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Let’s vote FIRST!

What is the most friendly format 
for you to configure your app?

1) YAML
2) JSON
3) TOML
4) Properties
5) XML
6) Other
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- Tons of question in Slack and Telegram chats

- Love the design and want to share

- Elegant and so aesthetic!

- Useful for users and authors of libraries

- 20 formats - you can participate in dev

MOTIVATION OF THIS TALK



import kotlinx.serialization.Serializable
import kotlinx.serialization.encodeToString

@Serializable
data class Credentials(
    val login: String,
    val password: String
)

val data = Credentials("akuleshov7", "qwerty")

 Json.encodeToString(data)
 Toml.encodeToString(data)
 Yaml.encodeToString(data)

elegancy ❤
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Let’s define terms

Serialization is decoupled from the encoding process to make it format-agnostic

objects

serialization encoding

deserialization decoding

primitives in/out format
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Is a Multiplatform library

Briefly
serialization

Is a Compiler plugin (> K1.4)

Has it’s own Gradle/Maven plugins



HOCON

ProtoBuf
CBOR

PROP

JSON

Briefly
serialization

CORE



Briefly
serialization



HOCON

ProtoBuf
CBOR

PROP

JSON

Briefly
serialization

CORE



HOCON

ProtoBuf
CBOR

PROP

JSON
Avro

NBT

MsgPack

SharedPreferences

XML

Bundle
ION

Briefly
serialization

Bson

YAML

(MPP)

YAML

(JVM) CBOR

TOML

CORE Community

HOCON

ProtoBuf
CBOR

PROP

JSON
ktoml

kaml



User
01

Several notes for users of 
serialization libraries



plugins {
   kotlin("plugin.serialization") version "1.6.20"
}

jetbrains/kotlin

kotlin-serialization/kotlin-serialization-compiler



plugins {
   kotlin("plugin.serialization") version "1.6.20"
}



ADD PLUGIN!

plugins {
   kotlin("plugin.serialization") version "1.6.20"
}



Simple EXAMPLE OF USAGE
import kotlinx.serialization.Serializable
import kotlinx.serialization.decodeFromString
import kotlinx.serialization.json.Json

@Serializable
data class Credentials(
    val login: String,
    val password: String
)

fun main() {
   val str =
       """
           { "login": "akuleshov7", "password": "qwerty" }
       """

   Json.decodeFromString<Credentials>(str)
}
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)
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Serialization features

Optional data
@Serializable
data class Credentials(
    val login: String = "asm0di0",
    val password: String
)

{ "password": "qwerty" }

https://twitter.com/asm0di0


Serialization features

Optional data
@Serializable
data class Credentials(
    val login: String = "asm0di0",
    val password: String
) (!) Including calculated values 

{ "password": "qwerty" }

https://twitter.com/asm0di0


Serialization features

nullability
{ 

"login": null,

"password": "qwerty"

}

@Serializable
data class Credentials(
    val login: String?,
    val password: String
) (!) Type safe



Serialization features

required fields
@Serializable
data class Credentials(
    val login: String,

    val password: String = "optional"
)



Serialization features

required fields
@Serializable
data class Credentials(
    val login: String,
    @Required
    val password: String = "optional"
)



Serialization features
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Serialization features

TRANSIENT fields

@Serializable
data class Credentials(
    @Transient
    val login: String
)

required fields
@Serializable
data class Credentials(
    val login: String,
    @Required
    val password: String = "optional"
)

(!) In most deserializers 
unknown field will cause an 
error. For example:

Kaml: strictMode 
Ktoml: 
ignoreUnknownNames 
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Minor notes

- Default values are not encoded (by the default in most serializers)  @EncodeDefault - to avoid it

- All parameters of the class primary constructors should be properties (val/var)

- Generics are supported out of the box

- SerialName annotation (even for enum entries):

@SerialName("my-serial-name")
val name: Long
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BENEFITS

Multiplatform
Supported in KotlinJS, 

Native, JVM, etc.
But you can also serialize 

3rd party

Compiler plugin
Useful codegen during the 

compilation.
 NO REFLECTION

Data validation

@Serializable
data class Credentials(
    val password: String
) {
   init {
       require(password -= "qwerty")
   }
}



Inspecting the core02



Interfaces for decoders / Encoders

Encoder 
Decoder 



Basics: KSerializer

- Compiler plugin generates an instance of the KSerializer interface for every @Serializable class
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Basics: KSerializer

- Compiler plugin generates an instance of the KSerializer interface for every @Serializable class

- This class has .serializer() method to return this KSerializer 

  public interface KSerializer<T> :  SerializationStrategy<T>, DeserializationStrategy<T>

descriptor: SerialDescriptor .serialize() .deserialize()

The bridge between KSerializer 
and Decoder/Encoder with extra 
information about the type

https://kotlin.github.io/kotlinx.serialization/kotlinx-serialization-core/kotlinx.serialization/-k-serializer/index.html
https://kotlin.github.io/kotlinx.serialization/kotlinx-serialization-core/kotlinx.serialization/-k-serializer/index.html
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WHAT KIND OF INFORMATION?

data class Credentials(
    val login: String,
    val password: String
)

name index

login 0

password 1

+ metadata



WHAT KIND OF INFORMATION?

fun getElementName(index: Int) fun getElementIndex(name: String)

fun getElementDescriptor(index: Int)

indexname

Descriptor simply:



Lovely example again

import kotlinx.serialization.Serializable
import kotlinx.serialization.decodeFromString
import kotlinx.serialization.json.Json

@Serializable
data class Credentials(
    val login: String,
    val password: String
)



PSEUDOCODE for deserializer
fun deserialize(decoder: Decoder): Credentials {
   val descriptorOfCredentialsClass: SerialDescriptor = this.getDescriptor()
   var login: String? = null
   var password: String? = null
   val compositeDecoder = decoder.beginStructure(descriptorOfCredentialsClass)
       while (true) {
           when (compositeDecoder.decodeElementIndex(descriptorOfCredentialsClass)) {
               -1 -> break
               0 -> login = compositeDecoder.decodeStringElement(descriptorOfCredentialsClass, 0)
               1 -> password = compositeDecoder.decodeStringElement(descriptorOfCredentialsClass, 1)
           }
       }
   return Credentials(login-!, password-!)
}
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PSEUDOCODE for deserializer
fun deserialize(decoder: Decoder): Credentials {
   val descriptorOfCredentialsClass: SerialDescriptor = this.getDescriptor()
   var login: String? = null
   var password: String? = null
   val compositeDecoder = decoder.beginStructure(descriptorOfCredentialsClass)
       while (true) {
           when (compositeDecoder.decodeElementIndex(descriptorOfCredentialsClass)) {
               -1 -> break
               0 -> login = compositeDecoder.decodeStringElement(descriptorOfCredentialsClass, 0)
               1 -> password = compositeDecoder.decodeStringElement(descriptorOfCredentialsClass, 1)
           }
       }
   return Credentials(login!!, password!!)
}



Lovely example again

import kotlinx.serialization.Serializable
import kotlinx.serialization.decodeFromString
import kotlinx.serialization.json.Json

@Serializable
data class Credentials(
    val login: String,
    val password: String
)

fun main() {
   Json.decodeFromString<Credentials>("")
}



SERIAL FORMAT
public interface SerialFormat {
   public val serializersModule: SerializersModule
}

public inline fun <reified T> StringFormat.decodeFromString(string: String): T =
    decodeFromString(serializersModule.serializer<T>(), string)



SERIAL FORMAT
public interface SerialFormat {
   public val serializersModule: SerializersModule
}

public inline fun <reified T> StringFormat.decodeFromString(string: String): T =
    decodeFromString(serializersModule.serializer<T>(), string)

public interface BinaryFormat : SerialFormat {
   public fun <T> encodeToByteArray(
       serializer: SerializationStrategy<T>,
       value: T
   ): ByteArray
  
   public fun <T> decodeFromByteArray(
       deserializer: DeserializationStrategy<T>,
       bytes: ByteArray
   ): T
}

public interface StringFormat : SerialFormat {
   public fun <T> encodeToString(
       serializer: SerializationStrategy<T>,
       value: T
   ): String
  
   public fun <T> decodeFromString(
       deserializer: DeserializationStrategy<T>,
       string: String
   ): T
}
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BUILTIN TYPES

PRIMITIVES
● Boolean

● Byte

● Short

● Int

● Long

● Float

● Double

● Char

● String

● Enums

For built-in serializers, only 
primitives have serializer, for 
collections it should be created 
explicitly 

COMPOSITES
● Pairs, Triples

● Lists

● Sets

● Maps

● Objects (kotlin)



How does primitive serializer lookS like

public fun Int.serializer(): KSerializer<Int> = IntSerializer

@PublishedApi
internal object IntSerializer : KSerializer<Int> {
   override val descriptor: SerialDescriptor = PrimitiveSerialDescriptor("kotlin.Int", PrimitiveKind.INT)
   override fun serialize(encoder: Encoder, value: Int): Unit = encoder.encodeInt(value)
   override fun deserialize(decoder: Decoder): Int = decoder.decodeInt()
}
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deSerialization flow

decoder
processor
(AST -> 
decoder 
mapper)Retrieve me Long! parser

Give me proper AST!

deserializer

Provide me Long!
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Format-Agnostic interfaces 
decoder / Encoder

- Methods for primitives, e.g.:  decodeLong(): Long / encodeInt(): Unit / etc.

- “Corner cases”:  encodeNull(), decodeInline(), encodeEnum()

- beginStructure(descriptor: SerialDescriptor): CompositeDecoder/Encoder
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Important entry-point
In Decoder/Encoder:

public fun <T : Any?> decodeSerializableValue(
deserializer:DeserializationStrategy<T>

): T = deserializer.deserialize(this) 

These methods calls deserialize/serialize methods 
and is included into the call chain Example for primitives:

decodeInt() -= decodeSerializableValue(IntSerializer)
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by the name with 

descriptor.getElementIndex(name)
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Composite Decoder and encoder
- Utility interfaces used during the iteration process

- public fun decodeElementIndex(descriptor: SerialDescriptor): Int

- loop@ while (true) {
        when (val index = decodeElementIndex(descriptor)) {
          DECODE_DONE -> break@loop
          0 -> {
                field = decodeIntElement(descriptor, index = 0)
          }
        }
}

- CompositeDecoder.decodeElementIndex-based loop is used

Descriptor can return an index of the field 
by the name with 

descriptor.getElementIndex(name)
, so we can always get the position 
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Small performance trick

public fun decodeSequentially(): Boolean = false

@Serializable
data class Credentials(
    val login: String,val password: String
)

{ "login": "akuleshov7", "password": "qwerty" }

decodeStringElement
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Abstract decoder/encoder
- Predefined skeletons for simple formats

- abstract class AbstractDecoder : Decoder, CompositeDecoder

- override fun decodeInt(): Int = decodeValue() as Int

To be implemented 
by library owners
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Take a breath
- Let’s simplify and memorize it on the high level!

@Serializable
data class Credentials(
    val login: String,
    val password: String
)

[StringFormat | BinaryFormat] .decodeFrom  [String | ByteArray] <A> (input)

decodeSerializableValue

.decodeFrom  [String | ByteArray](serializersModule.serializer(), input)

Generated KSerializer instance for Credentials with .serialize() / 
.deserialize()

https://kotlin.github.io/kotlinx.serialization/kotlinx-serialization-core/kotlinx.serialization/-k-serializer/index.html
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Several notes for developers 
of serialization libraries

Убрать гадкую угловую картинку 
Воткнуть на 

03 Serialization libraries
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Compiler Plugin-generated code
@NotNull
public A deserialize(@NotNull Decoder decoder) {
  Intrinsics.checkNotNullParameter(decoder, "decoder");
  SerialDescriptor var2 = this.getDescriptor();
  boolean var3 = true;
  int var5 = 0;
  long var6 = 0L;
  CompositeDecoder var8 = decoder.beginStructure(var2);
  if (var8.decodeSequentially()) {
     var6 = var8.decodeLongElement(var2, 0);
     var5 |= 1;
  } else {
     while(var3) {
        int var4 = var8.decodeElementIndex(var2);
        switch (var4) {
           case -1:
              var3 = false;
              break;
           case 0:
              var6 = var8.decodeLongElement(var2, 0);
              var5 |= 1;
              break;
           default:
              throw new UnknownFieldException(var4);
        }
     }
  }

  var8.endStructure(var2);
  return new A(var5, var6, (SerializationConstructorMarker)null);
}

@Serializable
class A(val b: Long)
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     }
  }
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  return new A(var5, var6, (SerializationConstructorMarker)null);
}

@Serializable
class A(val b: Long)



Compiler Plugin-generated code
@NotNull
public A deserialize(@NotNull Decoder decoder) {
  Intrinsics.checkNotNullParameter(decoder, "decoder");
  SerialDescriptor var2 = this.getDescriptor();
  boolean var3 = true;
  int var5 = 0;
  long var6 = 0L;
  CompositeDecoder var8 = decoder.beginStructure(var2);
  if (var8.decodeSequentially()) {
     var6 = var8.decodeLongElement(var2, 0);
     var5 |= 1;
  } else {
     while(var3) {
        int var4 = var8.decodeElementIndex(var2);
        switch (var4) {
           case -1:
              var3 = false;
              break;
           case 0:
              var6 = var8.decodeLongElement(var2, 0);
              var5 |= 1;
              break;
           default:
              throw new UnknownFieldException(var4);
        }
     }
  }

  var8.endStructure(var2);
  return new A(var5, var6, (SerializationConstructorMarker)null);
}

@Serializable
class A(val b: Long)
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  CompositeDecoder var8 = decoder.beginStructure(var2);

(...)
     while(var3) {
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              var3 = false;
              break;
           case 0:
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           default:
              throw new UnknownFieldException(var4);
        }
     }
  }
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}

your AbstractDecoder 
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What’s inside?
@NotNull
public A deserialize(@NotNull Decoder decoder) {

(...)
  CompositeDecoder var8 = decoder.beginStructure(var2);

(...)
     while(var3) {
        int var4 = var8.decodeElementIndex(var2);
        switch (var4) {
           case -1:
              var3 = false;
              break;
           case 0:
              var6 = var8.decodeLongElement(var2, 0);
              var5 |= 1;
              break;
           default:
              throw new UnknownFieldException(var4);
        }
     }
  }

  (...)
}

your AbstractDecoder 

entry point for iteration

find the position of target field 
where we will write

DECODE_DONE

UNKNOWN_NAME (-3)





CALL CHAIN
@NotNull
public A deserialize(@NotNull Decoder decoder) {
  Intrinsics.checkNotNullParameter(decoder, "decoder");
  SerialDescriptor var2 = this.getDescriptor();
  boolean var3 = true;
  int var5 = 0;
  long var6 = 0L;
  CompositeDecoder var8 = decoder.beginStructure(var2);
  if (var8.decodeSequentially()) {
     var6 = var8.decodeLongElement(var2, 0);
     var5 |= 1;
  } else {
     while(var3) {
        int var4 = var8.decodeElementIndex(var2);
        switch (var4) {
           case -1:
              var3 = false;
              break;
           case 0:
              var6 = var8.decodeLongElement(var2, 0);
              var5 |= 1;
              break;
           default:
              throw new UnknownFieldException(var4);
        }
     }
  }

  var8.endStructure(var2);
  return new A(var5, var6, (SerializationConstructorMarker)null);
}

@Serializable
class A(val b: Long)

fun main() {
   Toml.decodeFromString<A>(
       """
           b = 0
       """
   )
}

How do 
we get 
there?
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SIMPLIFIED CALL CHAIN example
Toml.decodeFromString<A>("")

override fun <T> decodeFromString(
    deserializer: DeserializationStrategy<T>,
    string: String
): T {
   val parsedToml = tomlParser.parseString(string)
   return TomlMainDecoder.decode(deserializer, parsedToml)
}

class Toml : StringFormat()
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SIMPLIFIED CALL CHAIN example
Toml.decodeFromString<A>("")

override fun <T> decodeFromString(
    deserializer: DeserializationStrategy<T>,
    string: String
): T {
   val parsedToml = tomlParser.parseString(string)
   return TomlMainDecoder.decode(deserializer, parsedToml)
}

class TomlMainDecoder : AbstractDecoder 
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override fun <T> decodeFromString(
    deserializer: DeserializationStrategy<T>,
    string: String
): T {
   val parsedToml = tomlParser.parseString(string)
   return TomlMainDecoder.decode(deserializer, parsedToml)
}

fun <T> decode(
    deserializer: DeserializationStrategy<T>,
    rootNode: TomlNode
): T {
   val decoder = TomlMainDecoder(rootNode) 
   return decoder.decodeSerializableValue(deserializer)
}



SIMPLIFIED CALL CHAIN example
Toml.decodeFromString<A>("")

override fun <T> decodeFromString(
    deserializer: DeserializationStrategy<T>,
    string: String
): T {
   val parsedToml = tomlParser.parseString(string)
   return TomlMainDecoder.decode(deserializer, parsedToml)
}

fun <T> decode(
    deserializer: DeserializationStrategy<T>,
    rootNode: TomlNode
): T {
   val decoder = TomlMainDecoder(rootNode) 
   return decoder.decodeSerializableValue(deserializer)
}

Inject your Decoder



SIMPLIFIED CALL CHAIN example
Toml.decodeFromString<A>("")

override fun <T> decodeFromString(
    deserializer: DeserializationStrategy<T>,
    string: String
): T {
   val parsedToml = tomlParser.parseString(string)
   return TomlMainDecoder.decode(deserializer, parsedToml)
}

fun <T> decode(
    deserializer: DeserializationStrategy<T>,
    rootNode: TomlNode
): T {
   val decoder = TomlMainDecoder(rootNode) 
   return decoder.decodeSerializableValue(deserializer)
}
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AST

- Native           cannot reuse existing JVM parsers

- Start from the creation of a proper Parser to AST

- Main goal is to create an IR that will be easy to iterate

[A]
     b = 1 { "A": { "b": 1 } } A:

  b: 1

Lexer Parser Parser

KTOML JSON KAML



MAPPING from ast to object 
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node leaf

leaf leaf

- Custom decoder/encoder have an iteration 
index and “begin structure” with root node

a = 1

[table]
    b = 1
    c = 1

@Serializable
data class Toml(val a: Long, val table: Table)

@Serializable
data class Table(val b: Long, val c: Long)
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MAPPING from ast to object 

- Custom decoder/encoder have an iteration 
index and “begin structure” with root node

-  In while-loop they return indexes of a field 
by name and increment index

- Using the index proper field is decoded
 (compiler plugin knows the type and calls 
proper decoder)

a = 1

[table]
    b = 1
    c = 1

@Serializable
data class Toml(val a: Long, val table: Table)

@Serializable
data class Table(val b: Long, val c: Long)

root

node leaf

leaf leaf



PITFALLS and conclusion
04

Smart people learn from mistakes of others
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MISTAKES I made

- Did not read carefully kotlinx.serialization guide 

- Started from reading the library instead of checking decompiled sources

- AST was good for decoding, but not perfect for encoding 

- Forgot about corner cases: nullability/inline classes/etc
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Conclusion

- Migrate to kotlinx.serialization

- Participate in open-source development
 

- Give stars on the GitHub to projects (it really helps to attract contributors!)

- akuleshov7/ktoml

- charleskorn/kaml

- kotlin/kotlinx.serialization



THANK YOU for listening!

Special thanks to:

@NightEule5, 
@bishiboosh,
@Peanuuutz, 
@petertrr,
@nulls, 
@Olivki
@icemachined,
@unix-junkie


