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About Me

•  徐鹏飞（零执）
•  蚂蚁集团 Ant Group
•  KCL Maintainer

•  Github: https://github.com/Peefy
•  Repo: https://github.com/KusionStack/KCLVM
•  KCL Website: https://kcl-lang.github.io/



Background

Stability Scalability Efficiency

Configurations and Policies are important and crucial

Time Event

2021.07 The Bilibili website in China went down because SLB Lua configuration code fell into an 
infinite loop with calculation errors

2021.10 KT Company in South Korea suffers major network interruption nationwide due to wrong 
routing configuration



Why Design KCL

Structured KV Templated KV Programmable
KV Typed KV Modeled KV

Growing importance of modeling, constraint and scalability

Pros.

• Easy to write and read

• Rich multi-language API

• Various Path Tools

Cons.

• Redundant information

• Insufficient functionality e.g.

abstraction, constraint, …

Tech.

• JSON

• YAML

Product

• Kustomize

• …

Pros.

• Simple config logic support

• Dynamic argument input

Cons.

• Increase of argument makes 

it difficult to maintain

• Insufficient functionality e.g.

abstraction, constraint, …

Tech.

• Velocity

• Go Template

Product

• Helm

• …

Pros.

• Required programming features

• Code modularity

• Templates & Data abstraction

Cons.

• Insufficient type constraints

• Insufficient restraint ability

• Runtime error

Tech.

• GCL

• HCL

• JSONNET

• …

Product

• Terraform

• …

Pros.

• Rich config constraint syntax

• Unified type & value constraint 

• Configuration conflict checking

Cons.

• Difficult to configuration 

override for multi-environment 

scenarios

• Runtime checks and limited 

performance

Tech.

• CUE

• …

Product

• KubeVela

• …

Pros.

• Model-centric & constraint-centric

• Scalability on separated block 

writing with rich merge strategies

• Static type system & analysis

• High Performance

Cons.

• Expansion of different models 

requires investment in R&D

Tech.

• KCL

• …

Product

• KusionStack

• …
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Overview
KCL is an open source constraint-based record & functional language mainly used in configuration and policy scenarios

Config

Definition
Description

LambdaSchema

Rule

Organize

Validation

Combination

https://github.com/KusionStack/KCLVM



Model

Abstraction & Validation



Config

Simple and Core Pattern



KCLTools & IDEWorkspace

• project ————
• stack ——
• stack ——

• project ————
• stack ——
• stack ——
• stack ——

• project ————
• stack ——
• stack ——

• project ————
• stack ——
• stack ——

import base.pkg.kusion_models.kube.frontend.strategy
import base.pkg.kusion_models.kube.metadata

schema Server:
“”“Server is abstraction of Deployment and StatefulSet.

Attributes
----------
replicas: int, default is 1, required.

Number of desired pods. This is a pointer to distinguish between explicit zero and not specified. Defaults 
to 1.
image: str, default is Undefined, optional.
Docker image name.
More info: https://kubernetes.io/docs/concepts/containers/images
...
"""
__settings__: {str:str} = {"output_type" = "IGNORE"}

# Application workload type, default to 'Deployment'
workloadType: "Deployment" | "StatefulSet" = "Deployment"
# Application replicas
replicas: int = option("replicas") or 1
# Main container image
image: str = option("image")
# Main container resource
schedulingStrategy: strategy.SchedulingStrategy = strategy.SchedulingStrategy {}
# Main container configuration
mainContainer: container.Main
# Sidecar container configurations
sidecarContainers?: [s.Sidecar]
# Init container configurations
initContainers?: [s.Sidecar]

project management

initializer viewer

OCMP checker

Kusion Ops assistant

Live diff

apply

watch

Kusion Server

preview

Kusionctl

CI/CD engagement

kcl-format kcl-lint kcl-test kcl-doc generator✅ ✅ ✅ ✅

KCL Language coding assistant

highlight

Go To Def/Ref

Code completion

formatting

compile

debug

Error checking test

LSP
KCL Language Server

KCLVM



Structured 
KV

Templated
KV

Coded KV Typed KV
Modeled

KV

KCL Spec KCL Multi-
Language Spec

KCL OpenAPI
Spec

Spec Driven

Config

KCL Modules & Packages

Lambda

Schema

Rule

AST

LLVM IR

KCL LLVM IR

KCL Runtime 
(libkclvm.a)

Context Value

Memory System
Modules

Multi Targets

WASM

Native

KCL Plugin Agent

Meta Project

Parse

Resolver

Static Type Inference 
and Checking

Config Graph 
Unification

Pre-
process

Assembler
& LinkerCode-gen

Plugin
Shema-Centric OOP

Semantic 
Dependency Graph

Tech



Unify

a : A { … }

a : A { … }

Unfold

Unfold

Schema A

Schema C

Schema B

User A

User B

1

2

3

x: c.x or 1

b: B

x: int | str

y: {str: int}

c: C

Substitution

ü DAG Model

ü Irrelevant Order

Dependency

Data

Attribute

Schema

Compilation

https://kcl-lang.github.io/docs/events/2022/kcl_paper



Configuration Merge

Pattern 

Merge 

Result



• base.k

• prod.k

Equivalent code

Configuration Merge



Validation



kcl -O appConfiguration.image='"nginx:1.7.9"'

Automation



Modules

meta

GPLs
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Configuration & Automation

Security & Compliance

Infra UI API

Tools
CI/CD

Compo
nents

Databa
se

App

Kubern
etes Data PL

Kubern
etes

CI/CD
Compo
nents

Data

Databa
se

Scenarios



Working with KusionStack

https://github.com/KusionStack/kusion



Workflow



Automation Integration



Workspace

App Ops

DB Ops Site Ops

App Deliver

Sec Ops Base Model

Konfig

https://github.com/KusionStack/konfig



Examples



Examples
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Performance



Paper

https://kcl-lang.github.io/docs/events/2022/kcl_paper



Who is Using KCL



Key Results at Ant Group

KCL
Compilations

10 K/day
KCL
Code

~800 K
PRs

~23 K

Projects

~1000
Contributors

~500
Commits

~80 K



Roadmap

• Lang Simplification (Spec, Syntax) 
• KCL APIs by Rust
• Completely KCL Tools Support: lint, test, …
• MThe Compiler Natively WASM execution

v0.4.3

2022.9 2022.12 2023.3 2023.6

• Compiler Decorator Extension
• Flow & Policy Capability Enhancement
• Model Registry & Package Management
• More LSP Based IDEs
• Common Domain Language Programming 

Framework : Compiler-Base v0.1 (Common 
Components)

v0.4.4 v0.5 v0.6
• Lang Simplification (Syntax, Semantics)
• Reverse type inference
• Incremental compilation
• Multi Runtime/Backend
• Configure Ecosystem Integration

• CFG-Based KCL IR
• Garbage collector
• JIT Compiler
• Compiler-Base v0.2 (Compiler 

Components, Interface)

Advanced Technology Exploration

More Friendly for Dev
Wider Ecological Integration

Powerful Lang & Compiler Capabilities



欢迎大家用钉钉扫码
或钉钉搜索：42753001

加入 KusionStack 官方交流群

欢迎大家用微信扫码
加入 KusionStack 官方微信群

Resources

• Web Site
• https://kcl-lang.github.io/
• https://kusionstack.io/

• Source Code
• https://github.com/KusionStack/KCLVM
• https://github.com/KusionStack/kusion
• https://github.com/KusionStack/konfig

• Contact
• https://github.com/KusionStack/community#contact
• https://github.com/KusionStack/community

• Twitter
• @KusionStack

https://kusionstack.io/
https://kusionstack.io/
https://github.com/KusionStack/KCLVM
https://github.com/KusionStack/kusion
https://github.com/KusionStack/konfig
https://github.com/KusionStack/community
https://github.com/KusionStack/community
https://@KusionStack



