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Embedded Swift

• Official initiative from Apple 

• Subset of the language, not dialect 

• Compilation mode enforces constraints to achieve goals of reducing: 

• Runtime overhead 

• Memory footprint 

• Executable code size



How ?

• Remove everything that is dynamic 

• Dynamic reflection facilities (such as mirrors, as? downcasts, and printing arbitrary values) 

• Existential types (any) 

• Generics instantiation 

• Obj-C interop 

• Dynamic code loading (plug-ins) 

• Minimal runtime library / no need for metadata 

• Reduced Swift Standard Library (e.g. no Codable) 

• Agressive dead code stripping



In practice

•swiftc -target <target triple> -enable-experimental-feature Embedded -wmo file.swift 
-c -o output.o 

•Target triple e.g. for nRF: armv7em-none-none-eabi 

• From Embedded Swift user manual 

• Embedded Swift is a compilation model that's analogous to a traditional C compiler 
in the sense that the compiler produces an object file (.o) that can be simply 
linked with your existing code, and it's not going to require you to port any 
libraries or runtimes. 

• Linking is done as usual using the embedded platform toolchain



Embedded dev steps
From Embedded Swift user manual

A typical setup and build + run cycle for an embedded development board involves: 

• (1) Getting an SDK with the C compilers, headers and libraries for the target 

• (2) Building the C source code, and Swift source code into object files. 

• (3) Linking all the libraries, C object files, and Swift object files. 

• (4) Post-processing the linked firmware into a flashable format (UF2, BIN, HEX, or bespoke 
formats) 

• (5) Uploading the flashable binary to the board over a USB cable using some vendor-provided 
JTAG/SWD tool, by copying it to a fake USB Mass Storage volume presented by the board or a 
custom platform bootloader. 

• (6) Restarting the board, observing physical effects of the firmware (LEDs light up) or UART 
output over USB, or presence on network, etc.



Step 1 

Install and test the dev 
environment for your target 

(No Swift)



Target : nRF52840 DK





Step 2 

Test the Embedded Swift examples



https://github.com/apple/swift-embedded-examples/tree/
main/nrfx-blink-sdk



https://www.swift.org/download/#snapshots





Step 3 

Set-up a proper dev environment





Step 4 

Start from the Embedded Swift examples and 
create your own project from there



Main.swift
@main 
struct Main { 
  static func main() { 
    // Note: & in Swift is not the "address of" operator, but on a global 
variable declared in C 
    // it will give the correct address of the global. 
    gpio_pin_configure_dt(&led0, GPIO_OUTPUT | GPIO_OUTPUT_INIT_HIGH | 
GPIO_OUTPUT_INIT_LOGICAL) 
    while true { 
      gpio_pin_toggle_dt(&led0) 
      k_msleep(100) 
    } 
  } 
}



BridgingHeader.h
#include <autoconf.h> 

#include <zephyr/kernel.h> 
#include <zephyr/drivers/gpio.h> 

#define LED0_NODE DT_ALIAS(led0) 
static struct gpio_dt_spec led0 = GPIO_DT_SPEC_GET(LED0_NODE, gpios);



Main.swift
@main 
struct Main { 
  static func main() { 
    // Note: & in Swift is not the "address of" operator, but on a global 
variable declared in C 
    // it will give the correct address of the global. 
    gpio_pin_configure_dt(&led0, GPIO_OUTPUT | GPIO_OUTPUT_INIT_HIGH | 
GPIO_OUTPUT_INIT_LOGICAL) 
    while true { 
      gpio_pin_toggle_dt(&led0) 
      k_msleep(100) 
    } 
  } 
}



Main.swift
struct Led { 
  let gpio: UnsafePointer<gpio_dt_spec> 

  init(gpio: UnsafePointer<gpio_dt_spec>) { 
    self.gpio = gpio 
    // Note: & in Swift is not the "address of" operator, but on a global 
variable declared in C 
    // it will give the correct address of the global. 
    gpio_pin_configure_dt(gpio, GPIO_OUTPUT | GPIO_OUTPUT_INIT_HIGH | 
GPIO_OUTPUT_INIT_LOGICAL) 
  } 

  func toggle() { 
     gpio_pin_toggle_dt(gpio) 
  } 
}



Main.swift
@main 
struct Main { 
  static func main() { 
    let led = Led(gpio: &led0) 
    while true { 
      led.toggle() 
      k_msleep(100) 
    } 
  } 
}



Main.swift
enum LedError: Error { 
  case notReady 
} 

struct Led { 
  let gpio: UnsafePointer<gpio_dt_spec> 

  init(gpio: UnsafePointer<gpio_dt_spec>) throws { 
    if (!gpio_is_ready_dt(gpio)) { 
      throw LedError.notReady 
    } 

… 
}



Build error
…/EmbeddedSwift-nRF52-Examples/LED/Main.swift:30:22: error: cannot use a 
value of protocol type 'any Error' in embedded Swift 

28 |   init(gpio: UnsafePointer<gpio_dt_spec>) throws { 
29 |     if (!gpio_is_ready_dt(gpio)) { 
30 |       throw LedError.notReady 
   |                      `- error: cannot use a value of protocol type 'any 
Error' in embedded Swift 
31 |     } 
32 | 



Main.swift
struct Led { 
  let gpio: UnsafePointer<gpio_dt_spec> 

  init(gpio: UnsafePointer<gpio_dt_spec>) throws(LedError) { 
    if (!gpio_is_ready_dt(gpio)) { 
      throw .notReady 
    } 
  …



Main.swift
@main 
struct Main { 
  static func main() { 
    do { 
      let led = try Led(gpio: &led0) 
      while true { 
        led.toggle() 
        k_msleep(100) 
      } 
    } catch { 
      print("Could not initialize LED") 
    } 
  } 
}



Build error
[3/7] Linking C executable zephyr/zephyr_pre0.elf 
FAILED: zephyr/zephyr_pre0.elf zephyr/zephyr_pre0.map …/EmbeddedSwift-nRF52-
Examples/LED/build/zephyr/zephyr_pre0.map  
: && ccache /opt/nordic/ncs/toolchains/f8037e9b83/opt/zephyr-sdk/arm-zephyr-
eabi/bin/arm-zephyr-eabi-gcc  ………… -E true 
/opt/nordic/ncs/toolchains/f8037e9b83/opt/zephyr-sdk/arm-zephyr-eabi/bin/../
lib/gcc/arm-zephyr-eabi/12.2.0/../../../../arm-zephyr-eabi/bin/ld.bfd: 
warning: orphan section `.swift_modhash' from `app/libapp.a(Main.swift.obj)' 
being placed in section `.swift_modhash' 
collect2: error: ld returned 1 exit status 
ninja: build stopped: subcommand failed.







Step 4 

Just keep going at it…



Eventually you will get there

@main 
struct Main { 
  static func main() { 
    let led = Led(gpio: &led0) 
     
    let _ = Button<Led>(gpio: &button, context: led) { _, callback, _ in 
      let led = Button<Led>.getContext(callback) 
      print("Button pressed") 
      led.toggle() 
    } 

    let logic = Logic() 
    logic.run() 
  } 
}



Summary

• Start with the toolchain for your chosen platform 

• Have their example working, deployed to the board 

• Download the Swift nightly toolchain (still in active development) 

• Start from Embedded Swift examples 

• Grow your code from there 

• At this stage, you need some understanding of embedded dev, your target SDK, C… 

• Use forums, community, GitHub… 

• Still in development, things will improve 
(check swift/docs/EmbeddedSwift/EmbeddedSwiftStatus.md)



Thank you!


