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1. I want a library that’s in another language

2. I want more performance than I can get here

3. I want more ergonomics at the expense of speed

4. I want to incrementally transition languages

“This task would be a lot easier
if I could use another language”



HTTP

import java.foo.bar;

SORCERY?!
1957



HTTP

dot_product(array1, array2)



HTTP

Peel back layers of abstraction

1. Build HTTP request string
2. Send that string to a socket



HTTP/1.1 200 OK
Content-Type: application/json
Content-Length: 2
Connection: close

70

GET /dot-product HTTP/1.1
Host: localhost
Connection: close
Content-Type: application/json
Content-Length: 28

[[1, 2, 3, 4], [5, 6, 7, 8]]

dot_product(a, b)



const socket = new net.Socket();

socket.connect(3000, "localhost", () => {
  const requestString = buildHttpRequest("GET", {
    path: "/dot-product",
    headers: …,
    body: JSON.stringify([array1, array2]),
  });

  socket.write(requestString);
});

build HTTP request string, send to socket



server = TCPServer.new("localhost", 3000)
loop do
  client = server.accept
  req = parse_http_request(read_all(client))
  array1, array2 = JSON.parse(req.body)
  answer = dot_product(array1, array2)
  answer_as_json = JSON.dump(answer)
  response_string = build_http_response(json)
  client.write(response_string)
  client.close
end

deserialize args from socket, serialize answer to socket



HTTP/1.1 200 OK
Content-Type: application/json
Content-Length: 2
Connection: close

70

GET /dot-product HTTP/1.1
Host: localhost
Connection: close
Content-Type: application/json
Content-Length: 28

[[1, 2, 3, 4], [5, 6, 7, 8]]



70

[[1, 2, 3, 4], [5, 6, 7, 8]]



const socket = new net.Socket();

socket.connect(3000, "localhost", () => {
  const requestString = buildHttpRequest("GET", {
    path: "/dot-product",
    headers: …,
    body: JSON.stringify([array1, array2]),
  });

  socket.write(requestString);
});

build HTTP request string, send to socket



const socket = new net.Socket();

socket.connect(3000, "localhost", () => {
  const requestString = JSON.stringify(args);

  socket.write(requestString);
});

build HTTP request string, send to socket



server = TCPServer.new("localhost", 3000)
loop do
  client = server.accept
  req = parse_http_request(read_all(client))
  array1, array2 = JSON.parse(req.body)
  answer = dot_product(array1, array2)
  answer_as_json = JSON.dump(answer)
  response_string = build_http_response(json)
  client.write(response_string)
  client.close
end

deserialize args from socket, serialize answer to socket



server = TCPServer.new("localhost", 3000)
loop do
  client = server.accept

  array1, array2 = JSON.parse(read_all(client))
  answer = dot_product(array1, array2)
  answer_as_json = JSON.dump(answer)

  client.write(answer_as_json)
  client.close
end

deserialize args from socket, serialize answer to socket



server = TCPServer.new("localhost", 3000)
loop do
  client = server.accept

  array1, array2 = deserialize(read_all(client))
  answer = dot_product(array1, array2)
  response_bytes = serialize(answer)

  client.write(response_bytes)
  client.close
end

deserialize args from socket, serialize answer to socket



server = TCPServer.new("localhost", 3000)
loop do
  client = server.accept

  array1, array2 = deserialize(read_all(client))
  answer = dot_product(array1, array2)
  response_bytes = serialize(answer)

  client.write(response_bytes)
  client.close
end

deserialize args from socket, serialize answer to socket



server = UNIXServer.new("/tmp/blah.sock")
loop do
  client = server.accept

  array1, array2 = deserialize(read_all(client))
  answer = dot_product(array1, array2)
  response_bytes = serialize(answer)

  client.write(response_bytes)
  client.close
end

deserialize args from socket, serialize answer to socket

Inter-Process Communication (IPC)



pages.cs.wisc.edu/~adityav/Evaluation_of_Inter_Process_Communication_Mechanisms.pdf

pipes
for messages under 8K

shared memory
for messages 8K+

time between sender sending it
and recipient receiving it



HTTP
1001101110010…

serialize to response headers + body

serialize to URL + headers + request body

deserialize request

deserialize response



101110…
serialize args to TCP socket

localhost

HTTP

deserialize args from TCP socket

(actual Ruby function runs)

serialize answer to TCP socket

deserialize answer from TCP socket



101110…
serialize args to socket

deserialize args from socket

(actual Ruby function runs)

serialize answer to socket

deserialize answer from socket

IPC



serialize args to socket

deserialize args from socket

(actual Ruby function runs)

serialize answer to socket

deserialize answer from socket

single process



single process

dot_product(a, b)

(actual Ruby function runs)



single process

dot_product(a, b)

(actual Ruby function runs)



0101110101011010101010001001
0101001011010101011010101010
1001011101010110101010100010
0101010010110101010110101010
1010010111010101101010101000
1001010100101101010101101010
1010100100011101010110101010
1000100101010010111010101011
0101010101001011110101011010
1010100010010101001011010101
0111010101010100101110101011

single process

executable binary



[

]

    "add next two entries",
    42,
    123,
    "add next entry to answer",
    200,
    "jump to index in next",
    3,

single process

executable binary



[

]

0   "add next two entries",
1   42,
2   123,
3   "add next entry to answer",
4   200,
5   "jump to index in next",
6   3,

single process

executable binary
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[

]

0   "add next two entries",
1   42,
2   123,
3   "add next entry to answer",
4   200,
5   "jump to index in next",
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executable binary



[

]

0   "add next two entries",
1   42,
2   123,
3   "add next entry to answer",
4   200,
5   "jump to index in next",
6   3,

single process

executable binary



[

]

    "add next two entries",
    42,
    123,
    "add next entry to answer",
    200,
    "jump to index in next",
    3,
    …

single process

executable binary



[

]

    5, // (add next two entries)
    42,
    123,
    "add next entry to answer",
    200,
    "jump to index in next",
    3,
    …

single process

executable binary



[

]

    5, // (add next two entries)
    42,
    123,
    17, // (add next to answer)
    200,
    "jump to index in next",
    3,
    …

single process

executable binary



[

]

    5, // (add next two entries)
    42,
    123,
    17, // (add next to answer)
    200,
    29, // (jump to index)
    3,
    …

single process

executable binary



[

]

    00000101
    42,
    123,
    17, // (add next to answer)
    200,
    29, // (jump to index)
    3,
    …

single process

executable binary



[

]

    00000101
    00101010
    01111011
    17, // (add next to answer)
    200,
    29, // (jump to index)
    3,
    …

single process

executable binary



[

]

    00000101
    00101010
    01111011
    00010001
    11001000
    00011101
    00000011
    …

single process

executable binary



    00000101
    00101010
    01111011
    00010001
    11001000
    00011101
    00000011

single process

executable binary



"add next two entries",
42,
123,
"add next entry to answer",
200,
"jump to index in next",
3,
…

single process

executable binary



0101110101011010101010001001
0101001011010101011010101010
1001011101010110101010100010
0101010010110101010110101010
1010010111010101101010101000
1001010100101101010101101010
1010100100011101010110101010
1000100101010010111010101011
0101010101001011110101011010
1010100010010101001011010101
0111010101010100101110101011

single process

executable binary



0101110101011010101010001001
0101001011010101011010101010
1001011101010110101010100010
0101010010110101010110101010
1010010111010101101010101000
1001010100101101010101101010
1010100100011101010110101010
1000100101010010111010101011
0101010101001011110101011010
1010100010010101001011010101
0111010101010100101110101011

single process

executable binary "jump"



"add next two entries",
42,
123,
"add next entry to answer",
200,
"jump to index in next",
3,
…

single process

executable binary

integer constant

memory address



0000000000000000
0000000000000000
0000000000000000
0000000000000100

"array length is next entry",
4

single process

executable binary

0100000000010000
0000000000000000
0000000000000000
0000000000000000



"array length is next entry",single process

executable binary

0100000000010000
0000000000000000
0000000000000000
0000000000000000



"array length is next entry",single process

executable binary

0100000000010000
0000000000000000
0000000000000000
0000000000000000

4616189618054758400



"array length is next entry",single process

executable binary

4616189618054758400



0101110101011010101010001001
0101001011010101011010101010
1001011101010110101010100010
0101010010110101010110101010
1010010111010101101010101000
1001010100101101010101101010
1010100100011101010110101010
1000100101010010111010101011
0101010101001011110101011010
1010100010010101001011010101
0111010101010100101110101011

single process

executable binary "jump"



0101110101011010101010001001
0101001011010101011010101010
1001011101010110101010100010
0101010010110101010110101010
1010010111010101101010101000
1001010100101101010101101010
1010100100011101010110101010
1000100101010010111010101011
0101010101001011110101011010
1010100010010101001011010101
0111010101010100101110101011

single process

translate before we jump



1. Read the JS-shaped bytes and 

make some Ruby-shaped bytes

2. Jump to the Ruby instructions that 

will use those Ruby-shaped bytes

3. Read the Ruby-shaped answer and 

use it make a JS-shaped answer

single process

translate before we jump



Some way to read arbitrary bytes and
write other arbitrary bytes in memory

single process

translate before we jump

What we need:

Painstakingly figure out exactly what 
bytes need to go where in JS and Ruby

What we don’t want to do:





docs.ruby-lang.org/en/2.4.0/extension_rdoc.html



same process



same process



import { dot_product } from "./ruby_linear_algebra"

console.log("Answer: ", dot_product(a, b))

implement dot_product

def dot_product(a, b)
  # implementation goes here
end

call dot_product from NodeJS



#include <node_api.h>
#include <ruby.h>

static napi_value dot_product(
    napi_env env,
    napi_callback_info info
) {
    VALUE ruby_array1 = rb_ary_new();
    VALUE ruby_array2 = rb_ary_new();
    … // convert Node arrays to Ruby arrays here

implement bindings between Ruby and Node



    VALUE ruby_answer = rb_funcall(rb_cObject,
        rb_intern("dot_product"), // name of Ruby fn
        2, // number of arguments
        ruby_array1, ruby_array2  // args to fn
    ); // Ruby integer
    // Ruby integer ⇒ C integer
    int c_answer = (int)NUM2INT(ruby_answer);
    napi_value js_answer; // C integer ⇒ JS number
    napi_create_int32(env, c_answer, &js_answer);
    return js_answer;
}

implement bindings between Ruby and Node



    // convert Node arrays to Ruby arrays
    // * create 2 empty Ruby arrays
    // * iterate over each Node array
    // * convert each element: Node number ⇒ C int
    // * convert each C integer ⇒ Ruby integer
    // * push Ruby integer onto Ruby array
    // pass the Ruby arrays to Ruby's `dot_product`
    // convert its returned Ruby int ⇒ C int
    // convert that C int ⇒ Node number, return it.

static napi_value dot_product(…) {

}

implement bindings between Ruby and Node



import { dot_product } from "./ruby_linear_algebra"

console.log("Answer: ", dot_product(a, b))
static napi_value dot_product(…)

implement dot_product

def dot_product(a, b)
  # implementation goes here
end

call dot_product from NodeJS

single process



same process



same process



same process



1957



HTTP

import java.foo.bar;

SORCERY?!





    int c_answer = (int)NUM2INT(ruby_answer);

    napi_create_int32(env, c_answer, &js_answer);



    napi_value js_answer = NUM2JS(ruby_answer);



    napi_value js_answer = ruby_answer;



let rust_integer = c_integer;

let rust_string = c_string;



import java.foo.bar;



less C code

nicer ergonomics than writing C

import java.foo.bar;

much less explosion-prone

JS ⇒   C data structures   ⇒ Ruby

JS ⇒ JSON ⇒ C ⇒ JSON ⇒ Ruby



import java.foo.bar;

TYPE-CHECKED

NOT TYPE- CHECKED



static napi_value dot_product(
    napi_env env,
    napi_callback_info info
)

NOT TYPE- CHECKED

C bindings can’t leverage type definitions



generate Rust type definitions & bindings

from C or C++ type definitions

rust-bindgen

import java.foo.bar;

TYPE-CHECKED



roc-lang.org

rust-bindgen

import java.foo.bar;

“fast, friendly, functional language”
nice to call from other languages

TYPE-CHECKED



rust-bindgen

roc glue roc-to-rust.roc

import java.foo.bar;

use your Roc code’s types
to generate Rust types & bindings

TYPE-CHECKED



roc glue roc-to-rust.roc

use your Roc code’s types
to generate Rust types & bindings

roc-to-rust.roc



// generated by roc glue roc-to-rust.roc
fn dot_product(a: &[i64], b: &[i64]) -> i64 {
    … // calls Roc dotProduct function
}

dotProduct = \a, b ->
    … # return an integer

roc-to-rust.roc



dotProduct = \a, b ->
    … # return an integer

static napi_value dot_product(
    napi_env env,
    napi_callback_info info
) {
    … // do conversions, call Roc dotProduct



static napi_value dot_product

dotProduct = \a, b ->
    … # return an integer

export function dot_product(
     a: number[], b: number[]): number;



static napi_value dot_product

export function dot_product(
     a: number[], b: number[]): number;

import java.foo.bar;

TYPE-CHECKED



import java.foo.bar;

TYPE-CHECKED

import { dotProduct } from "./roc"

TYPE-CHECKED



vendr.com/careers

import { dotProduct } from "./roc"

TYPE-CHECKED



network

inter-process
communication

state across processes
processes can go down

machines are stateful
network errors happen
deployment timing

same process some runtimes are stateful



network

inter-process
communication

same process

Language Server 
Protocol



1. I want a library that’s in another language

2. I want more performance than I can get here

3. I want more ergonomics at the expense of speed

4. I want to incrementally transition languages

“This task would be a lot easier
if I could use another language”



Calling Functions
Across Languages



I host a podcast!

software-unscripted.com

@rtfeldman


