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https://makecode.com/
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Innovations



TypeScript

http://www.typescriptlang.org/

http://www.typescriptlang.org/


Blocks and TypeScript



API Binding (1)



API Binding (2)
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1. From C++ to TypeScript and Blockly

• CODAL: C++ Component-oriented Device Abstraction Layer
• https://github.com/lancaster-university/codal-core
• Joe Finney and James Devine

• http://github.com/microsoft/pxt-common-packages
• glue between CODAL and MakeCode  
• annotated C++ provides standard TypeScript/Blockly APIs for common features

• http://github.com/microsoft/pxt-adafruit
• Defines full web app
• Using common packages and base PXT framework

https://github.com/lancaster-university/codal-core
http://github.com/microsoft/pxt-common-packages
http://github.com/microsoft/pxt-adafruit
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CODAL repos

Build: https://github.com/lancaster-university/codal

Base: https://github.com/lancaster-university/codal-core

• https://github.com/lancaster-university/codal-mbed
• https://github.com/lancaster-university/codal-samd21

• https://github.com/lancaster-university/codal-circuit-playground

• https://github.com/lancaster-university/codal-atmega328p
• https://github.com/lancaster-university/codal-arduino-uno

• …

https://github.com/lancaster-university/codal-core
https://github.com/lancaster-university/codal-core
https://github.com/lancaster-university/codal-mbed
https://github.com/lancaster-university/codal-samd21
https://github.com/lancaster-university/codal-circuit-playground
https://github.com/lancaster-university/codal-atmega328p
https://github.com/lancaster-university/codal-arduino-uno
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https://github.com/Microsoft/pxt-common-
packages/blob/master/libs/accelerometer/accelerometer.cpp

https://github.com/Microsoft/pxt-common-packages/blob/master/libs/accelerometer/accelerometer.cpp
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Compiling C++ for MakeCode

• Preprocessing of C++
• https://makecode.com/simshim
• Determines which C++ entities will be visible/exported via TypeScript Declaration File

• Mosly 1-1 mappings between C++ and TypeScript entities
• bool, number(s), string, enums
• lambdas, functions
• namespaces
• runtime collections
• plus a hack for exposing methods of a C++ class

• Invoke C++ compiler to generate runtime binary
• With exported points
• Binary incorporated into web app

https://makecode.com/simshim


Target specific override and shim file

https://github.com/Microsoft/pxt-
adafruit/blob/master/libs/accelerometer/axis.h

https://github.com/Microsoft/pxt-
adafruit/blob/master/libs/accelerometer/shims.d.ts

https://github.com/Microsoft/pxt-adafruit/blob/master/libs/accelerometer/axis.h
https://github.com/Microsoft/pxt-adafruit/blob/master/libs/accelerometer/shims.d.ts


MakeCode GitHub repos

• Framework and support
• https://github.com/Microsoft/pxt
• https://github.com/Microsoft/pxt-blockly
• https://github.com/Microsoft/pxt-monaco-typescript
• https://github.com/Microsoft/pxt-common-packages (CODAL-specific)

• Targets
• https://github.com/Microsoft/pxt-adafruit
• https://github.com/Microsoft/pxt-microbit
• https://github.com/Microsoft/pxt-maker
• https://github.com/Microsoft/pxt-chibitronics

https://github.com/Microsoft/pxt
https://github.com/Microsoft/pxt-blockly
https://github.com/Microsoft/pxt-monaco-typescript
https://github.com/Microsoft/pxt-common-packages
https://github.com/Microsoft/pxt-adafruit
https://github.com/Microsoft/pxt-microbit
https://github.com/Microsoft/pxt-maker
https://github.com/Microsoft/pxt-chibitronics


2. From Blocky to TypeScript to Binary (C++)

• Static TypeScript

• Blocky to Static TypeScript

• Compiling Static TypeScript to Machine Code



Static TypeScript



What’s Left in Static TypeScript?



Blocky to Static TypeScript

• Blockly has limited notion of type

• Perform Hindley-Milner type inference over Blockly AST

• Type errors possible in Blockly, but very rare



Static TypeScript to Machine Code

• TypeScript language service -> typed AST

• Extra checks for Static TypeScript subset

• AST -> IR -> Assembly -> Machine Code

• Tree shaking of AST to remove all unneeded STS code



Compiler and Runtime

• Tagged integers, boxing to move to doubles (JavaScript)

• Automatic conversion from STS numbers to various C++ types in glue code

• Reference counting, closures

• Vtable-based layout of (nominally typed) classes

• Interfaces (i.e., multiple inheritance)
• per-method, so classes do not have to declare they implement a particular interface

• Generics, through code duplication for now

• Many ES6 features (for-in, lambdas, get/set accessors, etc.)

• Custom debugger support for both native and JS compilers

https://github.com/Microsoft/pxt-common-packages/blob/master/libs/base/pxtbase.h

https://github.com/Microsoft/pxt-common-packages/blob/master/libs/base/pxtbase.h
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