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Mativation

Lirraries are one of the most important components of the
languace ecosystem.
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Motivation
— Pytorch development lasted more than S years.

Lieraries are availagle only for a handful of lancuaaes. For ex-
amwple:

— Numwpy is availaele only for Python and C.
— Pytorch is availagle only for Python and C.

Lieraries from different lanauaaes have inconsistent inter-
faces. For example:

— Python random module handles more distrisutions than Java Ran-
dom.

— Python pytorch module has a softmax method, di4) (Java) ddesghat.
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Mativation . . . .
Lanauace-Independent Lieraries may Bring few eenedfits.

— Auvailagle for several languages and potentially new ones.
— Consistent interface retween lanauaces.

— Bigaer user Base: Buas et catched faster.
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Mativation

Proelem: Lierary availagility is lancuace dependent

Oegjective: Rendering liBrary availagility lanauace independent with
a transpilation infrastructure.
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Hydra is a one—to-many, source—to-source, transpilation infras-
tructure.

— one—to-many: One source lanGuace is translated to several taraet
lanGuaaes.

— source—to-source: The code Of a source language is transcriked
into the target lancguage equivalent.

Hydra is desianed for lanauace-independent lierary developmentt.
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Francesco There are three main components in the Hydra architecture.
Feree — Hydrakernel: the source languace.

— HydraTemplate: the taraet lanauaae definition mechanism.

— HydraPluains: the extension mechanism for Hydrakernel.

Tanguage
. o
(ramsEvaTostan). Translated
\_;_1 Library
dekernel Abstracthydra
Source
o
(Lang. Plugin) (Cang. Plugin)
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Hydrakernel
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Hydrakernel is a supset of the Scala lanauace.

K supports:

types: int, float, Boolean, void (unit in Scala), strina, pointer to the
pPrevious.

arithmetic operations: Addition, sugtraction, multiplication, power,
and division for int and float types.

loaical operations: and, or, and Not on BOOleans types.

type conversion: int—to-string, float—to-string, int—to-float.
string operations: concatenation, lenath, and equality
Control-flow statements: if, if-else, and while-do.

Basic oBject-orientation aestraction such as classes.
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var i: =0
var j: =0
while ( i < array.size) {
while ( j < array.size) {
if(array(j) > array(j+1)) {
swap(array,i,j)

Hydrakernel
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Hydrakernel BugeleSort translated in Python.

i
J
while i < array.__len—():
while j < array.__len_()

if array[j] > array[j + 1]:
swap(array, i, j)

Hydrakernel BugeleSort translated in C++.

int i = 0;
int j = 0;
while (i < array.size()) {
while(j < array.size()) {
if(array[j] > array[j + 1]) {
swap(array, i, j)
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I# needed, Hydrakernel supports code conditionina directives (CCD).

Hydrakernel

CCDs are preprocessing directives expressed throuch comments.

CCDs can chanae the code aeneration according to lanauace
features.
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/* IF STATIC_ARITH */
def (opl: 1, op2:
def (opl: 1, op2:

= return new 7 (add_(opl,op2))
return new T (sub_(opl,op2))

e def (opl: T, op2: = return new T (mul_(opl,op2))
def (opl: T, op2: = return new 7 (div_(opl,op2))
/* ELSE x/
def (op: 7): = return new 7 (add_(T.this.value,op))
def (op: 7): = return new T(sub_(T.this.value,op))
def (op: 7): = return new T(mul_(7.this.value,op))
def (op: 7): = return new 7 (div_(T.this.value,op))
/* ENDIF x/
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Hydrakernel
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HydraTemplates are one component of the extension mechanism
of Hydra.

HydraTemplate

HydraTemplates define lancuace features in a declarative man-
ner.
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By overriding:

def (cond: , body: )
= s"while $cond: \n${1ndent(body)}\n"
HydraTemplate
def (cond: , body: )

= s"if $cond: \n${1ndent(body)}\n“

— K specialize the while do pattern for Python lancuace.
— K specialize the if_def pattern for Python lancuace.
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HydraTemplates should Be application independentt.

HydroTemplate.

HydraTemplates can re specialized throuah inkeritance.

Inherited HydraTemplates can Be application-dependentt.
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HydraPluains are the second component of the extension mech-
anism.

HydraPluains are made of two components:
HydraPluain — An HydraModule.
— A LanguageModule.

For example, HydraPase is the -HydraPluain responsigle for Hy-
drakernel core lancuace features such as while-loops and if
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HydraPluain

Lancuace
Independent
Lierary
Development

Francesco
Bertolotti

HydraPluains can Be used t0O add new features to the Hydraker-
nel Lancauace.

HydraPluain

HydraTemplates specialize the pattern £or a aiven languace.
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For example,

def (tree: , parent_tree: )8 ={
tree match {
HydraPluain // ...
case (condition, block, ( (()))) =>
lang.if_def(condition, end_block(block))
I soo
}
}

K uses Scala internals to identify if_def nodes.

K translates the Nnodes using the HydraModule.
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The Hydralancuace is responsisle for transeriging Nodes of in-
terest into taraet languaae strings.

For examwple,

HydraPlucin

/AT
def (cond: , body: )3
def (cond: , block: ):
A cao

while_do and if_def are completely delecated to HydraTemplates.
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HydraNativeCalls pluain is responsigle for handling the Foreian
Function Interface (FFD.

Hs HydraModule identifies any extension to the
com.sun.jna.Library.

HydraPlucin

Hs Hydralanauace transcriges classes extending
com.sun.jna.Library to the tarcet languace equivalent.
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abstract override def
/]
tree match {
4 oao
// if class extends com.sun.jna.Library
HydraPlucin case (_, name, (), ( (parent), _, native_funs))
if parent.toString == "com.sun.jna.Library" =>

(tree: , parent_tree:

// transcribe class into FFI eqv for target language
/]
}
}
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Bertolotti lanauace is declared.

70 w00
val null_pointer_value:
Il oo

HydraPluain

A Lanauage Template fills the languaae-dependent knowledae. For
example the Python3 template:

7l w00
val null_pointer_value: = "None"
I soo
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| Develop the lierary with any lancuace.

2. Expose a C API for your lierary.
HyirePlucin 3. Write rindinas using Hydrakernel.
4. Translate the Bindings to any languace.

5. |# needed use add new templates or Nnew pluains.
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Numwpy is a popular ligrary £or scientific computina.

Numpy is availagle only £or Python and C.
Hydra+-Numpy
We would like to have a Numpy-like ligrary for other lanauaaes.
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MiniNumpy euilds upon Numpy and Python C AP.

We ported MiniNumpy for:
— 'D‘
Hydra4+Numpy - C++
- C,

— Scals,

y

— Rury,
— Python3.
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MiniNumpy supports:
— Some array allocation routines: aranae, linespace, zeros, and ones.

Some array manipulation routines: reshape, repeat.

— Some array operations: addition, sugtraction, division, and multipli-

Hydra+-Numpy 5
cation

— And, dassic indexing routines.
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Jl oos

def (shape: [ 1, type ): = {
return new (c_zeros((new (shape) ) .getPointer(),

type.toNativeInt))
}
HydratNumpy def (shape: [ 1, type DE = {
return new (c_ones((new (shape)) .getPointer(),
type.toNativeInt))
}
M ooo
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NpyArray zeros(std::vector<int> shape, int npytype) {

return (NpyArray(c_zeros(Shape(shape).getPointer(), npytype)));
}
NpyArray ones(std::vector<int> shape, int npytype) {

return (NpyArray(c_ones(Shape(shape).getPointer(), npytype)));
}

Hydra+-Numpy

MiniNumpy for Python

def zeros(shape, npytype):

return NpyArray(c_zeros(Shape(shape).getPointer(), npytype))
def ones(shape, npytype):

return NpyArray(c_ones(Shape(shape).getPointer(), npytype))
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size = 1024

x = np.linspace(-2, 1, size, np.FLOAT64)
.reshape((1, size))
.repeat(size,0)

y = np.linspace(-1, 1, size, np.FLOAT64)
.reshape((size, 1))

Hydra--Nunpy .repeat(size,1)
c = x+np.complex_(0,1)x*y
z = np.zeros((size, size), np.COMPLEX128)
= np.ones((size, size), np.BOOLEAN)
for i in range(100):

z[m] = z[m] * z[m] + c[m]
m[z.abs() > np.float_(2.0)] = np.bool_(False)
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size = 1024

X = np.linspace(-2, 1, size, dtype=np.float64)
.reshape((1, size))
.repeat(size,0)

y = np.linspace(-1, 1, size, dtype=np.float64)
.reshape((size, 1))

Hydra--Nunpy .repeat(size,1)
C = x+ljxy
z = np.zeros((size, size), dtype=np.complex128)

np.ones((size, size), dtype=bool)
for i in range(100):

z[m] = z[m] * z[m] + c[m]
m[abs(z) > 2.0] = False
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auto size = 1024;

auto x = np::linspace(-2, 1, size, FLOAT64).reshape({l, size})
.repeat(size,0);
auto y = np::linspace(-1, 1, size, FLOAT64).reshape({size, 1})
.repeat(size,1);
auto c = x+np::complex_(0,1)*y;
Hydra--Nunpy auto z = np::zeros({size, size}, COMPLEX128);
auto m = np::ones({size, size}, BOOLEAN);
for(int i = 0; i < 100; ++i) {
z.put(m, z.loc(m) * z.loc(m) + c.loc(m));
m.put(z.abs() > (np::float_(2.0)), np::bool_(false));
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Conclusions
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Bertolotti pros:
— Hydra can deliver language-independent ligraries.

— HydraTemplates are reusagle.

— HydraTemplates declarative approach renders languaae extension sim-
ple.

Conclusions C ons:
— Hydrakernel lacks many convenient lanauace features.

— Hydrakernel deBuaaing is difficutt.
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Thank you for your attention.

Conclusions
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