rank.-

method="softsort"
mode="euclidean"

rank.

method="neuralsort"
mode="entropic"
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rank.

method="neuralsort"
mode="entropic"

arr = Jnp.array([x, -1.0, 0.5, 0.8,
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Some operations in JAX & PyTorch
_rank Yield uninformative gradients.

Existing “soft operators” are

. spread out across repos.

rank.

method="neuralsort"
mode="entropic"

. '
|'II'\-|‘|A RN +

arr = Jnp.array([x, -1.0, 0.5, 0.8, 5.6]) SGLE Jax

import softjax as sj

arr = jnp.array([x, -1.0, 0.5, 0.8, 2.0])

ranks = sj.rank(arr, method="neuralsort",
mode="smooth") [0]
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so1

AXiISWIS

PO § WV or.’.
Some oﬁera% ns in JAX & PyTorch
> _rank Yield uninformggiv@.gradients.

argmail logical_and
min L . dogieal ‘or
argso: Existing “saff pperators” are
SOrt spread out aceoss repos.
argqus ;m any

quant. rankT J Z Il

argr.ne( method="neuralsort"

medla)] mode="entropic" Qaoloctinne

argtoj pip install scftjax
top k not
argrank iseli ; :
import softjax as sj
rank arr = Jnp.array(ix, =1.0, 0.5, 0.8, 2.0])
ranks = sj.rank(arr, method="neuralsort",
mode="smooth") [0]
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Softening?

11 sj.relu_st / jax.nn.relu
sj.relu |
jax.grad(sj.relu_st)
0 = S St
-1 0 1
X
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Straight-through estimation

17 sj.relu_st / jax.nn.relu
sj.relu
jax.grad(sj.relu_st)
O 1T 05—

Straight-through trick

fste(2) = sg(f(x)) + fr(x) — sg(fr(x))

SoftJAX & SoftTorch, A Paulus, AR Geist, V Musil, S Hoffmann, O Beker, G Martius, 2026.



Straight-through pitfall
V(fste - 9ste) =V fr-g+ f-Vg-r
v(f . g)STE = v(fT . gT) = vf'r - gr T f’T ) VQT

V(f-9) V(fsTE - gsTE) V(f-g)sTE
1 y : - v v 94 Y > > v v + }yr > > vy v 9
v « 4 » » » v 4 4 p > > » v 4« 4
7 4 4 p » » » 4 4 A p » » » v 4 A
0- A A Ay v v v 4 4 A
A A Ay v v 4 4 4 A
: A A Ay v v 4 4 4 A
, x, A A x; W 4 a4 4 A4 A CEL
0 0 0
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Elementwise operators

0 ifz <0,
H(z) =< 0.5 ifx =0, >
1 else.
sign round

SoftJAX & SoftTorch, A Paulus, AR Geist, V Musil, S Hoffmann, O Beker, G Martius, 2026.

heaviside

mode=. ..

1

X ~ 'euclidean'
'entropic'

_'"hard'
» X

clip




Comparisons

greater less_equal isclose
A A
i -
€
s X i X
+ B t
y y

CDF defining the probability that a
Boolean operator equates to true.
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Xor operator

Fuzzy logic 17
au(pla"'7pn) = Hpj Y
j=1
not(p) =-p=1—0p
0
anY(p17-"7pn) = _'au(_'pla-“a_'pn)) 0

and(p, q) = all(p, q),
or(p, q) == any(p, q),
xor(p, q) = or(and(a:, ﬂy), and(ﬁﬂfa y))

Selection = Expectation: z; = p; - x; + (1 — p;) - y;

SoftJAX & SoftTorch, A Paulus, AR Geist, V Musil, S Hoffmann, O Beker, G Martius, 2026.
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AXiswise operators

X = Jap.array (0.1, 0.4, 0.3 ) ,
value at index

index
idx = jnp.argmax (x) # 2 4 {

y = jax.lax.dynamic_index_in_dim(x, idx) # [0.8]

soft_i1dx = sj.argmax(x) # [0.004 0.042 0.953]
y = sj.dynamic_index_in_dim(x, soft_idx?# [O. 78]

probability distribution over indices
expected value at index

11
SoftJAX & SoftTorch, A Paulus, AR Geist, V Musil, S Hoffmann, O Beker, G Martius, 2026.



SoftSort

1. Compute
anchor

array
01 4 -22 6 9

sort(array)
o
—
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Axiswise operator overview

Regularized OT

SoftSort

NeuralSort

n=>

1
a ,, X

>
[U:
| <
‘lp
=

1. Compute 2. Pairwise 3. Axiswise unit 4. Compute

anchor distances  simplex projection expectation
array| d(-9, 6) array
01 4 22 |6} -9 01 4 22 6 9

(&e1re)+y108

arg sort.(x); = II, ((Zz —n—1)x— A;ln)

LapSum and more...

(1,3,2

(12,3 [

e
(2,1,3) 0

(2.9,0.1,1.2)

Source: https://arxiv.org/pdf/2002.08871

Source: https://proceedings.mir.press/v139/petersen21a.html

ot~ :
so (b, k)

co“‘.\“g Po+pP1+p2=k e

N

] b
po=_fiwf(x—ro)dx P1=f_! x —ry) dx
N

b
P2 =J_fx=ra)dx

-8 -6 r2 2 0 Tfo 2 b ry 6

Source: https://arxiv.org/pdf/2503.06242
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Sort operator
Time (ms) Memory (KB)

210 212 26 2I8 2I10 2I12

Array Size Array Size

-®- Hard - SoftSort -V~ FastSoftSort -#- SortingNet
-@- OT NeuralSort =-#- SmoothSort

SoftJAX & SoftTorch, A Paulus, AR Geist, V Musil, S Hoffmann, O Beker, G Martius, 2026.
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Case study - MuJoCo XLA

def manifold_points_mjx(poly, poly_mask, poly_norm:
jnp.ndarray) :

vertices

dist_mask = jnp.where (poly_mask, 0.0, -1leb) 4_

f Note: We add a small ie-breaker

A: select the most penetrating vertex
a_logits = dist_mask - 0.1 *» Jjnp.arange (poly.shape
(o1

a_idx = jnp.argmax(a_logits) 4—

a = polyla_idx]

i

# B: farthest from A (largest squared distance)
b_logits = (a — poly) ** 2).sum(axis=1l) +
dist_mask

b_idx = jnp.argmax(b_logits) 4—
b = poly[b_idx]

# C: farthest from the AB line within the plane
ab = jnp.cross(poly_norm, a - b)

ap = a - poly

c_logits = jnp.abs (ap.dot (ab)) + dist_mask

c_idx = jnp.argmax(c_logits) ‘5

c = poly[c_idx]

s VLXK T=0.1 = T =08 e T =251
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Case study - MuJoCo XLA

0.10 -
Vertices\
i v o
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SoftJAX & SoftTorch, A Paulus, AR Geist, V Musil, S Hoffmann, O Beker, G Martius, 202

6.

MJX (hard)

Applied x-perturbation AX;

Vi V2 £}

Vg
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Case study - MuJoCo XLA

- MJX (hard) SoftJAX v=0.01 _ SoftJAX v=1.0
2
- 10
14 . 8 0001
vertices g :
\ 100 g
o
e
0
100 —0.17 L
0- :é 0.1 -
a9 -
Vs - 10 - 10"
=
L 0
= 10
: o jmr
L -2 s 0 E
10 10
0.0 . ——— _10‘ 4 . . . ' 3
-1 -0.5 0.0 0.5 —-0.5 0.0 0.5 —-0.5 0.0 0.5
q 5 7 =10~ Applied x-perturbation AX;
— Vo — ¥y V2 V3 — ¥y
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Thanks to my colleagues...
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