - 1 do
begin
FMenmTabl e. Append;
FMenmTabl e. Fi el dByNanme(' Tine').AsString := Tines.ltens[|]. Val ue;
FMenTabl e. Fi el dByNanme(' Tenperature'). AsFl oat := Tenps.ltens[|].AsType<Doubl e>;
FMenirabl e. Post ;
end;

/1 Populate grid
StringGidl. RowCount : = FMenTabl e. Recor dCount;
StringGidl. d ear Col ums;

var Col Tinme := TStringColum. Create(StringGidl);
Col Ti ne. Header := 'Tine';

Col Tine. Wdth : = 200;

StringGidl. AddQoj ect (Col Ti ne);

var Col Tenp := TStringCol um. Create(StringGidl);
Col Tenp. Header := 'Tenperature (O)"';

Col Tenp. Wdth : = 150;

StringGidl. AddQoj ect (Col Tenp) ;

FMenTabl e. Fi r st ;
var Row : = 0;
whi |l e not FMenirabl e. Eof do
begin
StringGidl. Cells[0, Row
StringGidl. Cells[1, Row
I nc(Row) ;
FMenmTabl e. Next ;
end;
finally
JSON. Fr ee;
end;

FMenTabl e. Fi el dByName(' Tine' ). AsString;
Format Fl oat (' 0. 0', FMeniabl e. Fi el dByNane(' Tenperature'). AsFl o

The Intelligent Native Application 4ramework



end;

end.

9. Common Gotchas

SSL DLLs Missing
Symptom: Status code 0, empty response, or ENet HTTPCl i ent Except i on.

Fix: Place the correct OpenSSL DLLs in the right directories. 32-bit in SysWOW64 (for the IDE),
64-bit in Syst enB2 (for your compiled app). Check the DLL version matches your Delphi version.

Wrong DLL Bitness

Symptom: Works in the IDE (32-bit debugger) but fails in a 64-bit release build, or vice versa.

Fix: You need both sets. The IDE is 32-bit. Your release build is (usually) 64-bit. Both paths need
the correct DLLs.
Design-Time Package Not Installed

Symptom: Components do not appear in the Tool Palette.

Fix: Build the runtime package first, then install the design-time package. The design-time
package depends on the runtime package. If you skip the runtime build, the install will fail silently
or with cryptic linker errors.

Library Path Missing

Symptom: Compiling your project gives "File not found" errors for Tina4 units.

Fix: Add the Tina4 source directory to your project's search path, or to the IDE's global library
path under Tools > Options > Delphi Options > Library > Library Path.

TJSONODbject Memory Leaks
Symptom: Growing memory usage over time.

Fix: Every TJISONObj ect returned by Get , Post , Byt esToJSONOoj ect, Get JSONFr onDB, etc.
must be freed by the caller. Always use try. . fi nal | y blocks. Delphi does not have garbage
collection.

10. What Just Happened

Ten minutes. Two packages installed. One form built. And you covered:

* Installing the Tina4 component library
* Setting up SSL for HTTPS
 Configuring a REST client with TTi na4REST

The Intelligent Native Application 4ramework



* Fetching data with TTi na4RESTRequest

» Automatic JSON-to-MemTable population
« Standalone utility functions from Ti na4Cor e

» A complete working exercise with solution

The rest of this book goes deep on each component. But you already have a working app. You
already have data flowing from an API to your Ul. Everything from here is precision and power.

Summary

Install runtime
Install design-time
SSL (IDE, 32-hit)
SSL (app, 64-bit)
REST base config

Fetch + populate

Raw HTTP

Parse response
DB to JSON

JSON to MemTable

File upload

Name conversion

Build Tina4Delphi package

Build and install Tina4DelphiDesign package
Copy 32-bit DLLs to Sys\WOW64

Copy 64-bit DLLs to Syst enB32

TTi na4REST -- set BaseUr | , auth

TTi na4dRESTRequest  -- set
MemTable, call Execut eRESTCal |

endpoint,

SendHt t pRequest ( St at usCode,
BaseUr |, Endpoint)

Byt esToJSONObj ect ( ResponseByt es)

SQ)

Popul at eMenirabl eFr omJ SON( MeniTabl e
, Key, JSON)

SendMul ti part FornData(...)

Get JSONFr onDB( Connect i on,

Canel Case(snake) / SnakeCase( canel)
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REST APIs

Two Ways to Talk to the Outside World

Your application needs data from somewhere. A customer database behind an API. A payment
gateway. A weather service. A machine learning endpoint. Between your Delphi form and that
data sits HTTP -- and two very different ways to make the call.

The first way is component-based. Drop TTi na4REST and TTi na4RESTRequest on your form.
Set properties. Execute. The MemTable fills. You write no HTTP code, no JSON parsing, no
threading boilerplate.

The second way is direct. Call Ti na4RESTL. Get () or Ti na4RESTL. Post () and get a
TJSONObj ect back. Full control. Full responsibility -- including freeing the object.

This chapter covers both.

1. TTina4REST -- Base Configuration

Every REST call needs a server. TTi na4REST holds that configuration so you set it once and
every TTi na4RESTRequest linked to it inherits the connection details.

Design-Time Setup

Drop a TTi na4REST on your form. In the Object Inspector:

Baselr | The root URL for all https://api.exanple.c
endpoints omvl

User nane HTTP Basic Auth username adnmi n

Passwor d HTTP Basic Auth password secret

Runtime Configuration

Ti na4REST1. BaseUr| := 'https://api.exanple.comvl';
Ti na4REST1. Usernane := "adnmin';
Ti na4REST1. Password := 'secret';

Bearer Token Authentication

Most modern APIs use Bearer tokens instead of Basic Auth. Call Set Bear er after obtaining your
token:

Ti na4REST1. Set Bear er (' eyJhbGeci G JI Uzl INi | sl nR5¢Cl 61 kpXVCJ9...");

This adds an Aut hori zat i on: Bearer <token> header to every request made through this
component. If you also set User nane and Passwor d, Basic Auth is used instead -- Bearer and
Basic Auth are mutually exclusive
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One Component Per API

If your application talks to multiple APIs, use multiple TTi na4REST components:

/1 APl 1: Your backend
Ti na4RESTBackend. BaseUr| := 'https://api.nmyapp.comvl';
Ti na4RESTBackend. Set Bear er (Aut hToken) ;

/1 APl 2: Paynment gateway
Ti na4RESTPaynents. BaseUr| := 'https://paynents.stripe.coni;
Ti na4RESTPaynent s. Set Bear er (Stri peKey) ;

/1 APl 3: Public data
Ti na4RESTPubl i c. BaseUr| := "https://api.open-nmeteo.comn;
/1 No auth needed

2. Direct REST Calls

When you need full control over the request and response, call methods directly on TTi na4REST.
All five HTTP methods are supported. All return a TJSONCbhj ect . All require you to free the result.

GET

var
St at usCode: | nteger;
Response: TJSONObj ect;

begin
Response : = Ti na4RESTL1. Get (St atusCode, '/users', 'page=1& imt=10");
try
if StatusCode = 200 then
Menol. Li nes. Text : = Response. For mat
el se
Showessage(' Error: ' + StatusCode. ToString);
finally
Response. Freeg;
end;
end;

The three parameters are: St at usCode (out), EndPoi nt, and Quer yPar ans. The endpoint is
appended to the BaseUr | . Query params are appended after a ?.

The Intelligent Native Application 4ramework



POST

var
St at usCode: | nteger;
Response: TJSONObj ect ;

begi n
Response : = Ti na4RESTL1. Post ( St at usCode, '/users', '',
"{"nane": "Alice", "email": "alice@xanple.coni'}"');

try

if StatusCode = 201 then
Showessage(' User created: ' + Response. GetVal ue<String>('id"'))
el se
ShowMessage(' Fail ed: ' + Response. ToString);
finally
Response. Free;
end;
end;

PATCH (Partial Update)

var
St at usCode: | nteger;
Response: TJSONObj ect;

begin
Response : = Ti na4RESTL1. Pat ch( St at usCode, '/users/42', '',
"{"role": "admn"}");
try

if StatusCode = 200 then
Showessage(' User updated')
el se
Showessage(' Failed: ' + StatusCode. ToString);
finally
Response. Freeg;
end;
end;

PUT (Full Replace)

var
St at usCode: | nteger;
Response: TJSONObj ect;

begin
Response : = Ti na4REST1. Put ( St at usCode, '/users/42', '',
"{"nane": "Alice", "email": "alice@ew cont, "role": "admn"}");
try
/'l handl e response
finally
Response. Free;
end;
end;
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DELETE

var
St at usCode: | nteger;
Response: TJSONObj ect ;
begi n
Response : = Ti na4RESTL1. Del et e( St at usCode, '/users/42');
try
if StatusCode = 204 then
Showessage(' Del eted')
el se
ShowMessage(' Failed: ' + StatusCode. ToString);
finally
Response. Free;
end;
end;
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Method Reference

Get Get (var St at usCode: GET
I nt eger; EndPoi nt :
string; Quer yPar ans:
string = )
TJSONCOhj ect

Post Post (var St at usCode: POST
I nt eger; EndPoi nt :
string; Quer yPar ans:
string = ''; Body:
string = )
TJSONOhj ect

Pat ch Pat ch(var StatusCode: PATCH
I nt eger; EndPoi nt :
string; Quer yPar ans:
string = "''; Body:
string = )
TJSONObj ect

Put Put (var St at usCode: PUT
I nt eger; EndPoi nt :
string; Quer yPar ans:
string = '"; Body:
string = )
TJSONObj ect

Del ete Del ete(var StatusCode: DELETE
| nt eger; EndPoi nt :
string; Quer yPar ans:
string = )
TJSONObj ect

3. Authentication Patterns

Basic Auth

Set User nane and Passwor d on TTi na4REST. Every request includes an Aut hori zati on:
Basi ¢ header automatically:

Ti na4REST1. BaseUr| := '"https://api.exanple.con;
Ti na4REST1. User nane : = 'apiuser';
Ti na4REST1. Password : = 'api password';
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Bearer Token (Static)

If you have a long-lived API key or token:

Ti na4REST1. BaseUr| := 'https://api.exanple.comn;
Ti na4REST1. Set Bear er (' your - api - key-here');

Bearer Token (Login Flow)
Most apps require a login step that returns a short-lived token:

procedure TForml. Logi n;
var
St at usCode: | nteger;
Response: TJSONObj ect;

begi n
/1 Use a tenporary REST conponent with no auth for the login call
Ti na4REST1. BaseUr| := '"https://api.exanple.con;

Response : = Ti na4REST1. Post ( St at usCode, '/auth/login', "'
Format (' {"email": "9%", "password": "9%"}',
[ edt Enmmi | . Text, edtPassword. Text]));
try
if StatusCode = 200 then
begi n
var Token := Response. CGet Val ue<String>('token");
Ti na4REST1. Set Bear er ( Token) ;
Showessage(' Logged in successfully');
end
el se
ShowVessage(' Login failed: ' + Response. Get Val ue<String>(' nmessage'));
finally
Response. Free;
end;
end;

Custom Headers

For APIs that require custom headers (APl keys in headers, tenant IDs, etc.),
SendHt t pRequest from Ti na4Cor e directly:

uses Ti na4Core;

var
St at usCode: | nteger;
Headers: TNet Headers;
Response: TByt es;
begi n
Set Lengt h( Headers, 2);
Headers[ 0] := TNanmeVal uePair. Create(' X- APl -Key', 'ny-key-123");
Headers[ 1] := TNanmeVal uePair.Create(' X-Tenant-1d', 'acme-corp');

Response : = SendHtt pRequest ( St at usCode,
"https://api.exanple.com, '/data', '', "'

"application/json', 'utf-8, "', '',  Headers);
end;
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4. TTina4RESTRequest -- Declarative REST

Direct calls give you control. TTi na4RESTRequest gives you convenience. Link it to a
TTi na4REST, set properties, and execute. The component handles the HTTP call, parses the
JSON response, creates MemTable field definitions, and populates the table. One method call.
Basic GET with Auto MemTable Population
Drop these on your form:

* TTi na4REST (name: Ti na4REST1)

« TTi na4RESTRequest (name: Ti na4RESTRequest 1)

* TFDMenTrabl e (name: FDVenTabl el)
Configure Ti na4RESTRequest 1:

Ti na4REST Ti na4REST1

EndPoi nt [ users

Request Type Cet

Dat aKey records

Menirabl e FDMenirabl el

SyncMode d ear
Execute:

Ti na4dRESTRequest 1. Execut eRESTCal | ;
/| FDMeniTabl el now contains all users fromthe "records" array

The Dat aKey tells the component which JSON key contains the array of records. If your API
returns {"records": [...]}, set Dat aKey to r ecor ds. If the response is a bare JSON array
[...],leave Dat aKey empty.
POST with RequestBody

Ti na4RESTRequest 1. Request Type : = TTi nadRequest Type. Post ;

Ti na4RESTRequest 1. EndPoi nt : = '/users';
Ti na4RESTRequest 1. Request Body. Text : =
"{"pane": "Alice", "emnil": "alice@xanple.conl, "role": "editor"}";

Ti na4RESTRequest 1. Execut eRESTCal | ;
The Request Body is a TStri nglLi st. Set it with . Text for single-line JSON, or use . Add for
multiline construction.
PUT / PATCH / DELETE
Change the Request Type property:

/1 Update
Ti na4dRESTRequest 1. Request Type——=TFFi-nadRequest Type—Put;
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Ti na4RESTRequest 1. EndPoi nt : = '/users/42';
Ti na4dRESTRequest 1. Request Body. Text := '{"nane": "Alice Updated"}"';
Ti na4RESTRequest 1. Execut eRESTCal | ;

/'l Delete
Ti na4dRESTRequest 1. Request Type : = TTi na4Request Type. Del et e;
Ti na4RESTRequest 1. EndPoi nt : = '/users/42';

Ti na4dRESTRequest 1. Execut eRESTCal | ;

5. Master/Detail with Parameter Injection

This is where TTi na4RESTRequest earns its keep. Set a Mast er Sour ce and the detail request
injects field values from the master's MemTable into the endpoint, request body, and query
params using { f i el dNane} placeholders.

Setup

/'l Master: fetches all custoners

Ti na4RESTRequest 1. Ti na4REST : = Ti na4REST];

Ti na4dRESTRequest 1. EndPoi nt := '/custoners';

Ti na4dRESTRequest 1. Dat aKey : = 'records';

Ti na4RESTRequest 1. Menirabl e : = FDMeniTabl eCust oner s;

Ti na4dRESTRequest 1. Request Type : = TTi na4Request Type. Get ;

/| Detail: fetches orders for the sel ected custoner

Ti na4RESTRequest 2. Ti na4REST : = Ti na4REST];

Ti na4dRESTRequest 2. Mast er Sour ce : = Ti na4RESTRequest 1;

Ti na4RESTRequest 2. EndPoi nt := '/custoners/{id}/orders';
Ti na4dRESTRequest 2. Dat aKey : = 'records';

Ti na4RESTRequest 2. Menirabl e : = FDMenTTabl eOr der s;

Ti na4RESTRequest 2. Request Type : = TTi na4dRequest Type. Get ;

When the master executes and the user navigates to a customer with i d = 5, the detail's
endpoint becomes / cust oner s/ 5/ orders. The {i d} placeholder is replaced with the current
value of the i d field from FDMemTabl eCust oner s.

How It Works

» The master request executes and populates FDVenirabl eCust oner s.

* When you scroll to a different row in FDMVenTabl eCust oner s, the detail request re-executes
automatically.

 The detail request scans its EndPoi nt , Request Body, and Quer yPar ans for
{fi el dNane} patterns.

» Each pattern is replaced with the current field value from the master's MemTable.

Multiple Placeholders

You can use multiple placeholders:

Ti na4dRESTRequest 2. EndPoi nt : = '/custoners/{custonerld}/orders';
Ti na4dRESTRequest 2. Request Body. Text : =
"{"custonerld": "{custonerld}", "status": "active"}';
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6. POST from SourceMemTable

Sometimes you need to send data that already exists in a MemTable -- an import batch, a
modified dataset, user edits. Instead of manually serializing rows to JSON, Ilink a
Sour ceMenirabl e:

T
T
T
T
T
T

na4RESTRequest 1. Request Type : = TTi na4dRequest Type. Post ;
na4RESTRequest 1. EndPoint := '/inport/products';

na4RESTRequest 1. Sour ceMenilabl e : = FDMeniTabl ePr oduct s;
na4RESTRequest 1. Sour cel gnoreFields := "internal _id,tenp_flag';
na4RESTRequest 1. Sour cel gnor eBl anks : = True;

na4RESTRequest 1. Execut eRESTCal | ;

The component serializes all rows from FDVemTabl ePr oduct s to a JSON array and sends it as
the POST body. Fields listed in Sour cel gnor eFi el ds are excluded. If Sour cel gnor eBl anks
is Tr ue, fields with empty values are omitted from each row.

7. Async Execution

REST calls block the main thread. For a quick local API, that is fine. For a slow endpoint or a large
response, your Ul freezes. Execut eRESTCal | Async runs the request in a background thread.

procedure TForml. For nCr eat e( Sender: TObj ect);
begin

Ti na4RESTRequest 1. OnExecut eDone : = Handl eRequest Done;
end;

procedur e TFor nml. Handl eRequest Done( Sender: TObj ect);

begin
TThread. Synchroni ze(nil, procedure
begin
ShowMessage(' Loaded ' + FDMenTabl el. RecordCount. ToString + ' records');
/'l Update your grid or U here -- you are now on the nain thread
end) ;
end;

procedure TFornl. bt nFet chd i ck(Sender: Tbject);
begin

bt nFet ch. Enabl ed : = Fal se;

Ti na4RESTRequest 1. Execut eRESTCal | Async;
end;

Thread Safety Rules

* Never access Ul controls from the background thread. The OnExecut eDone event fires
on the background thread. Wrap all Ul updates in TThr ead. Synchr oni ze.

» The MemTable is populated before OnExecut eDone fires. You can read the MemTable
inside the synchronized block.

 Disable buttons while the request is in flight. Re-enable them in OnExecut eDone.
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8. Events

OnExecuteDone

Fires after the REST call completes and the MemTable is populated (if configured). Use it for
post-processing, Ul updates, or chaining requests:

procedure TFornml. Request 1Execut eDone( Sender: TQhj ect);

begin
TThr ead. Synchroni ze(ni |, procedure
begin
I bl Count. Text := Format (' % records | oaded', [FDMenTabl el. RecordCount]);

/1 Chain: now fetch details for the first record
i f FDMenirabl el. RecordCount > 0 then
begin
FDMenTabl el. Fi r st ;
Ti na4RESTRequest 2. Execut eRESTCal | ;
end;
end) ;
end;

OnAddRecord

Fires for each record added to the MemTable during population. Use it for custom field
transformations, filtering, or logging:

procedure TForml. Request 1AddRecor d( Sender: TCbhj ect);

begin
/'l Access the Menifable -- the cursor is on the newy added record
var Status := FDMenTabl el. Fi el dByNane(' status').AsString;
if Status = "inactive' then

FDMVenirabl el. Del ete; // Renopve inactive records during inport
end;

9. Complete Example: Customer Management Panel

A real-world scenario. List customers. View details. Create new ones. Update existing ones. Four
operations, four REST calls, one form.
Form Design
* TTi na4REST (name: r est APl , BaseUrl: htt ps: // api . exanpl e. cont v1)
« TTi na4RESTRequest (name: reqLi st Cust oner s)
» TTi na4RESTRequest (name: r eqCr eat eCust oner)
« TTi na4RESTRequest (name: r eqUpdat eCust oner)
» TFDMenirabl e (name: nt Cust oner s)
e TStringGid(name: gri dCust oners)
* TEdi t (name: edt Nane)
e TEdi t (name: edt Enai |)
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e TBut t on (name: bt nLoad, Text: Load)
e TBut t on (name: bt nSave, Text: Save)

e TLabel (name: | bl St at us)
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Implementation

unit Custoner Panel ;
interface
uses
System SysUtils, System Cl asses, System JSON,

FMX. Types, FMX. Controls, FMX Forns, FMX. StdCtrl s,
FMX. Gid, FMX.Grid. Style, FMX Scroll Box, FMX Layouts,

Fi
Ti

type
Tf

pr

en

var
fr

i mpl

reDAC. Conp. i ent,
nad4REST, Ti na4dRESTRequest ;

rmCustomers = cl ass(TForm

rest APl : TTi nad4REST;

reqgLi st Cust oners: TTi na4RESTRequest ;

reqCreat eCust omer: TTi na4RESTRequest ;

reqUpdat eCust omer: TTi na4RESTRequest ;

nt Cust oners: TFDMeniabl e;

gridCustoners: TStringGid;

edt Nane: TEdit;

edt Emai | : TEdit;

bt nLoad: TButton;

bt nSave: TButton;

| bl Status: TLabel;

procedur e FornCreat e(Sender: TCObject);

procedure btnLoadd ick(Sender: TObject);

procedure btnSaveC ick(Sender: TObject);

procedur e gridCustomnersSel ect Cel | (Sender:
var CanSel ect: Bool ean);

ivate

FSel ectedl d: string;

procedure SetupRequests;

procedure RefreshGid;

procedure Set Status(const Msg: string);

d;

nmCust oners: TfrnCust onmers;

enent ati on

{$R *. fmx}

proc
begi

TObj ect ;

edur e TfrnCustoners. FornCreat e( Sender: TCbject);

n

rest APl . BaseUr|l := 'https://api.exanple.comvl';
rest APl . Set Bear er (' your -t oken- here');
FSel ectedld :="";

Set upRequest s;

end;

proc

begi
/1
re

edure TfrnCustoners. Set upRequest s;
n
Li st custoners
gLi st Cust oners. Ti na4REST : = rest APl ;

reqgLi st Cust oners. EndPoint : = '/custoners';
regli st Cust oner s. Request Type : = TTi nadRequest Type. Get;
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reqlLi st Cust oners. Dat aKey : = 'records';
reqlLi st Cust oners. Menirabl e : = nt Cust oner s;
reqlLi st Cust oners. SyncMode : = TTi na4Rest SyncMode. d ear;

/'l Create custoner

reqCr eat eCust onmer . Ti na4REST : = rest APl ;

reqCr eat eCust omer . EndPoi nt := '/custoners';

reqCr eat eCust onmer . Request Type : = TTi nad4Request Type. Post ;

/1 Update custoner

reqUpdat eCust oner . Ti na4REST : = rest APl ;

reqUpdat eCust onmer . Request Type : = TTi na4Request Type. Put ;
end;

procedure TfrnCustoners. bt nLoadd i ck(Sender: TOhject);
begin

reqlLi st Cust oner s. Execut eRESTCal | ;

RefreshG i d;

Set St at us( Format (' Loaded %l custoners', [ntCustoners.RecordCount]));
end;

procedure TfrnCustoners. bt nSaved i ck(Sender: TOhject);
var

Body: string;

St at usCode: | nteger;

Response: TJSONObj ect;
begin

Body := Format (' {"nane": "9%", "emmil": "%"}',

[ edt Nane. Text, edtEmail. Text]);

if FSelectedld <> "'"' then
begin
/1 Update existing custoner
Response : = rest APl . Put ( St at usCode,
"/custoners/' + FSelectedld, '', Body);
try
if StatusCode = 200 then
Set St at us(' Cust oner updated')

el se
Set Status(' Update failed: ' + StatusCode. ToString);
finally
Response. Freeg;
end;
end
el se
begin
/'l Create new custoner
Response : = rest APl. Post (StatusCode, '/custonmers', '', Body);
try

if StatusCode = 201 then
Set St at us(' Custoner created')
el se
Set Status(' Create failed: ' + StatusCode. ToString);
finally
Response. Freeg;
end;
end;

/!l Refresh the list
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FSel ectedld :=""

edt Nane. Text := "'

edt Emai |l . Text :=""'

bt nLoadC i ck(nil);
end;

procedure TfrnCustoners. gri dCustonersSel ect Cel | (Sender: TOhj ect;
const ACol, ARow. Integer; var CanSel ect: Bool ean);
begin
if ARow < mt Custoners. RecordCount then
begin
nmt Custoners. RecNo : = ARow + 1;
FSel ectedl d : = ntCustoners. Fi el dByNane('id').AsString;
edt Nane. Text : = nt Custoners. Fi el dByNane(' nane').AsStri ng;
edt Enmi | . Text := ntCustoners. Fi el dByNane('email').AsString;
end;
end;

procedure TfrnCustoners. RefreshGi d;

begin
gri dCust oners. RowCount : = nt Custoners. RecordCount;
gri dCust oners. C ear Col ums;

var Colld := TStringCol um. Create(gridCustoners);
Col I d. Header :="'ID;

Colld. Wdth := 50;

gri dCust oners. AddObj ect (Col 1 d) ;

var Col Nane := TStringCol um. Create(gri dCustoners);
Col Nane. Header := 'Nane';

Col Nane. Wdth : = 200;

gri dCust oners. AddObj ect ( Col Nane) ;

var Col Email := TStringCol um. Create(gri dCustoners);
Col Enmi | . Header := '"Enmail"';

Col Emai | . Wdth := 250;

gri dCust oners. AddObj ect (Col Emai | ) ;

nt Cust oners. First;

var Row : = O;

whi | e not nt Custoners. Eof do

begin
gridCustoners. Cel I s[0, Row] := ntCustoners.FieldByNane('id ).AsString;
gridCustoners. Cel I s[1, Row] nt Cust oners. Fi el dByNane(' nane' ). AsStri ng;
gridCustoners. Cel I s[2, Row] nt Cust oners. Fi el dByNane(' enmail').AsString;
I nc(Row) ;
nt Cust onmer s. Next ;

end;

end;

procedure TfrnCustoners. Set Status(const Msg: string);
begin

| bl Status. Text := Msg;
end;

end.
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10. Exercise: Product Catalog

Build a product management application with the following features:

Requirements
 Fetch products from GET / pr oduct s (use jsonplaceholder or your own API)
* Display productsina TStri ngGi d
* Add a search TEdi t that filters products by title (client-side filtering on the MemTable)
* Add a form to create new products via POST / product s

* Use async execution for the initial load with a loading indicator
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Solution

unit Product Cat al og;
interface

uses
System SysUtils, System O asses,
FMX. Types, FMX Control s,
FMX. Gid, FMX. Gid. Styl e,
Fi reDAC. Comp. d i ent,
Ti na4REST, Ti na4RESTRequest ;

type

Tf rmProducts = cl ass(TForm
rest APl : TTi nad4REST;
reqProducts: TTi na4RESTRequest ;
nmt Product s: TFDMenirabl e;
gridProducts: TStringGid;
edt Search: TEdit;
edtTitle: TEdit;
edtPrice: TEdit;
bt nCreate: TButton;
| bl Loadi ng: TLabel ;
procedure FornCreat e( Sender:

procedure btnCreated ick(Sender:
private

procedure OnProduct sLoaded( Sender:

procedure RefreshGid;

procedure FilterGid(const SearchText:

end;

var
frnProducts: TfrnProducts;
i mpl enent ati on

{$R *. fmx}

procedure TfrnProducts. For nCr eat e( Sender :

begi n

rest APl . BaseUrl := '"https://jsonpl

Syst em JSON,
FMX. Fornms, FMX StdCirl s,
FMX. Scr ol | Box,

FMX. Edi t,
FMX. Layout s,

TObj ect) ;
procedur e edt Sear chChangeTr acki ng( Sender :

TObj ect) ;
TObj ect) ;

TObj ect) ;

string);

TObj ect) ;

acehol der . typi code. com ;

reqProducts. Ti na4REST : = rest APl ;

reqProducts. EndPoint := '/posts'; // Using posts as stand-in for
reqProduct s. Request Type : = TTi na4dRequest Type. Get ;

reqProduct s. Menirabl e : = nt Products;

reqProduct s. SynchMbde : = TTi na4Rest SyncMbde. Cl ear;

reqProduct s.

| bl Loadi ng. Text

OnExecut eDone

: = OnProduct sLoaded,;

;= 'Loadi ng products...";

I bl Loadi ng. Visible := True;
reqProduct s. Execut eRESTCal | Async;
end;

procedure TfrnProducts. OnProduct sLoaded( Sender :

begi n

TObj ect) ;
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TThr ead. Synchroni ze(ni |, procedure
begin
| bl Loadi ng. Visible : = Fal se;
RefreshG i d;
end) ;
end;

procedure TfrnProducts. RefreshGid;

begin
gri dProducts. RowCount := ntProducts. RecordCount;
gri dProducts. d ear Col umms;

for var | := 0 to ntProducts. FieldCount - 1 do
begin
var Col := TStringColum. Create(gridProducts);

Col . Header := ntProducts.Fields[l].FieldNane;
Col .Wdth := 150;
gri dProducts. AddObj ect (Col ) ;

end;

nmt Products. First;
var Row : = 0;
whil e not ntProducts. Eof do
begin
for var C:= 0 to ntProducts. FieldCount - 1 do
gridProducts. Cell s[C, Row] := ntProducts.Fields[C].AsString;
I nc(Row) ;
nt Product s. Next ;
end;
end;

procedure TfrnProducts. edt Sear chChangeTr acki ng( Sender: TObj ect);
begin

FilterGid(edtSearch. Text);
end;

procedure TfrnProducts. FilterGid(const SearchText: string);
var
Row. | nt eger;
begin
if SearchText = '' then
begin
RefreshG i d;
Exit;
end;

Row : = 0;
gri dProducts. RowCount := 0;

nmt Products. First;
whi | e not ntProducts. Eof do
begin
var Title := mProducts. Fiel dByNane('title').AsString;
if Title. ToLower. Contai ns(SearchText. ToLower) then
begin
gri dProducts. RowCount := Row + 1;
for var C:= 0 to nmtProducts. FieldCount - 1 do
gridProducts. Cell s[C, Row] := ntProducts.Fields[C].AsString;
I nc(Row) ;

The Intelligent Native Application 4ramework



end;
nt Product s. Next ;
end;
end;

procedure TfrnProducts. bt nCreated ick(Sender: TOhject);
var
St at usCode: | nteger;
Response: TJSONObj ect;
begin
Response : = rest APl. Post ( St at usCode, '/posts', '',
Format (' {"title": "9%", "body": "%", "userld": 1}',
[edtTitle. Text, edtPrice.Text]));
try
if StatusCode = 201 then
begin
Showessage(' Product created with ID: ' + Response. GetVal ue<String>('id));
edtTitle. Text :=""
edtPrice. Text :=""
end
el se
Showessage(' Failed: ' + StatusCode. ToString);
finally
Response. Freeg;
end;
end;

end.

11. Common Gotchas

Forgetting to Free TISONODbject

Symptom: Memory usage grows over time. ReportMemoryLeaksOnShutdown shows leaks.

Fix: Every Get, Post, Pat ch, Put, and Del et e call returns a TISONCbj ect that you own.
Alwayswrapintry..finally:

var Response := Ti na4RESTL1. Get (St atusCode, '/data');
try
/'l use Response
finally
Response. Free; // Al ways. Every tine.
end;

Not Checking StatusCode

Symptom: Application crashes when trying to read fields from an error response.

Fix: Always check the status code before accessing response data:

Response : = Ti na4RESTL1. Get ( St at usCode, '/users/999');
try
if StatusCode = 200 then
ProcessUser ( Response)
else if StatusCode = 404 then
Showessage(' User not found™)
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el se
Showessage(' Unexpected error: ' + StatusCode. ToString);
finally
Response. Freeg;
end;

Async Thread Safety
Symptom: Intermittent access violations, garbled Ul, or "Canvas does not allow drawing" errors.
Fix: Never touch Ul controls from OnExecut eDone without TThr ead. Synchr oni ze:

/1 WRONG -- will crash randomy
procedure TFornl. OnDone( Sender: TObj ect);

begin
| bl Status. Text := 'Done'; [/ Main thread violation
end;
/| CORRECT
procedure TFornl. OnDone( Sender: TObj ect);
begin
TThr ead. Synchroni ze(nil, procedure
begin
| bl Status. Text := 'Done'; [/ Safe -- runs on nain thread
end) ;
end;

DataKey Mismatch

Symptom: MemTable is empty after a successful request.

Fix: Check that Dat aKey matches the JSON structure. If the APl returns {"data": [...]}, set
Dat aKey to dat a. If it returns {"results": [...]}, setittoresults. If the response is a
bare array [ . . . ], leave Dat aKey empty.

BaseUr| Trailing Slash

Symptom: 404 errors on endpoints that work in the browser.

Fix: Do not include a trailing slash on BaseUr | . The endpoint already starts with / :

/1 \WRONG
Ti na4REST1. BaseUr| := 'https://api.example.conmvl/';
/1 Endpoint '/users' becones 'https://api.exanple.comvl//users'

/1 CORRECT
Ti na4RESTL. BaseUr| := 'https://api.exanmple.conmvl';
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Summary

Base configuration
Basic Auth
Bearer token

Direct GET

Direct POST

Direct PATCH

Direct PUT

Direct DELETE

Declarative GET

Master/Detail

POST from MemTable

Async

Memory rule

TTi na4REST -- set BaseUr | , auth
Set User nane and Passwor d
Set Bearer ('t oken')

Ti na4REST1. CGet ( St at usCode,
"/endpoint', 'parans')

Ti na4RESTL1. Post ( St at usCode,
"/endpoint', '', Body)

Ti na4REST1. Pat ch( St at usCode,
"/endpoint', '', Body)

Ti na4RESTL1. Put ( St at usCode,
"/endpoint', '', Body)

Ti na4REST1. Del et e( St at usCode,
'/ endpoint')

TTi na4RESTRequest  -- set endpoint,
MemTable, Execut eRESTCal |

Set MasterSource, use {fiel dNane}
placeholders

Set Sour ceMenirabl e, call
Execut eRESTCal |

Execut eRESTCal | Async +
OnExecut eDone + TThr ead. Synchr oni ze

Every TISONObj ect returned must be freed
by the caller
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JSON & Data Binding

The Bridge Between APIs and Grids

Your API returns JSON. Your grid displays MemTable rows. Between these two worlds sits a
translation layer -- field names need converting, dates need formatting, nested objects need
flattening, and records need matching for updates. Tina4 Delphi handles all of this with a set of
utility functions and one component.

This chapter covers the full JSON pipeline: parsing raw strings, converting database queries to
JSON, populating MemTables from JSON, syncing changes, and binding data declaratively with
TTi na4JSONAdapt er .

1. JSON Parsing Utilities

Before you can work with JSON data, you need to parse it. Ti na4Cor e. pas provides four
parsing functions that handle the common cases.

StrToJSONODbject

Parses a JSON string into a TJSONObj ect . Returns ni | if parsing fails -- always check with
Assi gned.

uses Ti na4Cor e;

var Obj := StrToJSONObj ect (' {"nane": "Aice", "age": 30, "active": true}');
try
if Assigned(Obj) then
begin
Showessage( Obj . Get Val ue<Stri ng>(' nane')); /] "Alice'

ShowMessage( Obj . Get Val ue<I nt eger>(' age'). ToString); // '30
ShowMessage( Obj . Get Val ue<Bool ean>("' active').ToString); // 'True'
end
el se
Showivessage(' Invalid JSON );
finally
oj . Free;
end;

StrToJSONArray
Parses a JSON string into a TJSONAr r ay. Use this when the root element is an array:

var Arr = StrToJSONArray(' [{"id": 1}, {"id": 2}, {"id": 3}]");

try
if Assigned(Arr) then
for var I := 0 to Arr.Count - 1 do
Showivessage((Arr.ltens[I] as TIJSONObj ect). Get Val ue<String>('id));
finally
Arr. Free;
end;
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StrToJSONValue

When you do not know whether the input is an object, array, string, number, or boolean:

var Val := StrToJSONVal ue( Sorel nput);
try
if Val is TIJSONObj ect then
ProcessObj ect (Val as TJSONObj ect)
else if Val is TISONArray then
ProcessArray(Val as TJSONArray)
el se
Showvessage(' Prinmtive: ' + Val.Val ue);
finally
Val . Fr ee;
end;

BytesToJSONODbject
Parses raw TByt es directly -- the typical output of SendHt t pRequest :

var
St at usCode: | nteger;
Response: TBytes;

begi n
Response : = SendHtt pRequest ( St at usCode, 'https://api.exanple.com, '/users');
var JSON : = Byt esToJSONObj ect ( Response) ;
try

if Assigned(JSON) then
Menol. Li nes. Text := JSON. For nat ;
finally
JSON. Fr ee;
end;
end;

GetJSONFieldName
Strips surrounding quotes from a JSON field name. Useful when iterating TJSONPai r elements:

Get JSONFi el dName(' "firstName"'); // 'firstNane'
Get JSONFi el dNane(' age' ) ; /1 'age'

2. TTina4JSONAdapter -- Static JSON to MemTable

TTi na4JSONAdapt er is the declarative way to bind JSON data to a TFDMenirabl e. Drop it on
your form, set the JSON, set the data key, and execute. No parsing code. No field definition code.
No population loops.
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From Static JSON

/1 Design-time or runtinmne:
Ti na4JSONAdapt er 1. Menirabl e : = FDMenTabl el;

Ti na4JSONAdapt er 1. Dat aKey : = 'products';
Ti na4JSONAdapt er 1. JSONDat a. Text : =
"{"products": [' +

ll {Ili dll: " 1!!, " narTell: lleget “’ llpri Cell: 9. 99}’ ll +
Yo{"id": "2", "nane": "Gadget", "price": 24.99},' +
Yoo {"id": "3", "nane": "Doohickey", "price": 4.50}' +
11

Ti na4JSONAdapt er 1. Execut e;

/1 FDMeniTabl el now has 3 rows with id, name, price colums

From MasterSource

Link the adapter to a TTi na4dRESTRequest and it auto-executes whenever the master's
OnExecut eDone fires:

/1 The REST request fetches data that contains enbedded JSON
Ti na4RESTRequest 1. EndPoi nt : = '/ dashboard';
Ti na4RESTRequest 1. Menirabl e : = FDMenirabl eDashboar d;

/1 The adapter extracts a nested array fromthe response

Ti na4JSONAdapt er 1. Mast er Sour ce : = Ti na4RESTRequest 1;

Ti na4JSONAdapt er 1. Dat aKey : = 'recent Orders';

Ti na4JSONAdapt er 1. Menirabl e : = FDMeniTabl eOr der s;

/1 \When Ti nadRESTRequest1 conpl et es, FDMenirabl eOrders aut o- popul at es

This works well for APIs that return complex nested responses. The REST request gets the whole
response into one MemTable. The JSON adapter extracts a specific nested array into another
MemTable.

Sync Mode

By default, Execut e clears the MemTable and replaces all data. For incremental updates, use
Sync mode:

Ti na4JSONAdapt er 1. SyncMbde : = TTi na4Rest SyncMbde. Sync;

Ti na4JSONAdapt er 1. | ndexFi el dNanes := "id';

Cl ear (default) Empties the table first, then appends all
records

Sync Matches records by | ndexFi el dNanes,

updates existing rows, inserts new ones

Sync mode requires | ndexFi el dNanes to be set. This is the field (or fields) used to match
existing rows against incoming JSON records. Without it, sync mode cannot determine which
rows to update.
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3. Database to JSON

Going the other direction -- from database to JSON -- is equally common. You query a database
and need to send the results to a REST API, save to a file, or display in an HTML template.

GetJSONFromDB

Executes a SQL query and returns the results as a TJSONCbj ect . Three automatic conversions
happen:

 Field names convert from snake_case to canel Case (e.g., fi r st _name becomes
firstNane)

» DateTime fields format as ISO 8601 (e.g., 2024- 06- 15T14: 30: 00. 0002)
 Blob fields encode as Base64

/1 Sinple query
var Result := CGet JSONFronDB( FDConnectionl, 'SELECT * FROM users');

try
Menol. Li nes. Text := Result. Format;
/1 {"records": [
/1 {"id": "1, "firstName": "Alice", "email": "alice@xanple.cont, ...},
/1 {"id": "2", "firstNanme": "Bob", "email": "bob@xanple.con, ...}
111}

finally
Resul t . Free;

end;

The default dataset key is r ecor ds. To use a custom key:

var Result := Get JSONFronDB( FDConnecti onl,
" SELECT * FROM cats', nil, 'cats');
/[l {"cats": [{"id": "1", "name": "Whiskers"}, ...]}

With Parameters

Use TFDPar ans for parameterized queries to prevent SQL injection:

var Parans := TFDPar ans. Cr eat e;
try
Par ans. Add(' status', 'active');

Par ans. Add(' m nAge', 18);

var Result := GetJSONFronDB( FDConnecti onl,
' SELECT * FROM users WHERE status = :status AND age >= :m nAge',
Par ans) ;
try
Menol. Li nes. Text := Result. Format;
finally
Resul t . Free;
end;
finally
Par ans. Fr ee;
end;
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GetJSONFromTable

Converts an existing TFDMVenirabl e or TFDTabl e to JSON. Useful when you have data already
loaded and need to serialize it:

/1 Basic conversion
var JSON : = Get JSONFr onTTabl e( FDMenirabl el) ;

try

Menol. Li nes. Text : = JSON. For mat ;

/'l {"records": [{"id": "1", "pane": "lteml"}, ...]}
finally

JSON. Fr ee;
end;

Ignore specific fields (passwords, internal IDs):
var JSON : = Get JSONFr onTabl e( FDMenirabl el, 'records', 'password,internal_id');
Ignore blank values to reduce payload size:

var JSON : = Get JSONFronTabl e( FDMenirabl e1, 'records', '', True);

/1 Fields with enpty string values are onitted fromeach record

4. JSON to MemTable

The reverse pipeline. You have JSON data and need it in a TFDMVenirabl e for display, editing, or
further processing.

GetFieldDefsFromJSONODbject

Creates field definitions on a MemTable from a JSON object's structure. You call this once to set
up the schema, then populate rows:

var JSONCbj := StrToJSONObj ect (
"{"firstName": "Alice", "age": 30, "address": {"city": "Cape Town"}}');
try
Get Fi el dDef sFromJSONCbj ect (JSONChj , FDMeniTabl el, True);
/'l Creates fields:
/1 first_name : ftString (camel Case converted to snake_case with True fl ag)
/1 age : ftString

/1 address . ftMeno (nested obj ect becones ftMenp)
FDMemTabl el. Cr eat eDat aSet ;

finally
JSONObj . Fr ee;

end;

The third parameter controls snake case conversion. Pass True to convert firstNane to
first_nane. Pass Fal se to keep JSON field names as-is.

Nested objects and arrays become f t Meno fields containing the serialized JSON string.

PopulateMemTableFromJSON

The main workhorse. Takes a JSON string, extracts the array at the specified data key, and
populates a MemTable. If the MemTable has no field definitions, they are created automatically
from the first JSON object.
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Clear Mode (Default)

Empties the table and replaces all data:

var JSONStr : =
‘{"records": [' +
{"id": "1", "nane": "Alice", "email": "alice@xanple.conl},' +
{"id": "2", "nane": "Bob", "enmmil": "bob@xanple.con'}' +
1

Popul at eMenTTabl eFr omISON( FDMenirabl el, 'records', JSONStr);
/| FDMenTabl el has 2 rows, any previous data is gone

Sync Mode

Matches existing rows by key fields and updates them. New rows are inserted. Existing rows not
in the JSON are left unchanged:

// Initial |oad
Popul at eMenTTabl eFr omISON( FDMenirabl el, 'records',

"{"records": [{"id": "1", "name": "Alice"}, {"id": "2", "nane": "Bob"}]}');

/1 Later: update Alice, add Charlie, Bob stays unchanged

Popul at eMenTTabl eFr omISON( FDMenirabl el, 'records',
"{"records": [{"id": "1", "name": "Alice Updated"}, {"id": "3", "nane": "Charlie"}]}",
"id'", TTinad4Rest SyncMbde. Sync);

/1 Result: 3 rows

/1 id=1: Alice Updated (updated)
/1 i d=2: Bob (unchanged)

/1 i d=3: Charlie (inserted)

The fourth parameter is | ndexFi el dNanes -- the field(s) used for matching. For composite keys,
separate with semicolons: ' t enant | d; user|d'.

PopulateTableFromJSON

Inserts or updates rows directly into a database table (not a MemTable) from JSON. Uses a
primary key for upsert logic:

var Result := Popul at eTabl eFr omJSON(

FDConnecti onl, /| dat abase connection

'users', /1 table name

"{"response": [{"nanme": "Alice"}, {"nane": "Bob"}]}"',
'response', /1 data key

id); [l primary key field for upsert

This is useful for bulk imports -- JSON data goes directly to the database without an intermediate
MemTable.

5. Naming Conventions

Tina4 Delphi automatically converts between naming conventions at every boundary:
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Database to JSON snake_case camel Case first_nane

becomes

firstNane

JSON to MemTable canel Case snake_ case firstName
(optional) becomes

first _name

CamelCase
Canel Case(' first_nane'); [l ' firstNange'
Canel Case('id"); [ tid
Canel Case(' user_email'); [l "userEmail'
Canel Case(' created_at'); [l 'createdAt'
SnakeCase
SnakeCase(' firstNanme'); [l 'first_nane'
SnakeCase(' userEmail ') ; /1 'user_emil"’
SnakeCase(' createdAt'); /1 'created_at'

This matters because databases typically use snake_case column names while JSON APIs use
camel Case keys. Tina4 handles the translation transparently when using Get JSONFr onDB and
CGet Fi el dDef sFr omJ SONObj ect .

6. Complete Example: Data Import/Export Tool

A realistic scenario: fetch data from an API, display it in a grid, let the user edit rows, and push
changes back to the API.

unit | nportExport;
interface

uses
System SysUtils, System Cl asses, System JSON,
FMX. Types, FMX. Controls, FMX Forns, FMX StdCirls, FMX Edit,
FMX. Gid, FMX.Grid. Style, FMX Scroll Box, FMX Meno, FMX Layouts,
Fi reDAC. Conp. d i ent,
Ti na4Core, Tina4REST, Ti na4RESTRequest ;

type
Tf rm nport Export = class(TForm
rest APl : TTi nad4REST;
nt Dat a: TFDMenTabl e;
gridbData: TStringGid,
bt nFetch: TButton;
bt nPushChanges: TButton;
menoLog: TMeno;
| bl Status: TLabel;
procedur e FornCreate(Sender: TCObject);
procedure btnFetchC ick(Sender: TOhject);
procedur e bt nPushChangesd i ck(Sender: TObject);
private
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procedure RefreshGi d;
procedure Log(const Msg: string);
end;

var
frm nportExport: Tfrm nportExport;

i mpl enentati on
{$R *. fnx}

procedure Tfrm nport Export. FornCreat e( Sender: TOhject);
begin

rest APl . BaseUr|l := '"https://jsonpl acehol der.typi code. coni;
end;

procedure Tfrm nport Export. btnFetchC ick(Sender: TOhject);
var

St at usCode: | nteger;

Response: TJSONObj ect;
begin

Log(' Fetching users...");

Response := rest APl. Get (StatusCode, '/users');

try
if StatusCode <> 200 then
begin
Log("' Failed: HTTP ' + StatusCode. ToString);
Exit;
end;

/1 The response is a JSON array, but Tinad4REST wraps it
/1 Use Popul at eMenTabl eFromJSON for direct control
Popul at eMenTabl eFromJSON(nt Data, '', Response. ToString);
RefreshG i d;
Log( Format (' Loaded % users', [ntData.RecordCount]));

finally
Response. Fr eeg;

end;

end;

procedure Tfrm nport Export. bt nPushChangesd i ck(Sender: TObject);
var
St at usCode: | nteger;
Response: TJSONObj ect;
JSON: TJSONOhj ect ;
begin
/1 Serialize the Menirable to JSON
JSON : = Get JSONFr onTabl e( nt Dat a) ;
try
Log(' Pushi ng changes...");
Log(' Payl oad: ' + JSON. ToString);

/1 In areal app, POST this to your API
Response : = rest APl . Post (StatusCode, '/users', "', JSON. ToString);
try
if StatusCode in [200, 201] then
Log(' Changes pushed successfully")
el se
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Log(' Push failed: HTTP ' + StatusCode. ToString);
finally
Response. Free;
end;
finally
JSON. Fr ee;
end;
end;

procedure Tfrm nport Export. RefreshGid;
begin
gri dDat a. RowCount : = nt Dat a. Recor dCount ;
gri dbDat a. d ear Col umms;

for var I := 0 to ntData.FieldCount - 1 do
begin
var Col := TStringColum. Create(gridData);

Col . Header := ntData.Fields[I].FieldNang;
Col .Wdth := 150;
gri dDat a. AddObj ect (Col ) ;

end;

nt Data. First;

var Row : = 0;

whi |l e not ntData. Eof do

begin
for var C:= 0 to ntData. FieldCount - 1 do

gridbData. Cell s[C, Row] := mtData.Fields[C].AsString;

I nc(Row) ;
nt Dat a. Next ;

end;

end;

procedure Tfrm nport Export. Log(const Msg: string);
begin

nmenoLog. Li nes. Add( For mat Dat eTi ne(' hh: nn:ss', Now) + ' ' + MsQ);
end;

end.

7. Complete Example: Master-Detail Pattern

Customers in the top grid. Orders for the selected customer in the bottom grid. The orders grid
updates automatically when you select a different customer.

unit MasterDetail;
interface

uses
System SysUtils, System Cl asses, System JSON,
FMX. Types, FMX Controls, FMX Forns, FMX. StdCtrl s,
FMX. Gid, FMX.Gid. Style, FMX Scroll Box, FMX Layouts,
Fi reDAC. Conp. i ent,
Ti na4Cor e, Tina4REST, Ti na4RESTRequest, Ti na4JSONAdapt er;

type
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TfrmvasterDetail = class(TForm
rest APl : TTi na4REST;
reqCustoners: TTi nadRESTRequest ;
adapter Orders: TTi na4JSONAdapt er;
nt Cust oners: TFDMeniabl e;
nt Orders: TFDMenirabl e;
gridCustoners: TStringGid;
gridOders: TStringGid;
bt nLoad: TButton;
| bl Cust omer Count : TLabel ;
I bl Order Count: TLabel ;
procedur e FornCreate(Sender: TCOhject);
procedure btnLoadd ick(Sender: TOhject);
procedure gridCustonersSel ect Cel |l (Sender: TOhject; const ACol, ARow. |Integer;
var CanSel ect: Bool ean);
private
FOrdersDat a: TJSONObj ect ;
procedure RefreshCustonerGid;
procedure LoadOr der sFor Cust oner (Custonerld: string);
procedure RefreshOrderGid;
end;

var
frmvasterDetail: TfrmvasterDetail;

i mpl enentati on
{$R *. fnx}
procedure TfrnmMVasterDetail.FornCreate(Sender: TOhject);
begin
rest APl . BaseUr|l := "https://api.exanple.confvl';

rest APl . Set Bear er (' your -t oken-here');

reqCust onmers. Ti na4REST : = rest APl ;

reqCust oners. EndPoint := '/custoners';

reqCust oner s. Request Type : = TTi nadRequest Type. Get;
reqCust oners. Dat aKey : = 'records';

reqCust oner s. Menirabl e : = nt Cust oners;

reqCust oner s. SyncMbde : = TTi nad4Rest SyncMode. d ear;

FOrdersData := nil;
end;

procedure TfrnMasterDetail.btnLoadd ick(Sender: TObject);
begin
reqCust oner s. Execut eRESTCal | ;
Ref reshCust omer Gri d;
I bl Cust orrer Count . Text := Format (' % custoners', [ntCustoners.RecordCount]);

/1 Auto-select first custoner
if ntCustoners. RecordCount > 0 then
begin
nt Cust oners. Fi rst;
LoadOr der sFor Cust oner (nt Cust oner s. Fi el dByName('id').AsString);
end;
end;

procedur e TfrnMast er Det ai | . grdCustenersSelectCelH-{Sender: Thj ect;
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const ACol, ARow Integer; var CanSel ect: Bool ean);
begin
if ARow < mt Custoners. RecordCount then
begin
nmt Custoners. RecNo : = ARow + 1;
LoadOr der sFor Cust oner (nt Cust oner s. Fi el dByName('id').AsString);
end;
end;

procedure TfrnMasterDetail.LoadO der sFor Cust oner (Custonerld: string);
var
St at usCode: | nteger;
Response: TJSONObj ect;
begin
Response : = rest APl. Get ( St at usCode,
"/custonmers/' + Custonmerld + '/orders');

try
if StatusCode = 200 then
begin
Popul at eMenTabl eFr omJSON( nt Orders, 'records', Response.ToString);
RefreshOrder Gri d;
| bl Order Count. Text := Format (' % orders', [mt Orders. RecordCount]);
end
el se
begin
nmt Or der s. Enpt yDat aSet ;
RefreshOrder Gri d;
I bl Order Count. Text := "0 orders';
end;
finally
Response. Fr eeg;
end;
end;

procedure TfrnMVasterDetail.RefreshCustonerGid;
begin
gri dCust oners. RowCount : = nt Custoners. RecordCount;
gri dCust oners. C ear Col ums;

var Colld := TStringCol um. Create(gridCustoners);
Col I d. Header :="'ID;

Col ld. Wdth := 50;

gri dCust oners. AddObj ect (Col 1 d) ;

var Col Nanme := TStringCol um. Create(gri dCustoners);
Col Nane. Header := 'Nane';

Col Nane. Wdth : = 200;

gri dCust oners. AddObj ect ( Col Nane) ;

var Col Email := TStringCol um. Create(gri dCustoners);
Col Enmi | . Header := '"Enmail"';

Col Emai | . Wdth := 250;

gri dCust oners. AddObj ect (Col Emai | ) ;

nt Cust oners. First;
var Row : = O;
whi | e not nt Custoners. Eof do
begin
gridCustoners. Cel I s[0, Rewl——=rntCustonrers—FieldByNane('id' ).AsString;
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gridCustoners. Cel I s[1, Row]
gridCustoners. Cel I s[2, Row]
I nc(Row) ;
nt Cust oner s. Next ;
end;
end;

nt Cust oners. Fi el dByNane(' nane' ). AsStri ng;
nt Cust oners. Fi el dByNane(' enmail'). AsString;

procedure TfrnVasterDetail.RefreshOrderGid;
begin
gridOders. RowCount := nt Orders. RecordCount;
gridOrders. d ear Col umms;

for var I := 0 to mOders. FieldCount - 1 do
begin
var Col := TStringColum. Create(gridOrders);

Col . Header := ntOrders. Fields[I].Fiel dNaneg;
Col .Wdth := 120;
gridOrders. AddObj ect (Col ) ;

end;

m Orders. First;

var Row : = 0;

whil e not nmt Orders. Eof do

begin
for var C:= 0 to ntOders.FieldCount - 1 do

gridOders.Cells[C, Row] := ntOrders. Fields[C].AsString;

I nc(Row) ;
nt Or ders. Next;

end;

end;

end.

8. Exercise: JSON Viewer

Build a universal JSON viewer that can load any JSON file, auto-create MemTable fields, display
the data in a grid, and allow editing.
Requirements

» An "Open File" button that loads a . j son file from disk

« ATEdi t for specifying the data key (default: r ecor ds)

* Auto-detect field definitions from the JSON structure

* Display the dataina TSt ri ngG i d

« Allow the user to edit cells in the grid

* A "Save" button that writes the modified data back to the JSON file
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Solution
unit JSONVi ewner ;

interface

uses
System SysUtils, System C asses, System JSON, System | OUtils,
FMX. Types, FMX. Controls, FMX Forns, FMX StdCirls, FMX Edit,
FMX. Grid, FMX. Gid. Style, FMX Scroll Box, FMX Dial ogs, FMX Layouts,
Fi reDAC. Conp. d i ent,
Ti na4Cor e;

type
Tf rmJSONVi ewer = cl ass(TForm
bt nOpen: TButton;
bt nSave: TButton;
edt Dat aKey: TEdit;
gridbData: TStringGid,
nt Dat a: TFDMeniTabl e;
| bl St atus: TLabel ;
| bl Dat aKey: TLabel ;
OpenDi al ogl: TOpenDi al og;
SaveDi al ogl: TSaveD al og;
procedure btnOpendC ick(Sender: TObject);
procedure btnSaveC ick(Sender: TObject);
procedur e FornCreat e(Sender: TCObject);
private
FCurrentFile: string;
FOrigi nal JSON: string;
procedure LoadJSON(const FileNanme: string);
procedure RefreshGid;
end;

var
frmISONVI ewer : Tf r mISONViI ewer ;

i mpl enent ati on
{$R *. fnx}

procedure TfrnmISONVi ewer . For nCr eat e( Sender: TObj ect);

begi n
edt Dat aKey. Text := 'records';
OpenDi al ogl. Filter := "JSON files (*.json)|*.json|All files (*.*)|*.*";
SaveDi al ogl. Filter := "JSON files (*.json)|*.json";

end;

procedure TfrnJSONVi ewer. bt nOpend i ck(Sender: TCObject);
begi n
i f OpenDi al ogl. Execute then
LoadJSON( Openbi al ogl. Fi | eNane) ;
end;

procedure TfrnISONVi ewer. LoadJSON(const Fil eNanme: string);
var
JSONStr: string;
Dat aKey: string;
begi n
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FCurrentFile := Fil eNang;

JSONStr : = TFil e. ReadAl | Text (Fi | eNane) ;

FOriginal JSON : = JSONStr;
Dat aKey : = edt Dat aKey. Text ;

/1 Cear existing data
nt Dat a. C ose;
nt Dat a. Fi el dDefs. d ear;

/1 Try to parse and detect structure

var JSONval := StrToJSONVal ue(JSONStr);
try
if JSONVal is TIJSONArray then
begin
/! Root is an array -- wap it for

var Wapped := Format (' {"%": %}’

Popul at eMenTTabl eFr omJSON( nt Dat a,

Dat aKey, W apped);

Popul at eMenTabl eFr omJ SON
[ Dat aKey, JSONStr]);

end
else if JSONval is TJSONObj ect then
begin
Popul at eMenTabl eFr omJSON( nt Dat a, Dat aKey, JSONStr);
end
el se
begin
I bl Status. Text := "JSON is neither an object nor an array';
Exit;
end;
finally
JSONval . Free;
end;
RefreshG i d;
| bl Status. Text := Format (' Loaded % records from %',

[ mt Dat a. Recor dCount, ExtractFil eNane(FileNane)]);

end;

procedure TfrnmISONVi ewer . RefreshGri d;
begin

gri dDat a. RowCount : = nt Dat a. Recor dCount ;

gri dDat a. d ear Col umms;

for var I := 0 to ntData.FieldCount - 1 do
begin
var Col := TStringColum. Create(gridData);

Col . Header := ntData.Fields[I].FieldNang;

Col .Wdth := 150;
gri dDat a. AddQObj ect (Col ) ;
end;

nt Data. First;
var Row : = 0;
whil e not ntData. Eof do
begin
for var C:= 0 to ntData. Fi el dCount

1 do

gridbData. Cell s[C, Row] := mtData.Fields[C].AsString;

I nc(Row) ;
nt Dat a. Next ;
end;

end;
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procedure TfrnmISONVi ewer . bt nSaved i ck( Sender: Thj ect);
var

JSON: TJSONOhj ect ;

Fi |l eNanme: string;

begin
/1 Read grid edits back into MenfTabl e
nt Data. First;

var Row : = 0;
whil e not ntData. Eof do
begin
nt Dat a. Edi t;
for var C:= 0 to ntData. FieldCount - 1 do
nmData.Fields[C].AsString := gridData. Cell s[C, Row|;
nt Dat a. Post ;
I nc(Row) ;
nt Dat a. Next ;
end;

/1 Serialize to JSON
JSON : = Get JSONFronTabl e(nt Dat a, edt Dat aKey. Text);
try
if FCurrentFile <> "'' then
FileNanme := FCurrentFile
el se i f SaveDi al ogl. Execute then
Fil eName : = SaveD al ogl. Fi | eNanme
el se
Exit;

TFile. WiteAll Text (Fil eNane, JSON. Fornat);
I bl Status. Text := 'Saved to ' + ExtractFil eNane(Fil eNane);
finally
JSON. Fr ee;
end;
end;

end.

9. Common Gotchas

TJSONODbject Memory Management
Symptom: Memory leaks reported by Report Menor yLeaksOnShut down.

Fix: Every function that returns a TJSONCbj ect -- St r ToJSONChj ect , Byt esToJSONOoj ect ,
Get JSONFr onDB, Get JSONFr onTabl e, Get, Post, etc. -- creates an object on the heap. You
must free it:

/1 Pattern: always use try..finally
var Obj := StrToJSONOhj ect (SoneString);
try

/1 work with Qbj
finally

oj . Free;
end;
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Do not free child objects  extracted  with CGet Val ue<TJSONObj ect > or
Cet Val ue<TJSONAr r ay> -- they are owned by the parent. Freeing the parent frees all children.
Nested JSON Becoming ftMemo Fields

Symptom: A field contains {"city": "Cape Town", "zip": "8001"} instead of the
expected flat value.

Explanation: When Get Fi el dDef sFromJ SONObj ect encounters a nested JSON object or
array, it creates an f t Meno field containing the serialized JSON string. This is by design -- there
is no automatic flattening.

Fix: If you need flat fields, pre-process the JSON to flatten it before populating the MemTable. Or
use a second TTi na4JSONAdapt er to extract nested data into a separate MemTable.
Sync Mode Without IndexFieldNames

Symptom: Duplicate rows appear in the MemTable after sync.

Fix: When using TTi na4Rest SyncMbde. Sync, you must set | ndexFi el dNanes. Without it,
the sync has no way to match incoming records to existing rows, so it appends everything:

/1 WRONG -- no index, sync inserts duplicates
Popul at eMenTabl eFromJSON( nt Data, 'records', JSONStr,
', TTi na4Rest SyncMode. Sync) ;

// CORRECT -- match by id field
Popul at eMenTabl eFromJSON( nt Data, 'records', JSONStr,
"id'", TTinad4Rest SynchMbde. Sync);

DataKey Does Not Exist

Symptom: MemTable is empty after Popul at eMenTabl eFr omJSON, even though the JSON
contains data.

Fix: Verify the data key matches the actual JSON structure. Common mismatches:

/1l APl returns {"data": [...]}

Popul at eMenTTabl eFromJSON( nt Data, 'records', JSONStr); // WRONG no "records" key
Popul at eMenTabl eFromJSON(nt Data, 'data', JSONStr); /1 CORRECT

/1l APl returns a bare array [...]

Popul at eMenTTabl eFromJSON( nt Data, 'records', JSONStr); /1 WRONG no wr apper object
/'l Wap it first:

var Wapped := "{"records": ' + JSONStr + '}';

Popul at eMenTTabl eFr omJSON( nt Data, 'records', Wapped); /1 CORRECT

Date Fields Not Parsing

Symptom: Date values appear as raw strings like 2024- 06- 15T14: 30: 00. 000Z instead of
TDat eTi e values.

Explanation: Popul at eMenirabl eFr omJSON creates all fields as ftString by default
(auto-detected from JSON, which has no date type). Dates are stored as strings.

Fix: Use | sDat e and JSONDat eToDat eTi ne for explicit conversion:

if IsDate(ntData.Fiel dByNameﬁ'_ createdAt').AsString) then
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begi n

var DT := JSONDat eToDat eTi ne( nt Dat a. Fi el dByNane(' createdAt'). AsString);
/1 DT is now a TDateTi ne you can format or conpare
end;

Summary

Parse JSON string

Parse HTTP response

JSON adapter

Adapter from REST

Sync mode

DB to JSON

Table to JSON

JSON to MemTable

JSON to DB

Field defs from JSON

camelCase convert
snake_case convert
Date check
Date to ISO

ISO to Date

St r ToJSONOhj ect (str) /
StrToJSONArray(str)

Byt esToJSONObj ect ( byt es)

TTi na4JSONAdapt er -- set Menirabl e,
Dat aKey, JSONDat a, Execut e

Set Mast er Sour ce to a
TTi na4RESTRequest

SyncMode : = Sync + | ndexFi el dNanes
c=id

Cet JSONFr onDB( Connection, SQ.) --
auto camelCase, ISO dates

CGet JSONFr omTabl e( Menirabl e)

Popul at eMenirabl eFr omJ SON( MeniTabl e
, Dat aKey, JSON)

Popul at eTabl eFr omJ SON( Connect i on,
Tabl eNanme, JSON, DataKey, PK)

Cet Fi el dDef sFr omJ SONObj ect ( JSONCb
i MenTabl e, SnakeCase)

Canel Case(' snake_nane')
SnakeCase(' canel Nane')
| sDat e( Val ue)

CGet JSONDat e( Dat eTi ne)

JSONDat eToDat eTi me( | SOSt ri ng)
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HTML Rendering

A Web Browser Inside Your Desktop App

Your FMX application needs a dashboard with styled cards, tables, and action buttons. You could
build it with native controls -- dozens of TLabel, TRectangl e, TPanel, and TLayout
components, each positioned and styled by hand. Or you could write HTML.

TTi na4HTMLRender is an FMX control that parses HTML and CSS and renders them directly on
a canvas. It is not a web browser. It does not embed Chromium. It does not spawn a separate
process. It is a native FMX control that understands HTML structure, CSS styling, form controls,
and interactive events. Drop it on your form, set the HTML. Text property, and you have a styled,
interactive Ul in your desktop application.

1. Basic Usage

Drop a TTi na4HTM_Render on your form. Set its Al i gn to Cl i ent so it fills the form. Then set
the HTML:

Ti na4HTMLRender 1. HTM.. Text : =
'<hl>Hel |l o from Ti na4</ h1>'" +

'<p>This is <b>bold</b> and <i>italic</i> text rendered on an FMX canvas. </ p>' +
'<hr>' +
'<p style="color: blue; font-size: 18px;">Styled paragraph with inline CSS. </p>';

Run the app. You see a rendered heading, a paragraph with bold and italic, a horizontal rule, and
a blue styled paragraph. No web view. No Chromium. Just canvas drawing.
Updating Content
Change the HTML at any time and the control re-renders:
procedure TForml. bt nRefreshd i ck(Sender: TObject);
begi n
Ti na4dHTMLRender 1. HTML. Text : =

'<hl>Updated at ' + FornatDateTi me(' hh:nn:ss', Now) + '</hl>";
end;

2. Supported HTML Elements

The renderer supports a practical subset of HTML -- everything you need for dashboards, forms,
reports, and documentation displays.

Block Elements

h1 through h6, p, di v, pr e, bl ockquot e, hr, fi el dset

Ti na4HTMLRender 1. HTM.. Text : =
'<div styl e="paddi ng: 10px; border: 1px solid #ccc;">" +
<h2>Section Title</h2>—+
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<p>Regul ar paragraph text.</p>" +
<bl ockquot e>A quot ed passage with special styling.</blockquote> +
<pre>Preformatted code bl ock</pre> +

"</div>';

Inline Elements

span, b/strong,i/ema,br,snmal |, | abel, kbd, abbr,cite,q,var,sanp,dfn,tine
Lists
ul , ol , i with bullet and number markers. The | i st - st yl e-t ype CSS property is supported:

Ti na4HTMLRender 1. HTM.. Text : =

' <h3>Feat ures</ h3>' +

"<ul >+
<li >REST client conponents</li>" +
<l i>JSON data binding</li> +
<li >HTM. rendering with CSS</li>" +

"<ful > o+

' <h3>St eps</ h3>' +

‘<ol > +
<li>Install the packages</li>" +
<li>Drop conponents on fornx/li>" +
<li>Set properties and run</li>" +

'</ol>";

Tables
table,tr,td,th,thead,tbody,tfoot with collapsed borders:

Ti na4HTMLRender 1. HTM.. Text : =
‘<table style="w dth: 100% border-collapse: collapse;"> +
<t head>' +
<tr> +
<th style="border: 1px solid #ddd; paddi ng: 8px; background: #f5f5f5;">Nane</th>" +
<th style="border: 1px solid #ddd; paddi ng: 8px; background: #f5f5f5;">Email</th>" +
<th style="border: 1px solid #ddd; paddi ng: 8px; background: #f5f5f5;">Status</th>" +

</[tr>' +
</thead>" +
<t body>'" +

<tr>' +

<td style="border: 1px solid #ddd; padding: 8px;">Alice</td> +
<td style="border: 1px solid #ddd; padding: 8px;">alice@xanple.conx/td>" +
<td style="border: 1px solid #ddd; paddi ng: 8px;">Active</td>" +

</tr> +

<tr> +
<td style="border: 1px solid #ddd; paddi ng: 8px;">Bob</td>" +
<td style="border: 1px solid #ddd; padding: 8px;">bob@xanple.conx/td>" +
<td style="border: 1px solid #ddd; padding: 8px;">lnactive</td>" +

</tr> +

</tbody>" +
"</ table>";

Images
i mg with HTTP download, async loading, and disk-based caching:

Ti na4HTM_Render 1. CacheEnabl ed : = True
Ti na4HTM_LRender 1. CacheDir :=_"'C\ M/App\ cache'
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Ti na4HTMLRender 1. HTM.. Text : =
'<inmg src="https://picsum phot os/ 300/ 200" wi dt h="300" hei ght="200">" +
' <p>l mage | oaded fromthe web and cached to disk.</p>'

3. CSS Support

The renderer supports a substantial CSS feature set -- enough for professional-looking Uls
without reaching for native FMX styling.

External Stylesheets

<link rel ="styl esheet" href="https://exanple.con styles.css">

Stylesheets are downloaded via HTTP and cached. This means you can use external CSS
frameworks or shared stylesheets.

Style Blocks

Ti na4HTMLRender 1. HTM.. Text : =
‘<style> +
.card { border: 1px solid #e0e0eO; border-radius: 8px; padding: 16px; margin: 8px; }' +
.card h3 { margin: 0 O 8px 0O; color: #333;, }' +
.card p { color: #666; font-size: 14px; }' +
.status-active { color: green; font-weight: bold; }' +
.status-inactive { color: red; }' +
"</style> +
"<div class="card">" +
<h3>User Dashboard</h3>" +
<p>St atus: <span cl ass="status-active">Active</span></p> +
<fdiv>'

Inline Styles

<div styl e="background-col or: #f9f9f9; paddi ng: 20px; border-radius: 4px;">
<p style="font-size: 16px; color: #333;">Inline styled content.</p>
</ di v>

Selector Support
e Tag selectors: hl, p,di v
* Class selectors: . card, . btn
* ID selectors: #header , #mai n
» Combined selectors: di v. card, p. hi ghl i ght

* Specificity-based cascade: more specific selectors override less specific ones
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Custom Properties (CSS Variables)

Ti na4HTM_LRender 1. HTM_.. Text : =

<styl e>'

+

' iroot { --primary: #2563eb; --text: #333; --bg: #f8f9fa; }' +

</styl e>'

. header { color:
.body { color:

+

var (--primary); background: var(--bg); padding
var(--text); padding: 16px; }' +

'<di v cl ass="header"><h2>Dashboar d</ h2></di v>' +
'<div class="body"><p>Content styled with CSS vari abl es. </ p></div>';

Supported CSS Properties

mar gi n, paddi ng,

Box model

Display

Text

Background
Visibility

Bootstrap 5

bor der - r adi us,

m n-wi dth, nmax-w dth,

wi dt h,

16px; }'

+

bor der,
hei ght,

max- hei ght, box- si zi ng, box- shadow

m n- hei ght,

bl ock, inline, inline-block, none,
t abl e, t abl e-row, tabl e-cel |,
list-item

col or, font-size, font-famly,

font-wei ght, font-style, text-align,
t ext -decorati on,
| etter-spacing,
t ext-overfl ow,

I i ne-hei ght,
text-transform
t ext -i ndent,
whi t e- space

backgr ound- col or, opacity

visibility,overflow,display:

. btn variants,

.formcheck, .text-nuted

styles are built in

4. Form Controls

none

.formcontrol,
fallback

HTML form elements create native FMX controls overlaid on the rendered content. These are real
editable controls -- text inputs, checkboxes, radio buttons, dropdowns, and buttons.

Ti na4HTM_Render 1. HTM_.. Text : =

' <styl e>'

i nput,

+

sel ect,

.formgroup { margin-bottom 12px; }' +
| abel { display: block; nargin-bottom 4px; font-weight:
textarea { wi dth: 300px; padding: 6px; border

bold; }' +

" .btn { padding: 8px 16px; background: #2563eb; color: white; border:

</styl e>'

+

<f orm nane="user Forni'>' +
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' <div class="formgroup">" +

' <l abel >Nane</ | abel >' +

' <i nput type="text" nanme="usernane" id="usernane" placehol der="Enter your nane">
Yo</div>' o+

' <div class="formgroup">" +

' <l abel >Emai | </ | abel >' +

' <i nput type="enmil" nanme="enail" id="enmail" placehol der="you@xanpl e. cont'>" +
Yo</div>' o+

' <div class="formgroup">" +

' <l abel >Passwor d</ | abel >' +

' <i nput type="password" nane="password" id="password">" +
Yo</div>' o+

' <div class="formgroup">" +

' <l abel >Rol e</ | abel >' +

' <sel ect nane="role" id="role">" +

' <option val ue="user">User </ option> +

' <option val ue="adm n">Adn n</opti on>" +

' <option val ue="editor">Edi tor</option> +

' </select>' +

Yo</div>' o+

' <div class="formgroup">" +

' <l abel >Bi o</ | abel >' +

' <t extarea nane="bi 0" id="bio" rows="4"></textarea> +
Yo</div>' o+

' <div class="formgroup">" +

' <i nput type="checkbox" nanme="terns" id="terns">' +

' <l abel style="display: inline;">l agree to the terns</|abel> +

'o</div>' o+
' <button type="submt" class="btn">Submt</button> +
"</fornp';

Supported input types: t ext, passwor d, enai |, radi o, checkbox, subm t, button, reset,
file.Plustextarea,sel ect/option, andbutton.

5. Events

The renderer fires events for form interactions, element clicks, and link clicks.

OnFormSubmit

Fires when a submit button is clicked. Collects all form data as name=value pairs:

procedure TForml. HTM_LRender 1For nSubmi t ( Sender: TCbj ect ;
const FormNanme: string; FornData: TStrings);

var
Usernane, Email, Role: string

begin
User nane : = FornDat a. Val ues[' usernane'];
Emai | := FornData. Val ues[' enail"'];

Rol e : = FornData. Values['role'];

Showivessage( Format (' Form " %" submitted. User: %, Email: %, Role: %',
[ For mMNane, Usernane, Email, Role]));
end;
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OnFormControlChange

Fires when any form control's value changes:

procedure TFornil. HTM.Render 1For nCont r ol Change( Sender: TCbj ect;
const Nanme, Value: string);
begin
/1 React to real-time changes
if Name = '"role' then
begin
if Value = "admin' then
Ti na4HTM_Render 1. Set El ement Vi si bl e(" admi nPanel ', True)
el se
Ti na4dHTMLRender 1. Set El enent Vi si bl e(' adnmi nPanel ', Fal se);
end;
end;

OnFormControlClick
Fires when a form control is clicked (useful for buttons that are not submit buttons):

procedure TForml. HTM_LRender 1For nCont r ol Cl i ck( Sender: Toj ect;
const Name, Value: string);

begi n
if Nane = 'cancel Btn' then
Cl ear Form
end;
OnLinkClick
Fires when an anchor tag is clicked. Set Handl ed : = Tr ue to prevent default navigation:

procedure TForml. HTMLRender 1Li nkC i ck( Sender: Tbj ect;
const AURL: string; var Handl ed: Bool ean);
begin
if AURL. StartsWth('http') then
begin
/1 Open in system browser instead of navigating
Shel | Execut e(0, 'open', PChar(AURL), nil, nil, SW SHOANORMAL);
Handl ed : = True;
end;
end;
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Event Reference

OnFor mCont r ol Change (Sender; Nane, Value: Form control value changes
string)

OnFornmControl Cick (Sender; Nane, Value: Form control clicked
string)

OnFor nCont r ol Ent er (Sender; Nane, Value: Form control gains focus
string)

OnFor mCont r ol Exi t (Sender; Nane, Value: Form controlloses focus
string)

OnFor nSubm t ( Sender; For mNane:  Submit button clicked
string; For nDat a:
TStrings)

OnEl enrent Cl i ck ( Sender ; Obj ect Narme,  onclick RTTI element clicked
Met hodNanre: string;

Parans: TStrings)

OnLi nkd i ck (Sender; URL: string; Anchor href clicked
var Handl ed: Bool ean)

6. onclick and RTTI -- Calling Pascal from HTML

Any HTML element can call a Pascal method directly using the oncl i ck attribute with a special
syntax: oncl i ck="Ohj ect Nane: Met hodNane( par ans) . This bridges HTML events to Delphi
code without writing event handlers.

Step 1: Register Your Object

In your form's OnCr eat e, register the Delphi object that will receive calls:

procedure TForml. For nCr eat e( Sender: TObj ect);
begi n

Ti na4HTM_Render 1. Regi st er Obj ect (' App', Self);
end;

Step 2: Write the Target Method
The method must be publ i shed or use { $M+} RTTI. Parameters are passed as strings:

procedure TForml. ShowAl ert (Message: String);
begi n

Showessage( Message) ;
end;

procedure TForml. Handl eAction(Action: String; lItemd: String);
begi n
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if Action = '"delete' then
Deleteltenm(ltem d)
else if Action = "edit' then
Editlten(ltend);
end;

Step 3: Call from HTML

Ti na4HTMLRender 1. HTM.. Text : =
" <button onclick="App: ShowAl ert (' Hello fromHTM.!"'")">Say Hel | o</button>" +
" <button onclick="App: Handl eAction('"edit'"', ''42'")">Edit |ltem 42</button>" +
"<button onclick="App: Handl eAction('"delete' ', ''42"")">Delete Item 42</button>";

Dynamic Parameter Expressions

The onclick handler supports dynamic expressions, not just string literals:

"literal or"literal™ String literal

123 Numeric literal

t hi s. val ue Value of the clicked element
this.id ID of the clicked element
docunent . get El enent Byl d('id"). val Value of element by ID

ue

docurnent . get El enent Byl d('id'). <at Any attribute of element by ID
tr>

Example with dynamic values:

Ti na4HTMLRender 1. HTM.. Text : =
'<input type="text" id="nanelnput" placehol der="Type your nane">" +
' <button onclick="App: G eet (docunent. get El ement Byl d(' ' nanel nput'').value)">" +
G eet </ button>';

procedure TFornl. Greet (Name: String);
begi n

Showvessage(' Hello, ' + Name + '"!');
end;

7. DOM Manipulation

Modify rendered HTML elements from Delphi code at runtime. Update text, change styles,
show/hide elements, enable/disable controls -- all without re-rendering the entire HTML.
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Get and Set Values

/1 Set a forminput's value
Ti na4dHTMLRender 1. Set El enent Val ue(' emai | | nput', 'user @xanpl e.com);

/1l Read a forminput's val ue
var Email := Ti na4HTM_Render 1. Get El enent Val ue(' emai | | nput');

Enable/Disable Controls

/1 Disable the submt button until the formis valid
Ti na4dHTMLRender 1. Set El enent Enabl ed(' subm tBtn', Fal se);

/1 Enable it when validation passes
Ti na4dHTMLRender 1. Set El enent Enabl ed(' submi tBtn', True);

Show/Hide Elements

/1 Show an error nessage
Ti na4HTMLRender 1. Set El enent Vi si bl e(' errorMsg', True);

/1 Hide the | oading spinner
Ti na4HTMLRender 1. Set El enent Vi si bl e(’ spi nner', Fal se);

Change Text Content

Ti na4HTMLRender 1. Set El ement Text (' statusLabel ', 'Processing...");
Ti nadHTMLRender 1. Set El enent Text (' recordCount', IntToStr(Count) + ' records');

Change Styles

Ti na4dHTMLRender 1. Set El enent Styl e(' statusLabel', 'color', 'green');
Ti na4dHTMLRender 1. Set El enent Styl e("' al ert Box', 'background-color', '#fee2e2');
Ti na4dHTMLRender 1. Set El enent Styl e(' al ert Box', 'border', '1px solid #ef4444");

Set Attributes

Ti na4dHTMLRender 1. Set El enent Attri bute(' nyl mage', 'src', 'https://exanple.conl new photo.jpg');
Ti na4dHTMLRender 1. Set El enent Attri bute(' nyLink', "href', '/new page');

/1 Changing class or style triggers rel ayout
Ti na4HTMLRender 1. Set El enent Attri bute(' myDiv', 'class', 'card highlighted);

Force Refresh

/1 After multiple DOM changes, force a full re-Iayout
Ti na4HTM_Render 1. Ref r eshEl enent (' mai nContent"' ) ;
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DOM Method Reference
Get El enent Byl d( 1 d) Returns the THTM_.Tag for the element

CGet El enent Val ue( 1 d) Gets the live value from a native control or
DOM attribute

Set El enent Val ue(1d, Val ue) Sets the value on native controls and DOM
Set El enent Attri bute(ld, Attr, Sets any attribute; triggers relayout for
Val ue) cl ass/styl e

Set El enent Enabl ed(1d, Enabl ed) Enables/disables native controls

Set El enent Vi si bl e(1d, Visible) Shows/hides elements via di spl ay: none
Set El enent Text (1d, Text) Updates inner text content

Set El enent Styl e(1d, Prop, Value) Sets an inline style property

Ref r eshEl enent (1 d) Forces a full re-layout and repaint

8. Image Loading and Caching

Images referenced in <i ng> tags are downloaded asynchronously via HTTP. Once downloaded,
they are cached to disk so subsequent renders are instant.

/1 Enabl e caching and set the cache directory
Ti na4HTMLRender 1. CacheEnabl ed : = True;
Ti na4dHTMLRender 1. CacheDir : = 'C \ MyApp\ cache';

/1 Images |load in the background and appear when ready
Ti na4dHTMLRender 1. HTML. Text : =
"<div style="display: inline-block; margin: 8px;"> +
<ing src="https://picsum phot os/ 200/ 150" wi dt h="200" hei ght="150">" +
<p style="text-align: center;">Random phot o</ p>'" +
<fdiv>'
The first load downloads the image. Subsequent loads read from C: \ MyApp\ cache. Without a
cache directory, images are re-downloaded every time.

9. Complete Example: Login Form with Validation

A login form with username and password fields, client-side validation, error display, and a submit
handler that calls a REST API.

unit Logi nForm

interface
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uses
System SysUtils, System Cl asses, System JSON,
FMX. Types, FMX Controls, FMX Forns, FMX StdCtrls,
Ti na4HTMLRender, Ti na4REST,;

type
Tfrmlogin = class(TForm
HTMLRender 1: TTi na4HTM.Render ;
rest APl : TTi na4REST
procedur e FornCreate(Sender: TCOhject);
procedur e HTML.Render 1For nSubmi t (Sender: TObj ect;
const FormNane: string; FornData: TStrings);
private
procedur e Render Logi nPage;
procedure ShowError(const Msg: string);
procedur e ShowSuccess;

publ i shed
procedur e Forgot Password(Action: String);
end;
var

frnlogin: TfrnlLogin;
i mpl enentati on
{$R *. fnx}

procedure Tfrnlogi n. FornCr eat e( Sender: TCbject);

begin
rest APl . BaseUr|l := '"https://api.exanple.con;
HTMLRender 1. Regi st er Cbj ect (' Login', Self);
Render Logi nPage;

end;

procedure Tfrnlogi n. Render Logi nPage;
begin
HTMLRender 1. HTML. Text : =
'<style>' +
body { font-famly: Arial, sans-serif; background: #f5f5f5; }' +
.login-card { max-wi dth: 400px; margin: 40px auto; padding: 32px;' +
background: white; border-radius: 8px; box-shadow. 0 2px 8px rgba(0,0,0,0.1); }' +
.login-card h2 { margin: 0 0 24px 0; text-align: center; color: #333; }' +
.formgroup { margin-bottom 16px; }' +
.formgroup | abel { display: block; nargin-bottom 4px; font-weight: bold;' +
color: #555; font-size: 1l4px; }' +
.formgroup input { width: 100% padding: 10px; border: 1px solid #ddd;' +
border-radius: 4px; font-size: 14px; }' +
.btn-login { width: 100% paddi ng: 12px; background: #2563eb; color: white;' +
border: none; border-radius: 4px; font-size: 16px; font-weight: bold;, }' +
.error { background: #fee2e2; color: #dc2626; padding: 10px; border-radius: 4px;' +
mar gi n-bottom 16px; display: none; }' +
.success { background: #dcfce7; color: #16a34a; padding: 10px; border-radius: 4px;' +
mar gi n-bottom 16px; display: none; }' +
.forgot { text-align: center; margin-top: 16px; }' +
.forgot a { color: #2563eb; font-size: 14px; }' +
"</style> +
"<div class="login-card">" +
<h2>Sign | n</h2>" +
<div class="error" id="errorBox—>Error—nessage—here</div>" +
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' <div class="success" id="successBox">Login successful!</div> +

' <form nanme="1ogi nForn'>" +

' <div class="formgroup"> +

' <l abel >Emai | </ | abel >' +

' <i nput type="enmil" nanme="enmil" id="enmail" placehol der="you@xanpl e. cont'>" +

' </div> +
' <div class="formgroup"> +
' <| abel >Passwor d</ | abel >' +

' <i nput type="password" nane="password" id="password" placehol der="Enter

' </div> +

' <button type="submt" class="btn-1ogin" id="btnSubm t">Sign |In</button>'

"</ form' +
' <div class="forgot">" +

' <span oncli ck="Logi n: Forgot Password(' 'reset'"')" ' +

' styl e="col or: #2563eb; cursor: pointer;">Forgot your password?</span>'
Yo</div>' o+

"</div>';

end;

procedure TfrnlLogi n. HTM_.Render 1For nSubm t ( Sender: TCbj ect;
const FormNane: string; FornData: TStrings);
var
Emai |, Password: string;
St at usCode: | nteger;
Response: TJSONObj ect;
begin
if FormNane <> '|oginForm then Exit;

Emai | := FornData. Val ues['email'];
Password : = FornDat a. Val ues[ ' password'];

/!l Client-side validation

if Enmil.Trim="" then

begin
ShowError (' Email is required');
Exit;

end;

if Password. Trim="" then

begin
ShowError (' Password is required');
Exit;

end;

if not Email.Contains(' @) then

begin
ShowError (' Pl ease enter a valid enmail address');
Exit;

end;

/1 Disable the button while processing
HTMLRender 1. Set El enent Enabl ed(' bt nSubm t', Fal se);
HTMLRender 1. Set El enent Text (' bt nSubmit', 'Signing in...");

/1 Call the API
Response : = rest APl. Post (StatusCode, '/auth/login', "',

Format (' {"email": "9%", "password": "9%"}', [Email, Password]));
try

if StatusCode = 200 then

begin

var Token : = Response.-GetValue<String>(—token )
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rest APl . Set Bear er ( Token) ;
ShowSuccess;
end
el se
begin
ShowError('Invalid enmail or password');
end;
finally
Response. Freeg;
HTMLRender 1. Set El enent Enabl ed(' bt nSubm t', True);
HTMLRender 1. Set El enent Text (' bt nSubmit', 'Sign In');
end;
end;

procedure Tfrnlogin. ShowError(const Msg: string);
begin
HTMLRender 1. Set El enent Vi si bl e(' successBox', Fal se);
HTMLRender 1. Set El enent Text (' error Box', MsQ);
HTMLRender 1. Set El enent Vi si bl e(' errorBox', True);
end;

procedure Tfrnlogi n. ShowSuccess;
begin
HTMLRender 1. Set El enent Vi si bl e(' errorBox', Fal se);
HTMLRender 1. Set El enent Vi si bl e(' successBox', True);
end;

procedure Tfrnlogi n. For got Passwor d( Action: String);
begin

Showessage(' Forgot password flow. ' + Action);
end;

end.

10. Complete Example: Interactive Dashboard

A dashboard with stats cards, a data table, and action buttons that call Pascal methods. This
demonstrates combining styled HTML, dynamic data, and RTTI-based event handling.

uni t Dashboard;
interface

uses
System SysUtils, System Cl asses, System JSON,
FMX. Types, FMX Controls, FMX Forns, FMX. StdCtrl s,
Fi reDAC. Conp. d i ent,
Ti na4HTMLRender, Ti na4REST, Ti na4Core€;

type
Tf r mDashboard = cl ass(TForm
HTMLRender 1: TTi na4HTM_LRender ;
rest APl : TTi na4REST;
procedur e FornCreat e(Sender: TCObject);
private
procedur e Render Dashboard;
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function BuildStatsCards: string;

function Buil dUser Tabl e: string;
publ i shed

procedure Vi ewUser (Userld: String);

procedure Del eteUser(Userld: String);

procedure RefreshData(Action: String);
end;

var
f rmDashboar d: TfrnDashboard;

i mpl enentati on
{$R *. fnx}

procedur e TfrnDashboard. For nCr eat e( Sender: TChj ect);

begin
rest APl . BaseUr|l := "https://api.exanple.conlvl
HTMLRender 1. Regi st er Cbj ect (' Dashboard', Self);
Render Dashboar d

end;

procedur e TfrnDashboar d. Render Dashboard
begin
HTMLRender 1. HTML. Text : =
'<style>' +
* { box-sizing: border-box; }' +
body { font-famly: Arial, sans-serif; padding: 20px; background: #f0f2f5; }' +
hl { color: #lala2e; nargin-bottom 24px; }' +
.stats { display: inline-block; width: 100% nargin-bottom 24px; }' +
.stat-card { display: inline-block; width: 22% nmargin-right: 2%"' +
background: white; border-radius: 8px; padding: 20px;' +
box-shadow. 0 1px 3px rgba(0,0,0,0.1); }' +
.stat-card h3 { margin: 0; color: #888; font-size: 12px; text-transform uppercase; }' +
.stat-card .value { font-size: 28px; font-weight: bold; color: #lala2e; nargin: 8px 0; }'
.stat-card .change { font-size: 12px; color: #l6a34a; }' +
table { width: 100% border-collapse: collapse; background: white;' +
border-radius: 8px; overflow hidden; box-shadow. 0 1px 3px rgba(0,0,0,0.1); }' +
th { background: #f8f9fa; padding: 12px; text-align: left;"' +
font-size: 12px; color: #888; text-transform uppercase; border-bottom 2px solid #e0e0
td { padding: 12px; border-bottom 1px solid #f0f0f0; color: #333; }' +
.btn-sm{ padding: 4px 12px; border: none; border-radius: 4px;' +
font-size: 12px; cursor: pointer; margin-right: 4px; }' +
.btn-view { background: #dbeafe; color: #2563eb; }' +
.btn-del ete { background: #fee2e2; color: #dc2626; }' +
.btn-refresh { paddi ng: 8px 16px; background: #2563eb; color: white;' +
border: none; border-radius: 4px; margi n-bottom 16px; }' +
.tool bar { nmargin-bottom 16px; }' +
"</style> +
' <h1>Admi n Dashboard</h1>" +
'<div class="tool bar">" +

<button class="btn-refresh" ' +
oncl i ck="Dashboard: RefreshData(''all'"')">Refresh Data</button>" +
"</div>' o+

Bui | dSt at sCards +
'<h2 style="color: #lala2e; margin: 24px 0 16px;">Recent Users</h2> +
Bui | dUser Tabl e;

end;
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functi on TfrnDashboard. Bui |l dSt at sCards: string

begin
Resul t

"<div class="stats"> +
' <div class="stat-card">" +

<h3>Total Users</h3>" +
<di v class="val ue" id="total Users">1, 234</div> +
<di v class="change">+12%thi s nont h</div>" +

Yo</div>' o+
' <div class="stat-card">" +

<h3>Acti ve Sessions</h3>" +
<di v class="val ue" id="activeSessions">56</div>" +
<di v class="change">+3%this hour</div>" +

Yo</div>' o+
' <div class="stat-card">" +

<h3>Revenue</ h3>'" +
<di v class="val ue" id="revenue">%$48, 290</di v>' +
<di v cl ass="change">+8%this week</div>" +

Yo</div>' o+
' <div class="stat-card">" +

<h3>Orders</ h3>" +
<di v class="val ue" id="orders">389</div>" +
<di v cl ass="change">+5% t oday</di v>' +

Yo</div>' o+
"</ div>'

end;

functi on TfrnDashboard. Bui | dUser Tabl e: string;

begin
Resul t

'<table> +
' <thead>' +

<t r><t h>l D</ t h><t h>Nane</t h><t h>Emai | </t h><t h>St at us</t h><t h>Acti ons</th></tr>" +

' </thead> +
' <tbody>' +

<tr>' +
<td>1</td><td>Alice Sm th</td><td>al i ce@xanple.conx/td> +
<td style="color: green;">Active</td> +
<td>'" +
<button class="btn-sm btn-view' onclick="Dashboard: Viewdser(''1""')">Vi ew</ button>
<button class="btn-sm btn-del ete" onclick="Dashboard: Del eteUser('"'1""')">Del ete</but
</td>' +
</[tr> +
<tr>' +
<t d>2</t d><t d>Bob Johnson</t d><t d>bob@xanpl e. conx/td>" +
<td style="color: green;">Active</td> +
<td>' +
<button class="btn-sm btn-view' onclick="Dashboard: Viewdser(''2""')">Vi ew</ button>
<button class="btn-sm btn-del ete" onclick="Dashboard: Del eteUser('"'2""')">Del ete</ but
</td>' +
</[tr> +
<tr>' +
<td>3</td><td>Carol WIIians</td><td>carol @xanpl e. conk/td>" +
<td style="color: red;">lnactive</td> +
<td>' +
<button class="btn-sm btn-view' onclick="Dashboard: Viewdser('"'3""')">Vi ew</ button>
<button class="btn-sm btn-del ete" onclick="Dashboard: Del eteUser('"'3""')">Del et e</ but
</td>' +
</[tr> +
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</tbody>" +
"</table>";
end;

procedure TfrnDashboard. Vi ewdser (Userld: String);
begin

Showessage(' Vi ewi ng user ' + Userld);

/1 In a real app: navigate to user detail page or show a nodal
end;

procedure TfrnDashboard. Del et eUser (Userld: String);
begin

Showessage(' Del ete user ' + Userld + '?');

/1 In areal app: confirmthen call DELETE /users/{id}
end;

procedure TfrnDashboard. RefreshDat a(Action: String);
begin
/1l Refresh stats via DOM mani pulation -- no full re-render needed
HTMLRender 1. Set El enent Text (' total Users', '1, 256");
HTMLRender 1. Set El enent Text (' acti veSessions', '61');
HTMLRender 1. Set El enent Text (' revenue', ' $49, 100');
HTMLRender 1. Set El enent Text (' orders', '402');
Showessage(' Dashboard data refreshed');
end;

end.

11. Exercise:; Contact Form

Build a contact form with name, email, and message fields. Validate all fields before submission.
Submit the data to a REST API.
Requirements

» Drop a TTi na4HTM_LRender on a form

 Create an HTML form with: name (text), email (email), subject (select dropdown), message
(textarea)

» Add validation: all fields required, email must contain @ message minimum 10 characters
« Show validation errors inline (red text below each field)
* On successful validation, POST the form data to / cont act as JSON

» Show a success message after submission
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Solution

unit Contact Form

interface

uses

System SysUtils, System Cl asses, System JSON,

FMX. Types,

type

Tf r mCont act
HTMLRender 1: TTi na4dHTM_Render ;

rest APl :

FMX. Control s, FMX. For ns,
Ti na4HTM_Render, Ti na4REST;

cl ass(TForm

TTi na4REST;

procedur e FornCreat e(Sender: TCObject);
procedure HTM_Render 1For nSubmi t (Sender: TCObj ect;
const FormNane: string; FornData: TStrings);
private
procedur e Render Form
function Validate(FormData: TStrings): Bool ean;
end;

var

frmCont act :

Tf r mCont act ;

i mpl enent ati on

{$R *. fmx}

procedure TfrnContact. FornCreat e( Sender: TObject);

begi n

rest APl . BaseUr|l := 'https://api.exanple.con;
Render For m

end;

procedure TfrnContact.Render For m

begi n

HTMLRender 1. HTML. Text : =

<styl e>'

+

.container { max-wi dth: 500px; margin: 20px auto; padding
background: white; border-radius: 8px; box-shadow 0 2p
h2 { margin: 0 0 20px O; color: #333; }' +
.field { margi n-bottom 16px; }' +
.field label { display: block; margin-bottom 4px; font-weight: bold; font-size: 14px;
.field input, .field select, .field textarea ' +
{ width: 100% padding: 8px; border: 1px solid #ccc; bo
.field textarea { height: 100px; }' +
.error-text { color: #dc2626; font-size: 12px; display: n
.btn-submt { padding: 10px 24px; background: #2563eb; co
bor der:
.success-nmsg { background: #dcfce7; color: #16a34a; paddi
border-radius: 4px; display: none; nargin-bottom 16px;

</styl e>'

+

none; border-radius: 4px; font-size: 1l4px; }' +

<div class="container">" +
<h2>Cont act Us</h2>' +
<di v cl ass="success-nsg" id="successMsg">Thank you! Your
<f orm nane="cont act Form'>" +

<div class="field">

'+
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' <l abel >Nane</ | abel >' +

' <i nput type="text" nanme="nane" id="nane" placehol der="Your full nane"> +
' <div class="error-text" id="naneError">Nane is required</div>" +

' </div>" +

' <div class="field">" +

' <l abel >Emai | </ | abel >' +

' <i nput type="enmil" nanme="enmil" id="enmail" placehol der="you@xanpl e. cont'>" +
' <div class="error-text" id="emailError">Valid email is required</div> +
' </div>" +

' <div class="field">" +
' <| abel >Subj ect </ | abel >' +
' <sel ect name="subject" id="subject">" +
' <option val ue="">Sel ect a subject</option> +
' <option val ue="support">Techni cal Support</option> +
' <option val ue="sal es">Sal es | nqui ry</option>" +
' <option val ue="f eedback" >Feedback</opti on> +
' </select> +
' <div class="error-text" id="subjectError">Pl ease sel ect a subject</div> +
' </div>" +
' <div class="field">" +
' <| abel >Message</ | abel >' +
' <t ext area nane="nessage" id="nessage" placehol der="Your nessage (mn 10 chars)"></tex
' <div class="error-text" id="nmessageError">Message nust be at |east 10 characters</div
' </div>" +
' <button type="submt" class="btn-submt" id="btnSubm t">Send Message</button>" +
"</ form' +
"</div>';
end;

procedur e TfrnContact.HTM.Render 1For nSubmi t (Sender: TObj ect;
const FormNane: string; FornData: TStrings);
var
St at usCode: | nteger
Response: TJSONObj ect;
begin
if FormNanme <> 'contactFormi then Exit;

/1 Hide previous errors

HTMLRender 1. Set El enent Vi si bl e(' naneError', Fal se);
HTMLRender 1. Set El enent Visi bl e(' enai | Error', Fal se);
HTMLRender 1. Set El enent Vi si bl e(' subj ectError', False);
HTMLRender 1. Set El enent Vi si bl e(' nessageError', Fal se);
HTMLRender 1. Set El enent Vi si bl e(' successMsg', Fal se);

if not Validate(FornData) then Exit;

/1 Submit to API
HTMLRender 1. Set El enent Enabl ed(' bt nSubm t', Fal se);
HTMLRender 1. Set El enent Text (' bt nSubmit', 'Sending...");

Response : = rest APl. Post (St atusCode, '/contact', '',
Format (' {"nanme": "%", "email": "9%", "subject": "%", "nmessage": "%"}'
[ For nDat a. Val ues[ ' nane' ], FornData. Val ues[' email']
For nDat a. Val ues[' subj ect'], FornData. Val ues[' nessage']]));
try
if StatusCode in [200, 201] then
begin
HTMLRender 1. Set El enent Vi si bl e(' successMsg', True);
/1l Clear the form
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HTMLRender 1. Set El enent Val ue(' nane', '');
HTMLRender 1. Set El enent Val ue(' emai l', '');
HTMLRender 1. Set El enent Val ue(' nessage', '');
end
el se
Showessage(' Submi ssion failed: HTTP ' + StatusCode. ToString);
finally
Response. Freeg;
HTMLRender 1. Set El enent Enabl ed(' bt nSubm t', True);
HTMLRender 1. Set El enent Text (' bt nSubmit', ' Send Message');
end;
end;

function TfrnContact. Validate(FornData: TStrings): Bool ean;

begin

Result := True;

if FornData.Values['nane'].Trim="" then

begin
HTMLRender 1. Set El enent Vi si bl e(' nameError', True);
Result := Fal se;

end;

var Email := FornData.Values['email'].Trim

if (Email ="'") or (not Emmil.Contains('@)) then

begin
HTMLRender 1. Set El enent Vi si bl e(' emai | Error', True);
Result := Fal se;

end;

if FornData.Values['subject'].Trim="" then

begin
HTMLRender 1. Set El enent Vi si bl e(' subj ectError', True);
Result := Fal se;

end;

i f FornData. Val ues[' nessage']. TrimLength < 10 then

begin
HTMLRender 1. Set El enent Vi si bl e(' nessageError', True);
Result := Fal se;
end;
end;
end.

12. Common Gotchas

Forgetting to Set Cache Directory for Images

Symptom: Images load the first time, but every subsequent launch re-downloads them. Or
images do not appear at all.

Fix: Set CacheEnabl ed := True and CacheDi r to a writable directory before setting the
HTML.:

HTMLRender 1. CacheEnabl ed : = Frue;
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HTMLRender 1. CacheDi r : = TPat h. Conbi ne( TPat h. Get Docunent sPat h, ' AppCache');
ForceDirectori es(HTM_.Render 1. CachebDir);

RTTI Method Not Found

Symptom: Clicking an oncl i ck element does nothing, or raises an access violation.

Fix: Ensure the target method is published (or the class has {$M+} RTTI). Ensure
Regi st er Ohj ect was called with the correct object name. Ensure the oncl i ck format is
exactly Obj ect Name: Met hodNane( par ans) :

/1 Registration
HTMLRender 1. Regi st er Cbj ect (' MyApp', Sel f);

/1 HTML nmust match the registered nane
oncl i ck="MyApp: DoSonet hi ng(' param )" // Correct
oncl i ck="For mL: DoSonet hi ng(' param )" // Wong nane -- will not find the object

Form Control Name Matching

Symptom: For nDat a. Val ues[ ' user nane' ]| returns empty string even though the user typed
in the field.

Fix: The nane attribute in the HTML must match exactly. Case matters:

<i nput type="text" nanme="user Nane"> <!-- FornData. Val ues[ ' userNane'] -->
<i nput type="text" nanme="usernane"> <!'-- FornData. Val ues[ ' usernane'] -->

Escaped Quotes in HTML Strings
Symptom: Compilation error or garbled HTML.

Fix: In Delphi string literals, use doubled single quotes ' ' for apostrophes inside HTML attributes:

/1 WRONG -- conpilation error
HTM.. Text := '<button onclick="App: Do(' param )">Cick</button>';

/1 CORRECT -- doubl ed single quotes
HTM.. Text := '<button onclick="App: Do('"' param')">Click</button>";
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Summary

Basic rendering HTM_LRender 1. HTM.. Text D=
' <h1>Hel | o</ h1>'

External CSS <link rel ="styl esheet” href="...">

Style blocks <style>.card { ... }</style>

Inline styles styl e="color: blue;"

CSS variables var (--prinmary) with:root

Form controls <i nput >, <sel ect >, <t ext area>,
<but t on>

Form submit OnFor nSubmi t event -

For mDat a. Val ues[ ' name' ]

RTTI onclick oncl i ck="Cbj Nane: Met hod( parans) " +
Regi st er vj ect

DOM: set value Set El enent Val ue('id', 'value')

DOM: show/hide SetElenentVisible('id,
True/ Fal se)

DOM: enable Set El enent Enabl ed('id',
True/ Fal se)

DOM: text SetEl enent Text ("id', 'text')
DOM: style SetElenent Style('id', "prop',
"val ue')

Image caching CacheEnabl ed := True + CacheDir :=
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Page Navigation

A Single-Page App Inside Your Desktop App

Your application has a dashboard, a user management page, a settings page, and a reports page.
In a traditional Delphi app, you create four forms and show/hide them. With TTi na4HTM_Pages,
you create four pages inside one HTML renderer and navigate between them with anchor links --
the same way a single-page web app works.

No form switching. No component visibility toggling. No frame loading. Just set the HTML for each
page, link them to a renderer, and navigate with <a hr ef ="#pagenane" > or programmatic
calls.

1. TTina4dHTMLPages Basics

TTi na4dHTM_Pages manages a collection of pages and renders them through a
TTi nadHTM_Render . Each page has a name, HTML content (or Twig template content), and an
optional "is default” flag.

Setup
Drop two components on your form:
e TTinadHTMLRender (name: HTM_LRender 1) --set Al i gnto Cl i ent
* TTina4HTMLPages (name: HTM_Pages1)
Link them:
HTMLPagesl1. Renderer := HTM.Render1;

That is the entire setup. The pages component controls what the renderer displays.

2. Creating Pages at Design Time

Double-click HTM_Pages1 in the form designer to open the collection editor. Click "Add" to create
pages:

Page 1:
« PageNane: hone

| sDefaul t: True

« HTMLCont ent : <hl>Hone</ h1><p>Wl cone to the app. </ p><a
href="#settings">CGo to Settings</a>

Page 2:

« PageNane: setti ngs
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| sDefaul t:Fal se

e HTMLCont ent : <h1>Set t i ngs</ hl><p>Confi gure your preferences. </ p><a
hr ef =" #hone" >Back to Hone</a>

Run the app. The home page appears (it has | sDef aul t = True). Click "Go to Settings". The
settings page appears. Click "Back to Home". You are back. No code written.

3. Creating Pages at Runtime

For dynamic apps where pages are built from data or configuration:

procedure TForml. For nCr eat e( Sender: TCObj ect);
var

Page: TTi na4Page;
begi n

HTMLPagesl1. Renderer := HTM.Render1;

/1 Home page
Page : = HTM.Pagesl. Pages. Add;
Page. PageNane : = 'hone';
Page. | sDefault := True;
Page. HTM_Cont ent . Text : =
'<style> +
.nav { background: #lala2e; padding: 12px 20px; }' +
.nav a { color: white; margin-right: 16px; text-decoration: none; }' +
.content { padding: 20px; }' +
'</style> +
"<div class="nav">" +
<a href="#hone" >Hone</a>" +
<a href="#users">Users</a>" +
<a href="#settings">Settings</a> +
"</div> o+
‘<div class="content">" +
<hl>Dashboar d</ h1>" +
<p>Weél conme back. Select a section fromthe navigation above.</p> +
<l div>'

/'l Users page
Page : = HTM.Pagesl. Pages. Add;
Page. PageNane : = 'users';
Page. HTM_Cont ent . Text : =
‘<div class="nav">" +
<a href="#hone" >Honme</a>" +
<a href="#users">Users</a>" +
<a href="#settings">Settings</a> +
'</div> o+
‘<div class="content">" +
<hl>Users</hl>" +
<p>User managenent goes here.</p> +
<l div>';

/'l Settings page
Page : = HTM.Pagesl. Pages. Add;
Page. PageNane : = 'settings';

Page. HTM_Cont ent . Text : =
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"<div class="nav">" +
<a href ="#hone" >Hone</ a>' +
<a href="#users">Users</a>" +
<a href="#settings">Settings</a> +
"</div>' o+
"<div class="content">" +
<h1l>Settings</hl>" +
<p>Application settings go here.</p> +
"</div>';
end;

4. Setting the Default Page

The page with | sDef aul t : = Tr ue renders automatically when the component initializes. If no
page has | sDef aul t set, nothing renders until you navigate programmatically.

Page. | sDefault := True

Only one page should have | sDef aul t = Tr ue. If multiple pages have it set, the first one in the
collection wins.

5. Navigation via Anchor Links

The most natural way to navigate is with HTML anchor tags. The hr ef value maps to a page
name:

#dashboar d dashboar d
/settings settings
about about

The renderer intercepts link clicks and delegates to the pages component. The leading # or / is
stripped to match the PageNane.

<a href ="#hone" >Hone</ a>
<a href ="#users">Users</ a>
<a href="/settings">Settings</a>

All three formats work. The # prefix is conventional for SPA-style navigation. The / prefix works
the same way. A bare name also works.

6. Programmatic Navigation
Navigate from Delphi code without user interaction:

HTM_LPages1. Navi gat eTo(' settings');
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This is useful for:

 Redirecting after a successful action (e.g., login redirects to dashboard)
» Responding to button clicks that are not anchor tags

 Implementing back/forward functionality

« Conditional navigation based on business logic

procedure TForml. OnLogi nSuccess;
begi n

HTMLPages1. Navi gat eTo(' dashboard');
end;

procedure TFornil. OnLogout ;

begi n
HTM_LPages1. Navi gateTo('l ogin');

end;

Reading the Active Page

var CurrentPage : = HTM_.Pagesl. Acti vePage;
if CurrentPage = 'settings' then
Showiessage(' You are on the settings page');

7. Page Properties

Each TTi na4Page in the collection has these properties:

PageNane string Unique

navigation target

Twi gCont ent TStringLi st Twig template
(rendered via TTina4Twig)

HTM_Cont ent TSt ringLi st Raw HTML
TwigContent is empty)

(used when

| sDef aul t Bool ean If True, this page is shown

on startup

Priority rule: If Twi gCont ent is not empty, it is rendered through the Twig engine and the result
replaces HTMLCont ent . If Twi gCont ent is empty, HTMLCont ent is used directly.

8. Component Properties

TTi nadHTM_Pages itself has these properties:
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Pages TTi na4PageCol | ecti on Collection of pages
(design-time editable)

Render er TTi nadHTM_LRender The HTML renderer that
displays the active page

Act i vePage string Name of the currently
displayed page (read/write)

Twi gTenpl at ePat h string Base path for Twig {%
include % /{% extends
%
9. Events

OnBeforeNavigate
Fires before navigation occurs. Set Al | ow : = Fal se to cancel the navigation:

procedure TForml. HTM_LPages1Bef or eNavi gat e( Sender: TObj ect;
const FronPage, ToPage: string; var Allow Bool ean);
begin
/1 Prevent navigation to adm n page if not authenticated
if (ToPage = "adnmin') and (not FlsAuthenticated) then
begin
Al |l ow : = Fal se;
Showivessage(' You nust log in to access the adm n page.');
HTMLPages1. Navi gat eTo(' | ogi n');
end;
end;

OnAfterNavigate

Fires after the new page has been rendered. Use it for post-navigation setup like loading data:

procedure TForml. HTM_LPages1Aft er Navi gat e( Sender: TObj ect);
begi n
if HTM_.Pagesl. ActivePage = 'users' then
LoadUser Dat a;
i f HTM_.Pagesl. ActivePage = 'dashboard' then
RefreshSt ats;
end;

10. Using Twig Templates in Pages

Pages can use Twig templates for dynamic content. Set variables with Set Twi gVar i abl e and
use Twig syntax in Twi gCont ent :

HTMLPages1. Set Twi gVari abl e(' userNane', 'Alice');
HTMLPages1. Set Twi gVari abl e(' userRole', 'Admin');
HTMLPagesl1. Set Twi gVari abl e(' noti ficationCount', '3");
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var Page := HTM.Pagesl. Pages. Add;
Page. PageNane : = 'dashboard’
Page. Twi gContent . Text : =
'<div class="header">" +
<h1l>Wel cone, {{ userNane }}</hl>" +
<span>Rol e: {{ userRole }}</span>'" +
{%if notificationCount >0 %' +
<span cl ass="badge">{{ notificati onCount }} new</span>'" +
{%endif %' +
"</div>';

File-Based Templates
For complex pages, use files with { % i ncl ude % and { % extends % :
HTMLPagesl1. Twi gTenpl atePath : = ' C \ MyApp\tenpl ates’;

var Page := HTM.Pagesl. Pages. Add;
Page. PageNane : = 'report'
Page. Twi gCont ent . LoadFronFil e(' C:\ M/App\tenpl ates\report.htm ") ;

report.html:

{% extends 'layout.htm"' %

{%block title %4 Mnthly Report{% endbl ock %

{% bl ock content %
<hl>Report for {{ nonth }}</hl>
<t abl e>
{%for rowin data %
<tr>
<td>{{ row nane }}</td>
<td>{{ row value }}</td>
</tr>
{% endf or %
</t abl e>
{% endbl ock %

layout.html:

<htnm >
<head>
<styl e>
body { font-famly: Arial, sans-serif; }
.nav { background: #333; padding: 12px; }
.nav a { color: white; margin-right: 16px; }
</styl e>
</ head>
<body>
<di v class="nav">
<a href ="#hone" >Honme</ a>
<a href="#report">Report</a>
<a href="#settings">Settings</a>
</ di v>
<div styl e="paddi ng: 20px;">
<title>{%block title %{% endblock %</title>
{% bl ock content 9% {% endbl ock %
</ di v>
</ body>
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</htm >

11. Complete Example: Multi-Page Admin App

A full admin application with a sidebar menu, dashboard page, users page with a data table, and
settings page with a form.

unit Adm nApp;
interface

uses
System SysUtils, System Cl asses, System JSON,
FMX. Types, FMX Controls, FMX Forns, FMX. StdCtrl s,
Ti na4dHTMLRender, Ti na4dHTM_Pages, Ti na4REST,;

type

TfrmAdmi n = cl ass(TForm
HTMLRender 1: TTi na4HTM_Render ;
HTMLPagesl1: TTi na4dHTM.Pages;
rest APl : TTi na4REST;
procedur e FornCreat e(Sender: TCObject);
procedure HTM.PageslAfter Navi gat e( Sender: TObject);
procedur e HTM_.Render 1For nSubmi t (Sender: TObj ect;

const FormName: string; FornData: TStrings);

private
function Buil dLayout (const ActivePage, Content: string): string;
function GetSidebar(const ActivePage: string): string;
function GetStyles: string;
procedur e SetupPages;

publ i shed
procedure NavTo(PageNane: String);
procedure EditUser(Userld: String);
procedure SaveSettings(Action: String);

end;

var
frmAdm n: TfrmAdm n;

i mpl ement ati on
{$R *. fnx}

procedure TfrmAdm n. For nCr eat e( Sender: TCbject);
begin
rest APl . BaseUr|l := '"https://api.exanple.confvl';
HTMLPagesl1. Renderer := HTM.Render 1;
HTMLRender 1. Regi st er Cbj ect (' Admi n', Sel f);
Set upPages;
end;

function TfrmAdm n. Get Styl es: string;
begin
Result : =
'<style> +
" * { box-sizing: border-box; margin: 0; padding: 0; }' +
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body { font-famly: Arial, sans-serif; display: inline-block; wdth: 100% }' +

.sidebar { display: inline-block; w dth: 200px; background: #lala2e;' +
m n- hei ght: 600px; padding: 20px 0; vertical-align: top; }' +

.sidebar h3 { color: #7c8db5; padding: 0 20px 16px; font-size: 12px;' +
text-transform uppercase; letter-spacing: 1px; }' +

.sidebar a { display: block; color: #a0aecO; padding: 10px 20px;' +
text-decoration: none; font-size: 14px; }' +

.sidebar a:hover, .sidebar a.active { background: #16213e; color: white; }' +

.main { display: inline-block; width: calc(100% - 220px); padding: 24px;' +
vertical-align: top; }' +

.page-title { font-size: 24px; color: #lala2e; nargi n-bottom 20px; }' +

.card { background: white; border: 1px solid #e2e8f0; border-radius: 8px;' +
paddi ng: 20px; margi n-bottom 16px; }' +

.stat-row { display: inline-block; wi dth: 100% margi n-bottom 20px; }' +

.stat { display: inline-block; width: 30% nargin-right: 3%' +
background: #f8fafc; border-radius: 8px; padding: 16px; text-align: center; }' +

.stat .nunber { font-size: 32px; font-weight: bold; color: #2563eb; }' +

.stat .label { font-size: 12px; color: #888; nmargin-top: 4px; }' +

table { width: 100% border-collapse: collapse; }' +

th { text-align: left; padding: 10px; border-bottom 2px solid #e2e8f0;' +
font-size: 12px; color: #888; text-transform uppercase; }' +

td { padding: 10px; border-bottom 1px solid #f0f0f0; }' +

.btn { padding: 6px 14px; border: none; border-radius: 4px; font-size: 13px; }' +

.btn-primary { background: #2563eb; color: white; }' +

.btn-sm{ padding: 4px 10px; font-size: 12px; }' +

.formgroup { margin-bottom 16px; }' +

.formgroup | abel { display: block; nargin-bottom 4px; font-weight: bold;' +
font-size: 14px; color: #555; }' +

.formgroup input, .formgroup select { width: 100% padding: 8px;' +
border: 1px solid #ddd; border-radius: 4px; }' +

"</style>";
end;

function TfrmAdm n. Get Si debar (const ActivePage: string): string;

function ActiveC ass(const Page: string): string

begin
if Page = ActivePage then
Result :="' class="active"
el se
Result :="'"'
end;
begin
Result : =

'<div class="sidebar">" +
<h3>Navi gati on</ h3>" +
<a href="#dashboard"' + Actived ass(' dashboard') + '>Dashboard</a> +
<a href="#users"' + ActiveCd ass('users') + '>Users</a>' +
<a href="#settings"' + ActiveC ass('settings') + '>Settings</a> +
"</div>';
end;

function TfrmAdm n. Bui | dLayout (const ActivePage, Content: string): string;
begin
Result := GetStyles +
t<div>' o+
Get Si debar (Acti vePage) +
'<div class="nmain"> + Contept——<ldiv>'"—+— —

The Intelligent Native Application 4ramework



"</div>'

end;

procedur e TfrmAdm n. Set upPages
var

Page: TTi na4Page

begin

/| Dashboard

Page : = HTM.Pagesl. Pages. Add;

Page. PageNane : = 'dashboard’

Page. | sDefault := True

Page. HTMLCont ent . Text : = Bui | dLayout (' dashboard’
'<hl cl ass="page-title">Dashboard</hl1>" +
"<div class="stat-row'>" +

<div class="stat">" +

' <di v class="nunber" id="user Count">248</di v>'

<di v class="|abel ">Total Users</div> +
Yo</div>' o+
<div class="stat"> +

+

' <di v class="nunber" id="activeCount">189</div>'

<di v class="|abel ">Active</div>" +
Yo</div>' o+
<div class="stat"> +

' <di v class="nunber" id="newCount">12</div>'

<di v class="I abel ">New Today</di v>" +
'o</div>' o+

"</div>' o+

"<div class="card">" +

' <h3>Recent Activity</h3>" +

' <table> +

' <tr><td>Ali ce |l ogged in</td><td style="col or: #888;">2 nmin ago</td></tr>
' <tr><td>Bob updated profile</td><td style="col or:#888;">15 m n ago</td></tr>
' <tr><td>Carol created a report</td><td style="col or: #888;">1 hour ago</td></tr>

' </table> +
"</div>');

/'l Users

Page : = HTM.Pagesl. Pages. Add;

Page. PageNane := 'users';

Page. HTMLCont ent . Text : = Bui |l dLayout (' users',
'<hl class="page-title">User Managenent</hl>
"<div class="card">" +
' <table> +
' <t head>' +

' <t r ><t h>Nanme</t h><t h>Emai | </ t h><t h>Rol e</t h><t h>St at us</t h><t h>Acti ons</th></tr>

' </thead>" +
' <t body>'" +
! <tr>' +

' <td>Alice Smth</td><td>alice@xanpl e.conx/td><td>Adm n</td>'

<td style="col or:green;">Active</td>'

! </[tr>' +
' <tr>' +

' <t d>Bob Johnson</t d><t d>bob@xanpl e. conx/ t d><t d>Edi t or </t d>

<td style="col or:green;">Active</td>

! </[tr>' +

+

+

+

+
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<td><button class="btn btn-sm btn-prinmary"
' onclick="Adm n: Edi tUser ("' 1"")">Edit</button></td>'

<td><button class="btn btn-sm btn-prinmary"
' onclick="Adm n: Edi tUser(''2"'")">Edit</button></td>'

+

+

+

+

+

+

+

+

+

+

+



! <tr>' +
' <td>Carol WIIians</td><td>carol @xanpl e. conx/td><td>Viewer</td>" +
' <td style="color:red; ">l nactive</td>" +

' <td><button class="btn btn-smbtn-primry" ' +
' onclick="Adm n: Edi tUser(''3"")">Edit</button></td>" +
! </[tr> +
' </tbody>" +
' </table> +
"</div>");
/1 Settings
Page : = HTM.Pagesl. Pages. Add;
Page. PageNane : = 'settings';
Page. HTML.Cont ent . Text : = Bui |l dLayout (' settings',

'<hl class="page-title">Settings</hl>" +
'<div class="card">" +
' <form nane="settingsForm'>" +
' <div class="formgroup"> +
' <| abel >Appl i cati on Nane</| abel > +
' <i nput type="text" nanme="appNane" id="appNane" val ue="My Admi n App">'" +
' </div>" +
' <div class="formgroup"> +
' <| abel >Def aul t Language</| abel >' +
' <sel ect name="| anguage" id="|anguage">" +
' <option val ue="en">Engli sh</option> +
' <option val ue="fr">French</option> +
' <option val ue="de" >Ger man</ opti on> +
' </select> +
' </div>" +
' <div class="formgroup"> +
' <| abel >l tens Per Page</|abel > +
' <i nput type="text" nane="pageSi ze" id="pageSi ze" val ue="25">" +
' </div>" +
' <button type="submt" class="btn btn-primry">Save Settings</button>' +
"</ form' +
"</div>');
end;

procedure TfrmAdm n. HTM_.Pages1Aft er Navi gat e( Sender: TObj ect);
begin

/1 Load data when navigating to specific pages

if HTMLPagesl. ActivePage = 'dashboard' then

begin

/'l Could refresh stats from APl here

end;

end;

procedure TfrmAdm n. HTM_LRender 1For nSubm t ( Sender: TCObj ect;
const FormNane: string; FornData: TStrings);
begin
if FormNane = 'settingsForm then
begin
Showessage( Format (' Settings saved: App=%, Lang=%s, PageSi ze=%",
[ For nDat a. Val ues[ ' appNane' ],
For nDat a. Val ues[' | anguage' ],
For nDat a. Val ues[' pageSi ze']1]));
end;
end;
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procedure TfrmAdm n. NavTo( PageNanme: String);
begin

HTMLPages1. Navi gat eTo( PageNane) ;
end;

procedure TfrmAdm n. Edi t User (Userld: String);
begin

ShowVessage(' Edit user: ' + Userld);

/1 In areal app: navigate to an edit page with the user's data pre-filled
end;

procedure TfrmAdm n. SaveSettings(Action: String);
begin

Showessage(' Settings action: ' + Action);
end;

end.

12. Complete Example: Navigation Guards
A login-protected app where users must authenticate before accessing protected pages.

unit GuardedApp;
interface

uses
System SysUtils, System Cl asses, System JSON,
FMX. Types, FMX Controls, FMX Forns,
Ti na4dHTMLRender, Ti nadHTM_Pages, Ti na4REST,;

type
Tf rmuarded = cl ass(TForm
HTMLRender 1: TTi na4dHTM_Render ;
HTMLPages1: TTi na4dHTM.Pages;
rest APl : TTi nad4REST;
procedur e FornCreate(Sender: TCOhject);
procedure HTM.Pagesl1Bef or eNavi gat e( Sender: TCObj ect;
const FronPage, ToPage: string; var Allow Bool ean);
procedur e HTM.Render 1For nSubm t (Sender: TObj ect;
const FormNane: string; FornData: TStrings);
private
Fl sLogged!| n: Bool ean;
FUser Nane: string;
procedur e SetupPages;
publ i shed
procedure Logout (Action: String);
end;

var
frmGuarded: TfrnCGuarded;

i mpl enent ati on

{$R *. fmx}

procedure TfrnGuarded. For nCreat e( Sender: TObj ect);
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begin
Fl sLoggedl n : = Fal se
FUser Nanme : = "'";
rest APl . BaseUrl := '"https://api.exanple.con;
HTMLPagesl1. Renderer := HTM.Render 1
HTMLRender 1. Regi st er Cbj ect (' App', Self);
Set upPages;

end;

procedur e TfrnGuar ded. Set upPages
var
Page: TTi na4Page
begin
/1 Login page (the default -- shown first)
Page : = HTM.Pagesl. Pages. Add;
Page. PageNane := 'login';
Page. | sDefault := True
Page. HTM_Cont ent . Text : =
'<style>' +
.login-box { max-wi dth: 360px; margin: 80px auto; padding: 32px;' +
background: white; border-radius: 8px; box-shadow. 0 4px 12px rgba(0,0,0,0.15); }' +
.login-box h2 { text-align: center; nargin-bottom 24px; color: #333; }' +
.field { margin-bottom 16px; }' +
.field label { display: block; margin-bottom 4px; font-size: 14px; color: #555; }' +
.field input { width: 100% padding: 10px; border: 1px solid #ddd; border-radius: 4px; }'
.btn { width: 100% padding: 12px; background: #2563eb; color: white;' +
border: none; border-radius: 4px; font-size: 16px; }' +
.error { color: #dc2626; font-size: 13px; text-align: center;' +
mar gi n-bottom 12px; display: none; }' +
"</style> +
"<div class="Ilogin-box">" +
<h2>Logi n Requi red</ h2>" +
<div class="error" id="loginError">lnvalid credential s</div> +
<f orm nane="1| ogi nFor ni' >' +
<div class="field">" +
<l abel >User nane</ | abel >' +
<i nput type="text" nanme="usernanme" id="usernane" placehol der="Enter username">' +
</div>" +
<div class="field">" +
<l abel >Passwor d</ | abel >' +
<i nput type="password" nane="password" id="password" placehol der="Enter password">" +
</div>" +
<button type="submt" class="btn">Sign |In</button> +
</formp' +
"</div>';

/'l Protected: Dashboard
Page : = HTM.Pagesl. Pages. Add;
Page. PageNane : = 'dashboard’
Page. HTM_Cont ent . Text : =
'<style>' +
' .topbar { background: #lala2e; color: white; padding: 12px 20px;' +
di splay: inline-block; width: 100% }' +
.topbar span { float: left; }' +
.topbar .user { float: right; }' +
.topbar a { color: #93c5fd; nmargin-left: 16px; }' +
.content { padding: 24px; }' +
"</style> +
"<div class="topbar"> +
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<span><b>Adm n Panel </ b></ span>' +
<span cl ass="user">" +
<a href="#profile">Profile</a> +
<a href="#settings">Settings</a> +
<span onclick="App: Logout (' 'now ')" style="color: #fcaba5; cursor: pointer;' +
margi n-1eft: 16px;">Logout </ span>' +
</ span>' +
"</div>' o+
'<div class="content">' +
<hl>Dashboar d</ h1>" +

<p>You are logged in. This is the protected dashboard. </ p>'" +

<p><a href="#profile">View Profile</a> | <a href="#settings">Settings</a></p> +
"</div>';

/'l Protected: Profile
Page : = HTM.Pagesl. Pages. Add;
Page. PageNane := 'profile';
Page. HTM_Cont ent . Text : =
"<div class="topbar"> +
<span><b>Adm n Panel </ b></ span>' +
<span cl ass="user">" +
<a href ="#dashboar d">Dashboar d</a>" +
<span onclick="App: Logout (' 'now ' )" style="color: #fcaba5; cursor: pointer;' +
margi n-1 eft: 16px;">Logout </ span>' +
</ span>' +
"</div>' o+
'<div class="content">' +
<hl>Profil e</hl>" +
<p>User profile page. Only accessi bl e when |l ogged in.</p> +

<p><a href ="#dashboard">Back to Dashboard</a></p>" +
"</div>';

/1 Protected: Settings
Page : = HTM.Pagesl. Pages. Add;
Page. PageNane : = 'settings';
Page. HTM_Cont ent . Text : =
"<div class="topbar"> +
<span><b>Adm n Panel </ b></ span>' +
<span cl ass="user">" +
<a href ="#dashboar d">Dashboar d</ a>" +
<span onclick="App: Logout (' 'now ')" style="color: #fcaba5; cursor: pointer;' +
margi n-1eft: 16px;">Logout </ span>' +
</ span>' +
"</div>' o+
'<div class="content">' +
<h1l>Settings</hl>" +
<p>App settings. Only accessible when | ogged in.</p> +
<p><a href ="#dashboard">Back to Dashboard</a></p>" +
"</div>';
end;

procedur e TfrnGuar ded. HTM_Pages1Bef or eNavi gat e( Sender: TObj ect;
const FronPage, ToPage: string; var Allow Bool ean);

begin
/1 The login page is always accessible
if ToPage = 'login' then
begin
Allow : = True
Exit;
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end;

/1 Al'l other pages require authentication
if not FlsLoggedln then

begin
Al l ow : = Fal se;
HTMLPages1. Navi gateTo(' | ogin');
end;
end;

procedur e TfrnGuar ded. HTMLRender 1For nSubmi t ( Sender: TObj ect;
const FormNane: string; FornData: TStrings);

var
User nane, Password: string;

begin
if FormNane <> '|oginForm then Exit;

User nane :
Password :

For nDat a. Val ues[ ' usernane'];
For nDat a. Val ues[ ' password'];

/1 Sinple validation (in production, call your auth API)

if (Usernanme = "admn') and (Password = 'password') then
begin
Fl sLoggedl n : = True;
FUser Nane : = User nane;
HTMLPages1. Navi gat eTo(' dashboard');
end
el se
begin
HTMLRender 1. Set El enent Vi si bl e(' l ogi nError', True);
end;

end;

procedur e Tfrntuarded. Logout (Action: String);
begin

Fl sLoggedl n : = Fal se;

FUser Name : = "'

HTMLPages1. Navi gateTo(' | ogi n');
end;

end.

13. Exercise: Wizard / Step-by-Step Form

Build a wizard with 4 pages (steps), Next/Back navigation, and validation before advancing.

Requirements
« Step 1: Personal Info (name, email) -- both required
« Step 2: Address (street, city, zip) -- all required
« Step 3: Preferences (language dropdown, newsletter checkbox)
« Step 4: Confirmation (summary of all entered data, submit button)

* "Next" button validates current step before advancing
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« "Back" button always works (no validation needed)

* Step indicator showing current position (e.g., "Step 2 of 4")
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Solution

uni t
inte

uses

Sy

W zar dForm

rface

stem SysUtils, System O asses,

FMX. Types, FMX Controls, FMX Forns,

Ti

type
Tf

pr

pu

en

var
fr

i mpl
{$R

proc
begi

na4dHTMLRender, Ti na4HTM_Pages;

rmW zard = cl ass(TForm

HTMLRender 1: TTi na4dHTM_Render ;

HTM_.Pages1: TTi na4HTM.Pages;

procedur e FornCreat e(Sender: TCObject);

procedur e HTM.Pagesl1Bef or eNavi gat e( Sender: TCObj ect;
const FronPage, ToPage: string; var Allow Bool ean);

procedure HTM_Render 1For nSubmi t (Sender: TCObj ect;
const FormNanme: string; FornData: TStrings);

ivate

FData: TStringlLi st;

procedur e SetupPages;

function GetStyles: string;

function StepHeader(Current: Integer): string;

function ValidateStep(const StepNane: string): Bool ean;

bl i shed

procedure CoNext (FronStep: String);

procedure CoBack(FrontStep: String);

d;

MW zard: TfrnW zard;

enent ati on

* fx}

edure TfrmA zard. For nCr eat e( Sender: TObj ect);
n

FData := TStringList.Create;

HTMLPagesl1. Renderer := HTM_Render1;
HTM_LRender 1. Regi ster Cbj ect (' Wzard', Self);
Set upPages;

end;
function TfrnW zard. Get Styl es: string;
begi n

Result : =

<style> +

' body { font-fanmily: Arial, sans-serif; background: #f5f5f5; }' +

" .wizard { nmax-w dth: 500px; nargin: 30px auto; background: white;' +
overflow hidden; }'
' .steps { display: inline-block; w dth: 100% background: #f8f9fa;' +

' background: #ddd; color: #888; text-align: center;
font-size: 1l4px; margin-right: 8px; }' +

' .step-dot.active { background: #2563eb; color: white;

bor der-radius: 8px; box-shadow. 0 2px 8px rgba(O0,0,0,0.1);

paddi ng: 16px 20px; border-bottom 1px solid #e0eOeO; }' +
.step-dot { display: inline-block; wdth: 30px; height:

30px;

bor der - r adi us:

I'i ne- hei ght: 30px;"

p
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.step-dot.done { background: #16a34a; color: white; }' +

.step-label { font-size: 13px; color: #888; margin-left: 4px; margin-right: 20px; }' +

. body { paddi ng: 24px; }' +

.field { margin-bottom 16px; }' +

.field label { display: block; margin-bottom 4px; font-weight: bold; font-size: 14px; }'

.field input, .field select { width: 100% padding: 8px; border: 1px solid #ccc;' +
border-radius: 4px; }' +

.error-text { color: #dc2626; font-size: 12px; display: none; margin-top: 4px; }' +

.buttons { paddi ng: 16px 24px; border-top: 1px solid #e0eOeO;"' +
di splay: inline-block; width: 100% }' +

.btn { padding: 8px 20px; border: none; border-radius: 4px; font-size: 14px; }' +

. btn-next { background: #2563eb; color: white; float: right; }' +

. btn-back { background: #e2e8f0; color: #333; float: left; }' +

.btn-submt { background: #16a34a; color: white; float: right; }' +

.sumary-row { padding: 8px 0; border-bottom 1px solid #f0f0f0; }' +

.sumary-1|abel { font-weight: bold; color: #555; display: inline-block; wdth: 120px; }

"</style>";
end;

function TfrmN zard. StepHeader (Current: Integer): string
var
Label s: array[1l..4] of string;
I: Integer;
CSSCl ass: string
begin
Label s[ 1]
Label s[ 2]
Label s[ 3]
Label s[ 4]

' Personal ';

' Addr ess' ;

' Preferences'
"Confirm;

Result := '<div class="steps">";
for 1 :=1to 4 do
begin
if I < Current then
CSSCl ass : = 'step-dot done
else if | = Current then
CSSCl ass : = 'step-dot active
el se
CSSCl ass : = 'step-dot’

Result := Result +
Format (' <span cl ass="%">% </ span><span cl ass="st ep-| abel ">%</ span>',
[CSSCA ass, |, Labels[I]]);
end;
Result := Result + '</div>
end;

procedure TfrmA zar d. Set upPages;
var
Page: TTi na4Page
begin
/1 Step 1: Personal Info
Page : = HTM.Pagesl. Pages. Add;
Page. PageNane := 'stepl';
Page. | sDefault := True
Page. HTMLCont ent . Text := GetStyles +
"<div class="w zard">" +
St epHeader (1) +
"<div class="body">" +
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' <h2>Personal |nformation</h2>" +

' <div class="field">" +

' <l abel >Ful | Nanme</| abel >' +

' <i nput type="text" name="nane" id="nane" placehol der="Your nane">'" +
' <div class="error-text" id="naneError">Nane is required</div>" +
Yo</div>' o+

' <div class="field">" +

' <l abel >Emai | </ | abel >' +

' <i nput type="enmil" nanme="enmil" id="enmail" placehol der="you@xanpl e. cont'>" +
' <div class="error-text" id="emailError">Valid email is required</div> +
Yo</div>' o+

"</div>' o+

'<div class="buttons">" +

' <button class="btn btn-next" onclick="Wzard: GoNext (' 'stepl'')">Next</button>" +
"</div>' o+

"</div>';

/1 Step 2: Address
Page : = HTM.Pagesl. Pages. Add;
Page. PageNane : = 'step2'
Page. HTMLCont ent . Text := GetStyles +
"<div class="w zard">" +
St epHeader (2) +
"<div class="body">" +
' <h2>Address</h2>" +
' <div class="field">" +
' <l abel >Street </ | abel >' +
' <i nput type="text" nanme="street" id="street"> +
' <div class="error-text" id="streetError">Street is required</div>" +
'o</div>' o+
' <div class="field">" +
' <l abel >Ci ty</| abel > +
' <i nput type="text" name="city" id="city">" +
' <div class="error-text" id="cityError">City is required</div>" +
'o</div>' o+
' <div class="field">" +
' <| abel >Zi p Code</| abel > +
' <i nput type="text" nanme="zip" id="zip"> +
' <div class="error-text" id="zipError">Zip code is required</div> +
'o</div>' o+
"</div>' o+
'<div class="buttons">" +
' <bhutton class="btn btn-back" onclick="W zard: GoBack('"' step2'"')">Back</button>" +
' <button class="btn btn-next" onclick="Wzard: GoNext (' ' step2'')">Next</button>" +
"</div>' o+
"</div>';

/1 Step 3: Preferences
Page : = HTM.Pagesl. Pages. Add;
Page. PageNane : = 'step3’
Page. HTMLCont ent . Text := GetStyles +
"<div class="w zard">" +
St epHeader (3) +
"<div class="body">" +
' <h2>Preferences</h2>" +
' <div class="field">" +
' <| abel >Pref erred Language</| abel >' +
' <sel ect name="| anguage" id="|anguage">" +
' <option val ue="en*>EngHi-sh<foption>—+——
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' </

<option val ue="fr">French</option> +
<option val ue="de" >Ger man</ opti on> +
<option val ue="es">Spani sh</option> +
</select> +
</div>" +
<div class="field">" +
<i nput type="checkbox" nane="newsletter" id="newsletter">" +
<l abel style="display: inline
</div>" +

di v>'

+

'<div class="buttons">" +
<button class="btn btn-back" onclick="W zard: GoBack(''step3'')">Back</button>" +
<button class="btn btn-next" onclick="W zard: GoNext (' ' step3'"')">Next</button> +

' </

di v>'

"</div>'

+

/1l Step 4: Confirmation
. = HTM_.Pages1. Pages. Add;
Page. PageNane := 'step4';
Page. HTMLCont ent . Text := GetStyles +
"<div class="w zard">" +
St epHeader (4) +
"<div class="body">" +
<h2>Confirm Your Detail s</h2>" +
<di v id="summaryContent">" +

Page

' </

<di v cl ass="sunmary-row'><span
<di v cl ass="sunmary-row'><span
<di v cl ass="sunmary-row'><span
<di v cl ass="sunmary-row'><span
<di v cl ass="sunmary-row'><span
<di v cl ass="sunmary-row'><span
<di v cl ass="sunmary-row'><span

</div>" +

div>'" +

'<div class="buttons">" +
<button class="btn btn-back" onclick="W zard: GoBack(''step4'')">Back</button>" +
<form nane="w zardSubm t" style="display:inline; float:right;"> +

<button type="submt" class="btn btn-submit">Subm t</button>' +
</formp' +

' </

di v>'

"</ div>'

end;

+

font-wei ght: normal;">Subscribe to newsletter</I|abel > +

cl ass="summar y- | abel ">Nane: </ span> <span i d="sumNange" >- <
cl ass="summary-| abel ">Enai | : </ span> <span i d="sunEnai |l ">
cl ass="summary-| abel ">Street: </ span> <span i d="sunftreet
cl ass="summary-| abel ">City: </ span> <span i d="sunCity">-<
cl ass="summary- | abel ">Zi p: </ span> <span id="sun¥i p">-</s
cl ass="summar y- | abel ">Language: </ span> <span i d="sunlang
cl ass="summary-| abel ">Newsl etter: </ span> <span i d="sunmNe

function TfrmN zard. Val i dat eSt ep(const StepNane: string): Bool ean;

begin
Result := True
if StepNane = 'stepl' then
begin
var Nanme := HTM.Render 1. Get El enent Val ue(' nane');
var Emmil := HTM.Render 1. Get El enent Val ue(' email ') ;
if Nane. Trim="" then
begin
HTMLRender 1. Set El enent Vi si bl e(' nameError', True);
Result := Fal se
end
el se

HTM_LRender 1. Set El enment-Vi-si-ble{—nanmeError——False) ;
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if (Email.Trim="") or (not Email.Contains('@)) then

begin
HTMLRender 1. Set El enent Vi si bl e(' emai | Error', True);
Result := Fal se;

end

el se

HTMLRender 1. Set El enent Visi bl e(' enai | Error', Fal se);

if Result then

begin
FDat a. Val ues[' nane'] := Nane;
FDat a. Val ues['emai|l'] := Email;
end;
end

else if StepName = 'step2' then

begin
var Street := HTM.Render 1. Get El enent Val ue(' street');
var City := HTM.Render 1. Get El ement Val ue('city');
var Zip := HTM.Render 1. Get El enent Val ue(' zip');

if Street.Trim="" then

begin
HTMLRender 1. Set El enent Visi bl e(' streetError', True);
Result := Fal se;

end

el se

HTMLRender 1. Set El enent Vi si bl e(' streetError', Fal se);

if City.Trim="" then

begin
HTMLRender 1. Set El enent Visi bl e(' cityError', True);
Result := Fal se;

end

el se

HTMLRender 1. Set El enent Visi bl e(' cityError', False);

if Zip.Trim="" then

begin
HTMLRender 1. Set El enent Vi si bl e(' zi pError', True);
Result := Fal se;

end

el se

HTMLRender 1. Set El enent Vi si bl e(' zi pError', Fal se);

if Result then

begin
FDat a. Val ues[ ' street'] := Street;
FData. Val ues['city'] := City;
FDat a. Val ues[' zip'] := Zip;
end;
end

else if StepName = 'step3' then

begin
FDat a. Val ues[' | anguage'] := HTM.Render 1. Get El enent Val ue(' | anguage');
FDat a. Val ues[' newsl etter'] := HTM.Render 1. Get El enent Val ue(' newsl etter');
end;
end;
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procedure TfrmA zard. GoNext (FronStep: String);
begin
if not ValidateStep(FronStep) then Exit;

if FronStep = 'stepl' then
HTMLPages1. Navi gat eTo(' step2')

else if FronBtep = 'step2' then
HTMLPages1. Navi gat eTo(' step3')

else if FronBtep = 'step3' then

begin
HTMLPages1. Navi gat eTo(' step4');
/1 Popul ate summary after navigation renders
HTMLRender 1. Set El enent Text (' sunmNanme', FDat a. Val ues[' nane']);
HTMLRender 1. Set El enent Text (' sunEnai | ', FData. Val ues['email']);
HTMLRender 1. Set El enent Text (' sunStreet', FData.Values['street']);
HTMLRender 1. Set El enent Text (' sunCity', FData.Values['city']);
HTMLRender 1. Set El enent Text (' sunkZi p', FData.Values['zip']);
HTMLRender 1. Set El enent Text (' sunLang', FData. Val ues[' | anguage']);
HTMLRender 1. Set El enent Text (' sunmNews', FDat a. Val ues[' newsl etter']);

end;

end;

procedure TfrmA zard. GoBack( FronStep: String);
begin
if FronStep = 'step2' then
HTMLPages1. Navi gat eTo(' stepl')
else if FronBtep = 'step3' then
HTMLPages1. Navi gat eTo(' step2')
else if FronBtep = 'step4' then
HTMLPages1. Navi gat eTo(' step3');
end;

procedure TfrmA zard. HTM_.Pages1Bef or eNavi gat e( Sender: Tbj ect;
const FronPage, ToPage: string; var Allow Bool ean);

begin
/1 Al'low all navigation (validation is handled in GoNext)
Allow : = True;

end;

procedure TfrmA zard. HTM_.Render 1For nSubni t ( Sender: TCObj ect ;
const FormNane: string; FornData: TStrings);
begin
if FormName = 'w zardSubmit' then
begin
Showessage( For mat (
"Registration conplete!' + sLineBreak +
"Name: %' + sLineBreak +

"Email: %' + sLineBreak +
"City: %',
[ FDat a. Val ues[ ' nane' ], FData.Values['enmail'], FData.Values['city']]));
end;
end;
end.
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14. Common Gotchas

Page Name Case Sensitivity
Symptom: Navigation does not work. The renderer stays on the current page.
Fix: Page names are case-sensitive. #Dashboar d does not match a page named dashboar d:

/| Page defined as:
Page. PageNane : = 'dashboard';

[/ This works:
<a href ="#dashboar d" >Dashboar d</ a>

/1 This does NOT worKk:
<a href ="#Dashboar d" >Dashboar d</ a>

Circular Navigation in OnBeforeNavigate
Symptom: Application freezes or stack overflow.

Fix: If your OnBeforeNavigate handler calls NavigateTo, it triggers another
OnBef or eNavi gat e event. Always allow navigation to the redirect target:

procedure TForml. Bef or eNavi gat e( Sender: TObj ect ;
const FronPage, ToPage: string; var Allow Bool ean);

begin
/1 ALWAYS al | ow navigation to the |ogin page
if ToPage = 'login' then
begin
Al low : = True;
Exit;
end;

if not FlsLoggedln then
begin
Al l ow : = Fal se;
HTMLPagesl1. Navi gateTo('login'); [/ This triggers BeforeNavi gate again
/1 Wthout the 'login check above, you get infinite recursion
end;
end;

TwigContent vs HTMLContent Priority
Symptom: HTML changes to HTMLCont ent have no effect.

Fix: If Twi gContent is not empty, it takes priority and HTM_Cont ent is ignored. Clear
Twi gCont ent if you want to use raw HTML.:

/1 If Twi gContent has content, HTM.Content is ignored
Page. Twi gCont ent . C ear;
Page. HTMLCont ent . Text := '<h1>This will now di spl ay</hl>';

Styles Not Persisting Between Pages
Symptom: CSS styles defined on one page do not apply on another page.

Fix: Each page's HTML is self-contained. Styles defined in one page's <styl e> block do not

carry over when you navigate to-anether-page—telude—shared styles in every page, or use a
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helper function:
function Get SharedStyl es: string;
begi n

Result := '<style>/* shared styles */</style>";
end;

/1 Use in every page
Page. HTMLCont ent . Text := Get SharedStyl es + '<di v>Page content</div>";

Form Data Lost on Navigation
Symptom: User fills in a form, navigates away, comes back, and the form is empty.

Fix: Page content is re-rendered from HTMLCont ent on every navigation. Form values are not
preserved. Save form data to variables before navigating away (as shown in the wizard example),
or store values ina TSt ri ngLi st and pre-populate fields after navigation.

Summary
N
Setup HTM_Pagesl. Renderer := HTM_Render1
Add page (design) Double-click component, use collection editor
Add page (runtime) HTM_Pagesl. Pages. Add -- set PageNane,
HTM.Cont ent

Default page Page. | sDefault := True

Navigate via link <a href ="#pagenanme" >

Navigate via code HTM_Pages1l. Navi gat eTo(' pagenane')

Read active page HTM_LPagesl. Act i vePage

Guard navigation OnBef oreNavigate -- set Allow :=
Fal se to block

Post-navigation OnAf t er Navi gat e -- load data, update Ul

Twig in pages Set Twi gCont ent + Set Twi gVari abl e

File templates Set Twi gTenpl at ePath for {% i ncl ude
% I{ % ext ends %

Page priority Twi gCont ent (if set) overrides

HTM_Cont ent
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Twig Templates

HTML Without the String Concatenation Hell

You have built REST calls. You have populated MemTables. You have rendered HTML in your
Delphi forms. But every time you construct HTML, you end up with code like this:

HTML : = '<div class="card">" +
'<h2>' + Custoner.Nane + '</h2>" +
"<p>' + Customer.Email + '</p> +
"</ div>'
Six lines. Two bugs waiting to happen. One missing quote away from a broken layout. And when
the designer changes the card to include a phone number, you are back in the Pascal editor,
escaping quotes and hoping the HTML is still valid.

Twig templates fix this. Write HTML in HTML files. Drop in variables with {{ nane }}. Add loops
with {% for 9% . Inherit layouts with { % ext ends % . The template engine handles the rest.
Your Pascal code passes data in; the template decides how to display it.

TTinad4Twig is a Twig-compatible engine built directly into the Tina4 Delphi component library. It
supports variables, control structures, filters, functions, template inheritance, macros, and
integration with the HTML renderer. Every feature documented here works at design time and
runtime.

1. TTina4Twig Standalone Usage

The simplest way to use Twig is standalone -- create an instance, set variables, render a template
string or file.

Create and Render

uses
Ti nadTwi g;

procedure TForml. Render G eeti ng;
var
Twi g: TTi nadTwi g;
Vari abl es: TStringDict;
begin
Twig := TTinadTwi g. Create(' C\ MyApp\tenpl ates');
Variables := TStringDict.Create;
try
Vari abl es. Add(' nane', 'Andre');
Vari abl es. Add('rol e', 'Devel oper');

Menol. Li nes. Text := Twi g. Render (' greeting. htm ', Variables);
finally
Vari abl es. Free;
Twi g. Free;
end;
end;
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The constructor takes a template path. This is the root directory where Twig looks for template
files referenced by { % i ncl ude % and { % ext ends % tags. Every file reference is relative to
this path.

Render from a String
You can also render inline template strings without loading from a file:

var
Twi g: TTi nadTwi g;
Vari ables: TStringDict;
begin
Twig := TTinadTwig. Create('"');
Variables := TStringDict.Create;

try
Vari abl es. Add(' nane', 'World');

Menol. Li nes. Text := Twi g. Render (
'<hl>Hello {{ nane }}!</h1>", Variables);

/1 Qutput: <hl>Hello World!</hl>

finally
Vari abl es. Free;
Twi g. Free;

end;

end;

Passing Complex Data
Variables can be strings, numbers, arrays, or nested objects:

Vari abl es. Add(' nane', 'Andre');
Vari abl es. Add(' score', TVal ue. Fronkl nt eger >(42));
Variabl es. Add('items', TVal ue. FronkTArray<String>>(['Apple', 'Banana', 'Cherry']));

2. Variables

Variables are the bridge between your Pascal code and your templates. Everything you pass via
Set Vari abl e orthrough a TSt ri ngDi ct is accessible inside double curly braces.

Simple Variables

Hello {{ nane }}!
Your score is {{ score }}.

Nested Properties

Access object properties with dot notation:

{{ user.email }}
{{ order.custoner.nanme }}
{{ settings.thene.primryColor }}

Setting Variables Inside Templates

Use { % set 9% to define variables directly in a template:

{% set greeting = "Hello'" %
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{%set itens = ['Apple', 'Banana'] %
{%set total = price * quantity %
{%set full Name = firstNane ~ ' ' ~ | astName %

<p>{{ greeting }}, {{ fullName }}!</p>
<p>Total : {{ total }}</p>

The ~ operator concatenates strings. Variables set with { % set 9% are scoped to the current
template block.

3. Control Structures

if / elseif / else
Conditional rendering. Test any expression -- variable truthiness, comparisons, filters:

{%if users|length > 0 %
<ul >
{%for user in users %
<li>{{ user.name }}</Ii>
{% endfor %
</ ul >
{%elseif guests|length >0 %
<p>Cuests only today. </ p>
{%else %
<p>No users found. </ p>
{%endif %

Combine conditions with and, or, not :

{%if user.isAdmin and user.isActive %
<a href ="#adm n">Adm n Panel </ a>
{%endif %

{%if not user.isVerified %

<div class="alert alert-warning">Pl ease verify your email.</div>
{%endif %

for Loops

Iterate over arrays:

{%for itemin itens %
<p>{{ item}}</p>
{% endfor %

Key-value pairs:

{%for key, value in settings %
<tr>
<td>{{ key }}</td>
<td>{{ value }}</td>
</[tr>
{% endfor %

Ranges:

{%for i in 0..10 %
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<option value="{{ i }}">{{ i }}</option>
{% endfor %

{%for letter in'a ..'f' %
<span>{{ letter }}</span>
{% endfor %

The | oop variable is available inside every for loop:

{%for itemin itens %
<tr class="{%if loop.first %Bfirst{%endif BY{%if |oop.last %Il ast{%endif
<td>{{ | oop.index }}</td>
<td>{{ itemnane }}</td>
</[tr>
{% endf or %

with Blocks

Scope variables to a block without polluting the outer context:

{%with { title: 'Dashboard', subtitle: 'Overview } %
<div cl ass="header">
<hl>{{ title }}</hl>
<p>{{ subtitle }}</p>
</ div>
{% endwi th %

4. Template Inheritance

This is where Twig saves you from copy-pasting the same header and footer into 30 pages.

Base Template (base.html)

<! DOCTYPE html >
<htm >
<head>
<title>{%block title %M App{% endbl ock %4 </title>
<styl e>
body { font-famly: Arial, sans-serif; margin: 0; padding: 20px; }
. header { background: #2c3e50; color: white; padding: 15px; }
.content { paddi ng: 20px; }
.footer { border-top: 1px solid #ccc; padding: 10px; color: #666; }
</style>
{% bl ock head % { % endbl ock %
</ head>
<body>
<div cl ass="header">
<h1>{% bl ock header % My Applicati on{% endbl ock % </ h1>
</ div>
<div class="content">
{% bl ock content % {% endbl ock %
</ div>
<div class="footer">
{% bl ock footer % &copy; 2026 My Conpany{% endbl ock %
</ div>
</ body>
</htm >
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Child Template (dashboard.html)

{% extends 'base.htm' %
{% block title 9% Dashboard - My App{% endbl ock %
{% bl ock header 9% Dashboar d{% endbl ock %

{% bl ock content %

<h2>Wel conme, {{ userNane }}</h2>

<p>You have {{ nmessageCount }} new nessages. </ p>
{% endbl ock %

The child template only defines the blocks it wants to override. Everything else comes from the
base. Change the footer in base. ht il and every page that extends it picks up the change.

include
Pull in reusable fragments:

{%include 'header.htm"' %

<div class="main">
{%include 'sidebar.htm"' with { nenu: menultenms } %
<div class="content">
{{ content }}
</ div>
</ div>

{%include 'footer.htm"' %

The wi t h clause passes variables to the included template. Without it, the included template
inherits the parent's variables.

Setting the Template Path in Pascal
For{% extends % and{% i ncl ude % to resolve correctly, set the template path:
Twig := TTinadTwi g. Create(' C.\ MyApp\tenpl ates');

All template references are relative to this path. If dashboard. ht Ml says {% extends
"base. html ' 9%, Twig looks for C: \ MyApp\ t enpl at es\ base. ht i .

5. Macros

Macros are reusable template fragments -- the Twig equivalent of functions. Define them once,
call them everywhere.
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Define a Macro

{% macro input (name, value, type) %
<div class="formgroup">
<l abel for="{{ name }}">{{ nanme|capitalize }}</|abel >
<i nput type="{{ type|default('text') }}"
id="{{ nane }}"
nane="{{ nanme }}"
val ue="{{ value }}"
class="formcontrol ">
</ di v>
{% endmacro %

Call a Macro
{{ input('usernane', "', "text') }}
{{ input('email', user.email, 'email') }}
{{ input('password', '', 'password') }}

A More Complex Macro

{% macro al ert(nessage, type) %
<div class="alert alert-{{ type|default('info') }}" role="alert">

{%if type == 'danger' %
<strong>Error! </ strong>
{%elseif type == "warning" %

<strong>War ni ng! </ strong>
{%endif %
{{ message }}
</ div>
{% endmacro %

{{ alert('Record saved successfully.', 'success') }}
{{ alert('Please check your input.', "warning' ) }}
{{ alert('Connection failed.', 'danger') }}

6. Filters Reference

Filters transform output values. Chain them with the pipe | operator:

{{ nanme| upper|length }}
{{ description|striptags|trin]truncate(100) }}
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String Filters

upper Uppercase {{ 'hello\ upper }} produces HELLO

| ower Lowercase {{'HELLO"\ lower }} produces hello’

capitalize First letter uppercase {{ 'hello world"\ capitalize }} produces
Hello world”

title Title case every word {{ 'hello world"\ titte }} produces Hello
World®

trim Strip leading/trailing  “{{ ' hi \ trim }} produces hi’

whitespace

nl 2br Convert newlines to <br > {{ "linel\nline2"\ ni2br }}

striptags Remove HTML tags { '<b>bold</b>"\ striptags }} produces bold

repl ace Replace substrings “{ 'hello\ replace({'e": ‘a’l) 1

produces hallo’

split Split into array {{'a,b,c\ split(‘," B produces
[a,'b.'cT
sl ug URL-friendly slug “{{ 'Hello World!"\ slug 1 produces
hello-world®
spacel ess Remove whitespace between “{{'<p> hi </p>"\ spaceless }}
HTML tags
u Unicode string wrapper { text\ ull

Practical example -- building a navigation menu:

{% for page in pages %
<a href="/{{ page.title|slug }}"

class="nav-link {%if page.title == currentPage %active{%endif %">
{{ page.title|title }}
</ a>

{% endf or %
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Number Filters

nunber _f or mat

format _nunber

format _currency

Absolute value

Format with decimals,

separators
Locale-aware number format

Format as currency

Practical example -- product pricing:

{% for product in products %
<di v cl ass="product-card">
<h3>{{ product.nanme }}</h3>

<p class="price">{{ product.price|formt_currency('USD ) }}</p>

{%if product.discount > 0 %

<p class="di scount">Save {{ product.discount|abs }}%/ p>

{%endif %

</ di v>
{% endf or %

{{-42\

“{ 1234.5\

{1234\

“[{ 1234.50\
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abs}} produces 42

number_format(2, ', ') }}
produces 1,234.50°

format_number }}'

format_currency('USD") 1
produces $1,234.50°



Array Filters

 ength Count elements {{ items\ length }}

first First element {{ items\ first }}°

| ast Last element {{ items\ last }}°

join Join into string {{ items\ join(, Y I}V

keys Get object keys {{ settings\ keys 1}’

ner ge Merge two arrays {{ defaults\ merge(overrides) }}°
sort Sort ascending {{ items\ sort }}

reverse Reverse order {{ items\ reverse }}’

shuffle Random order “{{ items\ shuffle }}°

slice Extract subset “{{ items\ slice(0, 5) }} -- first 5 items
bat ch Split into chunks {{ items\ batch(3) }}" -- groups of 3
col umm Extract one property “{{ users\ column('name") }}’
filter Keep matching items {{ items\ filter }}°

find Find first match {{ items\ find }}°

nmap Transform each item {{ items\ map }}’

reduce Reduce to single value {{ items\ reduce }}

m n Smallest value {{ prices\ min }}°

max Largest value {{ prices\ max }}’

Practical example -- rendering a product grid:

{%for rowin products|batch(3) %
<div class="row'>
{%for product in row %
<div class="col ">
<h4>{{ product.nanme }}</h4>
<p>{{ product.price|nunber_format(2) }}</p>
</ div>
{% endfor %
</ div>
{% endfor %

<p>Showi ng {{ products|length }} products.
Price range: {{ products|colum('price')|mn|format_currency('USD ) }}

to {{ products|colum(' price')]|max|format_currency('USD ) }}</p>

<p>Cat egories: {{ products|colum('category')|sort|join(', ") }}</p>
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Date Filters

date Format a date {{ order.created\ date("Y-m-d") }}'

date nodify Shift a date {{ order.created\ date_modify('+30 days") }}'
format _date Format date (alias) {{ order.created\ format_date }}’

format _datetinme Format date and time {{ order.created\ format_datetime }}’
format _tine Format time only {{ order.created\ format_time }}°

Date format specifiers (PHP-style, auto-converted by Tina4):

Y 4-digit year 2026

y 2-digit year 26

m Month, zero-padded 03

n Month, no padding 3

d Day, zero-padded 01

i Day, no padding 1

H Hour 24h, zero-padded 14

h Hour 12h, zero-padded 02

i Minutes 30

s Seconds 05

A AM/PM PM

D Short day name Mon

I Full day name Monday
M Short month name Jan

F Full month name January

Practical example -- order timeline:

<h3>Order #{{ order.id }}</h3>
<t abl e>
<tr>
<t d>Pl aced: </t d>
<td>{{ order.created|date('F j, Y') }} at {{ order.created|date('h:i A) }}</td>
</tr>
<tr>
<t d>Shi ps by: </td>
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<td>{{ order.created|date_nodify('+3 days')|date('F j, Y') }}</td>
</[tr>
<tr>
<td>Delivery estimte: </td>
<td>{{ order.created|date_nodify('+7 days')|date('l, Fj') }}</td>
</[tr>
</ tabl e>

Encoding Filters

escape/e Escape HTML entities {{ userinput\ escape }}’

raw Output without escaping {{ trustedHtmI\ raw }}’

url _encode URL-encode a string {{ query\ url_encode }}°

j son_encode Encode as JSON {{ data\ json_encode }}

j son_decode Decode from JSON “{{ jsonString\ json_decode }}’

convert _encodi ng Convert character encoding “{ text\ convert_encoding('UTF-8") }}'
data_uri Create a data URI {{ imageData\ data_uri }}

Practical example -- building a search URL:

<a href="/search?q={{ searchTernm url _encode }}&category={{ category|url _encode }}">
Search for "{{ searchTerniescape }}"
</ a>

<script>
var config = {{ appSettings|json_encode|raw }};

</script>

Other Filters

defaul t Fallback value if empty/null {{ name\ default('Guest') }}°

f or mat Printf-style formatting {{ 'Hello %s, you have %d format(name, count) }}’
items'\

pl ural Pluralize a word {{ 'item"\ plural }} produces items’

si ngul ar Singularize a word {{ 'items'\ singular }} produces item

<p>You have {{ count }} {{ '"item|plural }} in your cart.</p>
<p>Weél corme, {{ userName|defaul t(' Guest') }}!</p>
<p>{{ '"Found %d % in %' |format(results|length, 'result'|plural, category) }}</p>
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7. Functions

Functions work like filters but are called directly:

range() Generate a sequence {% for i in range(l,
10) %

dunmp() Debug output of a variable {{ dunp(user) }}

date() Create or format a date {{ dat e(' now ,
"Y-md') }}

{# CGenerate page nunbers #}
{%for page in range(1, total Pages) %
<a href="7?page={{ page }}"

class="{%if page == current Page %active{%endif %">
{{ page }}
</ a>

{% endf or %
{# Debug during devel opnent #}
{%if debug %

<pre>{{ dunp(order) }}</pre>
{%endif %

{# Show current date #}
<p>Report generated: {{ date('now, 'F j, Y \\a\\t h:i A) }}</p>

8. Operators

Comparison == 1= <, > <= >= {%if price > 100 %

Logical and, or, not {% if active and
verified %

String ~ (concat), in, starts {{ first ~ ' ' ~ last

wi th,ends with, matches }}
Math +,o-, 5, % {{ price * quantity }}

Range .. {%for i in1l..10 %

String operators in action:

{# Concat enation #}
{%set fullName = firstNane ~ ' ' ~ |lastNanme %

{# Menbership test #}
{%if "admin' in user.roles %
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<a href="#adm n">Adm n Panel </ a>
{%endif %

{# String matching #}

{%if email ends with ' @onpany.com %
<span cl ass="badge" >I nt er nal </ span>

{%endif %

{%if filenane starts with "report_' %
<span cl ass="badge" >Report </ span>
{%endif %

{%if phone nmatches '/™M\\+27/' %
<span>Sout h Afri ca</span>
{%endif %

9. Integration with TTina4HTMLRender

The HTML renderer has built-in Twig support. You do not need to create a standalone
TTinad4Twig instance -- the renderer handles it internally.

Setting Variables and Rendering

/1 Set variables before assigning the tenplate

Ti na4dHTMLRender 1. Set Twi gVari able('title', 'Dashboard');
Ti na4dHTMLRender 1. Set Twi gVari abl e(' user Nane', ' Andre');
Ti na4dHTMLRender 1. Set Twi gVari abl e(' messageCount', '5");

/1l Set the Twig tenplate -- it renders to HTML automatically
Ti na4dHTMLRender 1. Twi g. Text : =
'<div class="header">" +
<hl>{{ title }}</h1>" +
<p>Wel cone back, {{ userNane }}! You have {{ nessageCount }} new nessages.</p> +
<fdiv>'

File-Based Templates with the Renderer

/1 Set the tenplate path for includes and extends
Ti na4dHTMLRender 1. Twi gTenpl atePath := 'C \ MyApp\tenpl ates';

/1 Set variables
Ti na4dHTMLRender 1. Set Twi gVari abl e(' user Nane', ' Andre');
Ti na4dHTMLRender 1. Set Twi gVari abl e(' notifications', '3");

/1 Load fromfile -- Twig processes it, then the renderer displays the HTM
Ti na4dHTMLRender 1. Twi g. LoadFronti |l e(' C.:\ MyApp\t enpl at es\ dashboard. htm ') ;

Combining with REST Data
The real power emerges when you combine REST data with Twig templates:

procedure TForml. LoadCust orer Car d( Cust oner 1 D: | nt eger);
var
St at usCode: | nteger;
Response: TJSONObj ect;
begin
Response : = Ti na4REST1. Get-{StatusCode—+Fcustormerst— + Custoner| D. ToString);
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try
Ti na4dHTMLRender 1. Set Twi gVari abl e(' cust oner',
Response. Get Val ue<String>(' nane'));
Ti na4dHTMLRender 1. Set Twi gVari abl e(' emai | ',
Response. Get Val ue<String>('email'));
Ti na4dHTMLRender 1. Set Twi gVari abl e(' orders"',
Response. Get Val ue<Stri ng>(' order Count'));

Ti na4dHTMLRender 1. Twi g. LoadFr onFi | e(
"C:\M/App\t enpl at es\ custoner-card. htm ') ;
finally
Response. Freeg;
end;
end;

10. Complete Example: Email Template System

Build a reusable email template system with a base layout, customer notification, and order
confirmation.

File Structure

t enpl at es/
emai | /
base. ht m -- shared email |ayout
notification.htm -- customer notification
order-confirmhtm -- order confirmation with product | oop
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base.html

<! DOCTYPE html >
<htm >
<head>
<styl e>
body { font-family: Arial, sans-serif; background: #f4f4f4; margin: 0; padding: O; }
.container { max-w dth: 600px; margin: 20px auto; background: white; border-radius: 8px; ove
. header { background: #2c3e50; color: white; padding: 20px; text-align: center; }
.content { padding: 30px; }
.footer { background: #ecfOf1l; padding: 15px; text-align: center; font-size: 12px; color: #6
.btn { display: inline-block; padding: 10px 20px; background: #labc9c; color: white; text-de
</styl e>
</ head>
<body>
<div class="container">
<div cl ass="header">
<h1>{ % bl ock header % {{ conpanyNane|default(' M Conpany') }}{% endbl ock % </hl>
</ di v>
<div class="content">
{% bl ock content % {% endbl ock %
</ di v>
<div class="footer">
{% bl ock footer %
&copy; {{ date('now, 'Y') }} {{ conpanyNane|default('My Conpany') }}. Al rights reserv
{% endbl ock %
</ di v>
</ di v>
</ body>
</htnm >

notification.html

{% extends 'emmil/base. html' %
{% bl ock header % Notification{% endbl ock %

{% bl ock content %
<h2>Hel l o {{ customer Nanme| defaul t (' Customer') }}, </ h2>
<p>{{ nessage }}</p>

{%if actionUl 9%
<p style="text-align: center; margin: 30px 0;">
<a href="{{ actionUl }}" class="btn">{{ actionText|default('View Details"') }}</a>
</ p>
{%endif %

{%if notes|length > 0 %
<h3>Addi ti onal Notes: </ h3>
<ul >

{%for note in notes %
<li>{{ note }}</Ili>
{% endfor %
</ ul >
{%endif %
{% endbl ock %
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order-confirm.html

{% extends 'emmil/base.htm' %
{% bl ock header 9% Order Confirmation{% endbl ock %

{% bl ock content %
<h2>Thank you, {{ customerNane }}!</h2>
<p>Your order <strong>#{{ orderld }}</strong> has been confirned. </ p>
<p>Pl aced on: {{ orderDate|date('F j, Y') }}</p>

<table style="wi dth: 100% border-collapse: collapse; margin: 20px 0;">
<t head>
<tr styl e="background: #ecfOf1;">
<th styl e="paddi ng: 10px; text-align: |eft;">Product</th>
<th styl e="paddi ng: 10px; text-align: right;">Qy</th>
<th styl e="paddi ng: 10px; text-align: right;">Price</th>
<th styl e="paddi ng: 10px; text-align: right;">Total </th>
</[tr>
</t head>
<t body>
{%for itemin itens %
<tr style="border-bottom 1px solid #eee;">
<td styl e="paddi ng: 10px;">{{ itemnane }}</td>
<td styl e="paddi ng: 10px; text-align: right;">{{ itemquantity }}</td>
<td styl e="paddi ng: 10px; text-align: right;">{{ itemprice|format_currency('USD ) }}<
<td styl e="paddi ng: 10px; text-align: right;">{{ itemtotal|format_currency('USD ) }}<
</[tr>
{% endf or %
</t body>
<t f oot >
<tr>
<td col span="3" styl e="paddi ng: 10px; text-align: right;"><strong>Subtotal:</strong></td
<td styl e="paddi ng: 10px; text-align: right;">{{ subtotal|format_currency('USD ) }}</td>
</[tr>
<tr>
<td col span="3" styl e="paddi ng: 10px; text-align: right;">Tax ({{ taxRate }}%:</td>
<td styl e="paddi ng: 10px; text-align: right;">{{ tax|format_currency('USD ) }}</td>
</[tr>
{%if discount > 0 %
<tr style="color: #e74c3c;">
<td col span="3" styl e="paddi ng: 10px; text-align: right;">Di scount:</td>
<td styl e="paddi ng: 10px; text-align: right;">-{{ discount|format_currency('USD ) }}</
</[tr>
{%endif %
<tr style="font-size: 1.2em font-weight: bold;">
<td col span="3" styl e="paddi ng: 10px; text-align: right;">Total:</td>
<td styl e="paddi ng: 10px; text-align: right;">{{ grandTotal |format_currency('USD ) }}</t
</[tr>
</tfoot>
</tabl e>

<p>Esti mated delivery: {{ orderDate|date_nodify('+5 days')|date('l, Fj, Y ) }}</p>
{% endbl ock %
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Pascal Code to Render

procedure TForml. SendOr der Confirmati on(OrderlD: |Integer);
var
Twi g: TTi nadTwi g;
Variabl es: TStringDict;
Emai | Body: String;
begi n
Twig := TTinadTwi g. Create(' C\ MyApp\tenpl ates');
Variables := TStringDict. Create,;
try
Vari abl es. Add(' conpanyNane', 'Acne Store');
Vari abl es. Add(' cust oner Nane', ' Andre van Zuydami);
Vari abl es. Add(' orderld', OrderlD. ToString);
Vari abl es. Add(' order Date', FornatDateTi me(' yyyy-nmmdd', Now));
Vari abl es. Add(' subtotal ', '149.97");
Vari abl es. Add(' taxRate', '15');
Vari abl es. Add(' tax', '22.50");
Vari abl es. Add("' di scount', '10.00');
Vari abl es. Add(' grandTotal ', '162.47");

/1 Items woul d be passed as a JSON array string or structured data
Variabl es. Add('itens', '"[' +

"{"nane": "Wdget Pro", "quantity": "2", "price": "49.99", "total": "99.98"},' +
"{"nane": "Gadget Mni", "quantity": "1", "price": "49.99", "total": "49.99"}' +
1)
Emai | Body : = Twi g. Render (' ermai |l /order-confirmhtm ', Variables);
Menol. Li nes. Text : = Enail Body;
finally
Vari abl es. Free;
Twi g. Free;
end;
end;

11. Complete Example: Report Generator

Build a product catalog report with categories, pricing, inventory status, filters, and macros.

The Intelligent Native Application 4ramework



report-catalog.html

{% macro statusBadge(quantity) %
{%if quantity > 10 %
<span style="col or: #27ae60; font-weight: bold;">In Stock ({{ quantity }})</span>
{%elseif quantity > 0 %
<span style="col or: #f39c12; font-weight: bold;">Low Stock ({{ quantity }})</span>
{%else %
<span style="col or: #e74c3c; font-weight: bold;">0ut of Stock</span>
{%endif %
{% endmacro %

{% macro priceCell(price, discount) %
{%if discount > 0 %
<span styl e="text-decoration: |ine-through; color: #999;">{{ price|format_currency('USD ) }}
<span style="col or: #e74c3c; font-weight: bold;">
{{ (price - discount)|format_currency('USD ) }}
</ span>
{%else %
{{ price|format_currency('USD ) }}
{%endif %
{% endmacro %

<! DOCTYPE html >
<htm >
<head>
<styl e>
body { font-family: Arial, sans-serif; margin: 20px; }
hl { color: #2c3e50; }
h2 { color: #34495e; border-bottom 2px solid #labc9c; paddi ng-bottom 5px; }
table { width: 100% border-collapse: collapse; nargin-bottom 30px; }
th { background: #2c3e50; color: white; padding: 10px; text-align: left; }
td { padding: 8px; border-bottom 1px solid #eee; }
tr:nth-child(even) { background: #f9f9f9; }
.summary { background: #ecfOf1l; padding: 15px; border-radius: 8px; margin: 20px 0; }
</styl e>
</ head>
<body>
<h1>{{ reportTitle|ldefaul t(' Product Catalog') }}</hl>
<p>Cenerated: {{ date('now, '"F j, Y \\a\\t h:i A) }}</p>
<p>Total products: {{ products|length }}</p>

<di v class="summary">
<strong>Pri ce Range: </strong>
{{ products|colum('price')|mn|format_currency('USD ) }} -
{{ products|colum('price')]|nmax|format_currency('USD ) }}
</ di v>

{%for category in categories %
<h2>{{ category.nane|title }}</h2>

{% set categoryProducts = products|filter %

<t abl e>
<t head>
<tr>
<t h>#</th>
<t h>Pr oduct </ t h>
<t h>SKU</ t h>
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<th>Price</th>
<t h>St ock</t h>
</[tr>
</t head>
<t body>
{%for product in category.products %
<tr>
<td>{{ | oop.index }}</td>
<td>
<strong>{{ product.nanme }}</strong>
{%if product.description %
<br><smal | style="color: #666;">{{ product.description|striptags|slice(0, 80) }}
{%endif %
</td>
<td>{{ product.sku|upper }}</td>
<td>{{ priceCell (product.price, product.discount|default(0)) }}</td>
<td>{{ statusBadge(product.stock) }}</td>
</[tr>
{% endfor %
</t body>
</ tabl e>
{% endfor %

<di v class="sunmmary">
<h3>Report Summary</h3>
<p>Cat egories: {{ categories|length }}</p>
<p>Total Products: {{ products|length }}</p>
<p>Products in stock: {{ products|colum('stock')|filter|length }}</p>
</ di v>
</ body>
</htnm >
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Pascal Code

procedure TForml. Gener at eCat al ogReport ;
var
Twi g: TTi nadTwi g;
Variabl es: TStringDict;
begi n
Twig := TTinadTwi g. Create(' C\ MyApp\tenpl ates');
Variables := TStringDict. Create,;
try
Vari abl es. Add(' reportTitle', 'QL 2026 Product Catal og');

/1 In areal app, this data cones from Get JSONFronDB or a REST cal

Vari abl es. Add(' categories', '[' +
"{"nane": "electronics", "products": [' +
"{"nane": "USB-C Hub", "sku": "elec-001", "price": "29.99", "stock": "45", "description"
"{"nane": "Wreless Muse", "sku": "elec-002", "price": "19.99", "stock": "3", "discount
"{"nane": "Mechanical Keyboard", "sku": "elec-003", "price": "89.99", "stock": "0"}' +
1
"{"nane": "office supplies", "products": [' +

"{"name": "Notebook Set", "sku": "off-001", "price": "12.99", "stock": "120"},' +
"{"name": "Pen Pack", "sku": "off-002", "price": "8.99", "stock": "200"}' +
o

)

]
"]

Vari abl es. Add("' products', '[' +
"{"nanme": "USB-C Hub", "price": "29.99", "stock": "45"},' +

"{"nane": "Wreless Muse", "price": "19.99", "stock": "3"},' +
"{"nane": "Mechanical Keyboard", "price": "89.99", "stock": "0"},' +
"{"nane": "Notebook Set", "price": "12.99", "stock": "120"},' +
"{"panme": "Pen Pack", "price": "8.99", "stock": "200"}' +

1)

WebBr owser 1. Navi gat e(' about : bl ank' ) ;
/1 Render and display the report
var HTML := Tw g. Render (' report-catal og. htm ', Variabl es);
Menol. Li nes. Text := HTM.

finally
Vari abl es. Free;
Twi g. Free;

end;

end;

Exercise: Invoice Template
Build an invoice template with the following requirements:

« Company header with logo placeholder, company name, and address
» Customer billing and shipping address blocks

« Line items loop with description, quantity, unit price, and line total

* Subtotal, tax (configurable rate), and grand total calculations

« Conditional discount display (only shows discount row if discount > 0)

» Payment terms section with due-date(30-days-from-invoice-date)
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» Use macros for the address block (reuse for billing and shipping)

» Use template inheritance -- extend a base invoice layout

Solution

invoice-base.html:

<! DOCTYPE html >
<htm >
<head>
<styl e>
body { font-famly: Arial, sans-serif; margin: 0; padding: 30px; color: #333; }
.invoi ce-header { display: flex; justify-content: space-between; margin-bottom 30px; }
.conpany-info hl { margin: 0; color: #2c3e50; }
.invoice-nmeta { text-align: right; }
.addresses { display: flex; gap: 40px; margin-bottom 30px; }
.address-block { flex: 1; }
.address-block h3 { color: #2c3e50; margi n-bottom 5px; }
table { width: 100% border-collapse: collapse; }
th { background: #2c3e50; color: white; padding: 10px; text-align: left; }
td { padding: 8px 10px; border-bottom 1px solid #eee; }
.totals td { border: none; }
.grand-total { font-size: 1.3em font-weight: bold; color: #2c3e50; }
.terms { margin-top: 30px; padding: 15px; background: #f9f9f9; border-radius: 4px; }
</styl e>
{% bl ock head % { % endbl ock %
</ head>
<body>
{% bl ock invoice % {% endbl ock %
</ body>
</htm >

invoice.html:

{% extends 'invoice-base. htnm' %

{% macro addressBl ock(| abel, addr) %
<di v cl ass="addr ess- bl ock">
<h3>{{ | abel }}</h3>
<p>
<strong>{{ addr.nanme }}</strong><br>
{{ addr.street }}<br>
{{ addr.city }}, {{ addr.state }} {{ addr.zip }}<br>
{%if addr.country %{{ addr.country }}<br>{%endif %
{%if addr.phone % Tel: {{ addr.phone }}{%endif %
</ p>
</ di v>
{% endmacro %

{% bl ock invoice %
<div class="invoi ce- header">
<di v cl ass="conmpany-info">
<h1>{{ conpany. nane }}</hil>
<p>{{ conpany. address }}<br>
{{ company.city }}, {{ conpany.state }} {{ company.zip }}<br>
{{ company.email }}</p>
</ div>
<div class="invoi ce-neta">
<h2>1 N\VO CE</ h2>
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<p>
<strong>l nvoi ce #:</strong> {{ invoiceNunber }}<br>
<strong>Dat e: </strong> {{ invoiceDate|date('F j, Y') }}<br>
<strong>Due Date: </strong> {{ invoiceDate|date_nodify('+30 days')|date('F j, Y') }}
</ p>
</ div>
</ div>

<di v cl ass="addresses">
{{ addressBlock('Bill To', billing) }}
{{ addressBl ock(' Ship To', shipping) }}
</ di v>

<t abl e>
<t head>
<tr>
<th style="w dth: 50% ">Description</th>
<th style="text-align: right;">Qy</th>
<th style="text-align: right;">Unit Price</th>
<th style="text-align: right;">Total </th>
</[tr>
</t head>
<t body>
{%for itemin lineltens %
<tr>
<td>{{ itemdescription }}</td>
<td style="text-align: right;">{{ itemquantity }}</td>
<td style="text-align: right;">{{ itemunitPrice|format_currency('USD ) }}</td>
<td style="text-align: right;">{{ itemlineTotal |format_currency('USD ) }}</td>
</[tr>
{% endfor %
</t body>
<t f oot >
<tr class="total s">
<td col span="3" style="text-align: right; padding-top: 15px;"><strong>Subtotal : </strong>
<td style="text-align: right; padding-top: 15px;">{{ subtotal|format_currency('USD ) }}<
</[tr>
{%if discount > 0 %
<tr class="totals" style="color: #27ae60;">
<td col span="3" style="text-align: right;">D scount ({{ discountPercent }}%:</td>
<td style="text-align: right;">{{ discount|format_currency('USD ) }}</td>
</[tr>
{%endif %
<tr class="total s">
<td col span="3" style="text-align: right;">Tax ({{ taxRate }}%:</td>
<td style="text-align: right;">{{ tax|fornat_currency('USD ) }}</td>
</[tr>
<tr class="totals grand-total ">
<td col span="3" style="text-align: right;">Total Due:</td>
<td style="text-align: right;">{{ grandTotal |fornmat_currency('USD ) }}</td>
</[tr>
</tfoot>
</ tabl e>

<div class="terns">
<h3>Paynent Terns</h3>
<p>Paynent is due within 30 days of the invoice date
Pl ease reference invoice #{{ invoiceNunber }} with your paynent.</p>

<p>Bank: {{ conpany. bankj-defaut{Fi+rst—Natioenral—Bank') }}<br>
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Account: {{ conpany.account|default(' Contact us for details') }}</p>

</ di v>
{% endbl ock %

Pascal code to render the invoice:

procedure TForml. Gener at el nvoi ce;

Twi g: TTi nadTwi g;
Vari abl es: TStringDict;
begin
Twig := TTinadTwi g. Create(' C\ MApp\tenpl ates');
Variables := TStringDict.Create;
try

Vari abl es. Add(' i nvoi ceNunber', ' 1 NV-2026-0042");
Vari abl es. Add(' i nvoi ceDate', FornatDateTi me('yyyy-nmdd' , Now));

Vari abl es. Add(' conpany', '{"name": "Acne Corp", "address": "123 Main St", ' +
""city": "Cape Town", "state": "WC', "zip": "8001", ' +
""email": "billing@cne.co.za"}");

Variables. Add(' billing , '{"name": "John Smith", "street": "456 OCak Ave", ' +

""city": "Johannesburg", "state": "GP', "zip": "2001", "phone": "+27 11 555 0123"}");

Vari abl es. Add(' shi pping', '{"nanme": "John Smith", "street": "789 Pine Rd", ' +
""city": "Durban", "state": "KzZN', "zip": "4001"}");

Vari ables. Add('lineltens', '"[' +
"{"description": "Wdget Pro - Annual License", "quantity": "5", "unitPrice": "99.00", "li
"{"description": "Setup & Configuration", "quantity": "1", "unitPrice": "250.00", "lineTot
"{"description": "Training (per hour)", "quantity": "4", "unitPrice": "75.00", "lineTotal"
1)

Vari abl es. Add(' subtotal', '1045.00'");

Vari abl es. Add(' di scount Percent', '10');

Vari abl es. Add(' di scount', '104.50");

Vari abl es. Add('taxRate', '15');
Vari abl es. Add('tax', '141.08");
Vari abl es. Add(' grandTotal ', '1081.58");

Menol. Li nes. Text := Twi g. Render('invoice.htm', Variables);

finally

Vari abl es. Free;
Twi g. Free;

end;

Common Gotchas

Template path resolution. Every { % ext ends % and { % i ncl ude % path is relative to the
path you pass to TTi na4Twi g. Create(). If you pass an empty string, file-based template
references will fail silently. Always set a real path:

/1 Wong -- includes and extends will not find files

/'l Right

= TTinadTwi g. Create('");
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Twig := TTinadTwi g. Create(' C.\ MyApp\tenpl ates');

Variable scope in for loops. Variables set inside a { % f or 9% block do not persist outside the
loop. This trips people up when trying to accumulate a total:

{# This does NOT work as expected #}
{%set total = 0 %
{%for itemin itens %

{%set total = total + itemprice %
{% endfor %
<p>Total: {{ total }}</p> {# Still 0! #}

Calculate totals in your Pascal code and pass them as variables instead.

HTML escaping by default. Twig escapes HTML entities by default. If you pass pre-formatted
HTML as a variable, it will show raw tags. Use the r awfilter for trusted content:

{# Variabl e contains '<strong>Bol d</strong>' #}
{{ content }} {# Shows: &l t;strong&gt; Bol d& t;/strong&gt; #}
{{ content|raw }} {# Shows: Bold (rendered as HTM.) #}

Only use r aw on content you control. Never use it on user input.

TStringDict memory management. Always free the TStringDict and TTi na4dTwi g in a
try/ finally block. Forgetting this is the most common memory leak with Twig templates:

Twig := TTinadTwi g. Create(' C \tenplates');
Variables := TStringDict.Create;

try
/1l ... render ...

finally
Vari abl es. Free; // A ways free both
Twi g. Free;

end;

Whitespace in templates. Twig preserves whitespace exactly as written in the template. If you
see extra blank lines in your output, your template has extra blank lines. Use { % and - % to trim
whitespace around tags:

{% for iteminitens -%

<li>{{ item}}</li>
{% endfor -%
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WebSockets

Real-Time Without Polling

Your Delphi application displays a dashboard with live metrics. The user stares at the numbers.
Nothing moves. They click refresh. The numbers update. They stare again. They click refresh
again.

This is HTTP. You ask, the server answers, the connection closes. If you want fresh data, you ask
again. Polling every 5 seconds works, but it is wasteful -- 90% of those requests return the same
data. It hammers the server. It wastes bandwidth. And the user still sees data that is up to 5
seconds stale.

WebSocket is the fix. One connection opens. It stays open. The server pushes data the instant it
changes. The client pushes messages back. No request/response cycle. No polling interval. No
stale data.

TTina4WebSocketClient brings WebSocket to your Delphi FMX applications with RFC 6455
compliance, automatic reconnection, ping/pong keepalive, and event-driven message handling.
Drop it on a form, set a URL, connect, and start receiving real-time data.

1. TTinadWebSocketClient Overview
The WebSocket client handles the full RFC 6455 protocol:

* Full-duplex communication -- send and receive simultaneously over a single TCP
connection

» Auto-reconnect -- configurable reconnection with backoff when the connection drops
* Ping/pong keepalive -- automatic heartbeat to detect dead connections
» Text and binary messages -- handle both message types

e Event-driven -- OnConnected, OnMessage, OnDisconnected, OnError callbacks

Component Setup

Drop a TTi na4WebSocket Cl i ent on your form from the Tina4 palette, or create it at runtime:

uses
Ti na4dWebSocket d i ent;

var
WsC i ent: TTi na4WebSocket Cl i ent;

begin
W5C i ent : = TTi na4dWebSocket Cl i ent. Create(Sel f);
WsClient.URL : = 'wss://api.exanple.comws';
end;
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2. Basic Connection

Design-Time Configuration

Set properties in the Object Inspector:

URL wss: // api . exanpl e. con ws
Aut oReconnect True

Reconnect | nt er val 5000 (ms)

Pi ngl nt er val 30000 (ms)

Runtime Connection

procedure TForml. For nCr eat e( Sender: TObj ect);

begi n
Ti nadWebSocket 1. URL : = 'wss://api.exanpl e.comws';
Ti nadWebSocket 1. Aut oReconnect : = True;
Ti nadWebSocket 1. Reconnect | nterval := 5000;

T
T
T
T

na4\WebSocket 1. OnConnect ed : = WebSocket Connect ed;
na4\WebSocket 1. OnMessage : = WebSocket Message;
na4WebSocket 1. OnDi sconnect ed : = WebSocket Di sconnect ed;
na4\WebSocket 1. OnError : = WebSocket Err or

T
end;

na4WebSocket 1. Connect ;
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Event Handlers

procedure TFornil. WebSocket Connect ed( Sender: TObj ect);

begi n
TThr ead. Synchroni ze(ni |, procedure
begi n
Label Status. Text := 'Connected'
Label St at us. Text Setti ngs. Font Col or : = TAl phaCol or Rec. G een;
end) ;
end;

procedure TForml. WebSocket Message( Sender: TObj ect; const AMessage: string);

begi n
TThr ead. Synchroni ze(ni |, procedure
begi n
MemoMessages. Li nes. Add( For mat Dat eTi ne(' hh: nn:ss', Now) + ' ' + AMessage);
end) ;
end;

procedure TForml. WebSocket Di sconnect ed( Sender: TCbj ect; const ACode: | nteger
const AReason: string);

begi n
TThr ead. Synchroni ze(ni |, procedure
begi n
Label Status. Text := 'Disconnected: ' + AReason;
Label St at us. Text Setti ngs. Font Col or : = TAl phaCol or Rec. Red
end) ;
end;

procedure TFornil. WebSocket Error (Sender: TCbject; const AError: string);

begi n
TThr ead. Synchroni ze(ni |, procedure
begi n
MemoMessages. Li nes. Add(' ERROR: ' + AError);
end) ;
end;

3. Sending Messages

Send Text

procedure TFornl. ButtonSendd i ck( Sender: TObject);
begi n

Ti na4WebSocket 1. Send( Edi t Message. Text);

Edi t Message. Text :="'";
end;
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Send JSON

procedure TFornil. SendJSON
var
Ooj : TISONObj ect ;
begi n
Obj := TISONChj ect. Create;
try
oj . AddPair ('type', 'subscribe');
Obj . AddPai r (' channel ', "notifications');
oj . AddPai r (' userld', TIJSONNumber. Create(1001));

Ti nadWebSocket 1. Send( Qbj . ToString) ;
finally
oj . Free
end;
end;

Check Connection Before Sending

procedure TForml. Saf eSend(const AMessage: string);
begin
i f TinadWebSocket 1. 1 sConnect ed t hen
Ti nadWebSocket 1. Send( AMessage)
el se
Showessage(' Not connected to server');
end;

4. Auto-Reconnect Behavior

When the connection drops, TTinadWebSocketClient automatically attempts to reconnect if
Aut oReconnect is Tr ue.

Configuration

Ti na4WebSocket 1. Aut oReconnect := True;
Ti na4WebSocket 1. Reconnect I nterval := 5000; // 5 seconds between attenpts

Reconnect Flow

Connected -> Connection Lost -> Wit 5s -> Reconnect Attenpt 1
-> Fail -> Wit 5s -> Reconnect Attenpt 2
-> Success -> Connected
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Handling Reconnection in Code

procedure TFornil. WebSocket Connect ed( Sender: TObj ect);

begi n
TThr ead. Synchroni ze(ni |, procedure
begi n
Label Status. Text := 'Connected'

/!l Re-subscribe to channels after reconnection
var Sub := TJSONObj ect. Create;

try
Sub. AddPair (' type', 'subscribe');
Sub. AddPai r (' channel ', 'updates');
Ti nadWebSocket 1. Send( Sub. ToStri ng) ;

finally
Sub. Free;

end;

end) ;
end;

The OnConnected event fires every time the connection opens -- including after a reconnect. Use
it to re-subscribe to channels or re-authenticate.

5. Ping/Pong Keepalive

WebSocket connections can silently die -- a router drops the connection, a firewall times it out, the
server crashes. Without keepalive, your client thinks it is still connected while the connection is
actually dead.

TTina4WebSocketClient sends periodic ping frames. If the server does not respond with a pong
within a timeout, the connection is considered dead and reconnection begins.

Ti nadWebSocket 1. Pi ngl nterval := 30000; // Send ping every 30 seconds

You do not need to handle pings manually. The component manages the ping/pong protocol
internally.

6. Binary vs Text Messages

WebSocket supports two frame types: text and binary. TTina4WebSocketClient handles both.

Text Messages

Most WebSocket APIs use text frames with JSON payloads:

procedure TForml. WebSocket Message( Sender: TOhj ect; const AMessage: string);
var

JSON: TJSONOhj ect ;
begi n

JSON : = StrToJSONOoj ect (AMessage) ;

if Assigned(JSON) then

try

var MsgType : = JSON. Get Value<String>(type — )
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TThr ead. Synchroni ze(ni |, procedure
begin
if MsgType = 'price_update' then
Updat ePri ceDi spl ay( JSON)
else if MsgType = '"notification' then
ShowNot i fi cati on(JSON)
else if MsgType = "error' then
Handl eSer ver Error (JSON) ;
end) ;
finally
JSON. Fr ee;
end;
end;

Binary Messages

For binary data (images, files, protocol buffers), use the binary message event:

procedure TForml. WebSocket Bi nar yMessage( Sender: TObj ect; const ADat a:

begin
TThr ead. Synchroni ze(ni |, procedure
begin
/1 Save binary data to file
var Stream:= TFileStream Create('received_data.bin', fnCreate);
try
Stream WiteBuffer(AData[0], Length(AData));
finally
St ream Free;
end;
end) ;
end;

7. Disconnecting

Graceful Close

procedure TForml. ButtonDi sconnect d i ck( Sender: TObject);

begin
Ti na4WebSocket 1. Aut oReconnect := False; [// Prevent reconnection
Ti na4WebSocket 1. Di sconnect ;

end;

Cleanup on Form Destroy

procedure TForml. For nDest r oy( Sender: TObj ect);
begi n
Ti na4WebSocket 1. Aut oReconnect : = Fal se;
if TinadWebSocket 1.1 sConnected then
Ti na4WebSocket 1. Di sconnect ;
end;
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8. Complete Example: Real-Time Chat Client

Build a chat application that connects to a WebSocket server, sends and receives messages, and
displays them in an HTML renderer with online status.
Form Layout
Place these components on your form:
e TTi nadWebSocket Cl i ent (TinadWebSocketl)
* TTi na4HTM_Render (HTMLRenderl) -- displays chat messages
« TEdi t (EditMessage) -- message input
e TBut t on (ButtonSend) -- send button
e TEdi t (EditUsername) -- username input
e TBut t on (ButtonConnect) -- connect/disconnect

e TLabel (LabelStatus) -- connection status

The Intelligent Native Application 4ramework



Implementation

unit Chat Form
interface

uses
System SysUtils, System Types, System O asses, System JSON,
FMX. Types, FMX. Controls, FMX Forns, FMX StdCirls, FMX Edit,
FMX. Menp, FMX. Layout s,
Ti nadWebSocket d i ent, Ti na4dHTM_.Render, Ti na4Cor e;

type
TFornChat = cl ass(TForm
Ti nadWebSocket 1: TTi nadWebSocket Cl i ent ;
HTMLRender 1: TTi na4dHTM_Render ;
Edi t Message: TEdit;
But t onSend: TButt on;
Edi t User nane: TEdit;
But t onConnect: TButton;
Label St at us: TLabel ;
procedur e FornCreat e(Sender: TCObject);
procedure FornDestroy(Sender: TObject);
procedure ButtonConnectC ick(Sender: TObject);
procedure ButtonSendd i ck(Sender: TObject);
procedur e EditMessageKeyDown(Sender: TObject; var Key: Wrd;
var KeyChar: Char; Shift: TShiftState);
private
FChat Hi story: TStringList;
FOnl i neUsers: TStringlList;
Fl sConnect ed: Bool ean;
procedure OnWsQpen( Sender: TObj ect);
procedure OnWsMessage( Sender: TObj ect; const AMessage: string);
procedure OnWSCl ose( Sender: TOhject; const ACode: |nteger;
const AReason: string);
procedure OnWSError (Sender: TObject; const AError: string);
procedur e AddChat Message(const AUser, AMessage, ATinme: string;
Al sOwn: Bool ean) ;
procedur e RefreshChatDi spl ay;
procedure Updat eOnli neSt at us;
end;

var
For nChat : TFor nChat ;

i mpl enent ati on
{$R *. fnx}

procedur e TFor nChat . For nCr eat e( Sender: TCbj ect);

begi n
FChat Hi story := TStringList.Create;
FOnlineUsers : = TStringList.Create;
Fl sConnected : = Fal se;
Ti nadWebSocket 1. Aut oReconnect : = True;
Ti na4dWebSocket 1. Reconnect | nterval := 3000;
Ti nadWebSocket 1. Pi ngl nterval := 25000;

Ti na4WebSocket 1. OnConnected : = OnWsCpen;
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Ti nadWebSocket 1. OnMessage : = On\\BMessage;

Ti nadWebSocket 1. OnDi sconnect ed : = OnWBCl ose;

Ti nadWebSocket 1. OnError : = OnWBError;

But t onSend. Enabl ed : = Fal se;
Label St atus. Text := 'Di sconnected';

/1 Show enpty chat
Ref r eshChat Di spl ay;
end;

procedur e TFor nChat . For nDestroy(Sender: TObject);

begin
Ti nadWebSocket 1. Aut oReconnect : = Fal se;
i f TinadWebSocket 1.1 sConnected then
Ti nadWebSocket 1. Di sconnect ;
FChat Hi story. Free;
FOnl i neUsers. Free;

end;
procedur e TFor nChat . Butt onConnect C i ck( Sender: TChject);
begin
if FlsConnected then
begin
Ti na4WebSocket 1. Aut oReconnect : = Fal se;
Ti na4WebSocket 1. Di sconnect ;
end
el se
begin
if EditUsernane. Text. Trim|sEnpty then
begin
Showessage(' Pl ease enter a usernane');
Exit;
end;
Ti nadWebSocket 1. URL : = 'wss://chat.exanple.confws';

Ti nadWebSocket 1. Aut oReconnect : = True;
Ti nadWebSocket 1. Connect ;
Label Status. Text := 'Connecting..."';
end;
end;

procedur e TFor nChat . OnWSOpen( Sender: TObj ect);

begin

TThr ead. Synchroni ze(ni |, procedure

begin
Fl sConnected : = True;
Label Status. Text := 'Connected';
But t onConnect . Text := 'Di sconnect';
But t onSend. Enabl ed : = True;
Edi t User nane. Enabl ed : = Fal se;

/1 Send join nessage
var Joi nMsg : = TJSONObj ect. Creat e;

try
Joi nMsg. AddPai r('type', 'join');

Joi nMsg. AddPai r (' usernane', EditUsernane. Text);

Ti nadWebSocket 1. Send(Joi nMsg. ToStri ng) ;

finally
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Joi nMsg. Free;
end;
end) ;
end;

procedur e TFor nChat . OnWBMessage( Sender: TObj ect; const AMessage: string);

begin
TThr ead. Synchroni ze(ni |, procedure
var
JSON: TJSONOhj ect ;
begin

JSON : = StrToJSONOhj ect (AMessage) ;
if not Assigned(JSON) then Exit;

try
var MsgType := JSON. Get Val ue<String>('type', '');

if MsgType = 'chat' then

begin
var User := JSON. GetVal ue<String>('usernanme', 'Unknown');
var Text := JSON. GetVal ue<String>(' nessage', '');
var Time := JSON. Get Val ue<String>('tinme', FornatDateTi ne(' hh:nn',

var 1sOwn := (User = EditUsernane. Text);

AddChat Message(User, Text, Tine, 1sOan);
end
else if MsgType = '"user_list' then
begin
FOnl i neUsers. d ear;
var Users := JSON. Get Val ue<TISONArray>('users');
if Assigned(Users) then
for var I := 0 to Users.Count - 1 do
FOnl i neUsers. Add(Users. Itens[1]. Val ue);
Updat eOnl i neSt at us;

end
else if MsgType = 'user_joined then
begin
var User := JSON. GetVal ue<String>('usernane', '');

if not FOnlineUsers. Contains(User) then
FOnl i neUsers. Add( User) ;

AddChat Message(' System, User + ' joined the chat', '', False);
Updat eOnl i neSt at us;

end

else if MsgType = 'user_left' then

begin
var User := JSON. Get Val ue<String>('usernane', '');

var ldx := FOnlineUsers. | ndexOF (User);
if Idx >= 0 then
FOnl i neUsers. Del ete(ldx);

AddChat Message(' Systenm, User + ' left the chat', '', False);
Updat eOnl i neSt at us;
end;
finally
JSON. Fr ee;
end;
end) ;
end;

procedur e TFor nChat. OnWSCl ose( Sender: TObj ect; const ACode: |nteger;
const AReason: string);
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begin

TThr ead. Synchroni ze(ni |, procedure
begin
Fl sConnected : = Fal se;
Label Status. Text := 'Disconnected';
But t onConnect . Text := 'Connect';
But t onSend. Enabl ed : = Fal se;

Edi t User nane. Enabl ed : = True;
FOnl i neUsers. d ear;
Updat eOnl i neSt at us;
end) ;
end;

procedur e TFor nChat. OnWSEr ror (Sender: TObj ect; const AError: string);
begin

TThr ead. Synchroni ze(ni |, procedure
begin
AddChat Message(' System, 'Error: ' + AError, '', False);
end) ;
end;

procedur e TFor nChat. ButtonSendd i ck(Sender: TObject);
begin

if EditMessage. Text. TrimI|sEnpty then Exit;

if not Tinad4dWebSocket 1.1sConnected then Exit;

var Msg := TJSONObj ect. Create;

try
Msg. AddPair (' type', 'chat');
Msg. AddPai r (' nessage', EditMessage. Text.Trin);
Ti nadWebSocket 1. Send(Msg. ToStri ng) ;

finally
Msg. Free;
end;

Edi t Message. Text := "'
Edi t Message. Set Focus;
end;

procedur e TFor nChat . Edi t MessageKeyDown( Sender: TCbj ect; var Key: Word;
var KeyChar: Char; Shift: TShiftState);
begin
if Key = vkReturn then
But t onSendd i ck( Sender) ;
end;

procedur e TFor nChat . AddChat Message(const AUser, AMessage, ATine: string;
Al sOwn: Bool ean) ;

var
Al i gnment, BgCol or, TextColor: string;
begin
if AlsOm then
begin
Alignment := "right';
BgCol or : = '#labhc9c';
TextColor := "white';
end
else if AUser = 'System then
begin
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Alignment := 'center';
BgCol or := "#f0f0f0';

Text Col or : = '#666";
end
el se
begin
Alignment = "'left';
BgCol or := '"#ecfOf1';
Text Col or : = '#333";
end;

FChat Hi st ory. Add( For mat (
"<div style="text-align: %; margin: 5px 0;"> +
<div style="display: inline-block; background: %; color: %; ' +
paddi ng: 8px 12px; border-radius: 12px; max-w dth: 70%4">" +
<snal | ><strong>%</strong> %</ snal | ><br>%"' +
</div>" +
"</ div>',
[Alignment, BgCol or, TextColor, AUser, ATinme, AMessage]));

Ref r eshChat Di spl ay;
end;

procedur e TFor nChat . Ref reshChat Di spl ay;
begin
HTMLRender 1. HTML. Text : =
"<div style="font-famly: Arial, sans-serif; padding: 10px;">" +
'<h3 style="col or: #2c3e50; border-bottom 1px solid #eee; paddi ng-bottom 5px;">Chat</h3>'
FChat Hi story. Text +
"</div>';
end;

procedur e TFor nChat . Updat eOnl i neSt at us;

begin
/1 Update status |abel with online user count
if FOnlineUsers.Count > 0 then

Label Status. Text := Format (' Connected (% online)', [FOnlineUsers. Count])
el se i f FlsConnected then
Label Status. Text := 'Connected'
el se
Label Status. Text := 'Disconnected';
end;
end.

9. Complete Example: Live Data Feed

Build a real-time price feed that connects to a WebSocket server, receives price updates, and
displays them with color-coded changes.
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Implementation

unit PriceFeedForm
interface

uses
System SysUtils, System Types, System O asses, System JSON,

System Generics. Col | ecti ons, FMX Types, FMX Controls, FMX Forns,

FMX. StdCtrls, FMX.Layouts,
Ti na4WebSocket C i ent, Ti na4HTM_Render, Ti na4Core;

type

TPricelnfo = record
Synbol : string;
Price: Doubl e;
PrevPrice: Doubl e;
Change: Doubl e;
ChangePer cent : Doubl e;
Last Updat e: TDat eTi ne;

end;

TFornPri ceFeed = cl ass(TForm
Ti nadWebSocket 1: TTi nadWebSocket Cl i ent ;
HTMLRender 1: TTi na4dHTM_Render ;
But t onConnect: TButton;
Label St at us: TLabel ;
procedur e FornCreat e(Sender: TCObject);
procedure FornDestroy(Sender: TObject);
procedure ButtonConnectd i ck(Sender: TObject);
private
FPrices: TDictionary<string, TPricelnfo>;
procedure OnWsQpen( Sender: TObj ect);

procedure OnWsMessage( Sender: TObj ect; const AMessage: string);

procedure OnWSCl ose( Sender: TOhject; const ACode: |nteger;
const AReason: string);
procedure OnWSError (Sender: TObject; const AError: string);
procedur e UpdatePri ceDi spl ay;
function Get ChangeCol or (AChange: Doubl e): string;
function Get ChangeArrow( AChange: Doubl e): string;
end;

var
FornPri ceFeed: TFornPri ceFeed,;

i mpl enent ati on
{$R *. fnx}

procedure TFornPri ceFeed. For nCreat e( Sender: TObj ect);

begi n
FPrices := TDictionary<string, TPricelnfo> Create;
Ti nadWebSocket 1. URL : = 'wss://feeds. exanpl e. contf prices';
Ti nadWebSocket 1. Aut oReconnect : = True;
Ti na4dWebSocket 1. Reconnect | nterval := 5000;
Ti nadWebSocket 1. Pi ngl nterval := 20000;

Ti na4WebSocket 1. OnConnect ed : = On\Ws(Open;
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Ti nadWebSocket 1. OnMessage : = On\\BMessage;
Ti nadWebSocket 1. OnDi sconnect ed : = OnWBCl ose;
Ti nadWebSocket 1. OnError : = OnWBError;

Label St atus. Text := 'Di sconnected';
Updat ePri ceDi spl ay;
end;

procedure TFornPri ceFeed. For nDestroy(Sender: TObject);
begin
Ti nadWebSocket 1. Aut oReconnect : = Fal se;
i f Tina4dWebSocket 1.1 sConnected then
Ti nadWebSocket 1. Di sconnect ;
FPri ces. Free;
end;

procedure TFornPri ceFeed. ButtonConnect d i ck(Sender: TObject);

begin
i f TinadWebSocket 1.1 sConnected then
begin
Ti nadWebSocket 1. Aut oReconnect : = Fal se;
Ti nadWebSocket 1. Di sconnect ;
But t onConnect . Text := 'Connect';
end
el se
begin
Ti nadWebSocket 1. Aut oReconnect : = True;
Ti nadWebSocket 1. Connect ;
Label Status. Text := 'Connecting..."';
But t onConnect . Text := 'Di sconnect';
end;

end;

procedure TFornPri ceFeed. OnWsQpen( Sender: Thj ect) ;

begin
TThr ead. Synchroni ze(ni |, procedure
begin
Label Status. Text := 'Connected - Receiving prices';

/1 Subscribe to price updates

var Sub := TJSONObj ect. Create;

try
Sub. AddPair (' type', 'subscribe');
var Synbols := TISONArray. Create;
Synbol s. Add(' BTC-USD ) ;
Synbol s. Add(' ETH USD ) ;
Synbol s. Add(" AAPL" ) ;
Synbol s. Add(' GOOA' ) ;
Synbol s. Add(' MSFT" ) ;
Sub. AddPai r (' synbol s', Synbol s);
Ti nadWebSocket 1. Send( Sub. ToStri ng);

finally
Sub. Free;
end;
end) ;

end;

procedure TFornPri ceFeed. OnWsMessage( Sender: TObj ect; const AMessage:

begin
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TThr ead. Synchroni ze(ni |, procedure
var
JSON: TJSONOhj ect ;
Info: TPricelnfo;
begin
JSON : = StrToJSONOhj ect (AMessage) ;
if not Assigned(JSON) then Exit;
try
var MsgType := JSON. Get Val ue<String>('type', '');

if MsgType = 'price' then

begin
var Synbol := JSON GetVal ue<String>('synbol', '');
var NewPrice := JSON. Get Val ue<Doubl e>(" price', 0);

if FPrices. TryGetVal ue(Synbol, Info) then
begin
Info.PrevPrice := Info.Price;
Info.Price := NewPrice;
I nfo. Change := NewPrice - Info.PrevPrice;
if Info.PrevPrice > 0 then
I nf 0. ChangePercent := (Info.Change / Info.PrevPrice) * 100

el se
I nf 0. ChangePercent := 0;
end
el se
begin
I nfo. Synbol := Synbol;

Info.Price := NewPri ce;

Info.PrevPrice := NewPrice;

I nf o. Change : = 0;

I nf 0. ChangePercent := 0;
end;

I nfo. Last Update : = Now,
FPri ces. AddOr Set Val ue( Synbol , I nfo);
Updat ePri ceDi spl ay;
end;
finally
JSON. Fr ee;
end;
end) ;
end;

procedure TFornPri ceFeed. OnWSCl ose( Sender: TCbj ect; const ACode: |nteger;
const AReason: string);

begin
TThr ead. Synchroni ze(ni |, procedure
begin
Label Status. Text := 'Di sconnected - Reconnecting...';
But t onConnect . Text := 'Connect';
end) ;
end;

procedure TFornPri ceFeed. OnWSErr or ( Sender: TCbject; const AError: string);

begin
TThr ead. Synchroni ze(ni |, procedure
begin
Label Status. Text :="'Errer———+—AError;
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end) ;
end;

functi on TFornPri ceFeed. Get ChangeCol or (AChange: Doubl e): string;

begin
if AChange > 0 then
Result := '#27ae60
el se i f AChange < 0 then
Result := '#e74c3c
el se
Result := '#666'
end;

functi on TFornPri ceFeed. Get ChangeArr owm AChange: Double): string

begin
if AChange > 0 then
Result := '&#9650;' // up triangle
else i f AChange < 0 then
Result := '&#9660;' // down triangle
el se
Result := '&#9644;"'; // dash
end;

procedure TFornPri ceFeed. Updat ePri ceDi spl ay;
var
HTM.: TStringBuil der;
Pair: TPair<string, TPricelnfo>
begin
HTML : = TStringBuil der. Create;
try
HTM.. AppendLi ne(' <div style="font-famly: Arial, sans-serif; padding: 15px;">");
HTML.. AppendLi ne(' <h2 styl e="col or: #2c3e50;">Live Price Feed</h2>");
HTML. AppendLi ne(' <tabl e styl e="wi dth: 100% border-collapse: collapse;">");
HTML. AppendLi ne(' <t head>');
HTML.. AppendLi ne(' <tr styl e="background: #2c3e50; color: white;">");
HTM.. AppendLi ne(' <th style="paddi ng: 10px; text-align: left;">Synbol </th>");
HTM.. AppendLi ne(' <th styl e="paddi ng: 10px; text-align: right;">Price</th>");
HTM.. AppendLi ne(' <th styl e="paddi ng: 10px; text-align: right;">Change</th>");
HTM.. AppendLi ne(' <th style="padding: 10px; text-align: right;">%/th>");
HTM.. AppendLi ne(' <th style="paddi ng: 10px; text-align: right;">Updated</th>");
HTML. AppendLi ne(' </tr>");
HTML.. AppendLi ne(' </thead>");
HTML. AppendLi ne(' <t body>');

for Pair in FPrices do

begin
var Col or := Get ChangeCol or (Pai r. Val ue. Change) ;
var Arrow : = Get ChangeArrow Pair. Val ue. Change);

HTML. AppendFor mat (
"<tr style="border-bottom 1px solid #eee;">" +
' <td style="paddi ng: 10px; font-weight: bold;">%</td> +
<td style="padding: 10px; text-align: right; font-size: 1.lem">3% 2f</td> +
<td style="paddi ng: 10px; text-align: right; color: %;">% %2f</td> +
<td styl e="padding: 10px; text-align: right; color: %;">%2f%&/td>" +
<td styl e="paddi ng: 10px; text-align: right; color: #999; font-size: 0.85enm">%</td>
"</tr>
[ Pair. Val ue. Synbol , Pair.Value.Price, Color, Arrow,
Abs( Pai r. Val ue. Change)—Ceter—Pai-r—Vatue—ChangePer cent ,
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For mat Dat eTi me(' hh: nn:ss', Pair. Val ue. Last Update)]);
end;

HTM.. AppendLi ne(' </t body>");
HTML. AppendLi ne(' </tabl e>");

if FPrices.Count = 0 then

HTML. AppendLi ne(' <p style="color: #999; text-align: center; padding: 40px;">Wiiting for pr

HTML. AppendLi ne(' </ div>");

HTMLRender 1. HTML. Text := HTM.. ToStri ng;
finally

HTM.. Fr ee;
end;

end;

end.

10. Exercise: Notification System

Build a notification system with these requirements:

» Connect to a WebSocket server at wss: / / api . exanpl e. coni notifications

» Receive notifications as JSON withi d,titl e, nessage, t ype (info, warning, error), and
ti mest anp fields

« Display notifications as toast-style messages in an HTML renderer
» Show a badge counter of unread notifications

» Clicking a notification marks it as read (send { "t ype": "mark_read", "id": "..."}
back to the server)

* Notifications fade out after 10 seconds unless marked as read manually

The Intelligent Native Application 4ramework



Solution

unit NotificationForm
interface

uses
System SysUtils, System Types, System O asses, System JSON,
Syst em Generics. Col | ecti ons,
FMX. Types, FMX. Controls, FMX Forns, FMX StdCirls, FMX Layouts,
FMX. Obj ect s,
Ti nadWebSocket i ent, Ti na4dHTM_Render, Ti na4Core;

type

TNotification = record
ID: string;
Title: string;
Message: string;
Notif Type: string; // info, warning, error
Ti mest anp: TDat eTi ne;
| sRead: Bool ean;

end;

TFormNoti fications = class(TForm
Ti na4WebSocket 1: TTi nadWebSocket d i ent ;
HTMLRender 1: TTi na4dHTM_Render ;
Label Badge: TLabel ;
Label St at us: TLabel ;
Ti mer Fade: TTi ner;
procedur e FornCreat e(Sender: TCObject);
procedure FornDestroy(Sender: TObject);
procedur e Ti mer FadeTi mer (Sender: TObj ect);
private
FNotifications: TList<TNotification>;
procedure OnWsQpen( Sender: TObj ect);
procedure OnWsMessage( Sender: TObj ect; const AMessage: string);
procedure OnWSCl ose( Sender: TOhject; const ACode: |nteger;
const AReason: string);
procedure RefreshDi spl ay;
procedur e Updat eBadge;
procedure MarkAsRead(const AlID: string);
function Get TypeCol or (const AType: string): string;
function Get Typel con(const AType: string): string;
function UnreadCount: |nteger;
end;

var
FornNoti fi cations: TFornmNotifications;

i mpl enent ati on

{$R *. fnx}

procedure TFornmNoti ficati ons. For nCr eat e( Sender: TObj ect);
begi n

FNotifications := TList<TNotification>. Create;

Ti nadWebSocket 1. URL : = 'wss://api.exanpl e.com notifications';
Ti nadWebSocket 1. Aut oReconnect = True;
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Ti nadWebSocket 1. Reconnect | nterval := 5000;
Ti nadWebSocket 1. Pi ngl nterval := 30000;

Ti nadWebSocket 1. OnConnect ed : = OnWsQpen;

Ti nadWebSocket 1. OnMessage : = OnWBMessage;

Ti nadWebSocket 1. OnDi sconnect ed : = OnWSCl ose;

/1l Timer checks for notifications older than 10 seconds
Ti mer Fade. I nterval := 2000;
Ti mer Fade. Enabl ed : = True;

/'l Register click handler for mark-as-read
HTMLRender 1. Regi ster Cbj ect (' Noti f', Self);

Ti na4WebSocket 1. Connect ;
Label Status. Text := 'Connecting..."';
Updat eBadge;
Ref reshDi spl ay;
end;

procedure TFormNoti fications. FormDestroy(Sender: TObject);
begin
Ti nadWebSocket 1. Aut oReconnect : = Fal se;
i f TinadWebSocket 1.1 sConnected then
Ti nadWebSocket 1. Di sconnect ;
FNoti fi cations. Free;
end;

procedure TFormNoti fications. OnWsQpen( Sender: TOhj ect);
begin

TThr ead. Synchroni ze(ni |, procedure
begin
Label Status. Text := 'Connected';
end) ;
end;

procedure TFormNoti fications. OnWsMessage( Sender: TObj ect; const AMessage:

begin
TThr ead. Synchroni ze(ni |, procedure
var
JSON: TJSONOhj ect ;
Notif: TNotification;
begin
JSON : = StrToJSONOoj ect (AMessage) ;
if not Assigned(JSON) then Exit;

try

var MsgType := JSON. Get Val ue<String>('type', '');

if (MsgType = '"notification') or (MsgType = '"info') or
(MsgType = "warning') or (MsgType = "error') then

begin
Notif.ID := JSON. GetValue<String>('id , GetGUD);
Notif.Title := JSON. GetVal ue<String>("title', 'Notification');
Noti f. Message : = JSON Get Val ue<String>('message', '');
Notif. NotifType := JSON. Get Val ue<String>('type', "info');

Noti f. Ti mestanp : = Now,
Notif.lsRead : = Fal se;

FNotifications.lnsert(0, Notif); // Newest first
Updat eBadge;

The Intelligent Native Application 4ramework

string);



Ref reshDi spl ay;
end;
finally
JSON. Fr ee;
end;
end) ;
end;

procedure TFormNoti fications. OnWSCl ose( Sender: TChj ect; const ACode:

const AReason: string);

begin
TThr ead. Synchroni ze(ni |, procedure
begin
Label Status. Text := 'Reconnecting...";
end) ;
end;

procedure TFormNoti fications. Ti ner FadeTi ner (Sender: TObj ect);
var

Changed: Bool ean;

I: Integer;
begin

Changed : = Fal se;

/! Renpbve unread notifications older than 10 seconds

for I := FNotifications.Count - 1 downto 0 do
begin
var Notif := FNotifications[I];
if (not Notif.lsRead) and (SecondsBetween(Now, Notif.Tinestanp) > 10) then
begin
Notif.|sRead : = True;
FNotifications[I] := Notif;
Changed : = True;
end;
end;

i f Changed then
begin
Updat eBadge;
Ref reshDi spl ay;
end;
end;

procedure TFormNoti fications. MarkAsRead(const AlID: string);
var

I: Integer;
begin
for I := 0 to FNotifications.Count - 1 do
begin
var Notif := FNotifications[I];
if Notif.ID = AID then
begin
Notif.|sRead : = True;
FNotifications[I] := Notif;

/1 Notify the server
i f TinadWebSocket 1.1 sConnected then
begin

var Msg := TJSONObj eet—Creat
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try
Msg. AddPair (' type', 'mark_read');
Msg. AddPair('id, AlID);
Ti nadWebSocket 1. Send(Msg. ToStri ng) ;

finally
Msg. Free;
end;
end;

Updat eBadge;
Ref reshDi spl ay;
Br eak;
end;
end;
end;

function TFormNoti ficati ons. UnreadCount: | nteger;

var
I: Integer;

begin
Result := 0;
for 1 := 0 to FNotifications.Count - 1 do

if not FNotifications[l].lsRead then
Inc(Result);
end;

procedure TFornmNoti fi cati ons. Updat eBadge;

var
Count: | nteger;
begin
Count := UnreadCount;
if Count > O then
begin
Label Badge. Text := Count. ToStri ng;
Label Badge. Vi si bl e : = True;
end
el se
Label Badge. Vi si bl e : = Fal se;
end;

function TFormNoti fi cati ons. Get TypeCol or (const AType: string): string;

begin
if AType = "error' then
Result := '#e74c3c'
else if AType = 'warning' then
Result := '#f39c12'
el se
Result := '#3498db';
end;

function TFormNotificati ons. Get Typel con(const AType: string): string;

begin
if AType = "error' then
Result := "' &#10060;"
else if AType = 'warning' then
Result := ' &#9888;"
el se
Result := '&#8505;";
end;
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procedure TFormNoti fications. RefreshDi spl ay;
var
HTM.: TStringBuil der;
Notif: TNotification
begin
HTML : = TStringBuil der. Create;
try
HTM.. AppendLi ne(' <div style="font-famly: Arial, sans-serif; padding: 10px;">");
HTML. AppendLi ne(' <h3 styl e="col or: #2c3e50;">Notifications</h3>");

if FNotifications.Count = 0 then
begin
HTM.. AppendLi ne(' <p style="color: #999; text-align: center; padding: 30px;">No notificatio
end
el se
begin
for Notif in FNotifications do
begin
var Col or := Get TypeCol or(Notif. NotifType);
var lcon := GetTypelcon(Notif.NotifType);
var Opacity: string;
if Notif.lsRead then

Qpacity :="'0.5
el se
Qpacity :="1.0

HTML.. AppendFor mat (
"<div style="border-left: 4px solid %; padding: 10px 15px; margin: 8px 0; ' +
' background: white; border-radius: 0 4px 4px 0; opacity: %; ' +
box-shadow. 0 1px 3px rgba(0,0,0,0.1); cursor: pointer;" ' +
onclick="Notif:MarkAsRead(''%"'"')"> +
<div style="display: flex; justify-content: space-between;">" +
<strong>% %</strong>' +
<smal | style="color: #999;">%</small> +
</div>" +
<p style="margin: 5px 0 0; color: #555;">%</p> +
%' +
"</ div>'
[Color, Opacity, Notif.ID, Icon, Notif.Title,
For mat Dat eTi me(' hh: nn:ss', Notif. Ti nestanp),
Noti f. Message,
I f Then(not Notif. | sRead,
"<small style="color: ' + Color + ';">Click to mark as read</snmall>", "')]);
end;
end;

HTML. AppendLi ne(' </ div>");
HTMLRender 1. HTML. Text := HTM.. ToStri ng;
finally
HTM.. Fr ee;
end;
end;

end.
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Common Gotchas

Connection lifecycle. The WebSocket connection runs on a background thread. Every event
handler fires on that background thread. If you touch any Ul control without
TThread. Synchr oni ze, your application will crash with access violations, or worse, silently
corrupt Ul state. Always wrap Ul updates:

/1 Wong -- will crash
procedure TForml. OnWsMessage( Sender: TObj ect; const AMessage: string);
begin
Label 1. Text := AMessage; // Access violation!
end;

/'l Right
procedure TForml. OnWsMessage( Sender: TObj ect; const AMessage: string);
begin

TThr ead. Synchroni ze(ni |, procedure
begin
Label 1. Text := AMessage;
end) ;
end;

Thread safety with shared data. If your message handler writes to a TLi st or TDi cti onary
that the Ul thread also reads, you need synchronization. The simplest approach is to do
everything inside TThread. Synchroni ze. For high-frequency messages, consider a
thread-safe queue.

Reconnect re-subscription. When auto-reconnect opens a new connection, the server does not
remember your subscriptions from the previous connection. Always re-subscribe in the
OnConnect ed handler:

procedure TForml. OnWSOpen( Sender: TObj ect) ;

begin
TThr ead. Synchroni ze(ni |, procedure
begin
/1 This runs on every connect, including reconnects
Ti na4dWebSocket 1. Send(' {"type": "subscribe", "channel": "updates"}');
end) ;
end;

Memory management with TJISONObject. Every TISONObj ect or TISONArray you create
from parsing must be freed. In the message handler, parse once, extract what you need, free
immediately:

procedure TForml. OnWsMessage( Sender: TObj ect; const AMessage: string);
var

JSON: TJSONOhj ect ;
begi n

JSON : = StrToJSONOoj ect (AMessage) ;

if not Assigned(JSON) then Exit;

try
/1 Extract val ues here
var Name := JSON. Get Val ue<String>(' name', '');
/1 Use the val ues...
finally
JSON. Free; /! Always free
end;
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end;

Disconnect before destroy. Always disconnect the WebSocket before the form is destroyed. If
the background thread tries to fire an event after the form is freed, you get a use-after-free crash:

procedure TForml. For nDest r oy(Sender: TObject);
begi n
Ti nadWebSocket 1. Aut oReconnect : = False; [// Stop reconnection first
if TinadWebSocket 1. I sConnected then
Ti na4dWebSocket 1. Di sconnect ;
end;

Secure connections (WSS). For wss: // URLs, you need the same OpenSSL DLLs required for
HTTPS REST calls. Without them, the connection will fail silently. See the Installation chapter for
SSL setup detalils.
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Socket Server

Raw TCP Without the Ceremony

Sometimes WebSocket is too much. You don't need HTTP upgrade handshakes, frame masking,
or RFC 6455 compliance. You need a raw TCP socket that listens on a port and handles bytes. A
hardware device sends telemetry. A legacy system speaks a custom protocol. A game server
needs low-latency binary messaging.

TTina4SocketServer is the answer. Drop it on a form, set a host and port, flip Acti ve to Tr ue,
and handle incoming bytes in the OnMessage event. The component manages the listener
thread, accepts connections, and dispatches messages -- you focus on your protocol.

1. TTinadSocketServer Overview
The socket server provides:

* TCP and UDP support -- choose the socket type for your use case

» Async accept loop -- runs in a background task, never blocks your Ul

» Per-connection processing -- each client gets its own receive loop

« Event-driven messages -- OnMessage fires with the client socket and raw bytes

* Simple lifecycle -- Acti ve : = True to start, Active : = Fal se to stop

Component Setup

Drop a TTi nad4Socket Server from the Tina4Delphi palette onto your form, or create it at
runtime:

uses
Ti na4Socket Server, System Net. Socket ;

var
Server: TTi nad4Socket Server;

begi n
Server := TTi nad4Socket Server. Create(Self);
Server.Host :="0.0.0.0";

Server. Port := 9000;
Server. Socket Type : = TSocket Type. TCP;
Server. OnMessage : = Handl eMessage;
Server. Active : = True;

end;

2. Properties

Set these in the Object Inspector or at runtime:
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Host String v Bind address. Use
0.0.0.0 for all
interfaces,
127.0.0.1 for
localhost only

Por t I nt eger 0 Port number to listen
on

Socket Type TSocket Type TCP TSocket Type. TCP
or

TSocket Type. UDP

Active Bool ean Fal se Set True to start
listening, Fal se to
stop

OnMessage TTi nad4Socket Even ni | Event handler fired

t when data arrives
from a client

Event Signature

type
TTi nad4Socket Event = procedure(const Cient: TSocket; Content: TBytes) of object;

The Client parameter is the connected client's socket -- use it to send responses back.
Cont ent is the raw bytes received.

3. Basic TCP Server

Design-Time Setup
» Drop TTi nad4Socket Ser ver on your form
* SetHost t00.0.0.0
» Set Port to 9000
e Set Socket Type to TCP
» Double-click OnMessage to create the event handler

e Set Activeto True

The Intelligent Native Application 4ramework



Handling Messages

procedure TForml. Ti na4Socket Ser ver 1Message(const Client: TSocket; Content: TBytes);
var

Text: string;

Response: TByt es;
begi n

/1 Decode inconming bytes to string

Text := TEncodi ng. UTF8. Cet St ri ng(Content);

Menol. Li nes. Add(' Received: ' + Text);

/1 Send a response back to the client
Response : = TEncodi ng. UTF8. Get Byt es(' ACK: ' + Text);
Client. Send(Response);

end;

Starting and Stopping

procedure TForml. btnStart Cl i ck(Sender: TCbject);

begin

Ti na4Socket Server1. Host := "0.0.0.0";

Ti na4Socket Server1. Port := StrTol nt(edtPort. Text);

Ti na4Socket Server 1. Active := True;

I bl Status. Text := 'Listening on port ' + edtPort. Text;
end;

procedure TForml. bt nSt opd i ck(Sender: TObj ect);

begin
Ti nad4Socket Server 1. Active : = Fal se;
| bl Status. Text : ="' Stopped';

end;

4. Practical Examples

Echo Server

The simplest possible server -- sends back whatever it receives:

procedure TForml. Ti na4Socket Server 1Message(const Client: TSocket; Content: TBytes);
begi n

Client.Send(Content);
end;

JSON Command Server
Parse incoming JSON commands and respond with JSON:

uses
JSON,;

procedure TForml. Ti na4Socket Ser ver 1Message(const Client: TSocket; Content: TBytes);
var
Request, Response: TJSONObj ect ;
Command: string;
begin
try
Request : = TJSONObj ect. Par seJSONVal ue(Content, 0, Length(Content)) as TJSONObj ect;
try
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Command : = Request. Get Val ue<string>(' conmand' ) ;

Response : = TJSONObj ect. Creat €;

try
if Command = 'ping' then
begin
Response. AddPai r (' status', 'pong');
Response. AddPair ('ti mestanp', DateTi neToStr(Now));
end
else if Command = 'status' then
begin
Response. AddPai r (' status', 'ok');
Response. AddPair (' clients', TJSONNunber.Create(1l));
Response. AddPai r (' upti me', Fornmat Dat eTi ne(' hh: nn:ss', Now - FStartTine));
end
el se

Response. AddPair (' error', 'unknown conmand: ' + Conmand);

Client. Send( TEncodi ng. UTF8. Get Byt es( Response. ToJSON) ) ;
finally
Response. Freeg;
end;
finally
Request . Free;
end;
except
on E: Exception do
Client. Send(TEncodi ng. UTF8. Get Bytes(' {"error": "' + E. Message + '"}'));
end;
end;

Telemetry Receiver

Receive fixed-size binary packets from a hardware device:

type
TTel enetryPacket = packed record
Devi cel D. Ul nt 16;
Tenperature: Single;
Humi dity: Single;
BatteryPct: Byte;
end;

procedure TForml. Ti na4Socket Ser ver 1Message(const Client: TSocket; Content: TBytes);
var
Packet: TTel enetryPacket ;
begin
if Length(Content) >= SizeCO (TTel enetryPacket) then
begin
Move(Content[ 0], Packet, SizeO (TTel emetryPacket));

TThr ead. Synchroni ze(ni |,
procedure
begin
Menol. Li nes. Add(Format (' Device %d: % 1f C, % 1f %6 humidity, %% battery',
[ Packet . Devi cel D, Packet. Tenperature, Packet.Hum dity, Packet.BatteryPct]));
end) ;

/'l Acknow edge recei pt
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Client. Send(TEncodi ng. UTF8. Get Bytes(' OK'));
end;
end;

5. Thread Safety

The OnMessage event fires on a background thread, not the main Ul thread. To update Ul
controls, use TThr ead. Synchroni ze or TThr ead. Queue:

procedure TForml. Ti na4Socket Ser ver 1Message(const Client: TSocket; Content: TBytes);
var

Text: string;
begin

Text := TEncodi ng. UTF8. Get Stri ng(Content);

/1 Safe U update from background thread
TThr ead. Queue(ni |,
procedure
begin
Menol. Li nes. Add( Text);
end) ;
end;

Synchr oni ze blocks the background thread until the Ul update completes -- use it when you
need the result before sending a response. Queue is fire-and-forget -- use it for logging and
display updates where you don't need to wait.

6. Lifecycle

The server lifecycle is controlled entirely by the Act i ve property:

Active := True
-> Creates TSocket with configured Socket Type
-> Calls Listen(Host, '', Port)
-> Starts background TTask
-> Begi nAccept | oop runs until stopped
-> Each accepted client gets its own receive | oop

Active := Fal se
-> Sets CanRun : = Fal se
-> Cancel s the background task
-> Client connections close on next receive cycle

The component cleans up automatically. Setting Acti ve : = Fal se stops the accept loop, and
each client connection closes when its receive loop detects the shutdown flag.
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7. When to Use Socket Server vs WebSocket Client

Connect TO a WebSocket service TTi nadWebSocket Cl i ent
Accept raw TCP/UDP connections TTi na4Socket Ser ver
Hardware device telemetry TTi na4Socket Ser ver
Chat/notification from a web backend TTi na4dWebSocket Cl i ent
Custom binary protocol TTi na4Socket Ser ver
Browser-compatible real-time TTi na4WebSocket Cl i ent

TTinadWebSocketClient is a client that connects outward to a WebSocket server.
TTina4SocketServer is a server that listens for incoming TCP or UDP connections. They solve
different problems and can be used together in the same application.

8. Gotchas

» Thread safety -- OnMessage fires on a background thread. Always use
TThread. Synchroni ze or TThr ead. Queue for Ul updates. Forgetting this causes access
violations.

e Blocking receive loop -- Each client connection runs a Sl eep( 1000) receive loop. This
means message latency can be up to 1 second. For sub-second requirements, consider the
WebSocket client instead.

* No TLS -- The raw socket server does not support TLS/SSL. For encrypted connections,
terminate TLS at a reverse proxy or use the WebSocket client which supports wss: / /.

« Port conflicts -- Ensure your chosen port is not already in use. On mobile platforms
(Android/iOS), binding to low ports (below 1024) may require special permissions.

* Firewall -- When deploying, ensure the server port is open in the OS firewall and any network
firewalls between client and server.
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Core Utllities

The Swiss Army Knife You Already Have

Every Delphi project accumulates a Ut i | s. pas file. String conversion functions. Date formatting
helpers. JSON parsing wrappers. HTTP request boilerplate. File encoding routines. You write
them once, copy them across projects, fix bugs in three places, forget to fix the fourth.

Ti na4Cor e. pas is that utils file, already written and tested. Add it to your uses clause and you
get string helpers, GUID generation, date utilities, Base64 encoding, JSON parsing,
database-to-JSON conversion, JSON-to-MemTable population, HTTP requests, multipart file
uploads, and shell command execution. No components to drop on a form. No configuration. Just
functions.

uses
Ti na4Cor e;

That single line gives you everything in this chapter.

1. String Helpers

CamelCase

Converts snake case to canel Case. This is the function that makes database field names feel
natural in JSON:

Canel Case(' first_nane'); /1 ' firstNane'
Canel Case('id"); [tid

Canel Case(' user_email'); /1 'userEmail"’
Canel Case(' created_at'); /1 'createdAt’

Canel Case(' order_line_item); // 'orderlLinelten
Get JSONFronDB uses this internally. When your database table has first_nane and
| ast _nane columns, the JSON output automatically uses f i r st Nane and | ast Nane.
SnakeCase

The reverse -- converts canel Case back to snake case. Used when mapping JSON keys back
to database columns:

SnakeCase(' firstNane'); [l 'first_name'
SnakeCase(' userEmail"'); /1 'user_emnail
SnakeCase(' createdAt'); /1 'created_at

SnakeCase(' orderLineltem); // 'order_line_item
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When You Need Both

/1 APl sends canel Case JSON, database uses snake_case col umms
var JSONKey : = 'orderTotal';
var DBCol umm : = SnakeCase(JSONKey); // 'order_total'

/1l Query returns snake_case, APl expects canel Case

var DBField := 'shipping_address';
var APl Field := Canel Case(DBField); // 'shippingAddress'

2. GUID Generation

GetGUID
Returns a new GUID string without braces:

var ID:= Gt QI D;
/1 e.g. 'AlLB2C3D4- E5F6- 7890- ABCD- EF1234567890'

/1 Use as a primary key

FDQueryl. SQL. Text := 'INSERT | NTO docunents (id, title) VALUES (:id, :title)';
FDQueryl. ParanByNanme('id').AsString : = Get GUl D
FDQueryl. ParanByNane('title').AsString := ' New Document';

FDQueryl. ExecSQ;

Each call produces a unique value. Use it for primary keys, session tokens, file names, or any
situation that needs a globally unique identifier.

/'l Cenerate unique fil enanes
var FileName := GetGU D + '.pdf';

/1l Create a batch ID for grouped operations
var Batchl D := Get QU D;

for var I := 0 to Itens.Count - 1 do
begin
FDQueryl. SQL. Text := 'INSERT I NTO batch_itens (batch_id, item.id) VALUES (:batch, :item’';
FDQueryl. Par anByNane(' batch').AsString : = BatchlD;
FDQueryl. ParanByNane('item ). AsString := ltems[1];
FDQueryl. ExecSQ.;
end;

3. Date Utilities

IsDate

Checks whether a Variant value represents a valid date. Supports multiple formats:

| sDat e(' 2024- 01-15"); /1 True - 1SO date

| sDat e(' 2024- 01- 15T10: 30: 00" ) ; /1 True - 1SO datetine

| sDat e(' 2024- 01- 15T10: 30: 00. 000Z" ) ; /[l True - 1SOwith nmlliseconds
| sDat e(' 01/ 15/ 2024"); /1 True - US date format

| sDat e(' 2024- 01-15 14:30:00'); /] True - datetine with space

| sDate('42"); /1 Fal se - nunber

IsDate(' hello'); /1 False - string
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IsDate('"); /1 False - enpty
Use it to validate user input or incoming API data:

procedure TForml. Val i dat eDat eFi el d(const AVal ue: string);
begin
if not |sDate(AValue) then
rai se Exception.Create('Invalid date format: ' + AVal ue);
end;

GetJSONDate
Converts a TDat eTi e to an ISO 8601 string -- the standard format for JSON APIs:

Get JSONDat e( Now) ;
/1 *2026-03-26T14: 30: 00. 000Z'

Get JSONDat e( EncodeDat e( 2026, 1, 1));
/1 '2026-01-01T00: 00: 00. 000Z'

Use it when building JSON payloads:

var Order := TJSONObj ect. Create;

try
O der. AddPair('id, GetQU D);
Order. AddPai r (' createdAt', Get JSONDat e( Now) ) ;
Order. AddPair('total', TJSONNumber. Create(99.99));
/1 Send to API...

finally
O der. Free;
end;

JSONDateToDateTime
Converts an ISO 8601 date string back to a TDat eTi ne:

var DT := JSONDat eToDat eTi me(' 2026- 03-26T14: 30: 00. 000Z' ) ;
/1 DT is now a TDateTi ne you can use with FornatDateTine, DatelUtils, etc.

Showessage( For mat Dat eTi ne(' dd/ i yyyy hh:nn', DT));
/1 '26/03/2026 14: 30

The round-trip works cleanly:
var Oiginal := Now
var JSON : = Get JSONDat e( Ori gi nal ) ;

var Restored := JSONDat eToDat eTi ne(JSON);
/1 Original and Restored represent the same point in tine

4. Encoding

DecodeBase64

Decodes a Base64-encoded string back to plain UTF-8:

DecodeBase64(' SGVsbh@&gV29ybhCE' ) ;
/1 *Hello Wrld

/| Decode an APl token ) ) o
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var Token : = DecodeBase64( EncodedToken);

FileToBase64

Reads an entire file and returns its content as a Base64 string. Works with any file type:

var B64 := Fil eToBase64(' C:\photos\avatar.jpg');
/1 B64 now contains the Base64-encoded JPEG dat a

/1 Enbed in JSON for APl upload
var Payl oad : = TIJSONObj ect . Creat e;
try
Payl oad. AddPair (' fil enane', 'avatar.jpg');
Payl oad. AddPai r (' data', FileToBase64(' C.\photos\avatar.jpg'));
Payl oad. AddPai r (' m meType', 'inagel/jpeg');
/1 POST to API...
finally
Payl oad. Fr ee;
end;

BitmapToBase64EncodedString

Encodes an FMX TBi t map to a Base64 string with optional resizing. The default resize is
256x256 pixels -- ideal for thumbnails and avatars:

/1 Default: resize to 256x256
var Encoded : = BitnapToBase64EncodedString(l magel. Bi t map);

/1 No resize -- keep original dinensions
var Encoded : = BitnapToBase64EncodedStri ng( Il magel. Bi t map, Fal se);

/1 Customresize
var Encoded : = BitnmapToBase64EncodedStri ng(l magel. Bitmap, True, 128, 128);
var Encoded : = BitnmapToBase64EncodedStri ng(l magel. Bitmap, True, 512, 512);

Practical use -- capture and upload a profile photo:

procedure TForml. Butt onUpl oadCl i ck( Sender: TCbject);
var
St at usCode: | nteger;
Encoded: string;
begin
Encoded : = Bi t napToBase64EncodedSt ri ng( | mageAvat ar. Bi t map, True, 200, 200);

var Body := TJSONODbj ect. Creat e;
try
Body. AddPai r (' userld', '1001');
Body. AddPai r (' avatar', Encoded);

SendHt t pRequest ( St at usCode,
"https://api.exanple.com, '/users/1001/avatar', "',
Body. ToString, 'application/json', 'utf-8, "', "', nil, 'Tina4Del phi",
TTi nad4Request Type. Pat ch) ;

if StatusCode = 200 then
Showivessage(' Avat ar upl oaded')
el se
Showessage(' Upl oad failed: ' + StatusCode. ToString);
finally
Body. Fr ee;
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end;
end;

BitmapToSkiaWepPEncodedString

Encodes an FMX TBi t map to a WebP Base64 string using Skia. Requires the SKI A compiler
define. WebP produces smaller files than JPEG at the same quality:

{$| FDEF SKI A}

var WebPData : = BitmapToSki awepPEncodedSt ri ng( 1 nagel. Bi t map, 90);
/1 quality paraneter: 0-100 (higher = better quality, larger size)
{ SENDI F}

5. JSON Parsing

StrToJSONODbject
Parses a JSON string into a TJSONOhj ect . Returns ni | if parsing fails -- always check:

var Obj := StrToJSONOoj ect (' {"nane": "Andre", "age": 30}');

try
if Assigned(Cbj) then
begi n
var Name : = bj.GetVal ue<String>('nane'); /1 " Andre'
var Age := Obj.Get Val ue<l nteger>('age'); /1 30
ShowMessage(Nane + ' is ' + Age.ToString);
end
el se
Showvessage(' Invalid JSON );
finally
oj . Free;
end;
StrToJSONArray

Parses a JSON array string:

var Arr := StrToJSONArray('[1, 2, 3, 4, 5]');
try
if Assigned(Arr) then
for var I := 0 to Arr.Count - 1 do
Showvessage(Arr.Itens[1]. Val ue);
finally
Arr. Free;
end;

StrToJSONValue

Parses any JSON value -- object, array, string, number, boolean, or null. Use when you do not
know the structure in advance:

var Val := StrToJSONVal ue( APl Response);
if Val is TISONOhj ect then
/1 Handl e obj ect
else if Val is TISONArray then
/1 Handl e array
else if Val is TISONString then
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/1 Handle string

BytesToJSONODbject

Parses a TByt es buffer into a TISONChj ect . This is the bridge between raw HTTP responses
and structured JSON:

var
St at usCode: | nteger;
Response: TBytes;
begi n
Response : = SendHtt pRequest ( St at usCode, 'https://api.exanple.com, '/users');

var JSON : = Byt esToJSONObj ect ( Response) ;
try
if Assigned(JSON) then
begi n
/'l Process the response
var Records := JSON. Get Val ue<TISONArray>("'records');
Showessage(' Found ' + Records. Count. ToString + ' users');
end;
finally
JSON. Fr ee;
end;
end;

GetJSONFieldName

Strips surrounding quotes from a JSON field name string:

Get JSONFi el dName(' "firstName"'); // 'firstNane'
Get JSONFi el dNane(" "id""); /tid
Get JSONFi el dName(' nane' ) ; /1 'name' (no change)

6. Database to JSON

GetJSONFromDB
Executes a SQL query and returns the results as a TJSONCbj ect . Three automatic conversions
happen:

 Field names are converted from snake_case to canel Case

» DateTime fields are formatted as ISO 8601

* Blob fields are encoded as Base64

/1 Sinple query
var Result := Get JSONFronDB( FDConnectionl, 'SELECT * FROM users');
/1 {"records": [{"id": "1", "firstNane": "Andre", "emmil": "andre@est.conl'}, ...]}

/1 Custom dat aset key
var Result := GetJSONFronDB( FDConnectionl, 'SELECT * FROM products', nil, 'products');
/1 {"products": [{"id": "1", "productNane": "Wdget"}, ...]}
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With Parameters

var Parans : = TFDPar ans. Create;
try
Par anms. Add(' status', 'active');

Par anms. Add(' m nAge', 18);

var Result := Get JSONFronDB( FDConnecti onl,
' SELECT * FROM users WHERE status = :status AND
Par ans) ;
try
Menol. Li nes. Text : = Result.Format(2);
finally
Resul t. Free;
end;
finally
Par ams. Fr ee;
end;

Serving JSON from a Database

age >= :mnAge',

Combine Get JSONFr onDB with an HTTP response to build an instant API:

procedure TForml. Handl eGet User s;

var
Resul t: TJSONObj ect ;
begi n
Result : = Get JSONFr onDB( FDConnecti onl,
"SELECT id, first_nane, last_nane, enmmil, created_at ' +
' FROM users WHERE active = 1 ORDER BY | ast_nane');
try
/1 Result is ready to send as an APl response:
Il {
/1 "records": |
I {"id": "1", "firstNanme": "Andre", "lastNanme": "Van Zuydant,
/1 "email": "andre@est.conl', "createdAt": "2026-03-15T10: 30: 00. 000Z"},
/1
/1 ]
/1l }
Menol. Li nes. Text := Result.Format(2);
finally
Resul t. Free;
end;
end;

GetJSONFromTable
Converts rows in a TFDVemrabl e or TFDTabl e to JSON:

/| Basic conversion
var JSON : = Get JSONFr onTabl e( FDMenirabl el) ;
/'l {"records": [{"id": "1", "pame": "ltem 1"}, ...]}

/'l lgnore specific fields (e.g., sensitive data)
var JSON : = Get JSONFroniTabl e( FDMenirabl el, 'records',

/1 Ignore blank values (snmaller JSON)
var JSON : = Get JSONFronTabl e( FDMenirabl el, 'records',

' passwor d, secret_key');

', True);
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7.JSON to MemTable

GetFieldDefsFromJSONODbject

Creates field definitions on a TFDMenirabl e from a TJSONObj ect structure. Call this before
populating the table if you need auto-created fields:

var JSONOhj : = StrToJSONObj ect (

"{"firstName": "Andre", "age": 30, "address": {"city": "Cape Town"}}');
try

Get Fi el dDef sFr omJSONObj ect (JSONObj , FDMeniTabl el, True);

/1l Creates fields:

/1 first_nane (ftString) -- canel Case converted to snake_case
/1 age (ftString)
/1 address (ftMenp) -- nested objects becone neno fields
finally
JSONOhj . Fr ee;
end;

The third parameter controls snake_case conversion:

/1 Wth snake_case conversion (True) -- good for database-style field nanes
Get Fi el dDef sFr omJSONObj ect (JSONObj , Mentabl e, True);
/1 firstName -> first_nane

/1 Wthout conversion (False) -- keeps canel Case
Get Fi el dDef sFr omJSONCbj ect (JSONObj , MenTabl e, Fal se);
/1 firstName -> firstNane

PopulateMemTableFromJSON

Populates a TFDMVenTabl e from a JSON string. Two sync modes control how existing data is
handled:

Clear mode (default) -- empties the table, then appends all records:

Popul at eMenirabl eFr omJSON( FDMenTTabl el, 'records',
"{"records": [{"id": "1", "nane": "Alice"}, {"id": "2", "nane": "Bob"}]}');
/1 FDMenTabl el now has exactly 2 records

Sync mode -- matches existing records by a key field, updates them, and inserts new ones:

/!l First |oad
Popul at eMenTTabl eFr omISON( FDMenirabl el, 'records',
"{"records": [{"id": "1", "name": "Alice"}, {"id": "2", "nane": "Bob"}]}');

/'l Later: sync with updated data

Popul at eMenTTabl eFr omISON( FDMenirabl el, 'records',
"{"records": [{"id": "1", "name": "Alice Updated"}, {"id": "3", "nane": "Charlie"}]}",
"id'", TTinad4Rest SyncMbde. Sync);

/| FDMeniTabl el now has 3 records:

/1 i d=1: "Alice Updated" (updated)

/1 i d=2: "Bob" (unchanged)

/1 i d=3: "Charlie" (inserted)

PopulateTableFromJSON

Inserts or updates rows directly into a database table (not a MemTable) from JSON. Uses a
primary key for upsert logic:
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var Result := Popul at eTabl eFr omJSON(
FDConnecti onl,

users', /1 table nane

"{"response": [{"nanme": "Alice"}, {"nane": "Bob"}]}"',
'response', /1 JSON key containing the array
id); /1 primary key field for upsert

/1 Rows are inserted or updated directly in the 'users' table

This is the fastest way to sync remote API data into a local database.

8. HTTP Requests

SendHttpRequest

Low-level HTTP function that returns raw TByt es. Supports GET, POST, PATCH, PUT, and
DELETE:

var
St at usCode: | nteger;
Response: TBytes;
begin
/1l Simple CGET
Response : = SendHtt pRequest ( St at usCode,
"https://api.exanple.com, '/users');

if StatusCode = 200 then

begin
var JSON : = Byt esToJSONObj ect ( Response) ;
try
/'l Process response...
finally
JSON. Freeg;
end;
end;
end;
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POST with JSON Body

var
St at usCode: | nteger;
Body: string;
begi n
Body := '"{"nanme": "Andre", "email": "andre@est.coni'}";
SendHt t pRequest ( St at usCode,
"https://api.exanple.com, /'] base URL
"lusers', /'l endpoi nt
/'l query paranms
Body, /'l request body
"application/json', /1 content type
‘utf-8", /'l charset
oY, /1 username, password (for Basic Auth)
nil, /'l custom headers
' Ti na4Del phi ', /'l user agent

TTi na4Request Type. Post) ; /1
case StatusCode of
201: Showiessage(' User created');
400: Showiessage(' Bad request');
401: Showiessage(' Unaut hori zed');
500: Showiessage(' Server error');
end;
end;

With Basic Auth

Response

request type

;= SendHt t pRequest ( St at usCode,

"https://api.exanple.com, '/secure/data',

"application/json', 'utf-8',
‘nyuser', 'nypassword');

PATCH and DELETE

/1 Update a user

SendHt t pRequest ( St at usCode,
"https://api.exanple.com,
"{"nane": "Andre Updated"}"',
"application/json', 'utf-8, "',
TTi nad4Request Type. Pat ch) ;

'/ users/

/'l Delete a user
SendHt t pRequest ( St at usCode,
"https://api.exanple.com, '/users/
', 'application/json', 'utf-8',
TTi nad4Request Type. Del ete) ;

SendMultipartFormData

ioo01', "',

', nil, 'Tina4Del phi",
ioo01', "',

, , nil, 'Tina4Del phi',

Sends a multipart/form-data POST for file uploads with optional form fields:

var
St at usCode: | nteger;
Response: TByt es;
begin
Response : = SendMil ti part FornDat a(
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St at usCode,

"https://api.exanple.con, /1 base URL

"upl oad/ avatar', /1 endpoi nt

["userld , '"1001', /1 formfields (key-value pairs)
"caption', 'Profile photo'],

["avatar', 'C\photos\nme.jpg'], // files (field nane, file path)

S /'l query parans

"myuser', 'nypassword'); /1 auth

if StatusCode = 200 then
Showvessage(' Upl oad successful ');

end;
Multiple files:
Response : = SendMul ti part For nDat a(
St at usCode,
"https://api.exanple.com, 'upload/ docunents’,

["projectld, '42'],

['docl', 'C:\docs\spec. pdf',
"doc2', 'C:\docs\design.pdf',
"doc3', 'C\docs\tineline.xlsx'],

)

9. Shell Commands

ExecuteShellCommand
Runs a shell command and captures stdout. Works on Windows, Linux, and macOS:

var
Qut put: String;
Exi t Code: |nteger;
begin
/'l W ndows
Exi t Code : = ExecuteShel |l Command('dir C \tenp', Qutput);
Showessage( Qut put ) ;

/1 macQOS / Linux
Exi t Code : = ExecuteShell Command('ls -la /tnmp', Qutput);
Showessage( Qut put ) ;

end;

Check the exit code:

var
Qut put: String;
Exi t Code: |nteger;
begin
Exi t Code : = ExecuteShel | Comrand(' ping -n 4 google.coni, Cutput);

if ExitCode = 0 then
Showivessage(' Pi ng successful :' + sLineBreak + Qutput)
el se
ShowMessage(' Ping failed with exit code: ' + ExitCode. ToString);
end;
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Cross-Platform Commands

procedure TFornil. RunConmmand(const ACommand: string);
var
Qutput: String;
Exi t Code: |nteger;
begi n
Exi t Code : = Execut eShel | Command( ACormand, Cut put);
MenmoQut put . Li nes. Text := Qutput;
Label Exit Code. Text := "Exit code: ' + ExitCode.ToString;
end;

/'l Usage:

{ $| FDEF MSW NDOWE}
RunComrand(' i pconfig /all");
{ SELSE}
RunComand('ifconfig');

{ $ENDI F}

10. Complete Example: File Upload Utility

Build a utility that selects an image, resizes it, encodes to Base64, uploads via multipart form
data, and displays the server response.

unit Upl oadForm
interface

uses
System SysUtils, System Types, System O asses, System JSON,
FMX. Types, FMX Controls, FMX Forns, FMX StdCirls, FMX Objects,
FMX. Di al ogs, FMX. Layouts, FMX. Meno,
Ti na4Cor e;

type
TFor mUpl oad = cl ass(TForm
I magePrevi ew. Tl mage;
ButtonSel ect: TButton;
But t onUpl oad: TButton;
Label Status: TLabel;
MenoResponse: TMenp;
OpenDi al ogl: TOpenDi al og;
Label Fil el nfo: TLabel ;
procedure ButtonSel ectdick(Sender: TObject);
procedure ButtonUpl oadd i ck(Sender: TObject);
private
FSel ectedFil e: string;
procedur e Updat eFi |l el nf o;
end;

var
For mUpl oad: TFor mJpl oad;

i mpl enentati on

{$R *. fnx}
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procedur e TFor mJpl oad. Butt onSel ect d i ck(Sender: TObject);
begin
OpenDi al ogl. Filter := "lmage files|*.jpg;*.jpeg;*.png;*.bnp| Al files|*.*";

if OpenDi al ogl. Execute then
begin
FSel ectedFil e : = OpenDi al ogl. Fi | eNane;
I magePr evi ew. Bi t map. LoadFr onFi | e( FSel ect edFi |l e) ;
Updat eFi | el nf o;
But t onUpl oad. Enabl ed : = True;
Label Status. Text := 'Inmage sel ected. Ready to upload."';
end;
end;

procedur e TFor mJpl oad. Updat eFi | el nf o;
var

FileSize: Int64;

I nfo: TSear chRec;

begin
if FindFirst(FSel ectedFile, faAnyFile, Info) = 0 then
begin
FileSize := Info.Size;

Fi ndCl ose(Info);

Label Filelnfo.Text := Format('File: % | Size: % | Dinensions: %ix%',
[ Extract Fi | eNane(FSel ectedFile),
Format Fl oat (' #, ##0', FileSize) + ' bytes',
Round( | magePr evi ew. Bi t map. W dt h) ,
Round( | magePr evi ew. Bi t map. Hei ght)]);
end;
end;

procedur e TFor mJpl oad. Butt onUpl oadd i ck( Sender: TObj ect);
var

St at usCode: | nteger;

Response: TBytes;

Encoded: string;

begin
if FSelectedFile.lsEnpty then
begin
Showessage(' Pl ease select an inmage first');
Exit;
end;
Label Status. Text := 'Resizing inmge...";

Appl i cati on. ProcessMessages;

/'l Resize and encode to Base64
Encoded : = Bi t napToBase64EncodedStri ng( | magePrevi ew. Bi t map, True, 512, 512);

Label Status. Text := Fornmat (' Encoded to Base64 (%l chars). Uploading..."',
[ Lengt h(Encoded)]);
Appl i cati on. ProcessMessages;

/1 Method 1: Upload as nultipart formdata (file upl oad)
Response : = SendMul ti part For nDat a(

St at usCode,

"https://api.exanple.con,

"upl oad/ i mage',
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["userld , '"1001',

"description', 'Uploaded from Del phi'],
["image', FSel ectedFile],

IR I

if StatusCode in [200, 201] then
begin
Label Status. Text := 'Upl oad successful!’;

var JSON : = Byt esToJSONObj ect ( Response) ;
try
if Assigned(JSON) then
MenmoResponse. Li nes. Text
el se
MenmoResponse. Li nes. Text : = TEncodi ng. UTF8. Get St ri ng( Response) ;
finally
JSON. Fr ee;
end;
end
el se
begin
Label Status. Text := 'Upload failed: HITP ' + StatusCode. ToStri ng;
MenmoResponse. Li nes. Text : = TEncodi ng. UTF8. Get St ri ng( Response) ;
end;
end;

JSON. For mat ( 2)

end.

11. Complete Example: Database Sync Tool

Fetch JSON from a remote API, compare with a local database, and sync changes using
Popul at eTabl eFr onJ SON.

unit SyncForm
interface

uses
System SysUtils, System Types, System O asses, System JSON,
FMX. Types, FMX. Controls, FMX Fornms, FMX StdCirls, FMX Meno,
FMX. Layouts, FMX. Di al ogs,
Fi reDAC. Conp. Ci ent, FireDAC. Stan. Def, FireDAC. Stan. Async,
Fi reDAC. Phys. SQLite, FireDAC. DApt,
Ti na4Cor €;

type

TFornSync = cl ass(TForm
FDConnecti onl: TFDConnecti on;
FDMVeniTabl eLocal : TFDMenirabl e;
FDMVeniTabl eRenot e:  TFDMenTabl e;
Butt onSync: TButton;
But t onConpare: TButton;
MenoLog: TMeno;
Label St atus: TLabel ;
procedur e FornCreat e(Sender: TCObject);
procedure ButtonConpareC ick(Sender: TObject);
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procedure ButtonSyncd ick(Sender: TObject);
private

procedure Log(const AMessage: string);

procedur e FetchRenot eDat a;

procedure LoadLocal Dat a;

procedur e Conpar eAndReport;

procedure SyncTolLocal ;
end;

var
For mSync: TFor nSync;

i mpl enentati on
{$R *. fnx}

procedure TFor nSync. For nCr eat e( Sender: TCbj ect);
begin
/1 Setup SQLite connection
FDConnect i onl. Par ans. C ear;
FDConnecti onl. Parans. Add(' Dri ver| D=SQ.ite');
FDConnecti onl. Par ans. Add(' Dat abase=C.:\ MyApp\ dat a\l ocal . db");
FDConnect i onl. Connected : = True;

/1 Ensure the products table exists
FDConnecti onl. ExecSQ.(

' CREATE TABLE | F NOT EXI STS products (' +

" id TEXT PRI MARY KEY,' +

' nane TEXT,' +

' price REAL,' +

' stock INTEGER,' +

' updated_at TEXT' +

"))

Log(' Dat abase connected. Ready to sync.');
end;

procedure TFornSync. Log(const AMessage: string);
begin

MenolLog. Li nes. Add( For mat Dat eTi ne(' hh: nn:ss', Now) + ' ' + AMessage);
end;

procedure TFor nSync. Fet chRenot eDat a;
var

St at usCode: | nteger;

Response: TBytes;

JSON: TJSONOhj ect ;

begin
Log(' Fetching renote data..."');
Label Status. Text := 'Fetching fromAPI...";

Appl i cati on. ProcessMessages;

Response : = SendHtt pRequest ( St at usCode,
"https://api.exanple.com, '/products', 'limt=1000");

if StatusCode <> 200 then
begin
Log(' APl error: HTTP ' + StatusCode. ToString);
Exit;
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end;
var JSONStr : = TEncodi ng. UTF8. Get St ri ng( Response) ;

/1 Popul ate renote MeniTabl e

Popul at eMenTabl eFr omJSON( FDMenirabl eRenot e, 'records', JSONStr);

Log(' Fetched ' + FDMenTabl eRenot e. RecordCount. ToString + ' renpte products');
end;

procedure TFor nSync. LoadLocal Dat a;
var

Resul t: TJSONObj ect ;
begin

Log(' Loading local data...");

Result : = Get JSONFr onDB( FDConnecti onl, ' SELECT * FROM products');
try
if Assigned(Result) then
begin
Popul at eMenTabl eFr omJSON( FDMenirabl eLocal , 'records', Result.ToString);
Log(' Loaded ' + FDMeniTabl eLocal . RecordCount. ToString + ' local products');
end;
finally
Resul t. Free;
end;
end;

procedure TFor nSync. Conpar eAndReport ;
var
Local Count, RenoteCount: Integer;
NewCount, Updat edCount: |Integer;

begin
Local Count := FDMenmTabl eLocal . Recor dCount ;
Renot eCount : = FDMenirabl eRenot e. Recor dCount ;

NewCount := 0;
Updat edCount : = O;

/1 Check each renote record agai nst | ocal
FDMenTabl eRenot e. Fi rst;
whi | e not FDMenTabl eRenot e. Eof do
begin
var Renotel D : = FDMeniTabl eRenot e. Fi el dByNane('id').AsString;

i f FDMenirabl eLocal . Locate('id', RenotelD) then
begin
/1 Check if updated
var Renot eNanme : = FDMeniTabl eRenot e. Fi el dByName(' nane' ). AsStri ng;
var Local Nane : = FDMenTabl eLocal . Fi el dByNanme(' nanme' ). AsStri ng;
i f RenpoteNane <> Local Nanme then
I nc( Updat edCount) ;
end
el se
I nc( NewCount ) ;

FDMenTabl eRenpt e. Next ;
end;

Log('---");
Log(' Conparison Results:')
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Log(' Local records: ' + Local Count.ToString);
Log('" Renote records: ' + RenoteCount.ToString);
Log('" New records: '+ NewCount. ToString);
Log(' Changed records: ' + UpdatedCount. ToString);
Log('---");

end;

procedure TFor nSync. Butt onConpar ed i ck( Sender :
begin

Fet chRenot eDat a;

LoadLocal Dat a;

Conpar eAndReport ;

Label Status. Text := 'Conparison conplete';
end;

procedure TFornSync. ButtonSyncd i ck( Sender :
begin

Fet chRenot eDat a;

SyncTolLocal ;

LoadLocal Data; // Reload to verify

Label Status. Text := 'Sync conplete';
end;

procedure TFornSync. SyncTolLocal ;
var

St at usCode: | nteger;

Response: TBytes;
begin

Log(' Syncing renote data to | ocal database...’

Label Status. Text := 'Syncing...";
Appl i cation. ProcessMessages;

/'l Fetch fresh data
Response : = SendHtt pRequest ( St at usCode,
"https://api.exanple.com, '/products',

if StatusCode <> 200 then
begin

1§ mit=1000");

Log(' Sync failed: HTTP ' + StatusCode. ToString);

Exit;
end;

var JSONStr : = TEncodi ng. UTF8. Get St ri ng( Response) ;

/1 Upsert into the database table

var Result := Popul at eTabl eFr omJSO\(
FDConnecti onl,
" products', /1 table nane
JSONSt r, /1 JSON dat a
"records’, /1 JSON array key
id); /1 primary key for upsert

Log(' Sync conpl ete. Processed records."');
end;

end.
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12. Exercise: CLI Wrapper

Build a command-line wrapper that executes shell commands from a Delphi form, captures and
displays output, and supports common operations.
Requirements

« A text input for custom commands

* Quick-action buttons for common operations: Ping, Traceroute, Directory listing, IP
configuration

 Output display with timestamps
« Cross-platform command detection (Windows vs macOS/Linux)

« Exit code display
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Solution

unit CLI Form
interface

uses
System SysUtils, System Types, System C asses,
FMX. Types, FMX. Controls, FMX Forns, FMX StdCirls, FMX Edit,
FMX. Menp, FMX. Layout s,
Ti na4Cor e;

type

TFornCLI = cl ass(TForm
Edi t Command: TEdit;
Butt onRun: TButton;
But t onPi ng: TButton;
ButtonTrace: TButton;
ButtonDir: TButton;
But t onl PConfig: TButton;
Butt onCl ear: TButton;
MenoQut put : TMeno;
Label Exi t Code: TLabel ;
Label Pl at form TLabel ;
procedur e FornCreat e(Sender: TCObject);
procedure ButtonRund i ck(Sender: TObject);
procedure ButtonPingdick(Sender: TObject);
procedure ButtonTraceC ick(Sender: TObject);
procedure ButtonDirdick(Sender: TObject);
procedure Buttonl PConfigCd ick(Sender: TObject);
procedure ButtonC earCick(Sender: TObject);

procedur e Edit ConmandKeyDown( Sender: TObject; var Key: Wrd;

var KeyChar: Char; Shift: TsShiftState);
private
procedure RunCommand(const ACommand: string);
function | sWndows: Bool ean;
end;

var
FornCLI: TFornCLI ;

i mpl enent ati on
{$R *. fnx}

function TFornCLI.|sW ndows: Bool ean;
begi n

{ $| FDEF MBW NDOAS}

Result := True;

{ $ELSE}

Result : = Fal se;

{ SENDI F}
end;

procedure TFornCLI . For nCr eat e( Sender: TObj ect) ;
begi n
if IsWndows then
Label Pl atform Text := '"Platform W ndows'
el se

The Intelligent Native Application 4ramework



Label Pl atform Text := 'Platform nmacOS / Linux';
end;

procedure TFor nCLI . RunConmand( const ACommand: string);
var
Qut put: String;
Exi t Code: |nteger;
begin
MenmoQut put . Li nes. Add("' ") ;
MermoQut put . Li nes. Add(' === ' + FormatDat eTi me(' yyyy-mmdd hh: nn:ss', Now) + ' ===
MenmoQut put . Li nes. Add('$ ' + AConmand) ;
MenmoQut put . Li nes. Add("' ") ;

Label Exi t Code. Text := '"Running...";
Appl i cation. ProcessMessages;

Exi t Code : = Execut eShel | Command( ACormand, CQutput);

MenmoQut put . Li nes. Add( Qut put) ;
MenmoQut put . Li nes. Add("' ") ;

if ExitCode = 0 then
Label Exi t Code. Text := "Exit code: 0 (success)’
el se
Label Exi t Code. Text

"Exit code: ' + ExitCode.ToString + ' (error)';
/1 Scroll to bottom
MenmoQut put . GoToText End,;

end;

procedure TFornCLI. ButtonRunCl i ck(Sender: TOhject);

begin
if EditCommuand. Text. Trim|sEnpty then
begin
Showessage(' Enter a comand to run');
Exit;
end;

RunConmand( Edi t Conrmand. Text. Trim ;
end;

procedure TFor nCLI . Edi t CommandKeyDown( Sender: TOhj ect; var Key: Word;
var KeyChar: Char; Shift: TShiftState);
begin
if Key = vkReturn then
But t onRund i ck( Sender) ;
end;

procedure TFornCLI. ButtonPi ngCl i ck(Sender: TChject);
begin
if IswWndows then
RunConmand(' pi ng -n 4 googl e.con)
el se
RunConmand(' ping -c¢ 4 google.com);
end;

procedure TFornCLI.ButtonTraced i ck(Sender: TObject);
begin
if IsWndows then
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RunConmand(' tracert googl e.com)
el se
RunConmand(' tracerout e googl e.conl);
end;

procedure TFornCLI.ButtonDirCick(Sender: TOhject);
begin
if IsWndows then
RunConmand(' dir")
el se
RunConmmand('ls -la');
end;

procedure TFornCLI. Buttonl PConfi gC ick(Sender: TChject);
begin
if IsWndows then
RunConmmand(' i pconfig')
el se
RunConmmand('ifconfig');
end;

procedure TFornCLI. ButtonC eard i ck(Sender: TObject);
begin

MenmoQut put . Li nes. d ear;

Label Exi t Code. Text := "'
end;

end.

Common Gotchas

TJSONODbject memory leaks. Every TJISONChj ect, TISONAr r ay, or TJSONVal ue you create
owns its children. When you call Fr ee on the parent, all children are freed too. But if you create
one and forget to free it, you leak memory. The pattern is always try/final | y:

var Obj := StrToJSONOhj ect (SoneString);
if Assigned(Cbj) then
try
/1 Use nj...
finally
oj . Free;
end;

Do NOT free children of a TJISONCbj ect separately -- the parent owns them:

/1 Wong -- double free

var Qbj StrToJSONObj ect (" {"itenms": [1,2,3]}");
var Arr = Obj.GetVal ue<TISONArray>('itens');
Arr. Free; /1 CRASH (Cbj owns Arr

oj . Free;

/1 Right
var Qbj
try
var Arr = Obj.GetVal ue<TISONArray>('itens');
/1 Use Arr... don't free it

StrToJSONObj ect (" {"itenms": [1,2,3]}");
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finally
oj . Free; [/ Frees everything
end;

TBytes vs String conversion. HTTP responses come back as TByt es. To get a string:
var Text := TEncodi ng. UTF8. Get Stri ng( Response) ;

To go the other way:
var Bytes := TEncodi ng. UTF8. Get Byt es( MyStri ng);

Never assume ASCII. Always use TEncodi ng. UTF8.

Cross-platform shell commands. Execut eShel | Conmand works differently on Windows and
macOS/Linux. Windows uses cnd. exe, macOS/Linux uses / bi n/ sh. Always use conditional
compilation for platform-specific commands:

{ $| FDEF NMSW NDOWS}

Exi t Code : = ExecuteShel |l Command('dir /b C\tenp', Qutput);
{ SELSE}

Exi t Code : = ExecuteShel |l Command('ls /tnmp', Qutput);

{ SENDI F}

GetJSONFromDB field name conversion. The automatic snake case to canel Case
conversion is helpful, but it means your JSON keys will not match your database column names. If
you need exact column names in your JSON, use Get JSONFr omTabl e which does not convert
names by default.

PopulateMemTableFromJSON  field matching. When using Sync mode, the
| ndexFi el dNanes must be set on the MemTable before calling
Popul at eMenirabl eFr omJ SON. If the field names do not match (camelCase vs snake_case),
sync will insert duplicates instead of updating:

/1 Set the index field BEFORE popul ating
FDMVeniTabl el. | ndexFi el dNanes := "'id';

/1 Now sync works correctly
Popul at eMenTTabl eFr omISON( FDMenirabl el, 'records', JSONDat a,
"id'", TTinad4Rest SynchMbde. Sync);

SendHttpRequest timeout. The default timeout is system-dependent. For slow APIs or large
uploads, you may get a timeout before the request completes. Pass a timeout parameter when
available, or use TTi na4RESTRequest with async execution for long-running requests.
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Building a CRUD Application

A Contact Manager From Scratch

No theory in this chapter. No isolated snippets. We are building a complete, working contact
management application that uses every Tina4 Delphi component you have learned so far.

By the end, you will have:

» A SQLite database storing contacts

* A REST API backend (described, so you know what to build with Tina4
Python/PHP/Node.js/Ruby)

« A contact list displayed in a StringGrid

* A detail view rendered with HTML and Twig templates
« Create, update, and delete operations via HTML forms
« Search and filtering

* Loading states and error handling

Every line of code in this chapter is part of the final application. Read it top to bottom and you will
have a working app.

1. What We Are Building

A contact management application with these features:

List all contacts TTina4RESTRequest, FDMemTable,
StringGrid

View contact detail TTina4HTMLRender, TTina4Twig

Create new contact TTina4HTMLRender (form), OnFormSubmit,

TTina4REST.Post

Edit existing contact TTinadHTMLRender (form), OnFormSubmit,
TTina4REST.Patch

Delete contact TTina4REST.Delete with confirmation
Searchffilter MemTable filtering or REST query params
Status messages TTina4HTMLRender for toast-style feedback
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2. The REST API

Before building the Delphi client, here is the API it consumes. Build this with Tina4 Python, PHP,
Node.js, or Ruby -- any backend that returns this JSON shape works.

Endpoints

GET [ api/contacts

GET [ api / cont act s?sear ch=
query

GET [ api/ contacts/{id}

POST [ api/contacts

PATCH [ api/ contacts/{id}

DELETE [ api/ contacts/{id}

Response Format

List response:

{
"records": [
{
"idUso"1v,
"firstNanme": "Andre",
"l ast Name": "Van Zuydant,
"emai | ": "andre@xanpl e. cont,
"phone": "+27 21 555 0100",
"conmpany": "Tina4 Stack",
"notes": "Franework creator",
"createdAt": "2026-01-15T10: 30: 00. 000Z"
}
1,
“"total ": 42
}

Single record response:

{

idv:o"1v,

"firstName": "Andre",

"l ast Nane": "Van Zuydant,

"emai |l ": "andre@xanpl e. cont,

"phone": "+27 21 555 0100",

"conmpany": "Tina4 Stack",

"notes": "Franework creator",

"createdAt": "2026-01-15T10: 30: 00. 000Z"
}

Error response:

{

List all contacts

Search contacts

Get single contact
Create contact
Update contact

Delete contact
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"error": "Contact not found",
"statusCode": 404

3. Project Setup

New FMX Project

Create a new Multi-Device Application in Delphi. Save the project as Cont act Manager . dpr
with the main form unit as Mai nFor m pas.

Form Components

Drop these components on the form:

Data components (non-visual):

TTina4REST Tina4REST1 Base REST configuration
TTina4RESTRequest RESTRequestList Fetch contact list
TTina4RESTRequest RESTRequestDetail Fetch single contact
TFDMemTable MemTableContacts Contact list data
TDataSource DataSourceContacts Binds MemTable to grid

Visual components:

TLayout LayoutMain Main container

TLayout LayoutLeft Left panel (list)

TLayout LayoutRight Right panel (detail/form)
TSplitter Splitterl Resizable divider
TStringGrid GridContacts Contact list

TEdit EditSearch Search input

TButton ButtonSearch Search button

TButton ButtonNew New contact button
TButton ButtonRefresh Refresh list button
TTina4HTMLRender HTMLRenderDetail Contact detail / form display
TLabel LabelStatus Status bar
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Layout Structure

For m
Layout Main (Align=Cient)

Layout Left (Align=Left, W dth=400)
Edi t Search (Al ign=Top)
But t onSearch (Al i gn=Top)
Butt onNew (Ali gn=Top)
But t onRefresh (Align=Top)
GridContacts (Align=dient)

Splitterl (Align=Left)

Layout Right (Align=Cient)
HTMLRender Detail (Align=dient)

Label Status (Ali gn=Bottom

4. REST Configuration

procedure TFor mVai n. For nCr eat e( Sender: TCbj ect);

begin
/1l Configure REST client
Ti na4REST1. BaselUr| := 'https://api.exanple.comvl';

/'l Tinad4REST1. Set Bear er (' your-token-here'); // |If auth required

/1 Configure |ist request
RESTRequest Li st . Ti na4REST : = Ti na4REST],

RESTRequest Li st. EndPoint := '/api/contacts';
RESTRequest Li st . Request Type : = TTi na4Request Type. Cet;
RESTRequest Li st. Dat aKey : = 'records’;

RESTRequest Li st . Menirabl e :
RESTRequest Li st . Synchbde :

MenTabl eCont act s;
TTi na4Rest SyncMbde. d ear ;

/1 Configure detail request

RESTRequest Det ai | . Ti na4REST : = Ti na4REST1;

RESTRequest Det ai | . Request Type : = TTi na4Request Type. Cet;
RESTRequest Det ai | . Dat aKey : = "";
/1 Configure grid col ums
SetupGid;

/1 Configure HTM. renderer

HTM_LRender Det ai | . Twi gTenpl atePath : = ExtractFi | ePath(Paranttr(0)) + 'tenplates’;
HTMLRender Det ai | . OnFor nSubm t : = Handl eFor nSubni t;

HTM_LRender Det ai | . OnEl enent C i ck : = Handl eEl emrent d i ck;

HTM_LRender Det ai | . Regi st er Qbj ect (' App', Sel f);

// Load contacts
Ref reshCont act s;
end;
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5. Grid Setup

procedure TFormVai n. Set upGri d;
begi n
GidContacts. Col umCount : = 4,

GridContacts. Col ums[ 0] . Header : = ' Nane';
GridContacts. Colums[0]. Wdth : = 150;

GridCont acts. Col ums[ 1] . Header := 'Email"';
GridContacts. Colums[ 1] . Wdth : = 150;

GridCont acts. Col ums[ 2] . Header : = ' Phone';
GridContacts. Colums[2]. Wdth : = 100;

GidCont acts. Col uims[ 3] . Header : = ' Conpany'
GridContacts. Colums[3].Wdth := 100;

GidContacts.OnCelldick := GidCell dick;
end;
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6. List Contacts

Fetching and Displaying

procedure TFor mVai n. Ref reshCont act s;
begi n
Set St at us(' Loadi ng contacts...');

RESTRequest Li st . OnExecut eDone : = procedure(Sender: TObject)

begi n
TThr ead. Synchroni ze(ni |, procedure
begi n
Popul at eGri d;
Set St at us( For nat (' Loaded %l contacts', [Menirabl eContacts. RecordCount]));
end) ;
end;

RESTRequest Li st . Execut eRESTCal | Async;
end;

procedur e TFor mvai n. Popul at eGri d;
begi n
G i dCont act s. RowCount : = Menirabl eCont act s. Recor dCount ;

Menirabl eCont act s. Fi rst;
var Row : = O;

whil e not Menirabl eCont acts. Eof do

begi n
var FirstNane : = MeniTabl eContacts. Fi el dByNane(' first_nane').AsString;
var Last Nanme : = MenTabl eCont acts. Fi el dByNanme(' | ast _nane' ). AsStri ng;

FirstNane + ' ' + Last Nane;

Menirabl eCont act s. Fi el dByName(' email'). AsStri ng;
Menirabl eCont act s. Fi el dByName(' phone'). AsStri ng;
Menirabl eCont act s. Fi el dByNanme(' conpany' ). AsStri ng;

GidContacts. Cel | s[0, Rowj
GidContacts. Cel I s[1, Row]
GidContacts. Cel | s[2, Row
GidContacts. Cel | s[3, Rowj

Menirabl eCont act s. Next ;
I nc(Row) ;
end;
end;

procedure TFormvai n. Butt onRef reshC i ck( Sender: TCObject);
begi n

RefreshCont act s;
end;

7. View Contact Detail

When the user clicks a row in the grid, show the contact detail in the HTML renderer.
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Grid Click Handler

procedure TFormvai n. GridCel | Oick(const Colum: TCol um; const Row | nteger);
begi n

/1 Navigate to the selected record i n Menirabl e

MenTabl eCont act s. First;

MenTabl eCont act s. MoveBy( Row) ;

var Contact!|D : = Menilabl eCont acts. Fi el dByName('id').AsString;
ShowCont act Det ai | (Cont act | D);
end;

Contact Detail Template (templates/contact-detail.html)

<div style="font-famly: Arial, sans-serif; padding: 20px;">
<div style="display: flex; justify-content: space-between; align-itens: center; margin-bottom
<h2 style="color: #2c3e50; margin: 0;">{{ firstNane }} {{ lastNane }}</h2>
<di v>
<button onclick="App: EditContact (" {{ id }}")"
styl e="background: #3498db; color: white; border: none; padding: 8px 16px; border-
Edi t
</ button>
<button onclick="App: Del eteContact('{{ id }}")"
styl e="background: #e74c3c; color: white; border: none; padding: 8px 16px; border-
Del ete
</ button>
</ di v>
</ di v>

<di v styl e="background: #f9f9f9; border-radius: 8px; padding: 20px;">
<table style="wi dth: 100% ">
<tr>
<td styl e="paddi ng: 8px; color: #666; w dth: 120px;"><strong>Enmmil </strong></td>
<td styl e="paddi ng: 8px;">
{%if email %
<a href="mailto:{{ email }}">{{ emuil }}</a>
{%else %
<span style="col or: #ccc;">Not set</span>
{%endif %
</td>
</[tr>
<tr>
<td styl e="paddi ng: 8px; color: #666;"><strong>Phone</strong></td>
<td styl e="paddi ng: 8px;">{{ phone|defaul t('Not set') }}</td>
</[tr>
<tr>
<td styl e="paddi ng: 8px; color: #666;"><strong>Conpany</strong></td>
<td styl e="paddi ng: 8px;">{{ conpany|default(' Not set') }}</td>
</[tr>
<tr>
<td styl e="paddi ng: 8px; color: #666;"><strong>Notes</strong></td>
<td styl e="paddi ng: 8px;">{{ notes|defaul t('No notes')|nl2br }}</td>
</[tr>
<tr>
<td styl e="paddi ng: 8px; color: #666;"><strong>Created</strong></td>
<td styl e="paddi ng: 8px;">{{ createdAt|date('Fj, Y ) }}</td>
</[tr>
</ tabl e>
</ di v>
</ di v>
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Show Detail

procedur e TFor mVai n. ShowCont act Det ai | (const AContact|D: string);
var

St at usCode: | nteger;

Response: TJSONObj ect ;
begi n

Set St at us(' Loadi ng contact...");

Response : = Ti na4REST1. Get (St atusCode, '/api/contacts/' + AContactlD);

try
if StatusCode <> 200 then
begi n
Set Status(' Error |oading contact: HTTP ' + StatusCode. ToString);
Exit;
end;

if not Assigned(Response) then
begi n
Set Status(' I nvalid response');
Exit;
end;

/1 Set Twig variables fromthe JSON response

HTMLRender Det ai | . Set Twi gVari abl e('id', Response. GetValue<String>('id, '"'));

HTMLRender Det ai | . Set Twi gVari abl e(' firstName', Response. GetVal ue<String>('firstNane', ''));
HTMLRender Det ai | . Set Twi gVari abl e(' | ast Nane', Response. Get Val ue<String>('lastNane', ''));
HTM_LRender Det ai | . Set Twi gVari abl e(' emai | ', Response. GetVal ue<String>('email', "'));
HTM_LRender Det ai | . Set Twi gVari abl e(' phone', Response. Get Val ue<String>(' phone', ''));
HTMLRender Det ai | . Set Twi gVari abl e(' conpany', Response. Get Val ue<Stri ng>(' conpany', ''));
HTM_LRender Det ai | . Set Twi gVari abl e(' notes', Response. CGet Val ue<String>('notes', ''));
HTMLRender Det ai | . Set Twi gVari abl e(' creat edAt', Response. GetVal ue<String>('createdAt', ''));

/1l Render the tenplate
HTMLRender Det ai | . Twi g. LoadFr onti | e(
ExtractFil ePat h(Paranttr(0)) + 'tenplates\contact-detail.htm");

Set Status(' Viewing: ' + Response. CetValue<String>('firstName', '") +' ' +
Response. Get Val ue<String>('lastName', ''));
finally
Response. Free;
end;
end;
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8. Create Contact

Contact Form Template (templates/contact-form.html)

<div style="font-fanmly: Arial, sans-serif; padding: 20px;">
<h2 styl e="color: #2c3e50;">
{%if id BEdit Contact{% el se % New Contact{% endif %
</ h2>

<f or m name="cont act For ni' >
{%if id %
<i nput type="hi dden" nane="id" value="{{ id }}">
{%endif %

<div style="nargi n-bottom 15px; ">
<l abel style="display: block; color: #666; margi n-bottom 4px;">First Nanme *</| abel >
<i nput type="text" name="firstNanme" value="{{ firstName|default('') }}"
class="formcontrol" placehol der="Enter first nane"
style="w dth: 100% paddi ng: 8px; border: 1px solid #ddd; border-radius: 4px;">
</ di v>

<div style="nargi n-bottom 15px; ">
<l abel style="display: block; color: #666; margi n-bottom 4px;">Last Nane *</| abel >
<i nput type="text" name="|astNane" val ue="{{ | astNane|default('"') }}"
class="formcontrol" placehol der="Enter |ast nane"
style="w dth: 100% paddi ng: 8px; border: 1px solid #ddd; border-radius: 4px;">
</ di v>

<div style="nargi n-bottom 15px; ">
<l abel style="display: block; color: #666; nmargin-bottom 4px;">Enmail</|abel >
<input type="email" name="enmil" value="{{ enmil|default('"') }}"
class="formcontrol" placehol der="nanme@xanpl e. conf
style="wi dth: 100% paddi ng: 8px; border: 1px solid #ddd; border-radius: 4px;">
</ di v>

<div style="nargin-bottom 15px; ">
<l abel style="display: block; color: #666; margi n-bottom 4px;">Phone</I abel >
<i nput type="text" name="phone" val ue="{{ phone|default('"') }}"
class="formcontrol" placehol der="+27 21 555 0100"
style="w dth: 100% paddi ng: 8px; border: 1px solid #ddd; border-radius: 4px;">
</ di v>

<div style="nargin-bottom 15px; ">
<l abel style="display: block; color: #666; margi n-bottom 4px;">Conpany</| abel >
<i nput type="text" name="conpany" val ue="{{ conpany|default('') }}"
class="formcontrol" pl acehol der =" Conpany nane"
style="w dth: 100% paddi ng: 8px; border: 1px solid #ddd; border-radius: 4px;">
</ di v>

<div style="nargi n-bottom 20px;">
<l abel style="display: block; color: #666; margi n-bottom 4px;">Notes</I abel >
<t ext area name="notes" rows="4" class="formcontrol"
pl acehol der="Addi ti onal notes..."
style="wi dth: 100% paddi ng: 8px; border: 1px solid #ddd; border-radius: 4px;">{
</ di v>

<div style="display: flex; gap: 10px;">
<button type="subnmit" class="btn btn-primry"
styl e="background: #labc9c; color: white; border: none; padding: 10px 24px; border
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{%if id 9% Save Changes{% el se % Create Contact{% endi f 9%

</ button>
<button type="button" onclick="App: Cancel Form()"

styl e="background: #95a5a6; color: white; border:

Cancel
</ but t on>
</ di v>
</forne
</ di v>

Show Create Form

procedur e TFor mvai n. But t onNewCl i ck( Sender: TCbject);
begin

ShowCont act Forn("", "', """, """, "', ),
end;

none;

procedur e TFor mvai n. ShowCont act For n{ const Al D, AFirst Nane, ALast Nane,

AEmai |, APhone, AConpany, ANotes: string);

begin
HTMLRender Det ai | . Set Twi gVariable('id', AID);
HTMLRender Det ai | . Set Twi gVari abl e(' firstName', AFirstNane);
HTMLRender Det ai | . Set Twi gVari abl e(' | ast Name', ALast Nane) ;
HTMLRender Det ai | . Set Twi gVari abl e(' emai |l ', AEmail);
HTMLRender Det ai | . Set Twi gVari abl e(' phone', APhone);
HTMLRender Det ai | . Set Twi gVari abl e(' conpany', AConpany);
HTMLRender Det ai | . Set Twi gVari abl e(' notes', ANotes);

HTMLRender Det ai | . Twi g. LoadFr onfi | e(

Extract Fi |l ePat h(Paranttr(0)) + 'tenplates\contact-formhtnm"');

if AID. IsEnpty then

Set Status(' Creating new contact...")
el se
Set Status(' Editing contact...");

end;
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Handle Form Submission

procedur e TFor m\ai n. Handl eFor nSubni t (Sender: TObj ect;
const FormNane: string; FornData: TStrings);
var
St at usCode: | nteger;
Response: TJSONObj ect ;
Contact|D: string;
Body: TJSONObj ect;
begi n
if FornmNane <> 'contactForm then Exit;

/1 Validate required fields
var FirstName : = FornData.Values['firstName'].Trim
var LastNanme := FornData. Val ues['lastNane']. Trim

if FirstName.|sEnpty or LastName.|sEnpty then

begi n
Showessage(' First name and | ast nane are required');
Exit;

end;

Contact!| D := FornData. Values['id'];

/1 Build the request body

Body := TJSONODbj ect . Creat €;

try
Body. AddPai r (' firstNane', FirstNanme);
Body. AddPai r (' | ast Nane', Last Nane);
Body. AddPair (' email', FornData.Values['email'].Trin;
Body. AddPai r (' phone', FornDat a. Val ues[' phone'].Trin;
Body. AddPai r (' conpany', FornData. Val ues[' conpany'].Trin;
Body. AddPai r (' notes', FornData. Values['notes'].Trin;

if ContactlD.|sEnpty then
begi n
/1 CREATE
Set Status(' Creating contact..."');
Response : = Ti na4REST1. Post ( St at usCode, '/api/contacts', '', Body.ToString);
end
el se
begi n
/1 UPDATE
Set St at us(' Updating contact..."');
Response : = Ti na4RESTL1. Pat ch( St at usCode, '/api/contacts/' + ContactlD, '', Body.ToString);
end;
finally
Body. Fr ee;
end;

try
if StatusCode in [200, 201] then
begi n
if ContactlD.|sEnpty then
Set St at us(' Contact created successfully')
el se
Set St at us(' Cont act updated successfully');

/! Refresh the |list and show the detail
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Ref reshCont act s;

i f Assigned(Response) then
begin
var Newl D : = Response. Get Val ue<String>('id', ContactlD);
ShowCont act Det ai | (Newi D) ;
end;
end
el se
begin
var ErrorMsg := 'Unknown error';
i f Assigned(Response) then
ErrorMsg : = Response. Get Val ue<String>('error', ErrorMsQg);
Set Status('Error: ' + ErrorMsg);
Showessage(' Fail ed to save contact: ' + ErrorMsg);
end;
finally
Response. Freeg;
end;
end;

9. Update Contact

Edit Button Handler
The Edit button in the detail template uses RTTI to call Edi t Cont act :

procedure TFormVai n. Edi t Cont act (const Al D: string);
var
St at usCode: | nteger;
Response: TJSONObj ect ;
begi n
/'l Fetch the current contact data
Response : = Ti na4RESTL1. Get (St atusCode, '/api/contacts/' + AID);
try
if (StatusCode = 200) and Assi gned(Response) then
begi n
ShowCont act For n{
Response. Get Val ue<String>('id, '"),
Response. Get Val ue<String>('firstNane', ''),
Response. Get Val ue<String>('lastNanme', ''),
Response. Get Val ue<String>('email ', )
Response. Get Val ue<Stri ng>(' phone', '"),
Response. Get Val ue<Stri ng>(' conpany', ''),
Response. Get Val ue<String>('notes', ''));

[
1

end
el se
ShowMessage(' Coul d not | oad contact for editing');
finally
Response. Free;
end;
end;

The Handl eFor nSubm t method already handles both create and update -- it checks whether
i dis present in the form data.
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10. Delete Contact

Delete with Confirmation

procedure TFornmVai n. Del et eCont act (const Al D: string);
begin
/'l Confirm before deleting
MessageDl g(' Are you sure you want to delete this contact?',
TMsgDl gType. nt Confirmati on, [ TMsgDl gBtn. nbYes, TMsgD gBtn. mbNo], O,
procedure(const AResult: TMdal Result)
var
St at usCode: | nteger;
Response: TJSONObj ect ;
begin
if AResult <> nrYes then Exit;

Set Status(' Del eting contact...');

Response : = Ti na4RESTL. Del et e( St at usCode, '/api/contacts/' + AID);

try
if StatusCode in [200, 204] then
begin
Set St at us(' Contact deleted');
Ref reshCont act s;
ShowEnpt ySt at e;
end
el se
begin
var ErrorMsg := 'Delete failed';
i f Assigned(Response) then
ErrorMsg : = Response. Get Val ue<String>('error', ErrorMsQ);
Set Status(' Error: ' + ErrorMsQ);
ShowMessage( Error Msg) ;
end;
finally
Response. Free;
end;
end) ;

end;

procedure TFor mVai n. ShowEnpt ySt at e;
begi n
HTM_LRender Det ai | . HTML. Text : =

"<div style="font-famly: Arial, sans-serif; padding: 40px; text-align: center; color:

<h2>No Contact Sel ected</h2>" +
<p>Sel ect a contact fromthe list or create a new one.</p>" +
"</ div>'
end;

11. Search and Filter

Option 1: Filter MemTable Locally

For small datasets, filter the existing MemTable without making another API call:
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procedure TFor mvai n. Butt onSear chC i ck( Sender: Thj ect);
var

SearchTerm string;
begin

SearchTerm : = Edi t Search. Text. Tri m ToLower ;

if SearchTerm | sEnpty then
begin
Menirabl eCont acts. Fil tered : = Fal se;
Popul at eGri d;
Set St at us(Fornmat (' Showi ng all % contacts', [Menirabl eContacts. RecordCount]));
Exit;
end;

MenTabl eCont acts. OnFi | ter Record : = procedure(DataSet: TDataSet;
var Accept: Bool ean)

begin
var FirstNane : = DataSet.Fi el dByNane('first_nane').AsString. ToLower;
var LastNane := DataSet. Fi el dByNane('last_nane').AsString. ToLower;
var Email := DataSet. Fiel dByName('ermmil"').AsString. ToLower;
var Conpany := DataSet. Fi el dByNane(' conpany'). AsString. ToLower;

Accept : = FirstNane. Contai ns(SearchTerm or
Last Nane. Cont ai ns( SearchTerm or
Enmai | . Cont ai ns(SearchTerm) or
Conpany. Cont ai ns( SearchTerm ;
end;

Menirabl eContacts. Filtered : = True;

Popul at eGri d;

Set St at us( Format (' Found % nat chi ng contacts', [Menirabl eContacts. RecordCount]));
end;

Option 2: Search via API
For large datasets, send the search term to the API:

procedur e TFor mvai n. Sear chVi aAPI (const ASearchTerm string);

begin
if ASearchTerm Trim | sEnpty then
RESTRequest Li st. EndPoint := *'/api/contacts'
el se
RESTRequest Li st. EndPoi nt : = '/api/contacts?search=" + ASearchTerm Tri m

RESTRequest Li st . OnExecut eDone : = procedure(Sender: TCbject)
begin
TThr ead. Synchroni ze(ni |, procedure
begin
Popul ateG'i d;
Set St at us( For mat (' Found % contacts for "%"',
[ MenTabl eCont act s. Recor dCount, ASearchTerm));
end) ;
end;

RESTRequest Li st . Execut eRESTCal | Async;
end;
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Clear Search

procedur e TFor mvai n. Edi t Sear chKeyDown( Sender: TChj ect; var Key: Word;
var KeyChar: Char; Shift: TShiftState);
begi n
if Key = vkReturn then
But t onSear chd i ck( Sender)
else if Key = vkEscape then
begi n
Edi t Search. Text :="";
MenTabl eCont acts. Filtered : = Fal se;
Popul at eGri d;
end;
end;

12. Polish: Status, Loading, and Error Handling

Status Bar
procedure TFormVai n. Set St at us(const AMessage: string);
begin
Label Status. Text := FormatDateTi me(' hh:nn:ss', Now) + ' ' + AMessage;
end;

Cancel Form Navigation

procedur e TFor mvai n. Cancel For m
begi n
/1 1f a contact was selected before, showits detail again
if not MenTabl eContacts.|sEnpty then
begi n
var Contact!|D : = Menirabl eContacts. Fi el dByNanme('id').AsString;
ShowCont act Det ai | (Cont act | D);
end
el se
ShowEnpt ySt at e;
end;
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Error Handling Wrapper

procedur e TFor mvai n. Saf eAPI Cal | (AProc: TProc);
begi n
try
AProc();
except
on E: Exception do
begi n
Set Status('Error: ' + E. Message);
Showessage(' An error occurred: ' + E Message);
end;
end;
end;

/'l Usage:
procedure TFormvai n. Butt onRef reshC i ck( Sender: TCObject);
begi n

Saf eAPI Cal | (procedure

begi n

Ref r eshCont act s;

end) ;

end;

13. Full Source Code

Here is the complete main form unit:

unit Mai nForm
interface

uses
System SysUtils, System Types, System O asses, System JSON,
FMX. Types, FMX. Controls, FMX Forns, FMX StdCirls, FMX Edit,
FMX. Layouts, FMX.Gid, FMX. Gid. Style, FMX Scroll Box,
FMX. Di al ogs,
Fi reDAC. Conp. dient, FireDAC Stan.Intf,
Dat a. DB,
Ti na4REST, Ti na4RESTRequest, Ti na4dHTM.Render, Ti na4Core;

type
TFormvai n = cl ass(TForm
Layout Mai n: TLayout ;
Layout Left: TLayout;
Layout Ri ght: TLayout;
Splitterl: TSplitter;
GridContacts: TStringGid,
Edi t Search: TEdit;
But t onSear ch: TButt on;
But t onNew. TButt on;
Butt onRefresh: TButton;
HTM_LRender Det ai | : TTi na4HTM_Render ;
Label St at us: TLabel ;
Ti na4REST1: TTi na4REST;
RESTRequest Li st: TTi na4RESTRequest ;
RESTRequest Det ai | :  TTi nadRESTRequest;
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Menirabl eCont acts: TFDMenirabl e;
Dat aSour ceCont acts: TDat aSour ce;

procedur e FornCreate(Sender: TCOhject);
procedure ButtonRefreshd i ck(Sender: TObject);
procedure ButtonNewd i ck(Sender: TObject);
procedure ButtonSearchd ick(Sender: TObject);
procedur e Edit Sear chKeyDown( Sender: TCbject; var Key: Word;
var KeyChar: Char; Shift: TShiftState);
private
procedure SetupGid;
procedure RefreshContacts;
procedure Popul ateGi d;
procedure Set Status(const AMessage: string);
procedur e ShowEnptySt at e;
procedure ShowCont act Detail (const AContact!|D: string);
procedur e ShowCont act Forn{const Al D, AFirstNane, ALast Nane,
AEnmi |, APhone, AConpany, ANotes: string);
procedur e Handl eFor nSubni t (Sender: Toj ect;
const FormNane: string; FornData: TStrings);
procedur e Handl eEl enent d i ck(Sender: TObj ect;
const Obj ect Name, Met hodNane: string; Parans: TStrings);
procedure GridCell dick(const Colum: TCol umm; const Row. | nteger);
public
procedure EditContact(const AID: string);
procedure Del eteContact(const AID: string);
procedure Cancel Form
end;

var
For m\vhai n: TFor nVai n;

i mpl enentati on
{$R *. fnx}
procedur e TFor mMVai n. For nCr eat e( Sender: TCbj ect);
begin
/1 REST configuration
Ti na4REST1. BaseUr|l := 'https://api.exanple.convl';

RESTRequest Li st . Ti na4REST : = Ti na4REST];

RESTRequest Li st. EndPoint := '/api/contacts';
RESTRequest Li st. Request Type : = TTi na4Request Type. Get;
RESTRequest Li st. DataKey : = 'records';

RESTRequest Li st. Menirabl e : = Menirabl eCont act s;
RESTRequest Li st. SyncMbde : = TTi na4Rest SynchMbde. C ear;

RESTRequest Det ai | . Ti na4REST : = Ti na4REST1;
RESTRequest Det ai | . Request Type : = TTi nadRequest Type. Get;

/I Gid
SetupGid;

/1 HTML Render er

HTMLRender Det ai | . Twi gTenpl atePath : = ExtractFi |l ePat h(ParanStr(0)) + 'tenplates';
HTMLRender Det ai | . OnFor nSubni t : = Handl eFor nSubnmi t ;

HTMLRender Det ai | . Regi ster Obj ect (' App', Self);
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/1 Initial state

ShowEnpt ySt at e;

Ref reshCont act s;
end;

procedure TFor mVai n. Set upGri d;

begin
GidCont acts. Col umCount : = 4;
GridCont acts. Col ums[ 0] . Header : = ' Nane';
GridContacts. Colums[0]. Wdth : = 150;
GridCont acts. Col ums[ 1] . Header := 'Email"';
GridContacts. Colums[1] . Wdth : = 130;
GridCont acts. Col ums[ 2] . Header : = ' Phone';
GridContacts. Colums[2]. Wdth := 100;
GridCont acts. Col ums[ 3] . Header := ' Conpany';

GridContacts. Colums[3].Wdth := 100;
GidContacts.OnCelldick := GidCell dick;
end;

procedur e TFor mvai n. Ref reshCont act s;
begin

Set St at us(' Loadi ng contacts..."');

RESTRequest Li st . OnExecut eDone : = procedure(Sender: TObject)

begin
TThr ead. Synchroni ze(ni |, procedure
begin
Popul at eGri d;
Set St at us( For nat (' Loaded % contacts', [Menirabl eContacts. RecordCount]));
end) ;
end;

RESTRequest Li st . Execut eRESTCal | Async;
end;

procedur e TFor mvai n. Popul at eGri d;

begin
GridCont acts. RowCount : = MenTabl eCont acts. Recor dCount ;
MenmTabl eCont acts. First;
var Row : = 0;

whi | e not Menirabl eCont act s. Eof do
begin
GridContacts. Cells[0, Row :=
MenTabl eCont act s. Fi el dByName(' first_nanme').AsString + ' ' +
MenTabl eCont act s. Fi el dByNane(' | ast_nane'). AsStri ng;
GridContacts. Cells[1, Row MenTabl eCont act s. Fi el dByNane(' enai |l ') . AsStri ng;
GridContacts. Cell s[2, Row| MenTabl eCont act s. Fi el dByNane(' phone' ). AsStri ng;
GridContacts. Cell s[3, Row| MenmTabl eCont act s. Fi el dByName(' conpany' ). AsStri ng;

MenTabl eCont act s. Next ;
I nc(Row) ;
end;
end;

procedure TFornmMai n. GridCel | Aick(const Colum: TCol um; const Row. |nteger);
begin

Menirabl eCont act s. Fi rst;

MenTabl eCont act s. MoveBy ( Row);
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var Contactl D : = Menilfabl eContacts. Fi el dByNane('id').AsString;
ShowCont act Det ai | (Contact1D);
end;

procedur e TFor mvai n. ShowCont act Det ai | (const AContact|ID: string);
var

St at usCode: | nteger;

Response: TJSONObj ect;

begin
Set St atus(' Loadi ng contact...");
Response : = Ti na4RESTL1. Get (StatusCode, '/api/contacts/' + AContactlD);
try
if (StatusCode = 200) and Assi gned(Response) then
begin
HTMLRender Det ai | . Set Twi gVari abl e('id', Response.GetValue<String>('id, "'));

HTMLRender Det ai | . Set Twi gVari abl e(' firstNane', Response. GetVal ue<String>('firstNane',

"))

"))

HTMLRender Det ai | . Set Twi gVari abl e(' | ast Nanme', Response. Get Val ue<String>('I| ast Nang',
HTMLRender Det ai | . Set Twi gVari abl e(' enai | ', Response. Get Val ue<String>('email', "'));
HTMLRender Det ai | . Set Twi gVari abl e(' phone', Response. Get Val ue<Stri ng>(' phone', "'));
HTMLRender Det ai | . Set Twi gVari abl e(' conpany', Response. Get Val ue<Stri ng>('conpany', ''));
HTMLRender Det ai | . Set Twi gVari abl e(' notes', Response. Get Val ue<String>('notes', ''));

HTMLRender Det ai | . Set Twi gVari abl e(' creat edAt', Response. Get Val ue<Stri ng>('createdAt',

HTMLRender Det ai | . Twi g. LoadFr onfi | e(
ExtractFil ePat h(Paranttr(0)) + 'tenplates\contact-detail.htm"');

Set Status(' Viewing: ' + Response. GetValue<String>('firstNane', '') + ' ' +
Response. Get Val ue<String>('lastName', ''));
end
el se
Set Status(' Error |oading contact');
finally
Response. Fr eeg;
end;
end;

procedur e TFor mMVai n. ShowCont act For n{const Al D, AFirstNane, ALast Nane,
AEnmi |, APhone, AConpany, ANotes: string);
begin
HTMLRender Det ai | . Set Twi gVariable('id, AID);
HTMLRender Det ai | . Set Twi gVari abl e(' firstNane', AFirstNane);
HTMLRender Det ai | . Set Twi gVari abl e(' | ast Nane', ALast Nane) ;
HTMLRender Det ai | . Set Twi gVari abl e('emai|l', AEmail);
HTMLRender Det ai | . Set Twi gVari abl e(' phone', APhone);
HTMLRender Det ai | . Set Twi gVari abl e(' conpany', AConpany);
HTMLRender Det ai | . Set Twi gVari abl e(' notes', ANotes);

HTMLRender Det ai | . Twi g. LoadFr onfi | e(
ExtractFil ePat h(Paranttr(0)) + 'tenplates\contact-formhtm"');

if AID. |IsEnpty then

Set Status(' Creating new contact...")
el se
Set Status('Editing contact...");

end;

procedur e TFor mvai n. Butt onNewCl i ck( Sender: TCbhj ect);
begin
ShowCont act Form(* ", "', "'ttty
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end;

procedur e TFor mvai n. Handl eFor nSubmi t ( Sender :

const FormNane: string; FornData: TStrings);

var

St at usCode: | nteger;
Response: TJSONObj ect;
Contact| D string;
Body: TJSONObj ect;

begi

n

if FormNanme <> 'contactForm then Exit;

TObj ect;

var FirstNane := FornData.Values['firstName'].Trim
var LastNanme := FornData. Val ues[' | ast Nane'].

Trim

if FirstNane.|sEnpty or LastNane.|sEnpty then

begin
Showessage(' First nanme and | ast nane are required');
Exit;
end;
Contact|D := FornData. Values['id'];
Body := TJSONObj ect. Creat €;
try
Body. AddPai r (' firstNane', FirstNane);
Body. AddPai r (' | ast Nane', Last Nan®);
Body. AddPair (' email', FornData.Values['email'].Trin;

fi

Body. AddPai r (' phone', FornDat a. Val ues[' phone'].Trin);
Body. AddPai r (' conpany', FornData. Val ues[' conpany'].Trin);
Body. AddPai r (' notes', FornData. Values['notes'].Trin);

if ContactlID.|sEnpty then
begin
Set Status(' Creating contact..."');
Response : = Ti na4RESTL1. Post ( St at usCode,
end
el se
begin
Set St at us(' Savi ng changes...");
Response : = Ti na4RESTL1. Pat ch( St at usCode,
end;
nal l'y
Body. Free;

end;

try

if StatusCode in [200, 201] then
begin

Set Stat us( | f Then(Contact|D.|sEnpty, 'Contact created',

Ref reshCont act s;
i f Assigned(Response) then
ShowCont act Det ai | (Response. Get Val ue<St

end
el se
begin

var ErrorMsg := 'Save failed;

i f Assigned(Response) then

ErrorMsg : = Response. Get Val ue<String>('error',

'/api/contacts',

'/api/contacts/'

', Body. ToString);

+ Contact! D,

ring>('id , ContactlD));

Set Status(' Error: ' + -ErrorMsg)
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Showvessage( Error Msg) ;
end;
finally
Response. Freeg;
end;
end;

procedur e TFor mvai n. Handl eEl enent O i ck( Sender :
const Obj ect Name, Met hodNane: string; Parans:
begin

TObj ect;

TStrings);

/1 RTTI-based onclick routing is handl ed automatically
/1 This handler is available for custom processing if needed

end;

procedure TFor mvai n. Edi t Cont act (const Al D. string);

var
St at usCode: | nteger;
Response: TJSONObj ect;

begin
Response
try

;= Ti na4REST1. Get ( St at usCode,

'/api/contacts/'

if (StatusCode = 200) and Assi gned(Response) then

ShowCont act For n{
Response. Get Val ue<String>('id, '"),
Response. Get Val ue<String>('firstNane',
Response. Get Val ue<Stri ng>('1 ast Nane',
Response. Get Val ue<String>('email', '"),
Response. Get Val ue<Stri ng>("' phone', '"),
Response. Get Val ue<Stri ng>(' conpany',
Response. Get Val ue<Stri ng>("'
el se
Showessage(' Coul d not | oad contact');
finally
Response. Fr eeg;
end;
end;

.

.

.

notes', ''))

procedur e TFor mvai n. Del et eCont act (const AID: string);

begin
MessageDl g(' Del ete this contact?',
[ TMsgDl gBt n. nbYes, TMsgDl gBtn. nbNo], O,
procedur e(const AResult: TModal Resul t)

var
St at usCode: | nteger;
Response: TJSONObj ect;
begin

if AResult <> nrYes then Exit;

Set Status(' Deleting..."');

Response : = Ti na4RESTL. Del et e( St at usCode,
try

if StatusCode in [200, 204] then

begin

Set St at us(' Contact deleted');
Ref reshCont act s;
ShowEnpt ySt at e;

end

el se

TMsgDl gType. nt Confirmati on,

'/api/contacts/’

Set St at us(' Del et e faited—);
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finally
Response. Free;
end;
end) ;
end;

procedur e TFor mvai n. Cancel For m
begin
if not MenTabl eContacts.|sEnpty then
ShowCont act Det ai | (MenTabl eCont acts. Fi el dByNanme('id').AsString)
el se
ShowEnpt ySt at e;
end;

procedur e TFor mvai n. Butt onSear chC i ck( Sender: TOhj ect);
var

SearchTerm string;
begin

SearchTerm : = Edi t Search. Text. Tri m ToLower ;

if SearchTerm | sEnpty then
begin
Menirabl eCont acts. Fil tered : = Fal se;
Popul at eGri d;
Set St at us(Fornmat (' Showi ng all % contacts', [Menirabl eContacts. RecordCount]));
Exit;
end;

MenmTabl eCont acts. OnFil terRecord : = procedure(DataSet: TDataSet; var Accept: Bool ean)
begin
Accept : =
Dat aSet . Fi el dByNane(' first_name').AsString. ToLower. Cont ai ns( SearchTerm or
Dat aSet . Fi el dByNane(' | ast_nane' ). AsStri ng. ToLower. Cont ai ns(SearchTernm) or
Dat aSet . Fi el dByNane(' email'). AsString. ToLower. Cont ai ns(SearchTernm) or
Dat aSet . Fi el dByNane(' conpany' ). AsStri ng. ToLower. Cont ai ns( SearchTerm ;
end;

Menirabl eContacts. Filtered : = True;

Popul at eGri d;

Set St at us(Format (' Found % contacts for "9%"', [Menirabl eContacts. RecordCount, SearchTerml));
end;

procedur e TFor mvai n. Edi t Sear chKeyDown( Sender: TOhj ect; var Key: Word;
var KeyChar: Char; Shift: TShiftState);
begin
if Key = vkReturn then
But t onSear chd i ck( Sender)
else if Key = vkEscape then
begin
Edi t Search. Text :="";
Menirabl eCont acts. Fil tered : = Fal se;
Popul at eGri d;
end;
end;

procedur e TFor mvai n. ShowEnpt ySt at e;
begin
HTMLRender Det ai | . HTML. Text : =
"<div style="font-fam | y—Arial—sans—serif—padding: 40px; text-align: center; color: #999;
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<h2>No Contact Sel ect ed</h2>" +
<p>Sel ect a contact fromthe list, or click "New' to create one.</p> +
"</div>';
end;

procedur e TFor mVai n. Set St at us(const AMessage: string);
begin

Label Status. Text := Fornat DateTi ne(' hh:nn:ss', Now) + ' ' + AMessage;
end;

end.

14. Template Files

Create a tenpl ates folder next to your executable. Place contact-detail.html and
contact-form htnl there (shown in sections 7 and 8 above).

Cont act Manager . exe

t enpl at es/
contact-detail.htm
contact-formhtm

Exercise: Extend the Contact Manager
Add these features to the contact manager:

» Categories/Tags -- Add a cat egor y field to contacts (e.g., "Work", "Personal", "Client").
Add a dropdown filter above the grid to filter by category. Add a category select to the form.

* Export to CSV -- Add an "Export" button that saves the current contact list (filtered or
unfiltered) to a CSV file using TSaveDi al og.
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Solution: CSV Export

procedure TFormVai n. Butt onExport d i ck(Sender: TCObject);
var

SaveDi al og: TSaveDi al og;

CSV: TStringli st;
begi n

SaveDi al og : = TSaveDi al og. Create(Sel f);

CSV := TStringlList. Create;

try
SaveDi al og. Filter := "CSV files|*.csv';
SaveDi al og. Defaul t Ext := "csv';
SaveDi al og. Fil eName := 'contacts_' + FornatDateTine('yyyynmdd', Now) + '.csv';

if not SaveDi al og. Execute then Exit;

/1l Header row
CSV. Add(' "First Nanme","Last Nanme","Email","Phone", " Conpany", "Notes"');

/1 Data rows
MeniTabl eCont acts. First;
whi | e not MeniTabl eCont act s. Eof do

begi n

CSV. Add(Format (" "9%","%","%","%","%"," """, |
MenTabl eCont act s. Fi el dByNanme(' first_nane').AsString. Replace('"', """"),
Menirabl eCont act s. Fi el dByNane(' | ast_nane' ). AsString. Repl ace(' "', """"),
MenTabl eCont act s. Fi el dByNanme(' emai |l ') . AsString. Repl ace(" "', "'""'"),
MenTabl eCont act s. Fi el dByNane(' phone'). AsString. Repl ace(" "', "'""'),
Menirabl eCont act s. Fi el dByNane(' conpany'). AsString. Replace('""', '"""),
MenTabl eCont act s. Fi el dByName(' notes'). AsString. Replace(""', """")

1)

MeniTabl eCont act s. Next ;
end;

CSV. SaveToFi | e( SaveDbi al og. Fi | eName, TEncodi ng. UTF8);
Set St at us( For mat (' Exported % contacts to %',
[ MenTabl eCont act s. Recor dCount, ExtractFil eNanme(SaveDi al og. Fil eNane)]));
finally
CSV. Fr ee;
SaveDi al og. Free;
end;
end;

Solution: Category Filter
Add a TConboBox named ConboCat egor y above the grid:

procedur e TFor mMVai n. For nCr eat e( Sender: TCbj ect);
begi n
/'l ... existing setup ...

ConboCat egory. I tens. Add(' All Categories');

ConboCat egory. | tens. Add(' Work');

ConboCat egory. |t ens. Add(' Personal ') ;

ConboCat egory. ltens. Add(' Client');

ConboCat egory. | t ens. Add(' Vendor');

ConboCat egory. I tem ndex : = O;

ConbocCat egory. OnChange : = ConboCat egor yChange,;
end;
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procedur e TFor mvai n. ConboCat egor yChange( Sender: TObj ect);
begin
if ConboCategory.ltem ndex = 0 then
begin
Menirabl eCont acts. Fil tered : = Fal se;
Popul at eGri d;
Set St at us(Fornmat (' Showi ng all % contacts', [Menirabl eContacts. RecordCount]));
end
el se
begin
var Category := ConboCategory.|tens[ ConboCategory.|tem ndex];

MenmTabl eCont acts. OnFil terRecord : = procedure(DataSet: TDataSet; var Accept: Bool ean)
begin

Accept := DataSet.Fiel dByNane(' category').AsString = Category;
end;

Menirabl eContacts. Filtered : = True;
Popul at eGri d;
Set St at us(Format (' Showi ng %d " %" contacts',
[ MemTabl eCont act s. Recor dCount, Category]));
end;
end;

Add the category field to cont act -form ht i :

<div style="margin-bottom 15px;">
<l abel style="display: block; color: #666; margi n-bottom 4px;">Category</|abel >
<sel ect name="category" class="formcontrol"
style="wi dth: 100% paddi ng: 8px; border: 1px solid #ddd; border-radius: 4px;">
<option value="">-- Select --</option>

<option value="Wrk" {%if category == '"Work' 9% selected{% endif % >Work</option>
<option value="Personal” {%if category == 'Personal' % sel ected{% endif % >Personal </option
<option value="Client" {%if category == "Client' %selected{%endif % >Cient</option>
<option val ue="Vendor" {%if category == 'Vendor' 9% sel ected{% endif % >Vendor </ opti on>
</ sel ect >
</ div>
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Real-World Integration

Making the Components Talk

You have learned each Tina4 Delphi component in isolation. TTina4REST makes HTTP calls.
TTina4RESTRequest populates MemTables. TTina4dJSONAdapter fans out JSON into multiple
tables. TTina4HTMLRender displays HTML. TTina4HTMLPages navigates between views.
TTinad4Twig renders templates. TTina4WebSocketClient receives real-time data.

Individually, they are useful. Together, they are a full-stack desktop application framework. This
chapter shows you the patterns for connecting them -- the repeatable architectures that turn
seven components into a cohesive application.

1. Philosophy: Components as a Pipeline

Think of Tina4 Delphi as a data pipeline:
Data Source -> Transform -> Displ ay

Every pattern in this chapter follows this flow. The data source is usually a REST API or
WebSocket feed. The transform converts JSON into structured Delphi data (MemTables, objects).
The display renders that data as grids, HTML, or template-driven Ul.

The components snap together at defined connection points:
* TTina4REST feeds TTina4RESTRequest
* TTina4dRESTRequest feeds TFDMemTable
e TFDMemTable feeds TStringGrid or TTina4JSONAdapter
* TTina4RESTRequest feeds TTina4JSONAdapter (via MasterSource)
» TTinadHTMLRender displays data from any source via Twig variables
* TTina4dHTMLPages organizes multiple views on a single renderer

» TTinadWebSocketClient pushes data into any of the above

2. Pattern 1: REST to MemTable to Grid

The most common pattern. Fetch data from an API, populate a MemTable, display in a grid.

REST APl -> TTi na4RESTRequest -> TFDMenilable -> TStringGid
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Implementation

procedure TFornil. For nCr eat e( Sender: TObj ect);

begi n
/'l Configure the pipeline
Ti na4REST1. BaseUr| := 'https://api.exanple.comvl';

RESTRequest Product s. Ti na4REST : = Ti na4REST1,;

RESTRequest Product s. EndPoi nt : = '/products';
RESTRequest Pr oduct s. Request Type : = TTi na4dRequest Type. Cet ;
RESTRequest Product s. Dat aKey : = 'records';

RESTRequest Product s. MenTTabl e : = FDMenTTabl ePr oduct s;
RESTRequest Pr oduct s. SyncMbde : = TTi na4Rest SyncMbde. C ear;

/1 One call does everything

RESTRequest Pr oduct s. Execut eRESTCal | ;

/| FDMenTabl eProducts is now popul at ed

/1 Bind it to a grid w th DataSourceProducts
end;

With Periodic Refresh

procedure TForml. For nCr eat e( Sender: TObj ect);
begin
/1l ... setup as above ...

/1 Refresh every 30 seconds

Tinmerl.Interval := 30000;
Timer 1. OnTi ner := procedure(Sender: TObject)
begin

RESTRequest Pr oduct s. SynchMbde : = TTi nadRest SyncMbde. Sync;
RESTRequest Pr oduct s. Execut eRESTCal | Async;
end;
Ti nmer 1. Enabl ed : = True;
end;

Using Sync mode on refresh preserves the user's scroll position and selection, since existing
records are updated in place rather than cleared and reloaded.

3. Pattern 2: REST to JSON Adapter to Multiple MemTables

When a single API response contains multiple datasets, use TTina4dJSONAdapter to fan them out.

REST APl -> TTi na4RESTRequest -> TTi na4JSONAdapt er (categori es)
-> TTi na4JSONAdapt er (tags)
-> TTi na4JSONAdapt er (stats)

Scenario

Your API returns a dashboard payload:

{
"categories": [{"id": "1", "name": "Electronics"}, ...],
"recentOrders": [{"id": "101", "total": "59.99"}, ...],
"stats": {"total Products": 150, "total Orders": 42, "revenue": 12500}
}
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Implementation

procedure TFornil. For nCr eat e( Sender: TObj ect);
begi n
Ti na4REST1. BaseUr| := 'https://api.exanple.comvl';

/1 Main request fetches the dashboard payl oad
RESTRequest Dashboar d. Ti na4REST : = Ti na4REST1,;

RESTRequest Dashboar d. EndPoi nt : = '/dashboard";
RESTRequest Dashboar d. Request Type : = TTi nadRequest Type. Get ;
RESTRequest Dashboard. DatakKey :="'"'; [/ We handle the keys in adapters

RESTRequest Dashboar d. Menirabl e : = FDMenirabl eRaw;

/1 Adapter 1: Categories

JSONAdapt er Cat egori es. Mast er Sour ce : = RESTRequest Dashboar d;
JSONAdapt er Cat egori es. Dat aKey : = 'categories';

JSONAdapt er Cat egori es. MeniTfabl e : = FDMenirabl eCat egori es;

/1 Adapter 2: Recent Orders

JSONAdapt er Order s. Mast er Sour ce : = RESTRequest Dashboar d;
JSONAdapt er Orders. Dat aKey : = 'recent Orders';

JSONAdapt er Or der s. Menirabl e : = FDMeniTabl eOr der s;

/1 \When the dashboard request conpletes, all adapters auto-execute
RESTRequest Dashboar d. Execut eRESTCal | ;

/| FDMenTabl eCat egori es and FDMenTabl eOrders are now popul at ed
end;

The key insight: set Mast er Sour ce on each adapter to the same TTi na4RESTRequest . When
that request completes, all adapters fire automatically.

4. Pattern 3: HTML Render + Twig + REST Data

Rich Ul rendering by combining API data with Twig templates.

REST APl -> TJSONObj ect -> SetTwi gVariabl e -> TTi nadHTM_Render. Twi g
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Implementation

procedure TFornil. ShowPr oduct Card(const AProduct!| D: string);
var
St at usCode: | nteger;
Response: TJSONObj ect ;
begi n
Response : = Ti na4REST1. Get ( St at usCode, '/products/' + AProductlD);

try
if (StatusCode <> 200) or not Assigned(Response) then Exit;

/'l Pass each field as a Twi g variable

HTMLRender 1. Set Twi gVari abl e(' nane', Response. Get Val ue<String>('nanme', ''));

HTMLRender 1. Set Twi gVari abl e(' price', Response. GetVal ue<String>('price', '0"));

HTMLRender 1. Set Twi gVari abl e(' description', Response. GetVal ue<String>('description', ''));
HTMLRender 1. Set Twi gVari abl e('i mageUr|', Response. Get Val ue<String>('imgeUl"', '"'));
HTMLRender 1. Set Twi gVari abl e(' st ock', Response. Get Val ue<String>('stock', '0'));

HTMLRender 1. Set Twi gVari abl e(' category', Response. Get Val ue<String>('category', ''));

/1 Load the tenplate -- Twi g renders, HTM.Render displ ays
HTMLRender 1. Twi g. LoadFronFi | e(' C:\ MyApp\t enpl at es\ product-card. htm ") ;

finally
Response. Free;
end;
end;

The Template (product-card.html)

<div style="font-famly: Arial, sans-serif; padding: 20px;">
<div style="display: flex; gap: 20px;">
{%if imageUrl %
<ing src="{{ imageU | }}" style="wi dth: 200px; height: 200px; object-fit: cover; border-ra
{%endif %
<di v>
<h2 style="color: #2c3e50; margin: 0 0 10px;">{{ nane }}</h2>
<p style="color: #labc9c; font-size: 1.4em font-weight: bold;">
{{ price|format_currency('USD ) }}
</ p>
<p style="color: #666;">{{ category|title }}</p>
<p>
{%if stock|nunber_format > 10 %
<span style="col or: #27ae60;">In Stock ({{ stock }})</span>
{% el sei f stock|nunber_format > 0 %
<span style="col or: #f39c12;">Low Stock ({{ stock }} left)</span>
{%else %
<span style="col or: #e74c3c;">Qut of Stock</span>
{%endif %
</ p>
</ di v>
</ di v>
<div style="margi n-top: 15px; padding: 15px; background: #f9f9f9; border-radius: 4px;">
<p>{{ description|nl2br }}</p>
</ di v>
</ di v>
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5. Pattern 4: Master-Detail Chains

Linked data views where selecting a record in one view loads related data in another.

Custonmers -> Orders -> Order ltens
(Menirabl el) (MenTabl e2) (MeniTabl e3)

Implementation

procedure TForml. For nCr eat e( Sender: TObj ect);
begi n
Ti na4REST1. BaselUr| := 'https://api.exanple.comvl';

/1 Level 1: Custoners

RESTRequest Cust oner s. Ti na4REST : = Ti na4REST];
RESTRequest Cust oner s. EndPoi nt : = '/custoners';
RESTRequest Cust oner s. Dat aKey : = 'records';
RESTRequest Cust oner s. Menifabl e : = FDMeniTabl eCust oner s;

/'l Level 2: Orders for selected custoner

RESTRequest Or ders. Ti na4REST : = Ti na4REST1;
RESTRequest Or der s. Mast er Sour ce : = RESTRequest Cust oners;
RESTRequest Or ders. EndPoi nt : = '/custoners/{id}/orders';
RESTRequest Or ders. Dat aKkey : = 'records';

RESTRequest Or der s. MeniTabl e : = FDMeniTabl eOr der s;

/1 Level 3: ltens for selected order

RESTRequest | t ens. Ti na4REST : = Ti na4REST1;
RESTRequest | t ens. Mast er Sour ce : = RESTRequest Orders;
RESTRequest I tens. EndPoint := '/orders/{id}/itens';
RESTRequest | t ens. Dat aKey : = 'records';

RESTRequest | t ens. MeniTabl e : = FDMVenirabl el t ens;

/'l Load custoners -- orders and itens auto-load on sel ecti on change
RESTRequest Cust oner s. Execut eRESTCal | ;
end;

The {i d} placeholder in the endpoint is replaced with the i d field from the master's current
MemTable record. When the user selects a different customer, the orders request fires
automatically with the new customer ID. When they select a different order, the items request fires
with the new order ID.
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Displaying the Chain

/1 Gidl shows custoners (bound to FDMenTabl eCust oners)
/1 Gid2 shows orders for selected custoner (bound to FDMenirabl eOrders)
/1 HTM_LRender1 shows order itenms in a formatted table

procedure TFornl. Gri dOrdersCel |l Cick(const Colum: TCol umm; const Row. | nteger);
begi n

FDMeniTabl eOr ders. First;

FDMVenirabl eOr der s. MoveBy( Row) ;

/'l RESTRequestltens fires autonatically via MsterSource

/'l Update the HTM. displ ay

Render Or der | t ens;
end;

procedure TFornl. Render Order |t ens;

var
HTM.: TStringBuil der;

begi n
HTML : = TStringBuil der. Create;
try

HTM.. AppendLi ne(' <tabl e styl e="wi dth: 100% border-collapse: collapse;">");
HTM.. AppendLi ne(' <tr styl e="background: #2c3e50; color: white;">");

HTM.. AppendLi ne(' <th styl e="paddi ng: 8px;">Product</th>");

HTM.. AppendLi ne(' <th styl e="paddi ng: 8px; text-align: right;">Qy</th>");
HTM.. AppendLi ne(' <th styl e="paddi ng: 8px; text-align: right;">Price</th>");
HTM.. AppendLi ne(' </tr>");

FDMenirabl el t ens. First;
whi | e not FDMeniTabl el t ens. Eof do
begi n
HTM.. AppendFor nat (
"<tr><td style="padding: 8px;">%</td>" +
<td styl e="paddi ng: 8px; text-align: right;">%</td>" +
<td style="paddi ng: 8px; text-align: right;">$%</td></tr>",
[ FDMeniTabl el t ens. Fi el dByNane(' product _name'). AsStri ng,
FDMenirabl el t ems. Fi el dByNanme(' quantity').AsString,
FDMenirabl el t ens. Fi el dByName(' unit_price').AsString]);
FDMenirabl el t ens. Next ;
end;

HTM.. AppendLi ne(' </tabl e>");
HTMLRender 1. HTML. Text := HTM.. ToStri ng;
nal |y
HTM.. Fr ee;
end;
end;

f

6. Pattern 5: Two-Way Sync

Read data from the API, let the user edit it locally, then push changes back.

GET /items -> Menifable (user edits) -> POST/PATCH /itens

The Intelligent Native Application 4ramework



Implementation

procedure TFornl. LoadDat a;

begi n
RESTRequest I tens. EndPoint := '/itens';
RESTRequest | t ens. Request Type : = TTi nadRequest Type. Get ;
RESTRequest | t ens. Dat aKey : = 'records';

RESTRequest | t ens. MeniTabl e : = FDMenirabl el t ens;
RESTRequest | t ens. Execut eRESTCal | ;
end;

procedure TFornil. SaveChanges;
var
St at usCode: | nteger;
Response: TJSONObj ect ;
begi n
/'l Iterate changed records and push t hem back
FDMVenirabl el t ens. First;
whi |l e not FDMenTabl el t ens. Eof do
begi n
var Item D : = FDMenTabl el tens. Fi el dByNanme('id').AsString;
var 1temJSON : = TIJSONObj ect . Creat €;
try
/1 Build JSON fromcurrent MenTabl e row
for var | := 0 to FDMenTabl el tens. Fi el dCount - 1 do
begi n
var Field := FDMveniTabl eltemns. Fields[I];
var Fi el dNane : = Canel Case(Fi el d. Fi el dNan®e) ;
It emJSON. AddPai r (Fi el dName, Field. AsString);
end;

if Item D. IsEnpty then
begi n
/1 New record -- POST
Response : = Ti na4RESTL1. Post ( St at usCode, '/itens', '',
Response. Free;
end
el se
begi n
/1 Existing record -- PATCH
Response : = Ti na4RESTL1. Pat ch( St at usCode, '/itens/' + |
Response. Free;
end;
finally
It em)SON. Fr ee;
end;

FDMVemTabl el t ens. Next ;
end;
end;

Using SourceMemTable for Bulk POST

ItemISON. ToString);

tem D, '', ItemJSON. ToString);

For simpler cases, use the Sour ceMeniTabl e property to POST all rows at once:

procedure TFor ni. Bul kUpl oad;
begi n
RESTRequest | mport. Ti na4REST : = Ti na4REST1;
RESTRequest | nport . Request Type : = TTi na4Request Type. Post ;

RESTRequest I nport. EndPoint : = "'/itens/inport';
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RESTRequest | nport. Sour ceMenirabl e : = FDMenirabl el t ens;
RESTRequest | nport. SourcelgnoreFields := "internal _flag,tenp_id";
RESTRequest | nport. Sour cel gnor eBl anks : = True;
RESTRequest | nport. Execut eRESTCal | ;
end;

7. Pattern 6: HTML Pages + REST

Each page in a TTina4dHTMLPages collection loads its own data when navigated to.

HTM_Pages
Page "dashboard" -> OnAfterNavigate -> fetch /dashboard data
Page "products" -> OnAfterNavigate -> fetch /products data
Page "settings" -> OnAfterNavigate -> fetch /settings data
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Implementation

procedure TFornil. For nCr eat e( Sender: TObj ect);
begi n
Ti na4REST1. BaselUr| := 'https://api.exanple.comvl';
HTMLPagesl1. Renderer := HTM.Render1;
HTMLPagesl1. Twi gTenpl atePath : = ExtractFil ePath(Paranttr(0)) + 'tenplates';

/| Define pages
var PageDash : = HTM.Pagesl. Pages. Add;

PageDash. PageNanme : = 'dashboard';
PageDash. | sDef ault : = True;
PageDash. Twi gContent. Text := '{% i nclude "pages/dashboard. htm " %" ;

var PageProducts : = HTM.Pagesl. Pages. Add;
PagePr oduct s. PageNane : = 'products';
PagePr oducts. Twi gContent. Text := "'{% i nclude "pages/products. htm" %" ;

var PageSettings := HTM.Pagesl. Pages. Add;
PageSetti ngs. PageNane : = 'settings';
PageSettings. Twi gContent. Text := '"{%include "pages/settings.htm" %";

/1 Load data when pages change
HTM_LPages1l. OnAft er Navi gat e : = Handl ePageNavi gat e;
end;

procedure TFornil. Handl ePageNavi gat e( Sender: TObj ect);
var

St at usCode: | nteger;

Response: TJSONObj ect ;
begi n

var PageNane : = HTM.Pagesl. Acti vePage;

if PageNane = 'dashboard' then

begi n
Response : = Ti na4RESTL1. Get ( St at usCode, '/ dashboard/stats');
try
i f Assigned(Response) then
begi n

HTMLPages1. Set Twi gVari abl e(' total Users',
Response. Get Val ue<String>('total Users', '0'));
HTM_.Pages1. Set Twi gVari abl e(' total Orders',
Response. Get Val ue<String>('total Orders', '0"));
HTMLPages1. Set Twi gVari abl e(' revenue',
Response. Get Val ue<String>('revenue', '0'));
end;
finally
Response. Free;
end;
/'l Re-render the current page with new data
HTMLPages1. Navi gat eTo(' dashboard');
end
else if PageName = 'products' then
begi n
Response : = Ti na4REST1. Get (St atusCode, '/products', 'limt=50");
try
i f Assigned(Response) then
HTMLPages1. Set Twi gVari abl e(' products', Response. ToString);
finally
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Response. Freeg;
end;
HTMLPages1. Navi gat eTo(' products');
end;
end;

Navigation Template

<!-- tenplates/nav.htm -->

<nav styl e="background: #2c3e50; padding: 10px;">
<a href ="#dashboard" style="col or: white;
<a href="#products" style="color: white;

<a href="#settings" style="col or:
</ nav>

mar gi n-right: 15px; " >Dashboar d</ a>

mar gi n-right: 15px; " >Product s</ a>
white; ">Settings</a>

8. Pattern 7: WebSocket + HTML Render

Real-time data pushed from a WebSocket updates the HTML display immediately.

WebSocket -> OnMessage -> Update Twi g variables -> Re-render HTM.
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Implementation

procedure TFornil. For nCr eat e( Sender: TObj ect);
begi n

WebSocket 1. URL : = 'wss://api.exanpl e.com ws/ updat es' ;

WebSocket 1. Aut oReconnect : = True;
WebSocket 1. OnMessage : = Handl eWSUpdat e;
WebSocket 1. Connect ;

/1l Initial render
Render St at usPanel ;
end;

procedure TForml. Handl eWsUpdat e( Sender: TObj ect ;

begi n
TThr ead. Synchroni ze(ni |, procedure
var
JSON: TIJSONObj ect ;
begi n

JSON : = StrToJSONOhj ect (AMessage) ;
if not Assigned(JSON) then Exit;
try

const AMessage:

var Updat eType := JSON. Get Val ue<String>('type', '');

if UpdateType = 'netric' then
begi n

var MetricName := JSON. GetVal ue<String>('nane', "'');
var MetricValue := JSON Get Val ue<String>('val ue', '

/1 Update the specific Twig variable

)

HTM_LRender 1. Set Twi gVari abl e(Metri cNane, MetricVal ue);

/1 Re-render the tenplate with updated data

HTMLRender 1. Twi g. LoadFr onti | e(

string);

Extract Fil ePat h(Paranttr(0)) + 'tenpl ates\status-panel.htnm");

end
else if UpdateType = "alert' then
begi n

var AlertMsg := JSON. Get Val ue<String>(' nessage', '');

ShowNot i fication(Al ertMsQg);
end;
finally
JSON. Fr ee;
end;
end) ;
end;

procedure TForml. Render St at usPanel ;
begi n
/1 Set initial values

HTMLRender 1. Set Twi gVari abl e(' cpuUsage', '0');
L} Ol ) ;
HTMLRender 1. Set Twi gVari abl e(' di skUsage', '0');

HTMLRender 1. Set Twi gVari abl e(' menoryUsage' ,

HTM_LRender 1. Set Twi gVari abl e(' activeUsers',

HTMLRender 1. Set Twi gVari abl e(' r equest sPer Sec'

HTM_LRender 1. Twi g. LoadFr onti | e(

6');

Extract Fil ePat h(Paranttr(0)) + 'tenpl ates\status-panel.htnm");

end;
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Status Panel Template

<div style="font-fanmly: Arial, sans-serif; padding: 15px;">
<h2 styl e="color: #2c3e50;">System St at us</ h2>

<div style="display: flex; gap: 15px; flex-wap: wap;">
{% macro netric(label, value, unit, color) %
<div style="flex: 1; mn-w dth: 150px; background: white; padding: 15px;
border-radius: 8px; border-left: 4px solid {{ color }};">
<p style="color: #999; nmargin: 0; font-size: 0.85em">{{ |abel }}</p>
<p style="color: {{ color }}; font-size: 1.8em font-weight: bold; margin: 5px 0;">
{{ value }}{{ unit }}
</ p>
</ di v>
{% endmacro %

{{ metric(' CPU Usage', cpuUsage, '%, '#3498db') }}
{{ metric('Menory', menoryUsage, '%, '#2ecc71') }}
{{ metric('Disk', diskUsage, '%, '#e67e22') }}

{{ metric('Active Users', activeUsers, '', '#9b59b6') }}
{{ metric(' Requests/s', requestsPerSec, '', '#labc9c') }}
</ di v>
</ di v>

9. Complete Example: Product Management Dashboard

This brings every pattern together into a single application.

Architecture

Left Sidebar: HTMLPages navi gation (categories from API)
Mai n Area: StringGid (products filtered by category)
Detai | Panel : HTMLRender + Twi g (product card with inmage)
Edit Form HTMLRender (HTM. form -> POST/ PATCH)

Li ve Updat es: WebSocket (product changes from ot her users)
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Form Components

TTina4REST
TTina4RESTRequest

TTina4RESTRequest

TTinadWebSocketClient

TTina4HTMLPages
TTina4dHTMLRender
TTina4dHTMLRender
TFDMemTable
TFDMemTable

TStringGrid

REST1
RESTCategories
RESTProducts
WebSocketl
HTMLPagesNav
HTMLRenderNav
HTMLRenderDetail
MemTableCategories
MemTableProducts

GridProducts

Base configuration

Fetch categories

Fetch products by category
Live product updates
Sidebar navigation

Sidebar renderer

Product detail / edit form
Categories data

Products data

Product list
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Implementation

unit Dashboar dForm
interface

uses
System SysUtils, System Types, System O asses, System JSON,
FMX. Types, FMX. Controls, FMX Forns, FMX StdCirls, FMX Edit,
FMX. Layouts, FMX. G id, FMX. Gid. Style, FMX Scroll Box,
FMX. Di al ogs,
Fi reDAC. Conp. d i ent,
Dat a. DB,
Ti na4REST, Ti nadRESTRequest, Ti na4HTM_Render, Ti na4HTM.Pages,
Ti nadWebSocket, Ti na4Core;

type
TFor nDashboard = cl ass(TForm

Layout Mai n: TLayout ;
Layout Si debar: TLayout;
Layout Center: TLayout;
Layout Detail : TLayout;
SplitterLeft: TSplitter;
SplitterRight: TSplitter;

REST1: TTi na4REST;

RESTCat egori es: TTi na4RESTRequest ;
RESTPr oduct s: TTi na4RESTRequest ;
WebSocket 1: TTi na4dWebSocket Cl i ent ;

HTMLRender Nav: TTi na4HTM_.Render ;
HTM_LPagesNav: TTi nadHTM.Pages;
HTMLRender Det ai | : TTi nadHTM_Render ;

MenTabl eCat egori es: TFDMenTabl e;
MenTabl ePr oducts: TFDMenTabl e;
GidProducts: TStringGid,;

Label St atus: TLabel ;

procedur e FornCreate(Sender: TCObject);

procedure FornDestroy(Sender: TObject);
private

FCurrent Category: string;

FCurrent Product I D: string;

procedur e Set upREST;
procedur e SetupNavi gati on;
procedure SetupGid;
procedur e SetupWbSocket ;

procedure LoadCategori es;

procedure LoadProducts(const ACategorylD: string);
procedure ShowProduct Det ai | (const AProduct|D: string);
procedure ShowEdit Forn{const AProduct|D: string);

procedure OnWsMessage( Sender: TObj ect; const AMessage: string);
procedure OnWsQpen( Sender: TObj ect);

procedure GidCell dick(const Colum: TColumm; const Row. |nteger);
procedure Handl eFor nSubnit (Sender: TChject,
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const FormNane: string; FornData: TStrings);

procedure Set Status(const AMessage: string);
procedure Popul ateGi d;
public
procedure Sel ect Cat egory(const ACategorylD: string);
procedure EditProduct (const AProductlD: string);
procedur e Del et eProduct (const AProduct|D: string);
end;

var
For nDashboar d: TFor nDashboar d;

i mpl enentati on
{$R *. fnx}

procedur e TFor nDashboar d. For nCr eat e( Sender: TObj ect);
begin

Set UpREST;

Set upNavi gati on;

SetupGi d;

Set upWebSocket ;

LoadCat egori es;
Set St at us(' Ready' ) ;
end;

procedur e TFor nDashboar d. For nDest roy( Sender: TObj ect);
begin
WebSocket 1. Aut oReconnect : = Fal se;
if WebSocket 1. Connected then
WebSocket 1. Di sconnect;
end;

/l ---- REST Setup ----

procedur e TFor nDashboar d. Set upREST;

begin
REST1. BaseUr|l := "https://api.exanple.comvl';
/| RESTL1. Set Bear er (' your -t oken');

RESTCat egori es. Ti na4REST : = RESTL,;

RESTCat egori es. EndPoint := '/categories';
RESTCat egori es. Request Type : = TTi nad4Request Type. Get ;
RESTCat egori es. Dat aKey := 'records';

RESTCat egori es. MenTabl e : = Menilabl eCat egori es;

RESTPr oduct s. Ti na4REST : = RESTL,
RESTPr oduct s. Request Type : = TTi na4Request Type. Get ;

RESTPr oduct s. Dat aKey : = 'records';

RESTPr oduct s. Menirabl e : = MeniTabl ePr oduct s;
end;
/!l ---- Sidebar Navigation ----

procedur e TFor nDashboar d. Set upNavi gati on;
begin
HTMLPagesNav. Renderer := HFM-RepderNav——————
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HTMLPagesNav. Twi gTenpl atePath : = ExtractFi |l ePath(Paranttr(0)) + 'tenpl ates’
HTMLRender Nav. Regi st er Obj ect (' App', Sel f);
end;

procedur e TFor nDashboar d. LoadCat egori es;
begin
Set St atus(' Loadi ng categories...");

RESTCat egori es. OnExecut eDone : = procedure(Sender: TOhject)

begin
TThr ead. Synchroni ze(ni |, procedure
var
HTM.: TStringBuil der;
begin

/1 Build the sidebar navigation fromcategory data

HTML : = TStringBuil der. Create;

try
HTM.. AppendLi ne(' <div style="font-famly: Arial, sans-serif; padding: 10px;">");
HTM.. AppendLi ne(' <h3 styl e="col or: #2c3e50; padding: 0 10px;">Categori es</h3>");

MenTabl eCat egori es. First;

whi | e not Menirabl eCat egori es. Eof do

begin
var Catl D : = Menirabl eCat egori es. Fi el dByNanme('id').AsString;
var Cat Nane : = MeniTabl eCat egori es. Fi el dByNane(' nane' ). AsStri ng;
var IsActive := (CatlD = FCurrent Category);

HTML. AppendFor mat (
"<div onclick="App: Sel ect Category('"'%"'"')" ' +
styl e="paddi ng: 10px 15px; cursor: pointer; border-radius: 4px; ' +
margi n: 2px 5px; background: %; color: %;"> +
%' +
"</ div>',
[ Cat | D,
I f Then(IsActive, '#labc9c', 'transparent'),
| f Then(lsActive, "white', '#333"),
Cat Nane] ) ;

MenTabl eCat egori es. Next ;
end;

HTML. AppendLi ne(' </ div>");
HTMLRender Nav. HTML. Text := HTM.. ToStri ng;
finally
HTM.. Fr ee;
end;

/1 Auto-select first category
if (FCurrentCategory.|sEnpty) and (MeniTabl eCat egori es. RecordCount > 0) then
begin
MenTabl eCat egori es. First;
Sel ect Cat egor y( Menirabl eCat egori es. Fi el dByName('id').AsString);
end;

Set St at us( Format (' Loaded %l categories', [MeniTabl eCategories. RecordCount]));
end) ;
end;

RESTCat egor i es. Execut eRESFCatH-Asyre:
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end;

procedur e TFor nDashboar d. Sel ect Cat egory(const ACategoryl D: string);
begin

FCurrent Category : = ACategoryl D;

LoadPr oduct s( ACat egoryl D) ;

/'l Refresh sidebar to show active state

LoadCat egori es;
end;

/1 ---- Product Gid ----

procedur e TFor nDashboar d. Set upGri d;

begin
Gi dProducts. Col umCount : = 4;
Gri dProducts. Col ums[ 0] . Header : = 'Product’
Gri dProducts. Col ums[0] . Wdth : = 180;
Gri dProducts. Col ums[ 1] . Header := 'Price';
Gri dProducts. Col ums[1] . Wdth : = 80;
Gri dProducts. Col ums[ 2] . Header := ' Stock';
GridProducts. Colums[2]. Wdth : = 60;
Gri dProducts. Col ums[ 3] . Header : = 'Status';

Gri dProducts. Col ums[3].Wdth : = 80;
GidProducts.OnCelldick := GidCell dick;
end;

procedur e TFor nDashboar d. LoadPr oduct s(const ACategoryl D: string);
begin
Set St at us(' Loadi ng products..."');

RESTPr oduct s. EndPoi nt := '/categories/' + ACategorylD + '/products';

RESTPr oduct s. OnExecut eDone : = procedur e(Sender: TCObject)

begin
TThr ead. Synchroni ze(ni |, procedure
begin
Popul at eGri d;
Set St at us( For nat (' Loaded % products', [Menirabl eProducts. RecordCount]));
end) ;
end;

RESTPr oduct s. Execut eRESTCal | Async;
end;

procedur e TFor nDashboar d. Popul at eGri d;

begin
Gri dProducts. RowCount : = MenTabl eProducts. Recor dCount ;
MenmTabl ePr oduct s. Fi rst;
var Row : = 0;

whi | e not Menirabl eProducts. Eof do
begin
GridProducts. Cell s[0, Row|
GridProducts. Cell s[1, Row|

MemTabl ePr oduct s. Fi el dByName(' nane' ). AsStri ng;
'$" + Menirabl eProducts. Fi el dByName(' price').AsString;

var Stock := Menilabl eProducts. Fi el dByNane(' stock'). Asl nt eger;
GridProducts. Cell s[2, Row] := Stock.ToString;

if Stock > 10 then
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GridProducts. Cells[3, Row := 'In Stock'
else if Stock > 0 then

GridProducts. Cells[3, Row := 'Low
el se
GridProducts. Cells[3, Row := 'Qut'

MenmTabl ePr oduct s. Next ;
I nc(Row) ;
end;
end;

procedure TFornDashboard. Gri dCel |l dick(const Columm: TColum; const Row. |[|nteger);
begin

Menirabl eProduct s. Fi rst;

MemTabl ePr oduct s. MoveBy( Row) ;

var Product| D : = Menilabl eProducts. Fi el dByNane('id').AsString;

ShowPr oduct Det ai | (Product1D);
end;

/!l ---- Product Detail ----

procedur e TFor nDashboar d. ShowPr oduct Det ai | (const AProduct| D: string);
var

St at usCode: | nteger;

Response: TJSONObj ect;
begin

FCurrent Product | D : = AProduct | D

Set St at us(' Loadi ng product...");

Response : = REST1. Get (StatusCode, '/products/' + AProductlD);

try
if (StatusCode <> 200) or not Assigned(Response) then
begin
Set Status(' Error | oadi ng product');
Exit;
end;
HTMLRender Det ai | . Set Twi gVari abl e('id', Response. GetValue<String>('id, "'));
HTMLRender Det ai | . Set Twi gVari abl e(' nane', Response. Get Val ue<String>('nane', ''));

HTMLRender Det ai | . Set Twi gVari abl e(' price', Response. GetVal ue<String>('price', '0"));
HTMLRender Det ai | . Set Twi gVari abl e(' description', Response. GetVal ue<String>('description',

HTMLRender Det ai | . Set Twi gVari abl e(' i nageUrl', Response. Get Val ue<String>('imgeUl', '"));
HTMLRender Det ai | . Set Twi gVari abl e(' stock', Response. Get Val ue<String>('stock', '0"));
HTMLRender Det ai | . Set Twi gVari abl e(' category', Response. GetVal ue<String>('category', ''));
HTMLRender Det ai | . Set Twi gVari abl e(' sku', Response. GetVal ue<String>('sku', "'));

HTMLRender Det ai | . Twi g. LoadFr onfi | e(
ExtractFi |l ePat h(Paranttr(0)) + 'tenplates\product-detail.htm"');

Set Status(' Viewing: ' + Response. GetVal ue<String>('name', ''));
finally
Response. Freeg;
end;
end;

/1 ---- Edit Form----

procedur e TFor nDashboar d. Edi t Product (const AProduct|D: string);
begin
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ShowEdi t For n( APr oduct 1 D) ;
end;

procedur e TFor nDashboar d. ShowEdi t For n{ const AProduct|ID: string);
var

St at usCode: | nteger;

Response: TJSONObj ect;

begin
Response : = REST1. Get (StatusCode, '/products/' + AProductlD);
try
if (StatusCode = 200) and Assi gned(Response) then
begin
HTMLRender Det ai | . Set Twi gVari abl e('id', Response.GetValue<String>('id, "'));
HTMLRender Det ai | . Set Twi gVari abl e(' nane', Response. Get Val ue<String>('nane', ''));
HTMLRender Det ai | . Set Twi gVari abl e(' price', Response. GetVal ue<String>('price', '"'));
HTMLRender Det ai | . Set Twi gVari abl e(' description', Response. GetVal ue<String>('description',
HTMLRender Det ai | . Set Twi gVari abl e(' stock', Response. GetVal ue<String>('stock', "'));
HTMLRender Det ai | . Set Twi gVari abl e(' sku', Response. GetVal ue<String>('sku', "'));

HTMLRender Det ai | . Twi g. LoadFr onfi | e(
Extract Fi |l ePat h(Paranttr(0)) + 'tenplates\product-formhtm"');

Set Status('Editing: ' + Response. GetVal ue<String>('name', ''));
end;
finally
Response. Freeg;
end;
end;

procedur e TFor nDashboar d. Handl eFor nSubm t ( Sender: TObj ect;
const FormNane: string; FornData: TStrings);
var
St at usCode: | nteger;
Response: TJSONObj ect;
Body: TJSONObj ect;
begin
if FornNane <> 'productForm then Exit;

var ProductID := FornData.Values['id'];

Body := TJSONObj ect. Creat €;

try
Body. AddPai r (' nane', FornData.Val ues[' name'].Trim;
Body. AddPai r (' price', TJSONNunber. Creat e(StrToFl oat Def (For nDat a. Val ues[ ' price'], 0)));
Body. AddPai r (' descri ption', FornData.Values['description'].Trim;
Body. AddPai r (' stock', TJSONNunber. Creat e(StrTol nt Def (For nDat a. Val ues[' stock'], 0)));
Body. AddPai r (' sku', FornData.Val ues['sku'].Trim;

if ProductlD.|sEnpty then

Response : = RESTI1. Post (StatusCode, '/products', '', Body.ToString)
el se
Response : = REST1. Patch(StatusCode, '/products/' + ProductlD, '', Body.ToString);
finally
Body. Free;
end;
try
if StatusCode in [200, 201] then
begin

Set St at us(' Product saved—);
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LoadPr oduct s( FCurrent Cat egory) ;
i f Assigned(Response) then
ShowPr oduct Det ai | (Response. Get Val ue<String>('id', ProductlD));
end
el se
begin
Set Status(' Save failed');
Showessage(' Coul d not save product');
end;
finally
Response. Freeg;
end;
end;

procedur e TFor nDashboar d. Del et eProduct (const AProduct| D: string);
begin
MessageDl g(' Del ete this product?' , TMsgD gType. nt Confirnmation,
[ TMsgDl gBt n. nbYes, TMsgDl gBtn. nbNo], O,
procedur e(const AResult: TModal Resul t)
var
St at usCode: | nteger;
Response: TJSONObj ect;
begin
if AResult <> nrYes then Exit;

Response : = RESTI1. Del et e( St at usCode, '/products/' + AProductlID);
try
if StatusCode in [200, 204] then
begin
Set St at us(' Product del eted');
LoadPr oduct s( FCurrent Cat egory) ;
HTMLRender Det ai | . HTML. Text : =

'<p styl e="padding: 40px; text-align: center; color: #999;">Sel ect a product</p>';

end;
finally
Response. Free;
end;
end) ;
end;

/'l ---- WebSocket Live Updates ----

procedur e TFor nDashboar d. Set upWebSocket ;
begin
WebSocket 1. URL : = 'wss://api.exanpl e.com ws/ products';
WebSocket 1. Aut oReconnect : = True;
WebSocket 1. Reconnect | nterval := 5000;
WebSocket 1. Pi ngl nterval := 30000;
WebSocket 1. OnQpen : = OnWBOpen;
WebSocket 1. OnMessage : = OnWBMessage;
WebSocket 1. Connect ;
end;

procedur e TFor nDashboar d. OnWsQpen( Sender: Thj ect) ;
begin
TThr ead. Synchroni ze(ni |, procedure
begin
/1 Subscribe to product updates
var Sub := TJSONObj ect . Greate:
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try
Sub. AddPair (' type', 'subscribe');

Sub. AddPai r (' channel ', ' products');
WebSocket 1. Send( Sub. ToStri ng) ;
finally
Sub. Fr ee;
end;
end) ;

end;

procedur e TFor nDashboar d. OnWsMessage( Sender: TObj ect; const AMessage: string);
begin
TThr ead. Synchroni ze(ni |, procedure
var
JSON: TJSONOhj ect ;
begin
JSON : = StrToJSONOhj ect (AMessage) ;
if not Assigned(JSON) then Exit;
try
var MsgType := JSON. Get Val ue<String>('type', '');

if MsgType = 'product _updated' then

begin
var Productl D := JSON. Get Val ue<String>('productld , '');
var Categoryl D := JSON. GetVal ue<String>('categoryld , "");

/!l Refresh the grid if we are viewing the affected category
if CategorylD = FCurrentCategory then
begin
LoadPr oduct s( FCurrent Cat egory) ;
Set St at us(' Product updated by anot her user');
end;

/1 Refresh detail if viewing the affected product
if ProductID = FCurrentProductlD then
ShowPr oduct Det ai | ( Product | D)

end
else if MsgType = 'product_del eted' then
begin
var CategorylD := JSON. GetVal ue<String>('categoryld , '");
if CategorylD = FCurrentCategory then
begin
LoadPr oduct s( FCurrent Cat egory) ;
Set St at us(' Product del eted by anot her user');
end;
end;
finally
JSON. Fr ee;
end;
end) ;
end;
/[l ---- Uilities ----

procedur e TFor nDashboar d. Set St at us(const AMessage: string);
begin

Label Status. Text := Fornat DateTi ne(' hh:nn:ss', Now) + ' ' + AMessage
end;
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end.

Template Files

templates/product-detail.html:

<div style="font-famly: Arial, sans-serif; padding: 20px;">
<div style="display: flex; justify-content: space-between; align-itens: center;">
<h2 style="color: #2c3e50; margin: 0;">{{ nane }}</h2>
<di v>
<button onclick="App: EditProduct (" {{ id }}")"
styl e="background: #3498db; color: white; border: none; padding: 8px 16px;
border-radius: 4px; margin-right: 5px; cursor: pointer;">Edit</button>
<button onclick="App: Del eteProduct (" {{ id }}")"
styl e="background: #e74c3c; color: white; border: none; padding: 8px 16px;
border-radius: 4px; cursor: pointer;">Del ete</button>
</ div>
</ div>

<div style="display: flex; gap: 20px; nmargin-top: 20px;">
{%if imageUrl %

<ing src="{{ imageUrl }}" style="w dth: 250px; height: 250px; object-fit: cover; border-ra

{%else %
<div style="width: 250px; height: 250px; background: #ecfOf1l; border-radius: 8px;
di splay: flex; align-itens: center; justify-content: center; color: #bdc3c7;"
No | mage
</ di v>
{%endif %

<div style="flex: 1;">
<p style="font-size: 1.4em color: #labc9c; font-weight: bold;">
{{ price|format_currency('USD ) }}
</ p>
<table style="wi dth: 100% ">
<tr>
<td styl e="paddi ng: 6px 0; color: #999; w dth: 80px;">SKU</td>
<td styl e="paddi ng: 6px O;">{{ sku|upper }}</td>
</[tr>
<tr>
<td styl e="paddi ng: 6px 0; color: #999;">Cat egory</td>
<td styl e="paddi ng: 6px 0;">{{ category|title }}</td>
</tr>
<tr>
<td styl e="paddi ng: 6px 0; color: #999;">Stock</td>
<td styl e="paddi ng: 6px 0;">
{%if stock > 10 %
<span styl e="col or: #27ae60;">In Stock ({{ stock }})</span>
{%elseif stock > 0 %
<span style="col or: #f39c12;">Low Stock ({{ stock }})</span>
{%else %
<span style="col or: #e74c3c;">Cut of Stock</span>
{%endif %
</td>
</tr>
</t abl e>
</ div>
</ div>

{%if description %
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<div style="margi n-top: 20px; padding: 15px; background: #f9f9f9; border-radius: 4px;">
<h3 style="margin: 0 0 10px; color: #2c3e50;">Descri pti on</h3>
<p>{{ description|nl2br }}</p>

</ di v>
{%endif %
</ di v>

templates/product-form.html:

<div style="font-famly: Arial, sans-serif; padding: 20px;">
<h2 style="color: #2c3e50;">{%if id %9Edit Product{% el se % New Product{% endif 9% </ h2>

<f or m nanme="pr oduct For ni' >
{%if id %<input type="hidden" name="id" value="{{ id }}">{%endif %

<div style="margi n-bottom 12px;">
<l abel style="display: block; color: #666; margin-bottom 4px;">Nane *</| abel >
<i nput type="text" name="nane" val ue="{{ name|default('') }}"
style="w dth: 100% paddi ng: 8px; border: 1px solid #ddd; border-radius: 4px;">
</ div>

<div style="display: flex; gap: 15px; margin-bottom 12px;">
<div style="flex: 1;">
<l abel style="display: block; color: #666; margi n-bottom 4px;">Price *</|abel >
<i nput type="text" name="price" value="{{ price|default('") }}"
style="w dth: 100% paddi ng: 8px; border: 1px solid #ddd; border-radius: 4px;">
</ div>
<div style="flex: 1;">
<l abel style="display: block; color: #666; margi n-bottom 4px;">Stock</I abel >
<i nput type="text" name="stock" value="{{ stock|default('0") }}"
style="w dth: 100% paddi ng: 8px; border: 1px solid #ddd; border-radius: 4px;">
</ div>
<div style="flex: 1;">
<l abel style="display: block; color: #666; margin-bottom 4px;">SKU</I| abel >
<i nput type="text" name="sku" value="{{ sku|default('"') }}"
style="w dth: 100% paddi ng: 8px; border: 1px solid #ddd; border-radius: 4px;">
</ div>
</ div>

<div style="margi n-bottom 15px;">
<l abel style="display: block; color: #666; margi n-bottom 4px;">Description</|abel >
<t ext area name="descri ption” rows="5"
style="wi dth: 100% paddi ng: 8px; border: 1px solid #ddd; border-radius: 4px;">{
</ div>

<div style="display: flex; gap: 10px;">
<button type="submt"
styl e="background: #labc9c; color: white; border: none; padding: 10px 24px;
border-radius: 4px; cursor: pointer;">Save</button>
<button type="button" onclick="App: ShowProductDetail ("{{ id }}"')"
styl e="background: #95a5a6; color: white; border: none; padding: 10px 24px;
border-radius: 4px; cursor: pointer;">Cancel </ button>
</ di v>
</forne
</ div>
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10. Integration with Tina4 Backend

The Delphi components are framework-agnostic -- they work with any REST API. But they are
designed to pair naturally with Tina4 backends.

Tina4 Python Backend

fromtina4_python inport get, post, patch, delete

@et ("/ api/ products")

async def get_products(request, response):
products = DBI.fetch("SELECT * FROM products")
return response(products)

@ost ("/api/ products")

async def create_product(request, response):
product = request. body
DBl .insert("products", product)
return response(product, 201)

Tina4 PHP Backend

\ Ti nad\ Get : : add("/api/ products", function(\Ti na4\ Response $response) ({
return $response((new Product())->select("*")->asArray());

1)

\ Ti na4\ Post :: add("/api/products", function(\Tina4\ Response $response, \Ti na4\ Request $request) {

$product = new Product ( $request - >dat a) ;
$product - >save();
return $response($product, 201);

1
Tina4 Node.js Backend

Rout er. get ("/api/products", async (req, res) => {
const products = await DBI.fetch("SELECT * FROM products");
res.json(products);

1)

Rout er . post ("/api/ products”, async (req, res) => {
const product = await DBI.insert("products", req.body);
res. status(201).json(product);

1)

The Get JSONFr onDB output format matches what Delphi's TTi na4RESTRequest expects. The
Dat aKey of "records" works with the default array key. Field names are automatically
converted between snake_case (database) and canel Case (JSON) on both sides.

Exercise: Monitoring Dashboard
Build a monitoring dashboard that combines all three data sources:

* REST polling -- Fetch server metrics every 30 seconds from / api / nmetrics

* WebSocket alerts -- Receive real-time alerts from wss: / / api . exanpl e. confws/ al erts
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« HTML-rendered status panels -- Display metrics as colored cards, alerts as a scrollable list

Requirements
» Four metric cards: CPU, Memory, Disk, Network (updated via REST polling)
« Alert list: show the last 20 alerts with timestamp, severity, and message
* Color coding: green (< 60%), yellow (60-80%), red (> 80%) for metric values
» Sound or visual flash when a critical alert arrives

* A "Clear Alerts" button
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Solution Outline

procedure TFor nmVoni t or. For nCr eat e( Sender :
begi n
/1 REST polling for netrics
REST1. BaseUr| := "https://api.exanple.conmvl';
Timer Metrics. I nterval := 30000;
Timer Metrics. OnTiner : = FetchMetrics;
Ti mer Metrics. Enabl ed : = True;

TObj ect) ;

/1 \WebSocket for alerts

WebSocket 1. URL : = 'wss://api.exanpl e.comws/alerts';
WebSocket 1. Aut oReconnect : = True;

WebSocket 1. OnMessage : = Handl eAl ert;

WebSocket 1. Connect ;

/1 Initial fetch
FetchMetrics(nil);
end;
procedure TFormnVonitor. FetchMetrics(Sender: TObject);
var
St at usCode: | nteger;
Response: TJSONObj ect ;
begi n
Response : = REST1. Get (StatusCode, '/api/netrics');
try
if (StatusCode = 200) and Assi gned(Response) then
begi n
HTMLRender Met ri cs. Set Twi gVari abl e(' cpu',
Response. Get Val ue<String>('cpu', '0'));
HTMLRender Metri cs. Set Twi gVari abl e(' nenory' ,
Response. Get Val ue<String>(' menory', '0'));
HTMLRender Met ri cs. Set Twi gVari abl e(' di sk',
Response. Get Val ue<String>('disk', '0"));
HTMLRender Metri cs. Set Twi gVari abl e(' network' ,
Response. Get Val ue<String>(' network', '"0'));
HTMLRender Metri cs. Twi g. LoadFr onfFi | e(
ExtractFil ePath(Paranttr(0)) + '"tenplates\netrics.htm"');
end;
finally
Response. Free;
end;
end;
procedure TForm\voni t or. Handl eAl ert (Sender: TCbject; const AMessage:
begi n
TThr ead. Synchroni ze(ni |, procedure
var
JSON: TIJSONObj ect ;
begi n

JSON : = StrToJSONOhj ect (AMessage) ;
if not Assigned(JSON) then Exit;

try
var Severity := JSON. Get Val ue<String>('severity', "info');
var Message : = JSON. Get Val ue<String>(' message', '');

var Ti mest anp

/1 Add to alert list (keep last 20)
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FAlerts.Insert(0, Fornat('%|%]| %', [Ti mestanp, Severity, Message]));
while FAlerts. Count > 20 do

FAl erts. Del ete(FAl erts. Count - 1);
Ref reshAl ert Di spl ay;

/1l Visual flash for critical alerts

if Severity = 'critical' then
begin
HTMLRender Al erts. Set El enent Styl e(' al ert Panel ', 'background-color', '#e74c3c');

/'l Reset after 500ns
TThr ead. Cr eat eAnonynousThr ead( pr ocedur e
begin
Sl eep(500);
TThr ead. Synchroni ze(ni |, procedure
begin
HTMLRender Al erts. Set El enent Styl e(' al ert Panel', 'background-color', "white');
end) ;
end). Start;
end;
finally
JSON. Fr ee;
end;
end) ;
end;

The metrics template uses the same macro pattern from Pattern 7:

{% macro netricCard(l abel, value, unit) %
{% set color = '#27ae60" %
{%if value > 80 %4 {% set color = '#e74c3c' %
{%elseif value > 60 % {% set color = "#f39cl1l2' %B{ % endif %

<div style="flex: 1; background: white; padding: 15px; border-radius: 8px;
border-top: 4px solid {{ color }}; text-align: center;">
<p style="color: #999; margin: 0;">{{ |abel }}</p>
<p style="color: {{ color }}; font-size: 2em font-weight: bold; margin: 5px 0;">
{{ value }}{{ unit }}

</ p>

</ div>

{% endmacro %

<div style="display: flex; gap: 15px; padding: 15px;">
{{ metricCard('CPU, cpu, "'%) }}
{{ metricCard(' Menory', menory, '%) }}
{{ metricCard(' Disk', disk, "%) }}
{{ metricCard(' Network', network, ' Mops') }}
</ div>

This exercise combines everything: REST for periodic data, WebSocket for real-time events, Twig
for templated rendering, and HTML Render for interactive display. It is the distillation of every
pattern in this chapter into a single, practical application.
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Claude Code Integration

Let Al Write Your Delphi

You describe a form. Claude writes the Pascal. It compiles the project. It launches the app. It
clicks a button to test the logic. It sees the result on screen. It fixes a bug in the event handler,
recompiles, and tests again. You never left the terminal.

This is not theoretical. Tina4 Delphi ships with an MCP server that gives Claude Code direct
access to the Free Pascal and Delphi compilers, the ability to generate proper project structures,
and tools to interact with running desktop applications. This chapter shows you how to set it up
and how to use it effectively.

1. What Is MCP

MCP stands for Model Context Protocol. It is an open standard that lets Al assistants like Claude
Code interact with external tools. Instead of just reading and writing files, Claude can call tool
functions -- compile code, run programs, take screenshots, click buttons.

Think of MCP as a plugin system. You install an MCP server. Claude discovers the tools it
provides. When Claude needs to compile your Pascal code, it calls the conpi | e_pascal tool.
When it needs to see the running app, it calls the previ ew screenshot tool. The protocol
handles the communication.

Without MCP, Claude can write Delphi code. With MCP, Claude can write, compile, run, see,
interact with, and debug Delphi code. The difference is the gap between writing a recipe and
cooking the meal.

2. The Pascal MCP Server

The MCP server is in a separate repository at github.com/tina4stack/claude-pascal-mcp. It is a
Python-based server that exposes Pascal/Delphi development tools to any MCP-compatible Al
assistant (Claude Code, Cursor, Copilot, etc.).
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What the Server Provides

conpi | e_pascal Compile a single . pas file or a full Delphi
project (DPR + PAS + DFM)

project_tenpl ate Generate a complete Delphi project structure
with components and event handlers

run_program Compile and execute a program, capture
stdout and stderr

[ aunch_gui Compile and run a VCL/FMX application in
the background

previ ew _screenshot Capture what the running desktop app looks
like via HTTP bridge

click button Enumerate child windows and send click
messages to controls

nove_w ndow Reposition and resize application windows

type_text Enter text into the focused control

send_keys Send keyboard shortcuts (Ctrl+S, Alt+F4,
etc.)

parse_form Read .df m . fnx, or .| fmfiles and return

component structure

detect _conpilers Find Free Pascal, Delphi 7 (dcc32), and RAD
Studio (dcc64) on the system

Installation
The server uses uv, a fast Python package manager. If you do not have uv installed:

# Install uv (macOS/ Li nux)
curl -LsSf https://astral.sh/uv/install.sh | sh

# Install uv (W ndows)
powershell -c "irmhttps://astral.sh/uv/install.psl | iex"

Then install the MCP server dependencies:

cd / path/to/cl aude- pascal - ncp
uv sync

That is it. No virtual environment management, no pip install chains, no requirements.txt conflicts.
uv sync reads the project file and installs everything.
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3. Configuration

Project-Level Configuration

Create a . ntp. | son file in your Delphi project root:

{
"mcpServers”: {
"pascal -dev": {
"comand": "uv",
"args": [
“run",
"--directory"
"/ pat h/ t o/ cl aude- pascal - ncp",
"pascal - ncp"
]
}
}
}

Replace / pat h/to/tina4ddel phi with the actual path where you cloned the tinaddelphi
repository.
Global Configuration

To make the MCP server available in all Claude Code sessions, add it to your global Claude
settings:

cl aude ntp add pascal-dev -- uv run --directory /path/to/claude-pascal -ncp pascal -ntp

Verifying the Setup
Start Claude Code in your project directory and check that the tools are available:

cd /path/to/your/del phi-project
cl aude

Claude will show connected MCP servers on startup. You should see pascal - dev listed. Ask
Claude to detect compilers:

What Pascal / Del phi conpilers are avail able on this nmachine?

Claude calls det ect _conpi | er s and reports what it finds -- Free Pascal, Delphi 7, RAD Studio,
or any combination.

4. Specifying a Compiler

The MCP server auto-detects compilers by scanning common installation paths. On Windows, it
checks:

*C:\FPC\ *\ bi n\ *\ f pc. exe for Free Pascal
«C.\Program Fi |l es (x86)\ Borl and\ Del phi 7\ Bi n\ dcc32. exe for Delphi 7
«C.\Program Fi |l es (x86)\ Enbar cader o\ St udi o\ *\ bi n\ dcc64. exe for RAD Studio

If your compiler is installed in a non-standard focation, tell Claude:
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Conpile my project using the conpiler at D:\Tool s\FPQ\ 3. 2. 2\ bi n\ x86_64-wi n64\ f pc. exe

Claude passes the path directly to the conpi | e_pascal tool. No configuration file needed.

5. Preview Bridge Setup

The preview bridge lets Claude see your running desktop application through its built-in preview
panel. It works by capturing screenshots of the app window and serving them over HTTP.

Create . cl aude/ | aunch. j son in your project root:

{
"version": "0.0.1",
"configurations": [
{
"name": "pascal - preview',
"runti neExecut abl e": "/path/to/claude-pascal -ntp/.venv/ Scri pts/pythonw. exe",
"runti neArgs": ["-nl, "pascal _ntp.preview bridge"],
“port": 18080,
"autoPort": true
}
]
}

On macOS or Linux, use the Python path from the virtual environment:

{
"version": "0.0.1",
"configurations": [
{
"nanme": "pascal - preview',
"runti neExecut abl e": "/path/to/claude-pascal -ntp/.venv/bin/python",
“runtineArgs": ["-nl, "pascal _ntp.preview bridge"],
"port": 18080,
"autoPort": true
}
]
}

When Claude launches a GUI application, it starts the preview bridge automatically. The bridge
captures screenshots of the running app and serves them at http://| ocal host: 18080.
Claude sees these screenshots in its preview panel and can make decisions based on what the
Ul looks like.

6. What Claude Can Do

Compile Single Files

Claude can compile a standalone Pascal program:

/'l hello. pas
program Hel | o;
begin

WitelLn(' Hello fromd aude!'); ) o
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end.
Ask Claude: "Compile and run hello.pas." Claude calls conpi | e_pascal with the file path, then
run_programto execute it. You see the output in the conversation.
Compile Full Delphi Projects

Claude understands the Delphi project structure. Given a . dpr file, it compiles the entire project
with all units, forms, and resources:

/'l MyApp. dpr
program MyApp;

uses
FMX. For ns,
MainUnit in ' MainUnit.pas' {MinForn};

{$R *.res}

begin
Application.lnitialize;
Appl i cati on. Creat eFor n{ TMai nForm Mai nFor m ;
Appl i cation. Run;

end.

Claude resolves unit dependencies, includes form files, and passes the correct compiler flags.

Generate Project Templates

When you ask Claude to create a new application, it uses the proj ect t enpl ate tool to
generate the correct project structure:

Create a new FMX application with a formthat has a TTi na4dHTM_.Render and a TTi na4REST conponent.

Claude generates:

My NewApp/
MyNewApp. dpr -- Project file
MyNewApp. dpr 0j -- IDE project file
Mai nUni t . pas -- Main formunit
Mai nUni t . f mx -- FMK formfile

The generated . f nx form includes the components you requested, correctly parented and
configured. The . pas unit includes the corresponding field declarations and event handler stubs.
Launch GUI Applications

Claude can compile and run GUI applications in the background:

/1 MainUnit. pas
unit MainUnit;

interface

uses
System SysUtils, System C asses, FMX Types, FMX Controls,
FMX. Forns, FMX StdCirls, FMX Layouts;

type
TMai nForm = cl ass(TForn? ) ) o
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Buttonl: TButton;

Label 1: TLabel ;

procedure Buttonld ick(Sender: TOhject);
private

FC i ckCount: I nteger;
end;

var
Mai nForm  TMai nFor m

i mpl enentati on
{$R *. fnx}
procedure TMai nForm Buttonld i ck(Sender: TObject);
begin
Inc(FC i ckCount);

Label 1. Text := "dicked ' + FCickCount.ToString + "' tines';
end;

end.
Claude compiles this, launches the app, and confirms it is running. With the preview bridge active,
Claude can see the window.
Interact with Running Applications
This is where the MCP server earns its keep. Claude does not just launch your app -- it uses it:
Claude, click Buttonl in the running app and tell nme what happens.

Claude calls cl i ck_but t on to find and click the button. It takes a screenshot to see the result. It
reads the label text. It reports back: "The label now shows 'Clicked 1 times'."

Claude can also type into text fields:
Type "adm n@xanpl e.cont’ into the email input field.
And send keyboard shortcuts:

Press CGtrl+S to trigger the save action.

Parse Form Files
Claude can read and understand Delphi form files:

Parse the formfile MainUnit.fnx and tell nme what conponents it contains.
Claude calls par se_f or mand reports the component tree:

TMai nForm ( TFor m)
+-- Panel 1 (TPanel)
| +-- Label 1 (TLabel) - Text: 'Wel conge’
| +-- Buttonl (TButton) - Text: 'dick M’
+-- Ti nadHTM_Render1 ( TTi na4HTM.Render)
+-- Tinad4REST1 (TTi na4REST) - BaseUrl: 'https://api.exanple.com

This lets Claude understand existing projects before modifying them.
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7. Walkthrough: Building a Weather App

Let us walk through a complete vibe coding session. You will ask Claude to build a weather app
from scratch, and Claude will do all the work -- writing code, compiling, running, and testing.

Step 1: Describe What You Want

Build an FMX application that shows the current weather for a city.
Use TTi na4HTMLRender to display the weather data as styled HTM.

Use TTi na4REST to fetch data fromwttr.in (a free weather APl).

Add a text input for the city nanme and a button to fetch the weather.

Step 2: Claude Generates the Project

Claude creates the project structure and writes the code:

/1 \\eat her App. dpr
progr am Weat her App;

uses
FMX. For ns,
Weat her Mai n i n ' Weat her Mai n. pas' {For m\\éat her};

{$R *.res}

begin
Application.lnitialize;
Appl i cati on. Creat eFor n{ TFor m¢at her, For mAéat her);
Appl i cation. Run;

end.

/1 \Weat her Mai n. pas
unit Weat her Mai n;

interface

uses
System SysUtils, System Cl asses, System JSON,
FMX. Types, FMX Controls, FMX Forns, FMX. StdCtrl s,
FMX. Edit, FMX. Layouts,
Ti na4REST, Ti na4dHTM_Render ;

type
TFor MAéat her = cl ass(TForm
Layout Top: TLayout;
EditCity: TEdit;
Butt onFet ch: TButton;
Ti na4REST1: TTi na4REST;
Ti na4HTM_LRender 1: TTi na4HTM_Render ;
procedur e FornCreate(Sender: TCObject);
procedure ButtonFetchC ick(Sender: TObject);
private
procedure ShowMéat her (const City, Condition, TenpC. string);
procedure Showkrror(const Msg: string);
end;

var
For meat her: TFor mAéat her;

i npl ementation ) . .
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{$R *. fnx}

procedur e TFor mAéat her . For nCr eat e( Sender: TOhj ect);

begin
Ti na4REST1. BaseUr|l := "https://wtr.in";
EditCity. Text := 'Cape Town';

Ti na4HTMLRender 1. HTM.. Text : =
"<div style="paddi ng: 20px; font-famly: Arial;"> +
<h2 style="color: #2c3e50;">Enter a city and click Fetch</h2>" +
"</div>';
end;

procedur e TFor mAéat her . ButtonFet chd i ck(Sender: TObject);
var

St at usCode: | nteger;

Response: TJSONObj ect;

Current: TJSONOj ect;

Condi tion, TenpC. string;

begin
if EditCity. Text.TrimIsEnpty then
begin
ShowError (' Pl ease enter a city nane.');
Exit;
end;

Ti na4HTMLRender 1. HTM.. Text : =
"<div styl e="paddi ng: 20px; text-align: center;"> +
<p style="col or: #7f8c8d;">Loadi ng weat her data...</p> +
"</div>';

try
Response : = Ti na4REST1. Get ( St at usCode,
"/' + EditCity. Text. Trim+ '?format=j1');

try
if StatusCode = 200 then
begin
Current := Response. Get Val ue<TJSONObj ect >(' current _condition')

. Get Val ue<TJSONObj ect >(0);
Condi tion := Current. GetVal ue<TISONArr ay>("' weat her Desc')
.Itens[ 0] . Get Val ue<string>('value');
TempC : = Current. Get Val ue<string>('tenp_C);
ShowWéat her (EditCity. Text. Trim Condition, TenpC);
end
el se
ShowError (' City not found. Status: ' + StatusCode. ToString);
finally
Response. Freeg;
end;
except
on E: Exception do
ShowError (' Network error: ' + E. Message);
end;
end;

procedur e TFor mAéat her. Showeat her (const City, Condition, TenpC. string);
begin
Ti na4HTMLRender 1. HTM.. Text : =
"<div styl e="paddi ng: 20px—fent—famty—~Arial—>— +
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<h2 style="color: #2c3e50;">" + City + '</h2> +
<di v styl e="background: #ecfOfl; border-radius: 8px; ' +
paddi ng: 20px; margi n-top: 10px;">" +
<p style="font-size: 48px; nargin: 0; color: #2980b9;">" +
+ TenpC + ' &deg; C</ p>' +
<p style="font-size: 18px; color: #7f8c8d; margi n-top: 8px;">" +
+ Condition + '</p> +
</div>" +
"</div>';
end;

procedur e TFor mAéat her . ShowEr ror (const Msg: string);
begin
Ti na4HTMLRender 1. HTM.. Text : =
"<div style="paddi ng: 20px; font-famly: Arial;"> +
<di v styl e="background: #e74c3c; color: white; ' +
paddi ng: 15px; border-radius: 8px;"> +
<p>' + Msg + '</p> +
</div>" +
"</div>';
end;

end.

Step 3: Claude Compiles and Runs

Claude compiles the project. If there are errors, it reads them, fixes the code, and recompiles.
Once compilation succeeds, it launches the app.

Step 4: Claude Tests the App

Claude types "London" into the city field, clicks Fetch, takes a screenshot, and reports: "The app
shows London at 14 degrees Celsius, Partly Cloudy."

If the label layout is off or the button does not respond, Claude sees the problem, edits the code,
recompiles, and tests again.

Step 5: Iterate

Make the tenperature |arger and add a hunidity reading
Al so add a dropdown with preset cities: Cape Town, London, Tokyo, New York

Claude modifies the code, recompiles, relaunches, and verifies. Each iteration takes seconds.

8. Walkthrough: Modifying an Existing Form

You have an existing project. You want Claude to add features without breaking what works.

Step 1: Let Claude Understand the Project

Read the formfile MainUnit.fnx and the unit MinUnit. pas.
Tell me what the app currently does.

Claude parses both files and gives you a summary: which components exist, what events are
wired, what the app does when you click each button.
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Step 2: Request a Change

Add a new button called ButtonExport that exports the MeniTable data to a CSV file.
Wre up the click event. The file should be saved to the user's Docunents fol der.

Step 3: Claude Modifies the Files

Claude edits the . f mx form to add the button component:

obj ect ButtonExport: TButton
Posi tion. X = 220. 000000000000000000
Position.Y = 10. 000000000000000000
W dth = 120. 000000000000000000
Hei ght = 32. 000000000000000000

Text = 'Export CSV
Ondick = ButtonExportdick
end

Claude edits the . pas unit to add the field declaration and event handler:

procedure TMai nForm Butt onExport d i ck(Sender: TObject);
var
Fi |l eName: string;
SL: TStringList;
I, J: Integer;
begin
Fi | eNane : = TPat h. Conbi ne( TPat h. Get Docunent sPat h, 'export.csv');
SL := TStringList.Create;
try
/1 Header row
var Header :='"';
for 1 := 0 to FDMVenTabl el. Fi el dCount - 1 do
begin
if 1 >0 then Header := Header + ',';
Header := Header + FDMenTabl el. Fields[1].Fi el dNane;
end;
SL. Add( Header) ;

/1 Data rows
FDMenTabl el. Fi r st ;
whi | e not FDMeniTabl el. Eof do

begin
var Row :="";
for J := 0 to FDMVenTabl el. Fi el dCount - 1 do
begin
if J >0 then Row := Row + ',";
Row : = Row + '"' + FDMenTabl el. Fi el ds[J].AsString. Repl ace("'""', """"') + '"'
end;
SL. Add( Row) ;
FDMVenTabl el. Next ;
end;

SL. SaveToFi | e(Fi | eNan®e) ;
ShowMessage(' Exported to ' + Fil eNane);
finally
SL. Free;
end;
end;
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Step 4: Claude Compiles and Tests

Claude compiles the modified project. It launches the app, loads some data, clicks the Export
button, and confirms the CSV file was created.

9. Tips for Effective Al-Assisted Delphi Development

Be Specific About Components
Bad prompt:

Make a formthat shows data.
Good prompt:

Create an FMX formwith TTi na4REST connected to https://api.exanple.com
Add a TTi na4dRESTRequest that fetches /products into an FDMenirabl e.
Display the data in a TTi nadHTM_.Render using a Twig tenpl ate

with a table showi ng nanme, price, and category col ums.

The more specific you are about which Tina4 components to use, the better the generated code.

Reference Existing Code

Look at how Custonmer Form pas uses TTi na4RESTRequest and apply
the same pattern to build a Product Form

Claude reads your existing code and replicates the patterns. Your codebase stays consistent.

Let Claude Fix Its Own Mistakes
When compilation fails, do not fix it yourself. Paste the error or just say:
Fix the conpilation errors.
Claude reads the compiler output, understands the error, and fixes it. This is faster than you doing
it because Claude remembers every line it wrote.
Use the Preview Bridge for Visual Feedback

With the preview bridge running, Claude can verify visual layout:

The stats cards should be in a horizontal row, not stacked vertically.
Fi x the layout.

Claude takes a screenshot, sees the problem, adjusts the HTML/CSS in the TTina4HTMLRender,
recompiles, and checks again.

Keep Your CLAUDE.md Updated

Create a CLAUDE. nd in your project root that describes:

* Which compiler to use
» Where your templates live

* What API endpoints your app connects to
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» Any project-specific conventions

# My Del phi Project

## Buil d

- Conpiler: RAD Studio 12 (dcc64)
- Platform Wn64

- Project file: src/MWApp. dpr

## Conventions

- Al REST endpoints are in DataMdul el

- HTM. tenplates are in the tenplates/ directory
- Use TTi nadHTM_Render for all U rendering

- Use Twig tenplates, not raw HTML strings

Claude reads this file first and follows your conventions from the start.

10. Exercise: Build a Calculator from Scratch

Set up the MCP server and use Claude Code to build a calculator application. Do not write any
code yourself. Use only natural language prompts.
Requirements

* FMX application with a TTina4HTMLRender for the display

« HTML buttons for digits 0-9, operators (+, -, *, /), equals, and clear

* Use oncl i ck RTTI calls from HTML buttons to Pascal methods

 Support chained operations (2 + 3 * 4 should work left-to-right)

« Display the current expression and result

Suggested Prompts
Start with:

Create a new FMX cal cul ator app. Use TTi na4dHTM_Render for the entire Ul .
Render cal cul ator buttons as an HTM. grid. Wre onclick events using
RTTI to call Pascal nethods. Show the current expression at the top.

Then iterate:

The buttons are too small. Make them 60x60 pixels with |arger font.
Add a deci mal point button.
Handl e division by zero gracefully.

Solution

The solution is not code you write. The solution is the conversation with Claude. By the end, you
should have:

» A working calculator app compiled and running
* HTML-rendered buttons that call Pascal methods via RTTI

* Clean separation between the Ul (HTML/CSS) and logic (Pascal)
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« Claude having fixed at least one bug it introduced during development

The exercise is complete when the calculator handles 12.5 + 7.5 =
has verified it by interacting with the running app.

20 correctly and Claude

11. Common MCP Issues

Claude does not see
pascal-dev tools

uv: command not found

Compiler not found

Preview bridge not starting

GUI app launches but Claude
cannot see it

Click tool reports "window not
found"

Compilation fails with missing

.ncp.json not in project
root

uv not installed or not in
PATH

Auto-detect failed

Wrong Python path in
[ aunch. j son

Preview bridge not
configured

App window title changed or
app closed

Search path not configured

the
run

Move .ntp.json to
directory where you
cl aude

Install uv and restart your
terminal

Tell Claude the compiler path
explicitly

Use the . venv Python, not
system Python

Add [ aunch. j son
configuration as shown in
Section 5

Relaunch the app and try
again

Tell Claude which directories

units to include in the search path

Summary

The MCP server bridges the gap between Al code generation and Al code verification. Claude
does not just write Delphi code and hope it works. It compiles, runs, sees, interacts, and iterates.
The feedback loop that used to require a human switching between IDE and terminal now
happens inside a single conversation.

Set up the MCP server once. Use it on every project. The time you invest in the five-minute setup
pays back on the first non-trivial feature Claude builds for you.

The Intelligent Native Application 4ramework



Building a Complete Application

The Admin Dashboard

Picture the screen. A login form rendered in HTML with styled inputs and a submit button. You
type credentials, click Login, and the form posts to an APl endpoint. The bearer token comes
back. The dashboard appears -- stat cards showing user counts and active sessions, a sidebar
menu, a user table with search and pagination. A WebSocket connection pushes live notifications.
A red badge increments on the bell icon.

This chapter builds that application from scratch using every Tina4 Delphi component:
TTina4REST, TTina4RESTRequest, TTinadHTMLRender, TTinadHTMLPages, TTina4Twig,
TTina4JSONAdapter, and TTina4WebSocketClient. By the end, you will have a complete, working
desktop admin dashboard -- and you will have seen how all the pieces from previous chapters fit
together in a real application.

1. What We Are Building

The admin dashboard has four pages:
e Login -- HTML form, POST to API, store bearer token
» Dashboard -- Stat cards with user count, active sessions, recent activity
» Users -- List, search, create, edit, delete users via REST
« Settings -- Application configuration form

Plus cross-cutting concerns:

e Authentication -- Bearer token stored in TTina4REST, checked on every page
* WebSocket notifications -- Live updates pushed from the server

* Error handling -- Network errors, expired tokens, validation failures

2. Project Setup

Create a new FMX application in Delphi. Name the project Adnmi nDashboar d.
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File Structure
Adm nDashboar d/

Admi nDashboar d. dpr -- Project file

Mai nUni t . pas -- Main formwith all conponents

Mai nUni t . f nx -- FMX formdefinition

tenpl at es/
| ogi n. ht m -- Login page tenplate
dashboard. ht m -- Dashboard page tenpl ate
users. htm -- Users list tenplate
user-detail . htm -- User detail/edit tenplate
settings. htnl -- Settings page tenplate
I ayout . htm -- Shared | ayout with sidebar

The Main Form

Drop these components on the form:

TTi na4REST REST Base URL and authentication
TTi na4RESTRequest RESTUser s Fetch user list

TTi na4RESTRequest RESTSt at s Fetch dashboard stats
TFDMenirabl e Mermser s Store user data

TFDMenirabl e Mentt at s Store stats data

TTi na4dHTM_Render Render er Display HTML content

TTi na4dHTM_Pages Pages Page navigation

TDat aSour ce DSUser s Bridge MemTable to

data-aware controls

Project File

/1 Adm nDashboar d. dpr
progr am Adni nDashboar d;

uses
FMX. For ns,
MainUnit in ' MainUnit.pas' {Formvain};

{$R *.res}

begi n
Application.lnitialize;
Appl i cati on. Creat eFor n{ TFor m\Vai n, For mMVai n) ;
Appl i cation. Run;

end.
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3. Main Unit -- Declarations
unit MinUnit;
interface

uses
System SysUtils, System C asses, System JSON, System | OUtils,
System Generics. Col | ecti ons, System Threading,
FMX. Types, FMX. Controls, FMX Forns, FMX StdCirls, FMX Layouts,
FMX. Di al ogs,
Fi reDAC. Stan.Intf, FireDAC. Stan. Option, FireDAC. Stan. Param
FireDAC. Stan. Error, FireDAC. DatS, FireDAC. Phys.Intf,
Fi reDAC. DApt . I ntf, FireDAC. Conp. Dat aSet, FireDAC. Conp.Cient,
Dat a. DB,
Ti na4REST, Ti na4RESTRequest, Ti na4HTM_Render, Ti na4HTM.Pages,
Ti na4Twi g, Ti na4JSONAdapt er, Ti na4Core;

type

TFormvai n = cl ass(TForm
REST: TTi na4REST,;
RESTUsers: TTi na4RESTRequest ;
RESTSt at s: TTi na4RESTRequest ;
MemUser s: TFDMenirabl e;
Mentt at s: TFDMenirabl e;
Renderer: TTi na4HTM.Render ;
Pages: TTi na4dHTM_Pages;
DSUsers: TDat aSour ce;
procedur e FornCreat e(Sender: TCObject);

private
FBear er Token: string;
FCurrent Userl d: string;
FSearchFilter: string;
FCurrent Page: | nteger;
FPageSi ze: | nteger;
FNoti ficationCount: |nteger;

{ Authentication }

procedure DoLogi n(const Usernane, Password: string);
procedure DolLogout;

function | sAuthenticated: Bool ean;

{ Page setup }

procedur e SetupPages;
procedur e Set upLogi nPage;
procedur e Set upDashboar dPage;
procedur e SetupUsersPage;
procedure SetupSettingsPage;

{ REST operations }

procedure FetchStats;

procedure FetchUsers;

procedure CreateUser(const Name, Emmil, Role: string);
procedure Updat eUser(const Id, Nanme, Enmil, Role: string);
procedure Del eteUser(const 1d: string);

{ Event handlers for HTM }
procedur e Handl eLogi n(const FornData: string);
procedur e Handl eSearch(const Query: string);
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procedur e Handl ePageChange(const Page: string);
procedur e Handl eEdi t User (const Userld: string);
procedur e Handl eDel et eUser (const Userld: string);
procedur e Handl eSaveUser (const FornData: string);
procedur e Handl eSaveSettings(const FornData: string);

{ U helpers }

procedure ShowNotification(const Msg: string; |IsError: Bool ean

procedur e RefreshCurrent Page;

function Buil dUser Tabl eHTM.: string;

function Buil dStatsHTM.: string;

functi on ParseFornData(const Raw. string): TStringList;
public

{ RTTI-callable nethods for HTM. onclick }

procedure Navi gateTo(const PageNane: string);

procedure OnLogi nSubm t (const Usernane, Password: string);

procedure OnSearchSubm t (const Query: string);

procedure OnEditdick(const Userld: string);

procedure OnDel eted ick(const Userld: string);

procedure OnPaged ick(const Page: string);
end;

var
For m\vhai n: TFor nVai n;

i mpl enentati on

{$R *. fnx}
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4. Initialization

procedur e TFor mVai n. For nCr eat e( Sender :

begi n
FCurrent Page : = 1;
FPageSi ze : = 10;

FNoti ficationCount := 0;

FSearchFilter :="'";

{ REST configuration }
REST. BaseUr| : =

{ Users request }

TObj ect) ;

"https://api.exanpl e.comvl';

RESTUser s. Ti na4REST : = REST;

RESTUser s. EndPoint := '/users';

RESTUser s. Request Type : = TTi nadRequest Type. Get ;
RESTUser s. Dat aKey : = 'records';

RESTUser s. MeniTabl e : = MemJsers;

RESTUser s. SyncMbde : = TTi na4dRest SyncMode. C ear ;

{ Stats request }

RESTSt at s. Ti na4REST : = REST;

RESTSt at s. EndPoint := '/stats';

RESTSt at s. Request Type : = TTi nadRequest Type. Get ;
RESTSt at s. Dat aKey : = 'stats';

RESTSt at s. MeniTabl e : = Menft at s;

{ HTML renderer }

Render er. CacheEnabl ed : = True;

Render er. CacheDi r

Render er . Regi st er Obj ect (' App',

{ Pages }
Pages. Renderer : =

Pages. Twi gTenpl at ePat h :

Set upPages;

{ Page navi gation guard

Pages. OnBef or eNavi gate :
ToPage:

const
begi n

Fr omPage,

if (ToPage <> 'login') and (not

begi n

Al l ow : = Fal se;

1= TPat h. Conbi ne( TPat h. Get Docunent sPat h,

}

Sel f):

Render er;

TPat h. Conbi ne(Ext ract Fi | ePat h(Paranttr (0)),

procedur e( Sender: TObj ect;
string; var Allow Bool ean)

I sAut henti cat ed) then

Pages. Navi gat eTo(' |l ogin');

end;
end;
end;
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5. Authentication

function TFor mMvai n. | sAut henti cat ed: Bool ean;
begi n

Result := not FBearerToken.|sEnpty;
end;

procedur e TFor mvai n. DoLogi n(const User nanme, Password: string);
var

St at usCode: | nteger;

Response: TJSONObj ect ;

Body: string;
begi n

Body := Format('{"usernane": "%", "password": "%"}',

[ User nane, Password]);

Response : = REST. Post (StatusCode, '/auth/login', '', Body);
try
if StatusCode = 200 then
begi n
FBear er Token : = Response. Get Val ue<string>('token');

REST. Set Bear er ( FBear er Token) ;

{ Navigate to dashboard }
Pages. Navi gat eTo(' dashboard');
Fet chSt at s;

Fet chUsers;
end
el se
begi n
var Msg := 'Login failed."';
i f Assigned(Response) then
Msg : = Response. Get Val ue<string>(' message', 'Invalid credentials.");
ShowNot i fication(Msg, True);
end;
finally
Response. Free;
end;
end;

procedure TFor mvai n. DoLogout ;
begi n

FBear er Token := "'";

REST. Set Bearer('"');

Pages. Navi gateTo('login');
end;

{ RTTI-callable fromHTM. onclick }
procedur e TFor mMai n. OnLogi nSubmi t (const Usernane, Password: string);
begi n
DoLogi n(User nane, Password);
end;
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6. Page Definitions

procedur e TFor m\ai n. Set upPages;
begi n

Set upLogi nPage;

Set upDashboar dPage

Set upUser sPage;

Set upSet ti ngsPage;
end;

procedur e TFor m\ai n. Set upLogi nPage

var
Page: TTi na4Page

begi n
Page : = Pages. Pages. Add;
Page. PageNane : = 'login';

Page. | sDefault := True
Page. HTM_Cont ent . Text : =
"<div style="nmax-w dth: 400px; margin: 80px auto;
font-famly: Arial, sans-serif;">" +
' <hl style="text-align: center; color: #2c3e50;">Adnm n Dashboard</h1>" +
<di v styl e="background: white; padding: 30px; border-radius: 8px; ' +
' box-shadow. 0 2px 10px rgba(0,0,0,0.1);">" +
<div style="margi n-bottom 15px;">" +

'+

' <l abel style="display: block; margin-bottom 5px; ' +

' col or: #555; font-size: 14px;">Usernane</|abel > +

' <i nput type="text" id="loginUser" ' +

' style="w dth: 100% paddi ng: 10px; border: 1px solid #ddd; ' +
' border-radius: 4px; font-size: 14px;" ' +

' pl acehol der ="Ent er usernane">' +

' </div> +

<div style="margi n-bottom 20px;">" +
<l abel style="display: block; margin-bottom 5px; ' +
col or: #555; font-size: 14px;">Password</| abel > +
<i nput type="password" id="loginPass" ' +
style="wi dth: 100% paddi ng: 10px; border: 1px solid #ddd; ' +
border-radius: 4px; font-size: 14px;" ' +
pl acehol der ="Ent er password">' +
' </div> +
' <button onclick="App: OnLogi nSubmi t (' +
docurnent . get El ement Byl d(' ' | ogi nUser'').value, ' +
docunent . get El ement Byl d(' ' | ogi nPass'').value)" ' +
' style="w dth: 100% paddi ng: 12px; background: #3498db; ' +
color: white; border: none; border-radius: 4px; ' +
font-size: 16px; cursor: pointer;">Login</button> +
<div id="loginError" style="display: none; margin-top: 15px; ' +
paddi ng: 10px; background: #e74c3c; color: white; ' +
border-radius: 4px;"></div> +
'o</div>' o+
"</ div>'
end;

The login page uses HTML inputs rendered by TTinadHTMLRender. The button's oncl i ck calls
App: OnLogi nSubmi t(...) which resolves via RTTI to the TFor mvai n. OnLogi nSubm t
method. The parameters are extracted from the input fields using docunent . get El enrent Byl d.

The Intelligent Native Application 4ramework



7. Dashboard Page with Stats

procedur e TFor mvai n. Set upDashboar dPage;

var
Page: TTi na4Page;

begi n
Page : = Pages. Pages. Add;
Page. PageNane : = 'dashboard';

{ Content is set dynamcally after stats load }
Page. HTM_Cont ent . Text : =
'<div style="paddi ng: 20px; font-famly: Arial;"> +
<p>Loadi ng dashboard...</p>" +
"</ div>';
end;

function TFor mMVai n. Bui | dSt at sHTM.: string;
var

User Count, ActiveSessions, Revenue, OrderCount: string;
begi n

User Count :="'0";

ActiveSessions :='0";

Revenue : = '$0';

O derCount :="'0";

if Menftats. Active and (Menttats. RecordCount > 0) then
begi n
Mentt ats. First;
User Count := Menftats. Fi el dByNanme(' user_count').AsString;

ActiveSessions := Menttats. Fi el dByNane(' active_sessions').AsString;

Revenue :='$' + MenfBtats. Fiel dByNane('revenue').AsString;
OrderCount := Menttats. Fi el dByNanme(' order_count').AsString;
end;
Result : =

<div style="font-fam ly: Arial; padding: 20px;">" +

{ Navigation bar }

' border-bottom 2px solid #ecfOf1;"> +

' <hl style="margin: 0; color: #2c3e50;">Dashboar d</ h1>'

' <di v>' +

<span oncl i ck="App: Navi gat eTo(' ' dashboard'"')" "' +
style="margin-right: 15px; color: #3498db; ' +

' <span onclick="App: Navi gateTo(' 'users'')" ' +
' styl e="margin-right: 15px; color: #7f8c8d; cursor:
' <span onclick="App: NavigateTo('"settings'")" ' +

style="margin-right: 15px; color: #7f8c8d; cursor:
<span oncl i ck="App: DoLogout" ' +

' </div> +
Yo</div>' o+

{ Stat cards row }

<div style="flex: 1; background: #3498db; color: white;
paddi ng: 20px; border-radius: 8px;">" +
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<div style="display: flex; justify-content: space-between;
align-itens: center; margin-bottom 30px; padding-bottom 15px; ' +

'+

+

cursor: pointer; font-weight: bold;">Dashboard</span>" +

poi nter; ">Users</span>'" +

pointer; ">Settings</span>'

styl e="col or: #e74c3c; cursor: pointer;">Logout</span>' +

<div style="display: flex; gap: 20px; margin-bottom 30px;">" +

"+

+



<p style="font-size: 14px; nmargin: 0; opacity: 0.8;">Total Users</p>' +
<p style="font-size: 36px; nmargin: 5px 0 0 O; font-weight: bold;"> +
User Count + '</p>" +
</div>" +

<div style="flex: 1; background: #2ecc71; color: white; ' +
paddi ng: 20px; border-radius: 8px;"> +
<p style="font-size: 14px; margin: 0; opacity: 0.8;">Active Sessions</p>'
<p style="font-size: 36px; nargin: 5px 0 0 O; font-weight: bold;"> +
ActiveSessions + '</p> +
</div>" +

<div style="flex: 1; background: #9b59b6; color: white; ' +
paddi ng: 20px; border-radius: 8px;"> +
<p style="font-size: 14px; nargin: 0; opacity: O0.8;">Revenue</p>" +
<p style="font-size: 36px; nmargin: 5px 0 0 O; font-weight: bold;"> +
Revenue + '</p>" +
</div>" +

<div style="flex: 1; background: #e67e22; color: white; ' +
paddi ng: 20px; border-radius: 8px;"> +
<p style="font-size: 14px; nargin: 0; opacity: 0.8;">Oders</p> +
<p style="font-size: 36px; nargin: 5px 0 0 O; font-weight: bold;"> +
O der Count + '</p>" +
</div>" +

</div>" +
{ Notification area }
<div id="notificationArea" style="display: none; ' +

paddi ng: 10px; border-radius: 4px; nargin-bottom 20px;"></div>" +

"</div>'
end;

procedure TFormvai n. FetchSt ats

begin
RESTSt at s. OnExecut eDone : = procedure(Sender: TObject)
begin
TThr ead. Synchroni ze(ni |, procedure
begin

var Page : = Pages. Pages. Fi ndPage(' dashboard');
i f Assigned(Page) then
begin
Page. HTML.Cont ent . Text : = Buil dSt at sHTM;
if Pages. ActivePage = 'dashboard' then
Pages. Navi gat eTo(' dashboard');
end;
end) ;
end;
RESTSt at s. Execut eRESTCal | Async;
end;

The dashboard fetches stats asynchronously. When the REST call completes, it rebuilds the
HTML and refreshes the page. The stat cards use colored backgrounds with large numbers -- a
common dashboard pattern.
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8. Users Page -- CRUD Operations

procedure T
var
Page: TTi
begi n
Page : = P
Page. Page
Page. HTML

<p>L

"</ div>'

end;

function TF

For mvai n. Set upUser sPage;
na4Page,;
ages. Pages. Add;

Name : = 'users';
Cont ent . Text :=

<di v styl e="paddi ng: 20px; font-famly: Arial;"> +

oadi ng users...</p> +

or mvai n. Bui | dUser Tabl eHTM.: stri ng;

10px; " >Edi t </ span>'

var
Rows: string;
RowCl ass: string;
I: | nteger;
begi n
Rows :="";
if MenlUsers. Active then
begi n
Menmsers. First;
I = 0;
whi |l e not Menlsers. Eof do
begi n
if 1 nmod 2 =0 then
RowCl ass : = 'background: #f9fof9;"’
el se
RowCl ass : = 'background: white;";
Rows := Rows +
"<tr style="' + RowClass + '">' +
' <td style="paddi ng: 10px; border-bottom 1px solid #eee;">' +
Menlsers. Fi el dByName('id").AsString + '</td>" +
' <td style="paddi ng: 10px; border-bottom 1px solid #eee;">' +
Menlsers. Fi el dByName(' nane' ). AsString + '</td> +
' <td style="paddi ng: 10px; border-bottom 1px solid #eee;">' +
Menlsers. Fi el dByName(' email').AsString + ' </td>'
' <td style="paddi ng: 10px; border-bottom 1px solid #eee;">' +
Menlsers. Fi el dByName('role').AsString + '</td> +
' <td style="paddi ng: 10px; border-bottom 1px solid #eee;">' +
' <span onclick="App: OnEditdick('"'" +
MemUsers. Fi el dByNane('id').AsString + "'"')" ' +
' style="col or: #3498db; cursor: pointer; margin-right:
' <span onclick="App: OnDel eted ick('"" +
MemUsers. Fi el dByNane('id').AsString + "'"')" ' +
' styl e="col or: #e74c3c; cursor: pointer;">Del ete</span>' +
! </td>' +
"</tr>'
MenmUser s. Next ;
Inc(l);
end;
end;
if Rows.|sEnpty then
Rows : = '<tr><td col span="5" style="paddi ng: 20px; text-align:
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"color: #999;">No users found.</td></tr>';

Result : =
"<div style="font-famly: Arial; padding: 20px;"> +

{ Navigation }
<div style="display: flex; justify-content: space-between; ' +
align-itens: center; margin-bottom 30px; paddi ng-bottom 15px;
border-bottom 2px solid #ecfOf1;"> +
<hl style="margin: 0; color: #2c3e50;">Users</hl> +
<di v>' +
<span oncl i ck="App: Navi gat eTo(' ' dashboard'"')" ' +

style="margin-right: 15px; color: #7f8c8d; cursor: pointer;">Dashboard</span>

<span onclick="App: Navi gateTo("' 'users'')" ' +
style="margin-right: 15px; color: #3498db; ' +
cursor: pointer; font-weight: bold;">Users</span> +

<span oncl i ck="App: Navi gateTo(''settings'')" ' +

style="nmargin-right: 15px; color: #7f8c8d; cursor: pointer;">Settings</span>'

<span oncl i ck="App: DoLogout" ' +
styl e="col or: #e74c3c; cursor: pointer;">Logout</span>' +
</div>" +
</div>" +

{ Search bar }
<div style="display: flex; gap: 10px; margi n-bottom 20px;">" +

<i nput type="text" id="searchlnput" placehol der="Search users..."

style="flex: 1; padding: 10px; border: 1px solid #ddd; ' +
border-radius: 4px; font-size: 14px;" ' +
val ue=""' + FSearchFilter + '">' +
<button onclick="App: OnSearchSubm t (' +
docunent . get El ement Byl d(' ' searchlnput'').value)" ' +
styl e="paddi ng: 10px 20px; background: #3498db; color: white;

border: none; border-radius: 4px; cursor: pointer;">Search</button>

<button onclick="App: Navi gateTo(' ' user-create'')" ' +
styl e="paddi ng: 10px 20px; background: #2ecc71; color: white;

border: none; border-radius: 4px; cursor: pointer;">+ New User</button>

</div> +

{ User table }
<table style="wi dth: 100% border-collapse: collapse;"> +
<t head>' +
<tr styl e="background: #2c3e50; color: white;">" +
<th style="paddi ng: 12px; text-align: left;">ID</th> +
<th styl e="padding: 12px; text-align: left;">Nane</th>" +
<th styl e="paddi ng: 12px; text-align: left;">Emil</th> +
<th styl e="padding: 12px; text-align: left;">Role</th> +
<th styl e="padding: 12px; text-align: left;">Actions</th>
</[tr> +
</thead>" +
<tbody>'" + Rows + '</tbody>' +
</table>" +

{ Pagination }
<div style="nmargin-top: 20px; text-align: center;"> +

<span oncli ck="App: OnPaged ick(''' + (FCurrentPage - 1).ToString + '"'

styl e="paddi ng: 8px 16px; nmargin: 0 5px; background: #ecfOf1;
border-radius: 4px; cursor: pointer;">Previous</span> +

<span styl e="paddi ng: 8px 16px; margin: 0 5px; background: #3498db;
color: white; border—radius—4px—>Page——+ FCurrent Page. ToString + '

The Intelligent Native Application 4ramework

+

+

+



' <span onclick="App: OnPaged ick(''' + (FCurrentPage + 1).ToString + """')" '
' styl e="paddi ng: 8px 16px; nmargin: 0 5px; background: #ecfOf1;

' border-radius: 4px; cursor: pointer;">Next</span> +
Yo</div>' o+

"</div>'
end;

procedur e TFor mvai n. Fet chUsers;
var
QueryParans: string;
begin
QueryParans := Fornmat (' page=%d& i mt=%"', [FCurrentPage, FPageSize]);
if not FSearchFilter.|sEnpty then
QueryParans := QueryParans + '&search=" + FSearchFilter;

RESTUser s. EndPoint := '/users';
RESTUser s. Quer yParans : = QueryPar ans;
RESTUser s. OnExecut eDone : = procedure(Sender: TObject)
begin
TThr ead. Synchroni ze(ni |, procedure
begin
var Page := Pages. Pages. Fi ndPage(' users');
i f Assigned(Page) then
begin
Page. HTM_.Cont ent . Text : = Bui | dUser Tabl eHTM;
if Pages. ActivePage = 'users' then
Pages. Navi gat eTo(' users');
end;
end) ;
end;
RESTUser s. Execut eRESTCal | Async;
end;

Creating a User

procedur e TFormvai n. Creat eUser (const Name, Email, Role: string);
var
St at usCode: | nteger;

Body: string;
Response: TJSONObj ect ;
begin
Body := Format (' {"name": "9%", "email": "9%", "role": "%"}",

[ Nane, Email, Role]);

Response : = REST. Post (St atusCode, '/users', '', Body);
try
if StatusCode in [200, 201] then
begin
ShowNot i fication(' User created successfully.');
Fet chUser s;
Pages. Navi gat eTo(' users');
end
el se
ShowNot i fication(' Failed to create user.', True);
finally
Response. Free;
end;
end;
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Updating a User

procedur e TFor m\ai n. Updat eUser (const |d, Name, Email, Role: string);
var

St at usCode: | nteger;

Body: string;

Response: TJSONObj ect ;
begi n

Body := Format('{"nanme": "9%", "email": "%", "role": "9%"}"',

[ Nane, Emil, Role]);

Response : = REST. Patch(StatusCode, '/users/' + 1d, "', Body);
try
if StatusCode = 200 then
begi n
ShowNot i fication(' User updated successfully."');
Fet chUsers;
Pages. Navi gat eTo(' users');
end
el se
ShowNot i fication(' Failed to update user.', True);
finally
Response. Free;
end;
end;

Deleting a User

procedure TFor mVai n. Del et eUser (const | d: string);
var
St at usCode: | nteger;
Response: TJSONObj ect;
begin
Response : = REST. Del et e(StatusCode, '/users/' + Id, '"");
try
if StatusCode in [200, 204] then

begin
ShowNot i fication('User deleted.');
Fet chUsers;
end
el se
ShowNot i fication('Failed to delete user.', True);
finally
Response. Freeg;
end;

end;
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9. Settings Page

procedur e TFor m\ai n. Set upSet ti ngsPage

var
Page: TTi na4Page

begi n
Page : = Pages. Pages. Add;
Page. PageNane : = 'settings';

Page. HTM_Cont ent . Text : =
"<div style="font-famly: Arial; padding: 20px;">" +

{ Navigation }
<div style="display: flex; justify-content: space-between; ' +
align-itens: center; margin-bottom 30px; padding-bottom 15px; ' +
' border-bottom 2px solid #ecfOf1;"> +
<hl style="margin: 0; color: #2c3e50;">Settings</hl>" +
' <di v>' +
<span oncl i ck="App: Navi gat eTo(' ' dashboard'"')" "' +
style="margin-right: 15px; color: #7f8c8d; cursor: pointer;">Dashboard</span> +

' <span onclick="App: Navi gateTo(' ' users'')" ' +
' style="margin-right: 15px; color: #7f8c8d; cursor: pointer;">Users</span> +
' <span onclick="App: Navi gateTo(' 'settings'')" ' +

style="margin-right: 15px; color: #3498db; ' +

cursor: pointer; font-weight: bold;">Settings</span>" +
<span oncl i ck="App: DoLogout" ' +

styl e="col or: #e74c3c; cursor: pointer;">Logout</span>' +
' </div> +
'o</div>' o+

{ Settings form}
<div styl e="nmax-w dth: 600px;">" +
<div style="margi n-bottom 15px;">" +
<l abel style="display: block; nmargin-bottom 5px; color: #555;">App Nane</| abel >' +
<input type="text" id="settAppNanme" val ue="Admi n Dashboard" ' +
style="wi dth: 100% paddi ng: 10px; border: 1px solid #ddd; ' +
border-radius: 4px;">" +
' </div> +
<div style="margi n-bottom 15px;">" +
<l abel style="display: block; margin-bottom 5px; color: #555;">API URL</|abel > +
<i nput type="text" id="settApiUl" value="https://api.exanple.comvl" ' +
style="wi dth: 100% paddi ng: 10px; border: 1px solid #ddd; ' +
border-radius: 4px;">" +
' </div> +
<div style="margi n-bottom 15px;">" +
<l abel style="display: block; margin-bottom 5px; color: #555;">" +
Itens Per Page</|abel > +
<sel ect id="settPageSi ze" style="width: 100% padding: 10px; ' +
border: 1px solid #ddd; border-radius: 4px;"> +
<option val ue="10">10</option>" +
<option val ue="25">25</option>" +
<option val ue="50">50</option>" +
</select> +
' </div> +
<div style="nmargi n-bottom 20px;">" +
<l abel style="display: block; margin-bottom 5px; color: #555;">" +
' Enabl e Notifications</I|abel > +
<i nput type="checkbox" id="settNotify" checked ' +
style="margin-right: 8px;"> +
<span style="col or: #555;">Receive real-tine notifications</span>' +
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</div>" +
<button onclick="App: Handl eSaveSettings(' +

docunent . get El ement Byl d(''settApi Url"'"').value)" ' +
styl e="paddi ng: 12px 30px; background: #3498db; color: white; ' +
border: none; border-radius: 4px; font-size: 16px; ' +
cursor: pointer;">Save Settings</button>' +
</div>" +
"</div>';

end;

procedur e TFor mvai n. Handl eSaveSetti ngs(const FornData: string);

begin
REST. BaseUr|l := FornData; // The APl URL passed fromthe form
ShowNot i fication('Settings saved.');

end;

10. RTTI Event Handlers

These methods are called from HTML oncl i ck attributes via the RTTI mechanism. They bridge
the HTML Ul to the Pascal logic.

procedur e TFormvai n. Navi gat eTo( const PageNane: string);

begin
if not IsAuthenticated and (PageNane <> 'login') then
begin
Pages. Navi gateTo('login');
Exit;
end;

Pages. Navi gat eTo( PageNane) ;

{ Refresh data when entering certain pages }
if PageNane = 'dashboard' then
FetchStats
el se if PageName = 'users' then
Fet chUser s;
end;

procedur e TFor mvai n. OnSear chSubmi t (const Query: string);
begin

FSearchFilter := Query;

FCurrent Page : = 1,

Fet chUser s;
end;

procedure TFormvai n. OnEdit Cl i ck(const Userld: string);
var

Page: TTi na4Page;
begin

FCurrentUserld : = Userld;

{ Find the user in MeniTable }

if MemUsers. Locate('id , Userld) then

begin
Page : = Pages. Pages. Fi ndPage(' user-edit');
if not Assigned(Page) then
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begin
Page : = Pages. Pages. Add;
Page. PageNane : = 'user-edit';
end;

Page. HTM_Cont ent . Text : =
"<div style="font-famly: Arial; padding: 20px; max-w dth: 600px;">" +
<h2 style="color: #2c3e50;">Edit User</h2> +
<div style="nmargin-bottom 15px;"> +
<| abel style="display: block; margin-bottom 5px;">Nane</|abel > +
<i nput type="text" id="editNane" ' +
val ue=""' + MenlJsers. Fi el dByNane(' nane').AsString + '" ' +
style="wi dth: 100% paddi ng: 10px; border: 1px solid #ddd; ' +
border-radius: 4px;"> +
</div>" +
<div style="nmargin-bottom 15px;"> +
<l abel style="display: block; margin-bottom 5px;">Enail</|abel>" +
<i nput type="text" id="editEmail" ' +
val ue=""' + MenlJsers. Fi el dByNane(' email"').AsString + """ ' +
style="w dth: 100% paddi ng: 10px; border: 1px solid #ddd; ' +
border-radius: 4px;"> +
</div>" +
<div style="nmargin-bottom 20px;"> +
<| abel style="display: block; margin-bottom 5px;">Role</|abel> +
<sel ect id="editRole" style="width: 100% padding: 10px; ' +
border: 1px solid #ddd; border-radius: 4px;"> +
<option val ue="user">User </ option> +
<option val ue="adm n">Adn n</opti on>" +
<option val ue="editor">Edi tor</option> +
</select>" +

</div>" +
<button onclick="App: Handl eSaveUser (' +
docunent . get El ement Byl d(' ' edi t Nane'').value)" ' +
styl e="paddi ng: 10px 20px; background: #3498db; color: white; ' +
border: none; border-radius: 4px; cursor: pointer; ' +
mar gi n-ri ght: 10px;">Save</button>'" +
<button onclick="App: Navi gateTo(' 'users'')" ' +

styl e="paddi ng: 10px 20px; background: #95a5a6; color: white; ' +
border: none; border-radius: 4px; cursor: pointer;">Cancel </ button>
"</div>';

Pages. Navi gat eTo(' user-edit');
end;
end;

procedure TFormvai n. OnDel et eC i ck(const Userld: string);
begin
{ I'n areal app, show a confirnation dialog first }
Del et eUser (User 1 d);
end;

procedur e TFor mvai n. OnPaged i ck(const Page: string);
var
NewPage: | nteger;
begin
NewPage : = StrTol nt Def (Page, 1);
if NewPage < 1 then NewPage := 1
FCurrent Page : = NewPage
Fet chUser s;
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end;

procedur e TFor mvai n. Handl eSaveUser (const FornData: string);

begin
{ FornData contains the nane; in a real app, read all fields }
var Name : = Renderer. Get El enent Val ue(' edi t Nanme') ;
var Email := Renderer. GetEl ementVal ue(' editEnail");

var Role := Renderer. GetEl enent Val ue(' editRol e');

if FCurrentUserld.|sEnpty then
Creat eUser (Nane, Enmmil, Role)
el se
Updat eUser (FCurrent Userl d, Nane, Enmil, Role);
end;

11. Notifications

procedure TFor mVai n. ShowNot i fi cati on(const Msg: string; |sError: Bool ean);
var
BgCol or: string;

begi n
if IsError then
BgCol or : = '#e74c3c’
el se
BgCol or : = '#2ecc71';

{ Update the notification area on the current page }

Renderer. Set El enment Vi si bl e(' notificationArea', True);

Renderer. Set El enent Styl e(' notificationArea', 'background-color', BgColor);
Renderer. Set El ement Styl e(' notificationArea', 'color', '"white');

Render er. Set El ement Text (' notificati onArea', MsgQ);

{ Auto-hide after 3 seconds }
TTask. Run( procedure
begi n
Sl eep(3000) ;
TThr ead. Synchroni ze(ni |, procedure
begi n
Renderer. Set El ement Vi si bl e(' notificationArea', Fal se);
end) ;
end) ;
end;

The notification uses DOM manipulation to show and hide a div. No page rebuild needed. The
Set El enent Vi si bl e, SetEl ementStyl e, and Set El enent Text methods update the
rendered HTML in place. A background task hides it after three seconds.

12. WebSocket Notifications

Add a WebSocket connection for real-time updates. If your API supports WebSocket, add this to
For nCr eat e:

procedur e TFor mvai n. Set up\WehSocket ;
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begin
{ WebSocket for real-tine notifications }
{ Note: TTi na4dWebSocketCient is a separate conponent }
FWebSocket : = TTi na4dWebSocketClient. Create(Sel f);
FWebSocket. URL : = 'wss://api.exanpl e.coniws/notifications';

FWebSocket . OnMessage : = procedure(Sender: TObject; const Msg: string)
begin
TThr ead. Synchroni ze(ni |, procedure
var
JSON: TJSONOhj ect ;
begin
JSON : = StrToJSONObj ect (MsQ) ;
try
if Assigned(JSON) then
begin
Inc(FNotificationCount);
var NotifText := JSON. Get Val ue<string>('nessage', 'New notification');
ShowNot i fication(NotifText);

{ If on dashboard, refresh stats }
if Pages. ActivePage = 'dashboard' then
Fet chSt at s;
end;
finally
JSON. Fr ee;
end;
end) ;
end;

FWebSocket . OnDi sconnect : = procedure(Sender: TObject)
begin
TThr ead. Synchroni ze(ni |, procedure
begin
ShowNot i fi cation(' Connection | ost. Reconnecting...', True);
end) ;
end;

FWebSocket . Aut oReconnect : = True;
FWebSocket . Reconnect I nterval := 5000;
end;

After successful login, connect the WebSocket:

procedur e TFor mvai n. DoLogi n(const User name, Password: string);
begin
{ ... existing login code ... }

if StatusCode = 200 then

begin
FBear er Token : = Response. Get Val ue<string>('token');
REST. Set Bear er ( FBear er Token) ;

{ Connect WebSocket after auth }
FWebSocket . Header s. Val ues[' Aut hori zation'] := 'Bearer ' + FBearerToken;
FWebSocket . Connect ;

Pages. Navi gat eTo(' dashboard');
FetchSt ats;
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Fet chUsers;
end;
end;

13. Error Handling

Every REST call in this application handles errors. Here is the complete error handling pattern
used throughout:

procedur e TFor mvai n. Saf eRESTCal | (const Met hod: string; const EndPoint: string;
const Body: string; OnSuccess: TProc<TJSONObj ect>);
var
St at usCode: | nteger;
Response: TJSONObj ect ;
begin
try
case Met hod. ToUpper. Chars[0] of
"G : Response := REST. Get (StatusCode, EndPoint, '');

'"P': Response := REST. Post (StatusCode, EndPoint, '', Body);
"A': Response := REST. Pat ch(St at usCode, EndPoint, '', Body);
"D : Response := REST. Del et e(StatusCode, EndPoint, '');

el se
Response : = REST. Get ( St at usCode, EndPoint, '');

end;

try

case StatusCode of
200, 201, 204:
begin
if Assigned(OnSuccess) then
OnSuccess(Response) ;
end;
401:
begin
ShowNot i fi cation(' Session expired. Please log in again.', True);
DoLogout ;
end;
403:
ShowNot i fication(' You do not have permission for this action.', True);
404:
ShowNot i fi cation(' The requested resource was not found.', True);
422:
begin
var Msg := 'Validation error.";
if Assigned(Response) then
Msg : = Response. Get Val ue<string>(' nessage', MsQ);
ShowNot i fi cati on(Msg, True);
end;
el se
ShowNot i fication(' Server error: ' + StatusCode. ToString, True);
end;
finally
Response. Free;
end;
except
on E: ENet HTTPO i ent Excepti on do
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ShowNot i fication('Network error: Could not reach server.', True);
on E: Exception do
ShowNot i fication(' Unexpected error: ' + E. Message, True);
end;
end;

Usage:

procedur e TFormvai n. Fet chSt at sWt hSaf eCal | ;
begin
Saf eRESTCal | (* GET', '/stats', '', procedure(Response: TJSONODbj ect)
begin
Popul at eMenTabl eFr omJSON( MenfSt at s, 'stats', Response. ToString);
var Page := Pages. Pages. Fi ndPage(' dashboard');
if Assigned(Page) then
Page. HTMLCont ent . Text : = Buil dSt at SHTM;
end) ;
end;

14. Using Twig Templates Instead of String Concatenation

The inline HTML strings above work but become unwieldy. For production applications, use Twig
template files. Here is the dashboard page as a Twig template:

{# tenpl at es/ dashboard. ht ml #}
{% extends 'layout.htm' %

{% bl ock title 9% Dashboar d{ % endbl ock %

{% bl ock content %
<div style="display: flex; gap: 20px; margin-bottom 30px;">
{%for stat in stats %
<div style="flex: 1; background: {{ stat.color }}; color: white;
paddi ng: 20px; border-radius: 8px;">
<p style="font-size: 14px; margin: 0; opacity: 0.8;">{{ stat.l|abel }}</p>
<p style="font-size: 36px; margin: 5px 0 0 0; font-weight: bold;">
{{ stat.value }}
</ p>
</ di v>
{% endf or %
</ di v>

<div id="notificationArea" style="display: none;

paddi ng: 10px; border-radius: 4px; nmargin-bottom 20px;">
</ di v>
{% endbl ock %

{# tenpl ates/ | ayout. htm #}
<div style="font-famly: Arial; padding: 20px;">
<div style="display: flex; justify-content: space-between;
align-itens: center; margi n-bottom 30px; paddi ng-bottom 15px;
border-bottom 2px solid #ecfOf1l;">
<hl style="margin: 0; color: #2c3e50;">{% bl ock title % {% endbl ock % </hl>
<di v>
<span oncl i ck="App: Navi gat eTo(' dashboard' )"

style="margi n-right: 15px; color: #7f8c8d; cursor: pointer;">Dashboard</span>

<span onclick="App: Nawv-gateFo{—users r—F——
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style="margi n-right: 15px; color: #7f8c8d; cursor: pointer;">Users</span>
<span oncl i ck="App: Navi gat eTo(' settings')"
style="margi n-right: 15px; color: #7f8c8d; cursor: pointer;">Settings</span>
<span oncl i ck="App: DoLogout "
styl e="col or: #e74c3c; cursor: pointer;">Logout</span>
</ di v>
</ di v>
{% bl ock content 9% {% endbl ock %
</ di v>

Use Twig pages in your TTina4HTMLPages:

procedur e TFor mvai n. Set upDashboar dPageW t hTwi g;
var

Page: TTi nad4Page
begin

Page : = Pages. Pages. Add;

Page. PageNane : = 'dashboard’

Page. Twi gCont ent . LoadFr onFi | e(

TPat h. Conbi ne( Pages. Twi gTenpl at ePat h, ' dashboard. htm '));

end;

procedure TFormvai n. Fet chStat sWthTwi g;

begin
RESTSt at s. OnExecut eDone : = procedur e(Sender: TCObject)
begin
TThr ead. Synchroni ze(ni |, procedure
begin

{ Set Twi g variables from MeniTabl e data }
Pages. Set Twi gVari abl e(' stats',
o+
"{"label ": "Total Users", "value": "' +
Mentt at s. Fi el dByNanme(' user_count').AsString +
"", "color": "#3498db"},"' +

"“{"label ": "Active Sessions", "value": "' +
Mentt at s. Fi el dByNane(' active_sessions').AsString +
‘", "color": "#2ecc7l1l"},"' +

"{"l abel": "Revenue", "value": "$ +

MenSt at s. Fi el dByNanme(' revenue'). AsString +
"", "color": "#9b59b6"},"' +
"{"label ": "Orders", "value": "' +
Mentt at s. Fi el dByNane(' order_count').AsString +
", "color": "#e67e22"}' +

1)

if Pages. ActivePage = 'dashboard' then
Pages. Navi gat eTo(' dashboard');
end) ;
end;
RESTSt at s. Execut eRESTCal | Async;
end;

15. Project Organization

For a production application, organize your project like this:

Adm nDashboar d/
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Adm nDashboar d. dpr
Adm nDashboar d. dpr oj

src/
Mai nUni t . pas -- Main form page setup, navigation
Mai nUni t . f nx -- FMK formwith all conponents
Dat aMbdul e. pas -- REST conponents, MeniTabl es
Dat aModul e. df m -- DataModul e design file
Aut h. pas -- Authentication logic
User Oper ati ons. pas -- User CRUD operations

tenpl at es/
| ayout . ht ni -- Shared | ayout with navigation
I ogi n. htm -- Login page
dashboard. ht m -- Dashboard with stat cards
users. htn -- User list with table
user-edit. htm -- User edit form
settings. htnl -- Settings form

ssl/
|'i beay32.dl | -- 32-bit SSL (for |DE)
ssl eay32. dl |
l'i bcrypto-3-x64.dl1 -- 64-bit SSL (for conpiled app)
|'i bssl -3-x64.dl |

Move REST components to a data module so the main form stays focused on Ul:

/| Dat aMbdul e. pas
uni t Dat aMbdul e;

interface

uses
System SysUtils, System C asses,
Fi reDAC. Conp. Cl i ent, Data. DB,
Ti na4REST, Ti na4RESTRequest ;

type
TDM = cl ass( TDat aModul e)
REST: TTi na4REST,;
RESTUsers: TTi na4RESTRequest ;
RESTSt at s: TTi na4RESTRequest ;
MenmJsers: TFDMenTabl e;
MentSt at s: TFDMenTabl e;
DSUser s: TDat aSour ce;
procedur e Dat aMbdul eCr eat e( Sender: TObj ect);
private
FToken: string;
public
procedure Set Token(const AToken: string);
property Token: string read FToken;
end;

var
DM TDM

i mpl ementati on
{$R *. df n}

procedure TDM Dat aModul eCr eat e( Sender: TCbj ect);
begin
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REST. BaseUr|l := '"https://api.exanple.conmvl';
RESTUser s. Ti na4REST : = REST;

RESTUser s. EndPoi nt := '/users';

RESTUser s. Dat aKey : = 'records';

RESTUser s. MeniTabl e : = MemJsers;

RESTSt at s. Ti na4REST : = REST;

RESTSt at s. EndPoint := '/stats';

RESTSt at s. Dat aKey : = 'stats';

RESTSt at s. MeniTabl e : = Menft at s;

DSUsers. Dat aSet : = MenilJsers;
end;

procedure TDM Set Token(const AToken: string);
begin

FToken : = AToken;

REST. Set Bear er ( AToken) ;
end;

end.

Summary
This chapter built a complete admin dashboard using:

* TTina4REST for API authentication and HTTP calls

» TTina4RESTRequest for declarative data fetching into MemTables
e TTinadHTMLRender for rendering the entire Ul as styled HTML

* TTinadHTMLPages for SPA-style page navigation

» Twig templates for maintainable, dynamic HTML

* RTTI onclick for bridging HTML events to Pascal methods

» WebSocket for real-time notifications

* DOM manipulation for in-place Ul updates without full re-renders

The data flows in one direction: API response goes into a MemTable, MemTable data is rendered
into HTML, user actions in HTML call Pascal methods via RTTI, and those methods make API
calls that restart the cycle. This unidirectional flow makes the application predictable and
debuggable.

Every pattern shown here -- authentication guards, async data loading, error handling, notification
toasts -- is reusable in any Tina4 Delphi application. The admin dashboard is not just an example.
It is a template for how to build desktop applications that talk to REST APIs.
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Design Patterns & Best Practices

What We Learned the Hard Way

You call REST. Get and forget to free the response. The app leaks memory. You parse JSON in
the main thread and the Ul freezes for two seconds. You hardcode the API key in the source and
push it to GitHub. You rebuild the entire HTML page when only one label needs updating.

Every pattern in this chapter was discovered through real-world mistakes. Every best practice
exists because someone did it the wrong way first. This is the chapter you read before you ship --
and the chapter you return to when something breaks and you cannot figure out why.

1. Memory Management

Delphi does not have a garbage collector. Every object you create must be freed. The Tina4
components create TJSONObj ect instances that you own. If you do not free them, the memory
leaks silently until the application crashes.

The try/finally Pattern
Every TISONObj ect returned by TTi na4REST must be freed:

/1 WRONG -- |eaks nenory if an exception occurs between Get and Free
var Response := REST. Get (StatusCode, '/users');

Showessage( Response. ToSt ri ng) ;

Response. Free;

/1 RIGHT -- guaranteed cl eanup
var Response := REST. Get (StatusCode, '/users');

try

Showessage( Response. ToSt ri ng) ;
finally

Response. Free;
end;

This applies to every REST method: Get, Post, Patch, Put, Del ete. They all return a
TJSONObj ect that you own.

Parsing JSON Safely

St r ToJSONObj ect returns ni | on failure. Always check:

/1 WRONG -- access violation if JSON is nal fornmed

var Obj := StrToJSONObj ect (SoneString);
ShowMessage( Obj . Get Val ue<string>(' nane'));
oj . Free;

/!l RIGHT -- nil check before use
var Obj := StrToJSONObj ect (SoneString);
try
if Assigned(Obj) then
ShowMessage( Obj . Get Val ue<string>(' nane'))
el se
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Showvessage(' Invalid JSON );

finally
oj.Free; // Free is safe to call on nil
end;

Component Ownership

Components dropped on a form at design time are owned by the form. The form frees them
automatically. Components created at runtime need explicit ownership:

/1 Owmed by Self (the fornm) -- freed automatically

var Adapter := TTi na4dJSONAdapter. Create(Sel f);
Adapt er. MenTabl e : = FDMeniTabl el;

/1 No owner -- you nust free it yourself
var Twig := TTinadTwi g. Create(nil);
try

Twi g. Render (' tenplate. htnl ', Variabl es);
finally

Twi g. Free;
end;

Rule of thumb: if the component lives for the form's lifetime, pass Sel f as owner. If it is
temporary, pass ni | and use try/finally.

MemTable Lifecycle

TFDMeniTabl e does not connect to a database, so it does not need explicit cleanup of
connections. But be aware of when data is valid:

/1 WRONG -- MenTabl e mi ght not be active
Showessage( MenlJser s. Fi el dByNane(' nane' ). AsString);

/'l RIGHT -- check Active and RecordCount

if MenmJsers. Active and (Memsers. RecordCount > 0) then
Showessage( MenlJser s. Fi el dByNane(' nane' ). AsStri ng)

el se
Showessage(' No data | oaded');

2. Async Patterns

The Problem with Synchronous Calls

Execut eRESTCal | blocks the main thread. The Ul freezes until the response arrives. On a slow
network, the user sees a frozen window and thinks the app crashed.

/1 WRONG -- blocks U thread

RESTUser s. Execut eRESTCal | ; // 2-second freeze
Updat eUl ;
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The Async Solution

/1 RIGHT -- non-bl ocki ng
RESTUser s. OnExecut eDone : = procedure(Sender: TObject)
begi n

TThr ead. Synchroni ze(ni |, procedure

begi n

Updat eUl ;

end) ;
end;
RESTUser s. Execut eRESTCal | Async;

Execut eRESTCal | Async runs the HTTP call on a background thread. When it completes,
OnExecut eDone fires. But OnExecut eDone fires on the background thread, not the main
thread. You must use TThr ead. Synchr oni ze to update Ul controls.

Loading Indicators
Show a loading state while the async call runs:

procedur e TFor mvai n. Fet chUser sAsync;

begin
{ Show | oadi ng }
Render er. Set El enent Text (' user Tabl eBody', 'Loading...');
Render er. Set El enent Vi si bl e(' | oadi ngSpi nner', True);

RESTUser s. OnExecut eDone : = procedure(Sender: TObject)
begin
TThr ead. Synchroni ze(ni |, procedure
begin
{ Hide | oading, show data }
Render er. Set El enent Vi si bl e(' | oadi ngSpi nner', Fal se);
Ref reshUser Tabl e;
end) ;
end;
RESTUser s. Execut eRESTCal | Async;
end;

Multiple Concurrent Requests
When you need data from multiple endpoints simultaneously:

procedur e TFor mvai n. LoadDashboar d;

var

St at sLoaded, UserslLoaded: Bool ean;
begin

St at sLoaded : = Fal se;

User sLoaded : = Fal se;

Render er. HTM.. Text : =
"<div styl e="padding: 20px;">" +
<p id="|oadStatus">Loadi ng dashboard data...</p> +
<fdiv>'

RESTSt at s. OnExecut eDone : = procedure(Sender: TObject)
begin
TThr ead. Synchroni ze(ni |, procedure
begin
St at sLoaded : = True;
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if StatslLoaded and UserslLoaded then
Render Ful | Dashboar d;
end) ;
end;

RESTUser s. OnExecut eDone : = procedure(Sender: TObject)

begin
TThr ead. Synchroni ze(ni |, procedure
begin
User sLoaded : = True;

if StatslLoaded and UserslLoaded then
Render Ful | Dashboar d;
end) ;
end;

RESTSt at s. Execut eRESTCal | Async;
RESTUser s. Execut eRESTCal | Async;
end;

Both requests fire simultaneously. The dashboard renders when both complete. This is faster than
sequential calls.

Cancellation and Timeouts

The underlying HTTP client supports timeouts. Set them on the TTina4REST component:

REST. Ti neout := 10000; // 10 seconds

RESTUser s. OnExecut eDone : = procedure(Sender: TObject)
begi n
TThr ead. Synchroni ze(ni |, procedure
begi n
if RESTUsers. Last StatusCode = 0 then
ShowNot i fication(' Request timed out.', True)
el se
Ref r eshUser Tabl e;
end) ;
end;
RESTUser s. Execut eRESTCal | Async;

3. Error Handling Patterns

Status Code Checking

Every REST response has a status code. Check it before using the data:

procedure TFor mVai n. Handl eResponse( St at usCode: | nteger; Response: TJSONObj ect);
begin
case StatusCode of
200:
ProcessDat a( Response) ;
201:
ShowNot i fication(' Created successfully."');
204:
ShowNot i fication(' Del eted successfully."');
400:
ShowNot i fi cation(' Bad Tequest: check your input.', True);
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401:
begin
ShowNot i fication(' Session expired. Please log in again.', True);
DoLogout ;
end;
403:
ShowNot i fication(' Access denied.', True);
404:
ShowNot i fication(' Resource not found.', True);
422:
begin
{ Extract validation errors fromresponse }
i f Assigned(Response) then

begin
var Errors := Response. Get Val ue<TISONArray>('errors');
if Assigned(Errors) then
begin
var Msg :="";
for var I := 0 to Errors.Count - 1 do

Msg := Msg + Errors.ltens[l]. GetVal ue<string>('nmessage') + #13#10;
ShowNot i fication(Msg. Trim True);
end;
end
el se
ShowNot i fication('Validation failed.', True);
end;
500. . 599:
ShowNot i fication(' Server error. Please try again later.', True);
el se
ShowNot i fication(' Unexpected response: ' + StatusCode. ToString, True);
end;
end;

JSON Parse Failure

Never assume JSON parsing will succeed:

/1 WRONG -- crashes on mal forned JSON
var Users := Response. Get Val ue<TIJSONArray>('records');
for var I := 0 to Users.Count - 1 do

ProcessUser (Users.Itens[l] as TJSONObj ect);

/1 RIGHT -- defensive parsing

var UsersVal ue : = Response. Fi ndVal ue(' records');
if (UsersValue <> nil) and (UsersValue is TISONArray) then
begin

var Users := UsersValue as TJSONArray;

for var I := 0 to Users.Count - 1 do

begin

if Users.Itenms[l] is TIJSONCbject then
ProcessUser (Users.ltens[l] as TJSONObj ect);
end;
end
el se
ShowNot i fi cation(' Unexpected response format.', True);

Network Error Handling

Wrap REST calls in exception handlers:
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procedur e TFor mvai n. Saf eFet ch(const EndPoi nt: string; OnDone: TProc<TJSONObj ect >);
var

St at usCode: | nteger;

Response: TJSONObj ect;

begin
try
Response : = REST. Get (St atusCode, EndPoint, '');
try
if StatusCode = 200 then
OnDone( Response)
el se
Handl eResponse( St at usCode, Response);
finally
Response. Freeg;
end;
except
on E: ENet HTTPC i ent Excepti on do
begin

if E. Message. Contains('SSL') then
ShowNot i fication('SSL error: check your SSL DLL configuration.', True)
else i f E. Message. Contains(' Tineout') then
ShowNot i fi cation(' Request timed out. Check your network.', True)
el se
ShowNot i fication('Network error: ' + E Message, True);
end;
on E: Exception do
ShowNot i fication('Error: ' + E. Message, True);
end;
end;

User-Friendly Error Messages in HTML

Display errors in the HTML renderer instead of using ShowMessage dialogs:

procedur e TFor mMVai n. ShowEr ror (const Msg: string);
begin
Render er. Set El ement Vi si bl e(' errorBanner', True);
Render er. Set El ement Text (' errorBanner', MsQ);

Render er. Set El ement Styl e(' errorBanner', 'background-color', '#e74c3c');
Render er. Set El ement Styl e(' errorBanner', 'color', "white');

Render er. Set El ement Styl e(' errorBanner', 'padding', '12px');

Render er. Set El ement Styl e(' errorBanner', 'border-radius', '4px');

TTask. Run( pr ocedure

begin
Sl eep(5000) ;
TThr ead. Synchroni ze(ni |, procedure
begin

Render er. Set El ement Vi si bl e(' errorBanner', Fal se);

end) ;

end) ;

end;
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4. Design-Time vs Runtime

What to Configure in Object Inspector

Set these properties at design time -- they rarely change:

TTi na4dREST BaseUr | The APl base URL is fixed
per deployment

TTi na4RESTRequest Ti na4REST Links never change at
runtime

TTi na4RESTRequest Dat aKey JSON key is defined by the
API

TTi na4RESTRequest MenTrabl e Target MemTable is fixed

TTi na4HTM_Pages Render er Renderer link is permanent

TTi nadHTM_Render CacheEnabl ed Caching policy is global

What to Configure in Code
Set these at runtime -- they depend on user actions or environment:

/1 Auth tokens change on | ogin
REST. Set Bear er ( Token) ;

/1 Endpoi nts change based on cont ext
RESTUsers. EndPoint := '/users/' + Userld + '/orders';

/1 Query parans change w th search/pagi nation
RESTUser s. QueryPar ans : = ' page=2&sear ch=adm n';

/1 HTML content changes with data
Render er. HTM.. Text : = Buil dDynam cHTM;

/1 Twi g variabl es change per render
Pages. Set Twi gVari abl e(' user Nane', Current User. Nane);

When to Create Components Dynamically

Create components at runtime when:

« The number of instances depends on data (e.g., one TTina4dRESTRequest per API entity)
» The component is temporary (e.g., a one-time report renderer)
e You need a pool of workers

functi on TFor mMVai n. Cr eat eRESTRequest (const EndPoi nt, DataKey: string;
AMenTabl e: TFDMeniTabl e): TTi na4RESTRequest ;
begi n
Result : = TTi na4RESTRequest . Create(Sel f);
Resul t. Ti na4REST : = REST;
Resul t. EndPoi nt : = EndPoi nt;
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Resul
Resul
Resul
Resul
end;

/1 Usag
var Req

try

t. Dat aKey : = Dat aKey;

t. Menirabl e : = AMenTabl e;

t. Request Type : = TTi nad4Request Type. Get ;
t.SyncMode : = TTi na4Rest SyncMode. d ear;

e
Orders

.= Creat eRESTRequest (' /orders', 'records', MenOrders);

ReqOr der s. Execut eRESTCal | ;
/1 process MenOrders

finally

ReqOr der s. Free;

end;

5. Data Flow Patterns

Unidirectional: APl to MemTable to Ul

The most common pattern. Data flows in one direction:

APl Response --> Popul at eMenirabl eFromJSON --> Menirabl e --> HTM. Render

procedur e TFor mVai n. LoadPr oduct s;

begin
RESTPr oduct s. OnExecut eDone : = procedure(Sender: Tbject)
begin
TThread. Synchroni ze(ni |, procedure
begin

{ MenTabl e is popul ated automatically by RESTRequest }
{ Now render it }
Render Pr oduct Tabl e;

end
end;

);

RESTPr oduct s. Execut eRESTCal | Async;

end;

procedur e TFor mVai n. Render Pr oduct Tabl e;

var
HTML:

begin
HTML

whi | e
begin

string;

.= '"<table>;
MenPr oduct s. Fi rst;
not MenProducts. Eof do

HTML : = HTM. +
"<tr> 4+

<t d>'
<t d>'

"</tr>'
MenPr oduct s. Next ;

end;
HTML

= HTML

+ MenProducts. Fi el dByNane(' nane' ). AsString + '</td>
+ MenProducts. Fi el dByNane(' price').AsString + '</td>

+ '"</table>;

Render er. HTM.. Text := HTM;

end;
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Bidirectional: Ul to APl to MemTable to Ul

User fills a form, submits it, the API processes it, the response refreshes the data:

HTML Form --> onclick/ OnFornSubmt --> POST to APl --> Refresh Menilfabl e --> Re-render

procedur e TFor mvai n. Handl eFor nSubni t (Sender: TObj ect;
const FormNane: string; FornData: TStrings);
var
St at usCode: | nteger;
Body: TJSONObj ect;
Response: TJSONObj ect;

begi n
if FormNane = 'product Form then
begi n
Body : = TJSONObj ect. Creat €;
try

Body. AddPai r (' nane', FornData. Val ues[' nane']);
Body. AddPai r (' price', FornData.Values['price']);

Response : = REST. Post (St atusCode, '/products', '', Body.ToString);
try

if StatusCode = 201 then

begi n

{ Refresh the list to include the new product }
RESTPr oduct s. Execut eRESTCal | ;
Render Pr oduct Tabl e;
ShowNot i fication(' Product created.');
end
el se
ShowError(' Failed to create product.');
finally
Response. Fr eeg;
end;
finally
Body. Fr ee;
end;
end;
end;

Event-Driven: WebSocket to Ul
Real-time updates bypass the request/response cycle:

WebSocket Message --> Parse JSON --> Update MenTable or U directly

FWebSocket . OnMessage : = procedure(Sender: TObject; const Msg: string)

begi n
TThr ead. Synchroni ze(ni |, procedure
var
JSON: TJSONObj ect ;
begin
JSON : = StrToJSONObj ect (MsQ) ;
try
if Assigned(JSON) then
begi n
var Event Type := JSON. Get Val ue<string>('type', '');
if Event Type = 'user.created' then
begi n
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{ Add to MenTabl e without full refresh }
MemUser s. Append;
MemUsers. Fi el dByNane('id').AsString : =
JSON. Get Val ue<string>('data.id");
MemUser s. Fi el dByNane(' nane' ). AsString : =
JSON. Get Val ue<string>('data. nane');

Menmser s. Post ;
Render User Tabl e;

end

else if EventType = 'stats.updated' then

begin
{ Refresh stats }
Fet chSt at s;

end;

end;
finally
JSON. Fr ee;
end;
end) ;
end;

6. Performance

MemTable SyncMode for Incremental Updates

When polling an API for updates, use Sync mode instead of Cl ear :

/1 WRONG for polling -- clears and rebuilds the entire table
RESTUser s. SyncMbde : = TTi na4Rest SyncMode. C ear ;

/1l RIGHT for polling -- updates existing rows, adds new ones
RESTUser s. SynchMbde : = TTi na4Rest SyncMbde. Sync;
RESTUser s. | ndexFi el dNanes := "id';

In Sync mode, the MemTable matches rows by | ndexFi el dNanes. Existing rows are updated
in place. New rows are inserted. Bound controls (grids, lists) update smoothly without flickering.
Minimizing HTML Re-renders

Do not rebuild the entire HTML when only one element changes:

/1 VWWRONG -- rebuilds entire page, resets scroll position, flickers
Render er. HTM.. Text : = Bui |l dFul | PageHTM;

/1 RIGHT -- update just the elenent that changed

Render er. Set El enent Text (' user Count', NewCount. ToString);

Renderer. Set El enent Styl e(' statusbDot', 'background-color', '#2ecc71");
Render er . Set El enent Vi si bl e(' | oadi ngSpi nner', Fal se);

Use Set El enent Text, Set El enent Styl e, Set El enent Vi si bl e, and Set El enent Val ue
for surgical updates. Full re-renders should only happen when the page structure changes.

Image Caching

Enable disk-based caching for images loaded in TTinadHTMLRender:

Render er. CacheEnabl ed : = True;
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Render er. CacheDi r := TPat h. Conbi ne( TPat h. Get Docunent sPath, ' MyAppCache');

Without caching, every page render re-downloads all images. With caching, images are loaded
from disk after the first download. This makes page transitions near-instant.

Lazy Loading with Pagination
Do not load all records at once. Use pagination:

procedure TFor mVai n. Fet chPage( APage: | nteger);
begi n
RESTUser s. QueryParans : = Fornmat (' page=%& i m t=20", [APage]);
RESTUser s. OnExecut eDone : = procedure(Sender: TObject)
begi n
TThr ead. Synchroni ze(ni |, procedure
begi n
Render User Tabl e;
Render Pagi nati onCont r ol s( APage) ;
end) ;
end;
RESTUser s. Execut eRESTCal | Async;
end;

Twenty records per page. The user clicks Next to load more. The API does the heavy lifting.

7. Security

Never Hardcode Credentials

/1 WRONG -- credentials in source code
REST. Usernane := '"admn';
REST. Password := ' P@&sword123';

/!l RIGHT -- read fromconfig file or environnment
var Config := TIniFile.Create(TPath. Combi ne(
TPat h. Get Docunent sPat h, ' nyapp.ini'));
try
REST. BaseUr| := Config.ReadString('API', 'BaseUl', "");
/1 Do not store credentials in config either
/1 Use login flow with bearer tokens instead
finally
Config. Free;
end;

Token Refresh Pattern
Bearer tokens expire. Handle 401 responses with a refresh flow:

procedure TFormVai n. Execut eWt hRef resh(const EndPoint: string;
OnSuccess: TProc<TJSONOhj ect >) ;
var
St at usCode: | nteger;
Response: TJSONObj ect;
begi n
Response : = REST. Get (St at usCode, EndPoint, '');
try
if StatusCode = 401 then
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begin
{ Try to refresh the token }
var RefreshResponse : = REST. Post(StatusCode, '/auth/refresh', "',

"{"refresh_token": "' + FRefreshToken + '"}");
try
if StatusCode = 200 then
begin
FBear er Token : = RefreshResponse. Get Val ue<string>('token');

FRef reshToken : = RefreshResponse. Get Val ue<string>('refresh_token');
REST. Set Bear er ( FBear er Token) ;

{ Retry the original request }
Response. Free;
Response : = REST. Get (St atusCode, EndPoint, '');
if StatusCode = 200 then
OnSuccess(Response)
el se
DoLogout ;
end
el se
DoLogout ;
finally
Ref r eshResponse. Fr ee;
end;
end
else if StatusCode = 200 then
OnSuccess(Response)
el se
Handl eResponse( St at usCode, Response);
finally
Response. Free;
end;
end;

HTTPS Only
Never send credentials or tokens over HTTP. Always use HTTPS:

/1 \WRONG
REST. BaseUr|l := 'http://api.exanple.con;

/1 RIGHT
REST. BaseUr|l := 'https://api.exanple.conm ;

If your development server does not have SSL, use a self-signed certificate and configure the
HTTP client to accept it during development only.

8. Project Organization

Separate Data Modules

Keep REST components and MemTables in a data module, not on the main form:

/| Dat aMbdul e. pas
unit Dat aMbdul e;

interface
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uses
System Cl asses, FireDAC. Conp.dient, Data. DB,
Ti na4REST, Ti na4RESTRequest ;

type

TDM = cl ass( TDat aModul €)
REST: TTi na4REST,;
RESTUsers: TTi na4RESTRequest ;
RESTPr oducts: TTi na4RESTRequest ;
MemUsers: TFDMentabl e;
MenPr oduct s: TFDMenirabl e;

end;

var
DM TDM

// 1In MainUnit:
uses Dat aModul g;

procedur e TFor mvai n. LoadUser s;
begin
DM RESTUser s. Execut eRESTCal | ;
Render User Tabl e( DM MenJser s) ;
end;

Template File Organization

Store Twig templates in a structured directory:

t enpl at es/
| ayout s/
base. ht m -- Base layout with <head> and structure
si debar . ht m -- Sidebar navigation conponent
pages/
dashboar d. ht m -- Dashboard page
users/
list.htm -- User list
detail . htmnl -- User detail card
form htm -- User create/edit form
conponent s/
stat-card. htm -- Reusable stat card
dat a-tabl e. ht m -- Reusabl e data table
notification.htm -- Notification toast

Resource Management

For deployed applications, embed templates as resources or deploy them alongside the
executable:

procedur e TFor mMVai n. For nCr eat e( Sender: TCbj ect);
begin
{ Tenplates are relative to the executable }
Pages. Twi gTenpl at ePat h : = TPat h. Conbi ne(
ExtractFi |l ePat h(Paranttr(0)), 'tenplates');

{ O use a configurable path }
var ConfigPath := TPath. Conbi ne( TPat h. Get Docunent sPath, ' MyApp');
ForceDirectori es(ConfigPath);

end;
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9. Complete Example: Refactoring a Poorly Written App

Here is a bad implementation. Read it and find the problems:

/1 BAD CODE -- how many issues can you spot?
procedure TForml. Buttonld ick(Sender: TObject);
var
Resp: TJSONObj ect ;
SC. I nteger;
begin
Ti na4REST1. BaseUr| := 'http://api.exanple.con;
Ti na4REST1. Usernane := 'admn';
Ti na4REST1. Password : = 'adm nl23';

Resp : = Ti na4REST1. Get (SC, '/users');
var Users := Resp. Get Val ue<TISONArray>('records');

var HTM. := '<table>';
for var | := 0 to Users.Count - 1 do
begi n

var U := Users.Itens[l] as TJSONObj ect ;
HTML := HTML + '<tr><td>" + U GetValue<string>('nane') + '</td></tr>";

end;

HTML := HTML + '</table>";

Ti na4dHTMLRender 1. HTM.. Text := HTM;
end;

Problems found:

* HTTP, not HTTPS -- credentials sent in plain text

» Hardcoded credentials -- username and password in source code

* BaseUrl set in click handler -- should be set once in FormCreate

* No try/finally -- Resp is never freed, memory leak

* No nil check on Resp -- crashes if request fails

* No status code check -- processes data even on 404 or 500

* No exception handling -- network errors crash the app

» Synchronous call in Ul thread -- freezes the interface

* No type checking on JSON values -- crashes on unexpected structure

« Component names are defaults -- But t on1, Ti na4REST1 tell you nothing
Here is the refactored version:

unit UserListUnit;
interface

uses
System SysUtils, System Cl asses, System JSON,
FMX. Types, FMX. Controls, FMX Forns, FMX. StdCtrl s,
Ti na4REST, Ti nadRESTRequest, Ti na4HTM.Render,
Fi reDAC. Conp. i ent;
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type
TFormJserList = class(TForm
REST: TTi na4REST,;
RESTUsers: TTi na4RESTRequest ;
MemUsers: TFDMenTabl e;
Renderer: TTi na4HTM_Render ;
Butt onLoad: TButton;
procedur e FornCreate(Sender: TCOhject);
procedure ButtonLoadd i ck(Sender: TObject);
private
procedur e Render User Tabl e;
procedure ShowError(const Msg: string);
end;

i mpl enentati on
{$R *. fnx}

procedure TFormJser Li st. For nCr eat e( Sender: TChject);

begin
REST. BaseUr|l := 'https://api.exanple.con;
{ Token set after login -- never hardcode credentials }

RESTUser s. Ti na4REST : = REST;

RESTUsers. EndPoint := '/users';

RESTUser s. Dat aKey := 'records';

RESTUser s. Menirabl e : = MenlJsers;
end;

procedure TFormJser Li st. ButtonLoadd i ck(Sender: TObject);

begin
But t onLoad. Enabl ed : = Fal se;
Renderer. HTM.. Text := '<p>Loadi ng...</p>";

RESTUser s. OnExecut eDone : = procedure(Sender: TObject)
begin
TThr ead. Synchroni ze(ni |, procedure
begin
But t onLoad. Enabl ed : = True;

if RESTUsers. Last StatusCode = 200 t hen
Render User Tabl e

el se i f RESTUsers. Last StatusCode = 401 then
ShowError('Please log in first."')

el se
ShowError(' Failed to | oad users."');
end) ;
end;
RESTUser s. Execut eRESTCal | Async;

end;

procedure TFormJser Li st. Render User Tabl e;

var
HTM.: string;
begin
HTML : = '<table style="wi dth: 100% border-collapse: collapse;">";

HTML := HTM. + '<tr styl e="background: #2c3e50; color: white;">" +
'<th styl e="paddi ng: 10px; ">Name</th></tr>";
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if MenmUsers. Active and (MemUsers. RecordCount > 0) then
begin

MemJsers. First;

whi |l e not Menlsers. Eof do

begin

HTML := HTM. + '<tr><td styl e="paddi ng: 10px; border-bottom 1px solid #eee;">'

MemUser s. Fi el dByNane(' nane' ). AsString + '</td></tr>";
MemUser s. Next ;
end;
end
el se
HTML := HTM. + '<tr><td styl e="paddi ng: 20px; text-align: center; ' +
‘color: #999;">No users found. </td></tr>';

HTML := HTML + '</table>';
Render er. HTML. Text := HTM;
end;

procedure TFormJserLi st. ShowError (const Msg: string);
begin
Render er. HTM.. Text : =
"<div styl e="paddi ng: 15px; background: #e74c3c; color: white; ' +
border-radius: 4px;"> + Mg + '</div>";
end;

end.

What changed:

e HTTPS, not HTTP

* No hardcoded credentials -- token set after login

» BaseUTrl set in FormCreate, not in click handler

* TTina4dRESTRequest handles the REST call and MemTable population
» Async execution with Execut eRESTCal | Async

* Status code checking

« Loading indicator while data fetches

« Button disabled during load to prevent double-clicks

» Meaningful component and method names

* MemTable Active and RecordCount checked before iteration

 Error messages displayed in the renderer, not as dialogs

10. Exercise: Code Review

Review the following code and identify five issues. Then fix each one.

procedure TForml. LoadOr ders;

var
R TJSONj ect ;
S: Integer;
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begin
R := TinadRESTL. Get (S, '/orders');
var Data := R GetVal ue<TIJSONArray>('orders');
Popul at eMenTabl eFr omJSON( FDMenirabl el, 'orders', R ToString);

var Total := 0.0;
FDMenTabl el. First;
whi | e not FDMenTabl el. Eof do

begin
Total := Total + FDMeniTabl el. Fi el dByNanme(' anount'). AsFl oat ;
FDMenirabl el. Next ;

end;

Ti na4HTMLRender 1. HTM.. Text : =
' <h1>Orders</hl><p>Total: $ + FloatToStr(Total) + '</p>';
end;
Solution
Issue 1: R (TJSONODbiject) is never freed -- memory leak.
Issue 2: No try/ except -- network errors crash the app.

Issue 3: No status code check -- processes a 500 error response as valid data.

Issue 4: Fl oat ToStr uses locale-specific formatting -- on some systems 1234. 5 becomes
1234, 5.

Issue 5: Synchronous call blocks the Ul thread.
Fixed version:

procedure TFor mOr ders. LoadOr der s;

begin

Renderer. HTML. Text := '<p>Loadi ng orders...</p>";

RESTOr der s. OnExecut eDone : = procedure(Sender: TObj ect)

begin
TThr ead. Synchroni ze(ni |, procedure
begin
if RESTOrders. Last StatusCode <> 200 then
begin

Renderer. HTML.. Text : =
"<div style="color: red;">Failed to | oad orders. </div>";

Exit;
end;
var Total := 0.0;
if MenmOrders. Active then
begin

MenOr ders. First;
whi |l e not MenOrders. Eof do

begin
Total := Total + MenOrders. Fi el dByNane(' anount'). AsFl oat ;
MenOr der s. Next ;
end;
end;

Renderer. HTML.. Text : =
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' <h1>Or der s</ hl><p>Total : $ +
For mat Fl oat (' #, ##0.00', Total) + '</p>';
end) ;
end;
RESTOr der s. Execut eRESTCal | Async;
end;

The TTina4dRESTRequest handles JSON parsing and MemTable population. For nat Fl oat
gives consistent formatting. The async call keeps the Ul responsive. The status code is checked
before processing data.

Summary
The patterns in this chapter come down to four principles:

* Free what you create. Every TJISONObj ect in a try/finally. Every dynamic component with
an owner or explicit Free.

* Never block the main thread. Use Execut eRESTCal | Async with
TThr ead. Synchr oni ze for Ul updates.

* Check before you use. Status codes before processing responses. Assi gned() before
accessing objects. Act i ve and Recor dCount before iterating MemTables.

* Update surgically. Use Set El enent Text and Set El enent Vi si bl e instead of rebuilding
the entire HTML. Use Sync mode instead of Cl ear when polling.

These four principles prevent the five most common bugs in Tina4 Delphi applications: memory
leaks, frozen Uls, access violations, missing error messages, and flickering displays. Follow them,
and the bugs stop before they start.
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Troubleshooting

When Things Go Wrong

The app compiles. It launches. You click the button to fetch users. Nothing happens. No error
message. No crash. Just silence. The Ul sits there. You check the endpoint -- it is correct. You
check the auth -- it is set. You add a ShowlMessage after the REST call and discover the status
code is 0. Zero. The request never completed. You look at the SSL DLLs and realize you put
32-bit DLLs in System32 and 64-bit DLLs in SysWOW64. Backwards.

Every problem in this chapter has been hit by a real developer. Every fix has been verified. The
format is the same throughout: Problem, Cause, Fix. Find your symptom, read the cause, apply
the fix.

1. SSL Errors

"Could not load SSL library"

Problem: REST calls fail with the error "Could not load SSL library" or the HTTP client raises an
ENet HTTPC i ent Except i on mentioning SSL.

Cause: The OpenSSL DLLs are missing or have the wrong bitness. Delphi's HTTP client needs
platform-matched DLLs:

e The IDE is 32-bit, so it needs 32-bit DLLs

* Your compiled 64-bit app needs 64-bit DLLs

* Windows has confusing folder names: Sys\WOW54 is for 32-bit, Syst enB2 is for 64-bit
Fix:

32-bit DLLs (libeay32.dll, ssleay32.dll)
--> C \ W ndows\ Sys\WWOW64\ (for the IDE, design-tinme testing)
--> Your app's output directory (if conpiling as W n32)

64-bit DLLs (libcrypto-3-x64.dll, libssl-3-x64.dll)
--> C \ W ndows\ Syst enB2\ (for conpiled 64-bit apps)
--> Your app's output directory (alternative)

Verify you have the correct files:

/1 Add this to FornCreate to diagnose SSL at startup
procedur e TFor mvai n. CheckSSL;
begin
{ $! FDEF W N64}
if not FileExists('libcrypto-3-x64.dll"') and
not Fil eExists(' C:\Wndows\ SystenB2\1ibcrypto-3-x64.dl1"') then
Showessage(' WARNI NG 64-bit SSL DLLs not found');
{ $ENDI F}
{$! FDEF W N32}
if not FileExists('libeay32.dll"') and
not Fil eExists(' C\Wndows\ SysWOAN64\ | i beay32.dl1"') then
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Showessage(' WARNI NG 32-bit SSL DLLs not found');
{ $ENDI F}
end;
Certificate Verification Failures
Problem: HTTPS calls fail with "certificate verify failed" or "unable to get local issuer certificate."

Cause: The server's SSL certificate cannot be verified against a trusted CA bundle. Common with
internal APIs, self-signed certificates, or corporate proxies.

Fix for development -- disable certificate validation (never do this in production):

uses
System Net. Ht t pd i ent;

procedur e TFor mMai n. For nCr eat e( Sender: TCbj ect);

begi n
{ Devel opnent only -- accepts any certificate }
REST. Val i dat eServerCertificate : = Fal se;

end;

Fix for production -- ensure the server has a valid certificate from a trusted CA (Let's Encrypt,
DigiCert, etc.).

Self-Signed Certificate Handling

Problem: You need to connect to an internal API that uses a self-signed certificate.
Cause: The HTTP client rejects certificates not signed by a trusted CA.

Fix: Accept the specific certificate by validating its thumbprint:

procedure TFormvai n. OnVal i dat eServer Certificate(
const Sender: TQbject;
const ARequest: TURLRequest;
const Certificate: TCertificate;
var Accepted: Bool ean);
begin
{ Accept only your known self-signed certificate }
if Certificate. Subject. Contains(' CN=nyapi .internal') then
Accepted : = True
el se
Accepted := Certificate.lsValid;
end;

2. REST Issues

401 Unauthorized

Problem: Every REST call returns status 401.

Cause 1: Bearer token expired.

/1 Check if token is set
if REST. GetBearer.|sEnpty then
Showessage(' No bearer token—set——user—needs—to+tog in');
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Cause 2: Wrong authentication type. The API expects Basic Auth but you are sending Bearer, or
vice versa.

// Basic Auth
REST. Usernane := 'admn';
REST. Password : = 'secret';

// Bearer Auth -- do NOT set Usernane/ Password
REST. Set Bear er (' eyJhbGeci G JI Uzl INi J9...");

/1 Both set? Bearer takes priority, but the server night reject
/1l the extra Authorization header. C ear one:

REST. User nane : ="'
REST. Password := '"';
REST. Set Bear er ( Token) ;

Cause 3: Token format wrong. Some APIs want Bear er <t oken>, others want just the token.
TTina4REST adds the Bear er prefix automatically via Set Bear er . Do not add it yourself:

/1 WRONG -- double prefix: "Bearer Bearer eyJ..."
REST. Set Bear er (' Bearer eyJhbCeci G JI Uzl INi J9...");

/1 RIGHT
REST. Set Bear er (' eyJhbGeci G JI Uzl INi J9...");

404 Not Found

Problem: Status code 404 on a valid endpoint.

Cause 1: Trailing slash mismatch. The APl expects / user s but you send / user s/ .

/1 Try both
RESTUser s. EndPoi nt := '/users'; /1 no trailing slash
RESTUsers. EndPoint := '/users/'; // with trailing slash

Cause 2: BaseUTrl includes a path that is duplicated in the EndPoint.

/1 WRONG -- requests /vl/vl/users
REST. BaseUr|l := '"https://api.exanple.conlivl';
RESTUsers. EndPoint := '/vl/users';

/1l RIGHT
REST. BaseUr|l := '"https://api.exanple.conlivl';
RESTUser s. EndPoint := '/users';

500 Internal Server Error
Problem: Server returns 500 on POST/PATCH requests.
Cause: The request body is malformed or missing required fields.
Fix: Log the request body before sending:
var Body := '{"nane": "Andre"}"';

/1 Log it
Menol. Li nes. Add(' Sending: ' + Body);

var Response := REST. Post (StatusCode, '/users', '', Body);

1

Common body issues:
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* Missing Cont ent - Type: appl i cation/]son header (TTina4REST sets this
automatically)

» Unescaped quotes in string values

» Wrong field names (camelCase vs snake_case)

Timeout Errors
Problem: REST calls hang for 30+ seconds, then fail.
Cause: Default timeout is too long, or the server is unresponsive.
Fix:
/1 Set a reasonable tineout (mlliseconds)

REST. Ti neout := 10000; // 10 seconds

/1 Handl e timeout in async calls
RESTUser s. OnExecut eDone : = procedure(Sender: TObject)
begin
TThr ead. Synchroni ze(ni |, procedure
begin
i f RESTUsers. Last StatusCode = 0 then
Showessage(' Request tined out or network error')
el se
ProcessResponse;
end) ;
end;

CORS Issues When Calling Web APIs
Problem: Browser-based APIs return CORS errors. Your Delphi app gets unexpected responses.

Cause: CORS is a browser security feature. Desktop applications do not have CORS restrictions.
If you are getting errors, the issue is something else (wrong URL, authentication, SSL).

Fix: CORS is not relevant for Delphi desktop apps. Check the actual error message -- it is likely a
network, SSL, or auth issue disguised by a generic error message.

3. JSON Issues

Access Violation Parsing Malformed JSON

Problem: St r ToJSONChj ect crashes with an access violation.

Cause: The input string is not valid JSON, and you are using the result without checking for nil.

Fix:
/1 \WRONG
var Obj := StrToJSONOhj ect (ResponseText);

Showessage( Obj . Get Val ue<string>('nane')); // AV if Obj is nil

/'l R GHT
var Obj := StrToJSONOhj ect (ResponseText);
try
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if Assigned(Cbj) then
Showessage( Obj . Get Val ue<stri ng>(' nane'))
el se
Showessage(' Failed to parse JSON. ' + ResponseText. Substring(0, 100));
finally
oj . Free;
end;

Field Names Not Matching
Problem: Fi el dByNane(' first Nane') raises "Field not found" but the data is there.
Cause: Popul at eMenirabl eFromJSON  and Cet Fi el dDef sFr omJSONGhj ect  convert

camelCase to snake_case when the ASnakeCase parameter is Tr ue (which is the default in
some contexts).

Fix: Use the correct field name:

/1 1f JSON has "firstNanme" and snake case conversion is on:
MeniTabl e. Fi el dByNane(' first_name').AsString; // R GAT
MenTabl e. Fi el dByNane(' firstName').AsString; /1 WRONG -- raises exception

/'l Check what fields exist:
for var | := 0 to MenTabl e. FieldCount - 1 do
Menol. Li nes. Add( Menirabl e. Fi el ds[ 1] . Fi el dNane) ;

Nested Objects Becoming ftMemo
Problem: A nested JSON object like {"address": {"city": "Cape Town"}} becomes a

single f t Men field instead of separate fields.

Cause: Get Fi el dDef sFromJSONCbj ect stores nested objects and arrays as ft Menp fields
containing the JSON string. This is by design -- MemTables do not support nested structures.

Fix: Parse the nested JSON from the memo field:

var AddressJSON : = Mentabl e. Fi el dByNane(' address' ). AsString;
var Addr := StrToJSONObj ect (Addr essJSON);

try
if Assigned(Addr) then
Showvessage(' City: ' + Addr. GetVal ue<string>('city'));
finally
Addr . Free;
end;

Or use a separate TTina4JSONAdapter to extract the nested data into its own MemTable.
Large JSON Causing Out of Memory
Problem: Parsing a very large JSON response (100MB+) causes the app to run out of memory.

Cause: Delphi's TISONChj ect loads the entire document into memory. Combined with string
copies during parsing, memory usage can be 3-5x the JSON size.

Fix: Use pagination to limit response size:

RESTUsers. QueryParans := 'page=1& imt=100"; // Fetch 100 at a tine
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If the API does not support pagination, process the response in chunks or use streaming JSON
parsers.

4. MemTable Issues

"Field not found"

Problem: MenTabl e. Fi el dByName(' user _nane') raises "Field 'user_name' not found."
Cause 1: The API changed its response format and the field name is different.

Fix: List all fields to see what actually exists:

procedur e TFor mvai n. DebugMenTabl eFi el ds( ATabl e: TFDMenilrabl e) ;

begi n
if not ATable.Active then
begi n
Showessage(' MeniTfabl e is not active');
Exit;
end;

var Fields :="'";
for var | := 0 to ATable. FieldCount - 1 do
Fields := Fields + ATable.Fields[Il].FieldName + ' (' +
ATabl e. Fields[I].C assNane + ')' + #13#10;
Showvessage(Fi el ds);
end;

Cause 2: The MemTable was never populated -- Execut eRESTCal | failed silently.

Fix: Check Last St at usCode before accessing MemTable data:

RESTUser s. Execut eRESTCal |
if RESTUsers. Last StatusCode = 200 t hen
begin
/1 Safe to access Menirabl e
MemUsers. First;
end
el se
Showessage(' REST call failed: ' + RESTUsers. Last StatusCode. ToString);

Duplicate Key Violations in Sync Mode
Problem: Popul at eMenirabl eFr omJ SON raises an index violation error when using Sync mode.

Cause: | ndexFi el dNanes is set to a field that has duplicate values in the data, or the index was
not created properly.
Fix:

/1l Make sure the index field is unique in the data
RESTUser s. SyncMbde : = TTi na4Rest SyncMbde. Sync;
RESTUsers. | ndexFi el dNanmes := "id'; // 'id" must be unique

/1 |'f you need a conpound key:
RESTUser s. | ndexFi el dNames : = 'user_id; order_id";
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IndexFieldNames Not Set for Sync Mode

Problem: Sync mode does not update existing records -- it keeps appending duplicates.
Cause: | ndexFi el dNanes is empty. Without it, the MemTable cannot match existing rows.
Fix:

/1 WRONG -- Sync node without index just appends
RESTUser s. SynchMbde : = TTi na4Rest SyncMbde. Sync;
/1 I ndexFi el dNanes i s enpty

/1 RIGHT
RESTUser s. SyncMbde : = TTi na4Rest SyncMbde. Sync;
RESTUser s. | ndexFi el dNanes := 'id';

Data Type Mismatches

Problem: Fi el dByNane("' price'). AsFl oat returns O even though the JSON has "price":
"29.99".

Cause: The JSON value is a string " 29. 99", not a number 29. 99. The field was created as
ftString.

Fix: Convert explicitly:

var PriceStr := Menilabl e. Fi el dByName(' price').AsString;
var Price := StrToFl oat Def (PriceStr, 0.0);

Or use AsFl oat which does automatic conversion for most cases, but verify the field type:

/1 Debug the field type
ShowMessage( Menirabl e. Fi el dByName(' price'). DataType. ToString);
/1 1f it shows ftString, the JSON sent "29.99" as a string

5. HTML Renderer Issues

Elements Not Displaying
Problem: You set HTML. Text but nothing appears in the renderer.
Cause 1: The renderer has zero width or height.

/1 Check di nensions
Showessage( Format (' Renderer size: %ix% ',
[ Round( Renderer. Wdth), Round(Renderer.Height)]));

Cause 2: The HTML has a syntax error that prevents rendering.
Fix: Start with minimal HTML and build up:

/1 Test with miniml HTM first
Renderer. HTM.. Text := '<p>Test</p>';
/1 1f this works, add nore content gradually

CSS Not Applying

Problem: CSS classes or styles aretignored:
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Cause: The renderer supports a subset of CSS. Some properties are not implemented.

Fix: Check the supported CSS list in the documentation. Use inline styles as a fallback:

/1 1f a CSS class does not work:
'<div class="ny-customclass">Text</div> [/ might not work

/1 Use inline styles instead:
'<div style="color: red; font-size: 18px;">Text</div>" // works

Supported CSS includes: col or, background-color, font-size, font-famly,
font - wei ght, paddi ng, margi n, border, border-radi us, wi dth, hei ght, displ ay,
text-align, and more. Complex selectors like : nth-child or @redi a queries are not
supported.

Form Controls Not Appearing
Problem: <i nput > or <sel ect > elements are not visible.
Cause: The form control type is not supported, or the element is hidden by CSS.

Fix: Check supported form elements:

/'l Supported input types:

'<input type="text">' /'l wor ks

'<input type="password">' /'l wor ks

'<input type="email">' /'l wor ks

'<input type="checkbox">' /'l wor ks

'<input type="radio">' /'l wor ks

'<input type="submit">' /'l wor ks

'<input type="button">' /'l wor ks

'<input type="file">' /'l wor ks

'<input type="date">' /1 mght not render as date picker
'<input type="range">' /1 mght not render as slider
' <t extarea>' /'l wor ks

' <sel ect ><opti on>' /'l wor ks

onclick Not Firing

Problem: Clicking an element with oncl i ck=" App: MyMet hod(' test' )" does nothing.

Cause 1: The object was not registered with Regi st er Obj ect .

/'l Must be called before setting HTM
Render er . Regi st er Obj ect (' App', Sel f);

Cause 2: The method does not exist or has the wrong signature.

/1 The nethod nust be published or public
/'l Paraneter types nust match what the onclick passes

/1 WRONG -- private nethod, not found by RTTI
private
procedure MyMet hod(const Val ue: string);

/1 RIGHT -- public nmethod
public
procedure MyMet hod(Val ue: String);

Cause 3: Wrong quote escaping inthe onclickattribute.
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/1 WRONG -- misnatched quotes
' <span onclick="App: MyMet hod("test")">d i ck</ span>'

/1 RIGHT -- use single quotes inside double, or escape
' <span onclick="App: M\yMet hod(' 'test'')">d i ck</span>'

Cause 4: The element is overlapped by another element. The click hits the wrong element.

Fix: Add a distinct styl e="cursor: pointer; z-index: 10;" and ensure nothing
overlaps.

Images Not Loading
Problem: <inmg src="https://...">shows a broken image or empty space.
Cause 1: Cache directory not set or not writable.

Render er. CacheEnabl ed : = True;
Render er. CacheDi r : = TPat h. Conbi ne( TPat h. Get Docunent sPat h, ' MyAppCache');
ForceDirectori es(Renderer. CacheDir); // Create if it does not exist

Cause 2: HTTPS image URL but SSL DLLs not installed.
Fix: Install SSL DLLs as described in Section 1.
Cause 3: The image URL returns a redirect that the renderer does not follow.

Fix: Use the final URL directly, or download the image separately and use a dat a: URI:

var B64 := Fil eToBase64(' downl oaded_i nage.jpg');
Renderer. HTM.. Text := '<ing src="data:imge/j peg; base64,' + B64 + '">';

6. Page Navigation Issues

Default Page Not Showing

Problem: The app starts with a blank renderer. No page is displayed.

Cause: No page has | sDefaul t : = True.
Fix:
var Logi nPage : = Pages. Pages. Add;
Logi nPage. PageNane : = 'l ogin';
Logi nPage. | sDefault := True; // This page shows on startup
Logi nPage. HTMLCont ent . Text : = '<hl>Logi n</ h1>';

Links Not Navigating
Problem: Clicking <a hr ef =" #dashboar d" > does not change the page.
Cause 1: The hr ef value does not match any PageNane.

/'l Link href: #dashboard
/| Page. PageNane: Dashboard <-- case m smatch

/'l Fix: make them match exactly
Page. PageNane : = 'dashboard' 7 // towercase
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/1 HTM.: <a href="#dashboard"> // matches
Cause 2: The renderer is not linked to the Pages component.

Pages. Renderer := Renderer; [/ Mist be set

OnBeforeNavigate Not Cancelling

Problem: Setting Al | ow : = Fal se in OnBef or eNavi gat e does not prevent navigation.

Cause: The Al | ow parameter is a var parameter. Make sure your event handler signature
matches:

/1 WRONG -- paraneter not passed by reference
procedur e TFor mvai n. Bef or eNav( Sender: TObj ect;
const FronPage, ToPage: string; Allow Boolean); // mssing 'var'

/1 RIGHT
procedur e TFor mvai n. Bef or eNav( Sender: TObj ect;
const FronPage, ToPage: string; var Allow Bool ean);
begin
if (ToPage <> 'login') and (not |sAuthenticated) then
Allow := False; // Prevents navigation
end;

7. Twig Template Issues

Template Not Rendering
Problem: Setting Twi g. Text produces empty output or the raw template text.
Cause 1: Wrong template path for file-based templates.

/1 Check the path exists
Showessage( Pages. Twi gTenpl at ePat h) ;
Showessage( Bool ToStr (Di rect or yExi st s(Pages. Twi gTenpl at ePath), True));

Cause 2: Template syntax error. A missing { % endi f % or unmatched braces.
Fix: Test with a minimal template:

Renderer. Twi g. Text : = "'<p>{{ name }}</p>";
/1 If this works, the issue is in your conplex tenplate

Variables Empty

Problem: Template renders but variables show as empty.

Cause: Variables were not set before the template was assigned.

/1 WRONG -- tenplate renders before variables are set
Renderer. Twi g. Text := "<hl1>{{ title }}</h1>";
Renderer. Set TwigVari able('title', "Hello");

/1l RIGHT -- set variables first
Renderer. Set TwigVari able('title', "Hello");
Renderer. Twi g. Text := "<hl1>{{ title }}</h1>";
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Includes Failing

Problem: { % i ncl ude ' header. htm ' 9% does not work. The template renders without the
included content.

Cause: Twi gTenpl at ePat h is not set or points to the wrong directory.

Fix:
/1 Set the base path for includes
Pages. Twi gTenpl atePath : = ' C \ M/App\tenpl ates';
/'l or
Renderer. Twi gTenpl atePath := ' C.\ MyApp\tenpl ates';

// The included file nust exist at:
/1 C:\MyApp\tenpl at es\ header. ht ni

8. WebSocket Issues

Connection Refused

Problem: WebSocket connection fails immediately.

Cause 1: Wrong URL scheme. Use wss: // for secure orws: // for insecure.

/1 \WRONG

FWebSocket . URL : = 'https://api.exanpl e.comws';
/1l R GHT

FWebSocket . URL : = 'wss://api.exanpl e.coniws';

Cause 2: Server not running or firewall blocking the port.

Fix: Test the WebSocket URL with a browser-based tool (like websocat or a browser extension) to
verify the server is reachable.

Messages Not Receiving

Problem: WebSocket connects successfully but OnMessage never fires.
Cause 1: OnMessage event not wired up.

/1 WRONG -- event handl er not assigned
FWebSocket . Connect ;

/1 RIGHT
FWebSocket . OnMessage : = procedure(Sender: TObject; const Msg: string)
begin

TThr ead. Synchroni ze(ni |, procedure

begin

ProcessMessage( Msg) ;

end) ;
end;
FWebSocket . Connect ;

Cause 2: The server sends binary messages, not text. Check server documentation.

The Intelligent Native Application 4ramework



Cause 3: The server requires a subscription message after connecting.

FWebSocket . OnConnect : = procedure(Sender: TObject)

begi n
{ Sone servers require subscribing to channels }
FWebSocket . Send(' {"action": "subscribe", "channel": "notifications"}");
end;

Auto-Reconnect Not Working

Problem: After a disconnect, the WebSocket does not reconnect.

Cause: Auto-reconnect properties not configured.

Fix:

FWebSocket . Aut oReconnect : = True
FWebSocket . ReconnectInterval := 5000; // 5 seconds between attenpts
FWebSocket . OnDi sconnect : = procedure(Sender: TObject)
begin

TThr ead. Synchroni ze(ni |, procedure

begin

ShowNot i fi cation(' Connection |ost. Reconnecting...');

end) ;

end;

FWebSocket . OnReconnect : = procedure(Sender: TObject)
begin
TThr ead. Synchroni ze(ni |, procedure
begin
ShowNot i fi cation(' Reconnected."');
{ Re-authenticate if needed }
FWebSocket . Send(' {"action": "auth", "token": "' + FBearerToken + '"}");
end) ;
end;

9. Diagnostic Checklists

TTinadREST Checklist

When REST calls are not working:

e Is BaseUr | setand correct (no trailing slash)?

* Is the endpoint path correct (starts with / )?

» Are SSL DLLs installed for the correct bitness?

* Is authentication set (Set Bear er or User nane/Passwor d)?

» What status code comes back? (0 = network error, 401 = auth, 404 = wrong path)

« Can you reach the URL from a browser or curl?

TTinadHTMLRender Checklist

When the renderer is not displaying correctly:
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* Does the renderer have non-zero width and height?
e Is Regi st er Obj ect called for RTTI onclick?

* Are the methods public (not private)?

* Is the HTML valid (all tags closed)?

 Are images using HTTPS (SSL DLLs needed)?

e |s CacheDi r writable?

TTinadHTMLPages Checklist
When pages are not navigating:
* Is Render er linked to a TTina4HTMLRender?
* Does at least one page have | sDefault : = True?
* Do hr ef values match PageNane values (case-sensitive)?
* Is OnBef or eNavi gat e blocking with Al | ow : = Fal se?

« Is the page collection empty?

TTina4RESTRequest Checklist
When data is not loading into MemTable:
*Is Ti na4REST linked to a TTina4REST component?
* Is EndPoi nt set correctly?
* Is Dat aKey set to the correct JISON key?
Is Memrabl e linked to a TFDMemTable?
» Does the API response contain the expected Dat aKey?

* Is SyncMbode set correctly? (Sync needs | ndexFi el dNanes)
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10. Quick Reference: Error to Fix

"Could not load SSL library" Wrong bitness SSL DLLs 1

Status code 0 Network error or timeout 2

Status code 401 Token expired or wrong auth 2

Status code 404 Wrong endpoint or double 2
path

Access violation on JSON nil result not checked 3

parse

"Field not found" on snake_case conversion 4

MemTable

Blank renderer Zero width/height or empty 5
HTML

onclick does nothing RegisterObject missing 5

No default page shown IsDefault not set 6

Twig variables empty Set after template assigned 7

WebSocket not connecting Wrong URL scheme (https vs 8

WSS)
Ul freezes on REST call Synchronous call, use async  Ch. 13
Memory leak TJSONO®bject not freed Ch. 13

Summary
Most Tina4 Delphi issues fall into five categories:

« SSL configuration -- wrong DLL bitness, missing DLLs, certificate issues

* REST communication -- wrong endpoints, auth problems, missing error handling
* JSON structure -- nil checks, field name mismatches, nested object handling

*« HTML rendering -- registration, event wiring, CSS support limits

e Threading -- synchronous calls blocking Ul, missing TThread.Synchronize

When something does not work, start with the diagnostic checklist for the component involved.
Check the status code. Log the response. Verify the field names. Nine times out of ten, the fix is in
this chapter.
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