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but oftentimes better than 

a master of one
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20152008

My Language usage

GAME MAKER

42022

https://gamejolt.com/games/inkling-s-nightmare/192544

https://gamejolt.com/games/inkling-s-nightmare/192544


Game Maker Language (GML)

- All code does something

- Compiles to single .exe GML
if (keyboard_pressed(vk_up) and on_ground)

    {

    vspeed = -10

    sound_play(snd_jump)

    sprite_index = spr_player_jump

    }
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20152008 20222018

My Language usage
Java
C / C++
x86 / MIPS asm
Python
Typescript
Prolog
Coq
Scala
MiniZinc
Julia
LUA
C#
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GAME MAKER

- BSc. Computer Science at
Delft University of Techology



Java

Java
public class StubFactoryFactoryProxyImpl extends StubFactoryFactoryDynamicBase

{

   public PresentationManager.StubFactory makeDynamicStubFactory(

       PresentationManager pm, PresentationManager.ClassData classData,

       ClassLoader classLoader )

   {

       return new StubFactoryProxyImpl( classData, classLoader ) ;

   }

}

- All code does something… No

7http://harmful.cat-v.org/Blog/2009/08/05/0-java-factory/

http://harmful.cat-v.org/Blog/2009/08/05/0-java-factory/


Java

- All code does something… No

- Compiles to .jar, requires setup
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C++

- "C++ is my favorite language once I learn it"

- Segfaults instead of Exception traces

- Still had to ship glfw3.dll

- Discovered D on benchmark site

- "They made a sequel to C/C++?"

Language Relative runtime

C 1.0

C++ 1.0

D 1.1

Java 1.8
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D

- Good rationale

- Automatic boilerplate

- Compiles to .exe
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D

- Good rationale

- Automatic boilerplate

- Compiles to .exe
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ubyte[] sdlBytes = cast(ubyte[]) import("SDL2.dll");

https://github.com/p0nce/d-idioms/commit/0661563ccd712aa0d91a2110aa480823a8ba9cc6

https://github.com/p0nce/d-idioms/commit/0661563ccd712aa0d91a2110aa480823a8ba9cc6


Java
C / C++
x86 / MIPS asm
Python
Typescript
Prolog
Coq
Scala
MiniZinc
Julia
LUA
C#

20152008 20222018

My Language usage

D

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

GAME MAKER
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Using D for evertyhing

Scripts

13

MIPS assembler

Software synthesizer

OpenGL app

C to D translator
Computer algebra system

Ultimate tic-tac-toe game Codingame challenges

ELF linker

Chess game

- Lots of hobby projects in D

- Why not use specialized languages?

- Complexity in big language



Complexity in the spec

14https://dlang.org/spec/grammar.html  https://www.lua.org/manual/5.3/manual.html

https://dlang.org/spec/grammar.html
https://www.lua.org/manual/5.3/manual.html


Complexity for the user

- Aggregate two integers?

C: struct    Java: class    Lua: table

D:
D

struct Pair { int x; int y; }

class  Pair { int x; int y; }

alias Pair = Tuple!(int, int);

alias Pair = int[2];
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Complexity in design

- String interpolation

- Feature in C#, JavaScript, Python…

- Just add it to D?

D
void main()

{

   string name = "Dennis";

   writeln("hello ", name, "!");

   writeln(i"hello $name!");

}

16https://rawgit.com/wilzbach/state-of-d/master/report.html

https://rawgit.com/wilzbach/state-of-d/master/report.html


Complexity in design

17https://dlang.org/dips/1027 https://dlang.org/dips/1036 https://github.com/John-Colvin/YAIDIP

https://dlang.org/dips/1027
https://dlang.org/dips/1036
https://github.com/John-Colvin/YAIDIP


String interpolation design challenges

- writefln!i"$x"

- @nogc

- mixin(i"void $f() {}");

- printf(i"$x");

- simple, easy to use
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Better to mix languages?
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ApplicationScripting

High-level Low-level



High level Python

20

- Embedded code written in C

- GUI in Python

https://www.st.ewi.tudelft.nl/koen/cs4140/

https://www.st.ewi.tudelft.nl/koen/cs4140/


C
int setupMessage(char *buffer, FcbMsg *msg) { //RealTimeInfo data, HiFreqRealTimeInfo hiFreq) {
   int len = 0;
   if (msg->type == FCBMSG_HIFREQ_REALTIME_DATA) {
       HiFreqRealTimeInfo *hiFreq = &msg->asHiFreqRealTimeInfo;
       len = snprintf(buffer, 512,
           "{"
           "\"timeStamp\" : %u, "
           "\"phi\" : %d, "
           "\"psi\" : %d, "
           "\"theta\" : %d, "
           "\"sax\" : %d, "
           "\"say\" : %d, "
           "\"saz\" : %d, "
           "\"sp\" : %d, "
           "\"sq\" : %d, "
           "\"sr\" : %d, "
           "\"ae0\" : %d, "
           "\"ae1\" : %d, "
           "\"ae2\" : %d, "
           "\"ae3\" : %d "
           "}",
           hiFreq->timeStamp,
           hiFreq->motion.phi,
           hiFreq->motion.psi,
           hiFreq->motion.theta,
           hiFreq->motion.sax,
           hiFreq->motion.say,
           hiFreq->motion.saz,
           hiFreq->motion.sp,
           hiFreq->motion.sq,
           hiFreq->motion.sr,
           hiFreq->ae[0],
           hiFreq->ae[1],
           hiFreq->ae[2],
           hiFreq->ae[3]
           );
   } else if (msg->type == FCBMSG_REALTIME_DATA) {
       RealTimeInfo *data = &msg->asRealTimeInfo;
       len = snprintf(buffer, 512,
           "{"
           "\"controlMode\": %d, "
           "\"operationMode\" : %d, "
           "\"loopsPerSec\" : %d, "
           "\"bat_volt\" : %u, "
           "\"pressure\" : %u, "
           "\"temperature\" : %u, "
           "\"p1\" : %d, "
           "\"p2\" : %d, "
           "\"p3\" : %d "
           "}",
           data->controlMode,
           data->operationMode,
           data->loopsPerSec,
           data->sensor.bat_volt,
           data->sensor.pressure,
           data->sensor.temperature,
           data->tuning.controllerP[0],
           data->tuning.controllerP[1],
           data->tuning.controllerP[2]
           );
   } else {
       assert(0);
   }
   return len;
}

len = snprintf(buffer, 512,
    "{"
    "\"timeStamp\" : %u, "

21

High level Python

- Embedded code written in C

- GUI in Python

- JSON sent over a socket

- Hard to maintain



LUA scripting

- Super Mario 64 (1996)

- "How did they code it?"

- Emulator with Lua scripting
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Increasing complexity

- From small script to 5000 LOC

  Suddenly!

- Runtime nil errors
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Type systems

Lua
local function checkTypes ()
   for typeName, typeObj in pairs(_typeTable) do
       assert(type(typeObj._name) == "string", "Type "..typeName.." is not a string but a  
"..type(typeObj._name))
       if (typeObj._prim == false and typeObj._dict ~= nil) then
           for k, v in pairs(typeObj._dict) do
               local tt = _typeTable[v.dataType]
               assert(tt ~= nil, "In struct type '" ..typeName.."' key ["..k.."] has unknown type " ..v.dataType)
               assert( (v.dataType ~= "pointer" and v.dataType ~= "array") or (v.parameter ~= nil) ,
                   "In dictionary of " ..typeName.." in "..v.dataType .." entry "..k.." has no parameter." )
           end
       end
      
       local t0 = type(typeObj._readFunc)  
       assert(t0 == "function" or t0 == "userdata" , "Read function of " ..typeObj._name .." is of type " ..t0)
       t0 = type(typeObj._writeFunc)
       assert(t0 == "function" or t0 == "userdata" , "Write function of " ..typeObj._name .." is of type " ..t0)
   end
end

24

- "Static typing" in Lua



Type systems

- "Static typing" in Lua

- "Dynamic typing" in D

D
T max(T)(T x, T y)
{
    return x > y ? x : y;
}

const x = max(10, 20);

25



Seamless data

- One slice / dynamic array type

26

D
void lowLevel()
{
   import core.stdc.stdio : snprintf;
   char[8] buf;
   const n = snprintf(buf.ptr, buf.length, "%d", 99);
   highLevel(buf[0 .. n]);
}

void highLevel(char[] a)
{
   import std.stdio : writeln;
   a ~= " bottles";
   writeln(a);
}



Seamless data

27User "Mipri" - https://forum.dlang.org/post/kxupmpvaepoucjpn@forum.dlang.org

- One slice / dynamic array type

- Good D-to-D FFI

https://forum.dlang.org/post/kxfjupmpvaepoucfjjpn@forum.dlang.org


D code
in a Nintendo 64 emulator
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Assembly hacking

- Lua API too limited / slow

- Inject MIPS assembly

29

MIPS Assembly
LUI AT, 0x8039

LW T0, 0xEE9C (AT)

SLL T1, S0, 2     // 48*S0 = (4*S0-S0)*16

SUB T1, T1, S0

SLL T1, T1, 4

ADDU S5, T0, T1   // S5 = tri ptr = *38EE9C + 48*i

https://gist.github.com/dkorpel/dc7c435bf937fe886b67bfb51b7ec43a

- Bugs

- Collision viewer

https://gist.github.com/dkorpel/dc7c435bf937fe886b67bfb51b7ec43a


Assembly hacking

- Write my own language?

- LDC has -march=mips -mcpu=mips3

- And -output-s flag

30

MIPS Assembly
$CPI2_1:
   .4byte  0x45266000
   .section    .text.hmain,"ax",@progbits
   .globl  hmain
   .p2align    3
   .type   hmain,@function
   .set    nomicromips
   .set    nomips16
   .ent    hmain
hmain:
   .cfi_startproc
   .frame  $sp, 32,$ra
   .mask   0x80030000 ,-4
   .fmask  0x00000000 ,0
   .set    noreorder
   .set    nomacro
   .set    noat
   lui $2, %hi(_gp_disp)
   addiu   $2, $2, %lo(_gp_disp)
   addiu   $sp, $sp, - 32
   .cfi_def_cfa_offset 32
   sw  $ra, 28($sp)
   sw  $17, 24($sp)
   sw  $16, 20($sp)
   .cfi_offset 31, -4
   .cfi_offset 17, -8
   .cfi_offset 16, -12
   addu    $16, $2, $25
   lw  $2, %got(isInitialized)($16)
   lbu $1, 0($2)
   bnez    $1, $BB2_2
   nop
   addiu   $1, $zero, 1
   sb  $1, 0($2)

- How to resolve labels?



Linkers

"A linker is a very stupid, pedestrian, 
straightforward program. (...) The tedium in writing 

a linker is usually all about decoding and 
generating the usually ridiculously 

overcomplicated file formats" - Walter Bright

https://github.com/97-things/97-things-every-programmer-should-know/tree/master/en/thing_53

- Relocation table

- Don't need assembler

31

SHT_MIPS_ABIFLAGS

SHT_MIPS_REGINFO

- ELF binary format

https://github.com/97-things/97-things-every-programmer-should-know/tree/master/en/thing_53


Linkers

- Relocation table

- Don't need assembler

- ELF binary format

32

R_MIPS_16          R_MIPS_SCN_DISP          R_MIPS16_TLS_GD           R_MICROMIPS_TLS_GD

R_MIPS_NONE        R_MIPS_REL16             R_MIPS16_TLS_LDM          R_MICROMIPS_TLS_LDM

R_MIPS_REL32       R_MIPS_ADD_IMMEDIATE     R_MIPS16_TLS_DTPREL_HI16  R_MICROMIPS_TLS_DTPREL_HI16

R_MIPS_32          R_MIPS_PJUMP             R_MIPS16_TLS_DTPREL_LO16  R_MICROMIPS_TLS_DTPREL_LO16

R_MIPS_HI16        R_MIPS_RELGOT            R_MIPS16_TLS_GOTTPREL     R_MICROMIPS_TLS_GOTTPREL

R_MIPS_26          R_MIPS_JALR              R_MIPS16_TLS_TPREL_HI16   R_MICROMIPS_TLS_TPREL_HI16

R_MIPS_GPREL16     R_MIPS_TLS_DTPMOD32      R_MIPS16_TLS_TPREL_LO16   R_MICROMIPS_TLS_TPREL_LO16

R_MIPS_LO16        R_MIPS_TLS_DTPREL32      R_MIPS_COPY               R_MICROMIPS_GPREL7_S2

R_MIPS_GOT16       R_MIPS_TLS_DTPMOD64      R_MIPS_JUMP_SLOT          R_MICROMIPS_PC23_S2

R_MIPS_LITERAL     R_MIPS_TLS_DTPREL64      R_MICROMIPS_26_S1         R_MICROMIPS_PC21_S1

R_MIPS_CALL16      R_MIPS_TLS_GD            R_MICROMIPS_HI16          R_MICROMIPS_PC26_S1

R_MIPS_PC16        R_MIPS_TLS_LDM           R_MICROMIPS_LO16          R_MICROMIPS_PC18_S3

R_MIPS_UNUSED1     R_MIPS_TLS_DTPREL_HI16   R_MICROMIPS_GPREL16       R_MICROMIPS_PC19_S2

R_MIPS_GPREL32     R_MIPS_TLS_DTPREL_LO16   R_MICROMIPS_LITERAL       R_MIPS_NUM

R_MIPS_UNUSED3     R_MIPS_TLS_GOTTPREL      R_MICROMIPS_GOT16         R_MIPS_PC32

R_MIPS_UNUSED2     R_MIPS_TLS_TPREL32       R_MICROMIPS_PC7_S1        R_MIPS_EH

R_MIPS_SHIFT6      R_MIPS_TLS_TPREL64       R_MICROMIPS_PC10_S1      

R_MIPS_SHIFT5      R_MIPS_TLS_TPREL_HI16    R_MICROMIPS_PC16_S1      

R_MIPS_GOT_DISP    R_MIPS_TLS_TPREL_LO16    R_MICROMIPS_CALL16       

R_MIPS_64          R_MIPS_GLOB_DAT          R_MICROMIPS_GOT_DISP     

R_MIPS_GOT_OFST    R_MIPS_PC21_S2           R_MICROMIPS_GOT_PAGE     

R_MIPS_GOT_PAGE    R_MIPS_PC26_S2           R_MICROMIPS_GOT_OFST     

R_MIPS_GOT_LO16    R_MIPS_PC18_S3           R_MICROMIPS_GOT_HI16     

R_MIPS_GOT_HI16    R_MIPS_PC19_S2           R_MICROMIPS_GOT_LO16     

R_MIPS_INSERT_A    R_MIPS_PCHI16            R_MICROMIPS_SUB          

R_MIPS_SUB         R_MIPS_PCLO16            R_MICROMIPS_HIGHER       

R_MIPS_DELETE      R_MIPS16_26              R_MICROMIPS_HIGHEST      

R_MIPS_INSERT_B    R_MIPS16_GPREL           R_MICROMIPS_CALL_HI16    

R_MIPS_HIGHEST     R_MIPS16_GOT16           R_MICROMIPS_CALL_LO16    

R_MIPS_HIGHER      R_MIPS16_CALL16          R_MICROMIPS_SCN_DISP     

R_MIPS_CALL_LO16   R_MIPS16_HI16            R_MICROMIPS_JALR         

R_MIPS_CALL_HI16   R_MIPS16_LO16            R_MICROMIPS_HI0_LO16     

R_MIPS_26

R_MIPS_32

R_MIPS_HI16

R_MIPS_LO16

https://code.woboq.org/llvm/llvm/include/llvm/BinaryFormat/ELFRelocs/Mips.def.html

https://code.woboq.org/llvm/llvm/include/llvm/BinaryFormat/ELFRelocs/Mips.def.html


Result

33https://www.youtube.com/watch?v=yk9KrfLvgJQ

https://www.youtube.com/watch?v=yk9KrfLvgJQ


Result

- Very restricted feature set

- Still, benefits of using D over C:

syntax, reusable code, import("data.bin") 

34

LLVM ERROR: Not supported instr:

<MCInst 0 <MCOperand Reg:30> <MCOperand Reg:25>>



D code
in the browser

35



D in the browser

- JavaScript

- Java Applet, Flash player

- Summer 2018: LDC adds WebAssembly

- betterC / Bare metal 

- Ultimate tic-tac-toe game

36https://github.com/dkorpel/tictac

https://github.com/dkorpel/tictac


Exact math calcuator

37

- Simplify formulas with variables

- Mathematica not open source

https://www.wolframalpha.com https://www.wolfram.com/mathematica/

🔍 |
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

🕑 Variable math library 
🕑 Exact math library
🕑 Formula math library
🕑 Alebgraic math library
🕑 High school math library

- Write my own

https://www.wolframalpha.com
https://www.wolfram.com/mathematica/


38https://www.sympy.org/en/index.html

https://www.sympy.org/en/index.html


Generic number types

- D has operator overloading

- Drop-in replacement for float

39

D
T[2][2] matrixInverse2x2(T)(T[2][2] c) 

{

   const T det = c[0][0] * c[1][1] - c[0][1] * c[1][0];

   const T invDet = 1 / det;

   T[2][2] res;

   res[0][0] = c[1][1] * invDet;

   res[0][1] = -c[0][1] * invDet;

   res[1][0] = -c[1][0] * invDet;

   res[1][1] = c[0][0] * invDet;

   return res;

}



Generic number types

- D has operator overloading

- Drop-in replacement for float

- Value type + tree data structure

40

D
void main()
{
   float x = 3;
   float y = x;
   y++;
   assert(x == 3);
}

+

3x

2

^

(x+3)^2



Generic number types

- D has operator overloading

- Drop-in replacement for float

- Value type + tree data structure

- Inspired by BigInt and "Invariant strings"

41

D
struct MathNum
{
   int tag;
   immutable(MathNum)[] args;
}

https://digitalmars.com/articles/b01.html

https://digitalmars.com/articles/b01.html


WebAssembly

42

- I use function attributes a lot



WebAssembly

- Remove -betterC flag?

- druntime not ready

43

core/stdc/time.d:42: Error: undefined identifier ̀time_t ,̀ did you mean function ̀time ?̀
core/stdc/time.d:44: Error: undefined identifier ̀tm`
core/stdc/time.d:44: Error: undefined identifier ̀time_t ,̀ did you mean function ̀time ?̀
core/stdc/time.d:46: Error: undefined identifier ̀tm`
core/stdc/time.d:46: Error: undefined identifier ̀time_t ,̀ did you mean function ̀time ?̀
core/stdc/time.d:48: Error: undefined identifier ̀tm`
core/stdc/wchar_.d:128: Error: undefined identifier ̀wchar_t ,̀ did you mean ̀ dchar ?̀
core/stdc/wchar_.d:131: Error: undefined identifier ̀FILE`
core/stdc/wchar_.d:131: Error: undefined identifier ̀wchar_t ,̀ did you mean ̀ dchar ?̀
core/stdc/wchar_.d:133: Error: undefined identifier ̀FILE`
core/stdc/wchar_.d:133: Error: undefined identifier ̀wchar_t ,̀ did you mean ̀ dchar ?̀

:(

https://forum.dlang.org/post/xkedsnvqejvupjfzpkur@forum.dlang.org

- I use function attributes a lot

- But this one uses GC

https://forum.dlang.org/post/xkedsnvqejvupjfzpkur@forum.dlang.org


WebAssembly

44

- Solution: custom druntime

- GitHub: adamdruppe/webassembly

- Pass custom object.d to compiler

ldc2 -i -mtriple=wasm32-unknown-unknown-wasm -L-allow-undefined \
wasm/object.d app.d \
-of=app.wasm

https://github.com/adamdruppe/webassembly, https://github.com/hmmdyl/LWDR

D
module object;

alias string = immutable(char)[];

alias size_t = typeof(int.sizeof);

alias noreturn = typeof(*null);

extern(C) void _d_assert(string file, int line) 

{

}

https://github.com/adamdruppe/webassembly
https://github.com/hmmdyl/LWDR


Result

- Almost a programming language

- Leaks memory

- Limited implicit conversions

45

D
float[] array = [10, 20];

MathNum[] arrayB = [MathNum(10), MathNum(20)];



D code
on the graphics card

46



(I didn't run D code on the graphics card)

47



Graphics cards

48

- GPUs have no defined ISA

- APIs: DirectX, OpenGL, Vulkan

https://github.com/libmir/dcompute

App.d

Shader.vs glCompileShader

opengl32.dll ?

mov RDX,[RDI]
call qword ptr 030h[RDX]
mov RCX,-028h[RBP]
add RCX,RAX

(func (param $p i32)
  (result i32)
  local.get $p
  local.get $p
  i32.add)

   lbu $1, 0($2)
   bnez $1, $BB2_2
   nop
   addiu   $1, $zero, 1
   sb  $1, 0($2)

x86

Wasm

MIPS

SPIR-V

https://github.com/libmir/dcompute


Using OpenGL

49

- Inform GPU about struct layout

D
struct Vertex
{
   float[3] position;
   ubyte[4] color;
}

GLSL
#version 330
layout(location = 0) in vec3 position;
layout(location = 1) in vec4 color;

out vec3 fragColor;

uniform mat4 matrix;

void main() {
   gl_Position = matrix * vec4(position, 1.0);
   fragColor = color;
}



Using OpenGL

50

- Inform GPU about struct layout

- Very brittle

D
void setupVao()
{
   GLuint vao;
   glGenVertexArrays(1, &vao);
   glBindVertexArray(vao);

   glEnableVertexAttribArray(0);
   glVertexAttribPointer(0, 3, GL_FLOAT, GL_FALSE, 16, 0);
   glEnableVertexAttribArray(1);
   glVertexAttribPointer(1, 4, GL_UNSIGNED_BYTE, GL_TRUE, 16, 12);
}

D
struct Vertex
{
   float[3] position;
   ubyte[4] color;
}



51
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Oops!
Dennis Korpel



Metaprogramming

53

- Avoid magic numbers

D
struct Vertex
{
   float[3] position;
   ubyte[4] color;
}

D
   glVertexAttribPointer (
       /*location*/ 0,
       /*components*/ Vertex.position.length ,
       /*base type*/ GL_FLOAT,
       /*normalized*/ GL_FALSE,
       /*stride*/ Vertex.sizeof,
       cast(void*) Vertex.position.offsetof
   );



Metaprogramming

- Avoid magic numbers

- Generate the right calls

54

D
import std.meta, std.traits;

void defineVaoAttributes(V)()
{
   static foreach(i; 0 .. V.tupleof.length)
   {{
       alias Arr = typeof(V.tupleof[i]);
       alias Elem = typeof(Arr.init[0]);
       glVertexAttribPointer(i, Arr.length, toGl!Elem, isIntegral!Elem,
           V.sizeof, cast(void*) V.tupleof[i].offsetof);
   }}
}
enum toGl(T) = [GL_UNSIGNED_BYTE, GL_FLOAT][staticIndexOf!(T, ubyte, float)];

D
struct Vertex
{
   float[3] position;
   ubyte[4] color;
}



Result

- Expand to support all types

- Automatically generate GLSL code

55

D
void setupVao()
{
   GLuint vao;
   glGenVertexArrays(1, &vao);
   glBindVertexArray(vao);

   defineVaoAttributes!Vertex();
}

GLSL
#version 330
layout(location = 0) in vec3 position;
layout(location = 1) in vec4 color;

out vec3 fragColor;

uniform mat4 matrix;

void main() {
   gl_Position = matrix * vec4(position, 1.0);
   fragColor = color;
}



Result

- Expand to support all types

- Automatically generate GLSL code

- Still some friction

56

D
struct Buffer {
   bool b; /// 1 byte
   float[3][] array;
}

GLSL
buffer Buffer {
  bool b; /// 4 bytes
  float[][3] array;
};



Wrapping up

57

- ❤ to other programming languages

- Just one guy's perspective

- D is complex

- Reusable, robust, flexible code that 
runs everywhere



The Jack of all trades

Dennis Korpel - DConf 2022
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