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This document contains pseudocode for each step in the pipeline

of our method: on the microscale, we prepare the reference con-

figuration of patterns under tension (Algorithm C1) and find the

energy minimum using constrained Newton optimization (Algo-

rithm C2, Algorithm C3); we then compute many such minima for

various sampled deformations (Algorithm C4); we fit this data with

regularized splines (Algorithm C5, Algorithm C6, Algorithm C7);

finally, we use the fitted model to compute forces in a cloth solver

(Algorithm C8).

For notation, we reference main paper sections as “Section 1.2”

and equations as “(10)”, and supplementary with the prefix S as

“Section S1.2” and equations as “(S10)”.

Algorithm C1 Compute reference yarn geometry under tension

and at rest wrt. stretching (textual explanation in Section S2.3).

Input: periodic yarn geometry not at rest

periodic lengths pξ1 , pξ2
material parameters

Output: reference-state geometry ξ1, ξ2, h
rest lengths, rest curvatures, rest twists, . . .

1: procedure ComputeReferenceState
2: generate stress-free state:

3: repeat
4: reset rest lengths, rest curvatures and rest twists

◃ setting rest values to current values

5: relax yarns ◃ Algorithm C3

6: until E < 10
−10

7: apply tension:

8: if knitted then
9: rest lengths← 0.9 rest lengths

10: rest curvatures← 0.8 rest curvatures

11: else
12: rest curvatures← 0.9 rest curvatures

13: end if
14: find in-plane minimum: minpξ

1
,pξ

2

∫
Ω
Ψ

15: modify pξ1 , pξ2 and compute total energy at equilibrium

16: translate center to

∫
Ω
(ξ1, ξ2,h) = 0

17: end procedure

Algorithm C2 Initialize micro-scale Newton solver.

Input: reference yarn pattern ◃ Algorithm C1

strains sx , sa , sy , II
1: procedure Initialize
2: compute φ: ◃ Section S1.1

3: compute I ◃ (30)

4: compute S , n,α ◃ (S11), (S12)

5: solve for φ on a grid ◃ (16), (17)

6: set initial guess ũ = 0 by setting each vertex to φ + h n
7: initialize static AABB-tree collision broadphase

8: initialize constraints:

9: prepare individual constraints (20), (25), (18), (27)

10: concatenateC , d ◃ (20), (25)

11: concatenateCL , dL ◃ (18), (27)

12: compute elimination matrix
˜C and

˜d ◃ Appendix A

13: precomputeCL ˜C and (CL ˜C ˜C⊤C⊤L )
−1

14: compute unit scaling matrixM ◃ (S22)

15: compute initial y ◃ Appendix A

16: project reference frames ◃ (24)

17: end procedure

Algorithm C3 Step micro-scale Newton solver.

1: procedure NewtonStep

2: compute forces ∇E
3: assemble rhs. of (S22)

4: if stopping criterion (S25) then
5: return energy area density Ψ = E/A
6: end if
7: compute Hessian H
8: assemble lhs. of (S22)

9: solve for δy in (S22)

10: limit maximum displacement:

11: dmax ← r λmin(I) ◃ Section S2.2

12: δq ← ˜C δy
13: d ← maximum vertex displacement (δq)
14: if d > dmax then
15: δy ← dmax/d δy
16: end if
17: backtracking linesearch:

18: store parallel transport quantities ◃ dα etc.

19: y0 ← y
20: for i ← 0 . . . 10 do
21: restore parallel transport quantities

22: y ← y0 + 0.1i δy

23: q ← ˜Cy + ˜d
24: update parallel transport quantities

25: update collision broadphase

26: compute total energy E
27: if E improved then
28: continue to next NewtonStep

29: end if
30: end for
31: end procedure
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AlgorithmC4 Sample deformation ranges for fitting. All individual

simulations can be run in parallel.

Input: 1D-sampling ranges [zmin, zmax] for each strain z
2D-sampling ranges [zimin

, zimax
], [zj

min
, zj

max
] for (zi , zj )

1: function SampleRange(z, zmin, zmax, N )

2: if z = sx or z = sy then
3: Z ← linspace

(
(zmin + 1)

1

10 , (zmax + 1)
1

10 ,N
)
10

− 1

4: else
5: Z ← linspace

(
−
√
abs(zmin),

√
abs(zmax),N

)
6: Z ← sgn(Z ) Z 2

7: end if
8: return Z
9: end function

10: procedure Sample
11: for z in {sx , sa, sy , II00, II11} do
12: Z ← SampleRange(z, zmin, zmax, 150)

13: simulate each sample z = (0 . . . , zi = Z , . . . 0)
14: end for
15: for all {zi , zj } do
16: Zi ← SampleRange(zi , zimin

, zimax
, 50)

17: Z j ← SampleRange(zj , zj
min

, zj
max

, 50)

18: simulate each sample z = (0 . . . , zi = Zi , zj = Z j , . . . 0)
19: end for
20: end procedure

Algorithm C5 Fit material model splines from data (code supplied

with paper).

Input: data (sx , sa, sy , II00, II11;Ψ) for 1D and 2D ranges

Output: f0, fi , fx , fy , fi j , fix , fiy
1: procedure FitSplines
2: X ← normalize(strains)

◃ divide each coord. by max. abs. value in data

3: f0 ← Ψ(0)
4: for i ∈ {1, 2, 3, x,y} do
5: gather X i

, Ψ
i

◃ strain and energy for data range

6: fi ← Fit1D(X i
,Ψ

i
) ◃ Algorithm C6

7: end for
8: for ij ∈ {12, 13, 23, 1x, 2x, 3x, 1y, 2y, 3y} do
9: gather X i j

, Y i j , Ψ
i j
◃ strains and energy for data range

10: fi j ← Fit2D(X i j
,Y i j ,Ψ

i j
) ◃ Algorithm C7

11: end for
12: end procedure

Algorithm C6 Fit 1D-splines (code supplied with paper).

Input: strains X , energy densities Ψ
Output: cubic hermite spline f with coefficients

x . . . control point locations

p . . . control point values

px . . . control point derivatives

1: function Fit1D(X , Ψ)
2: mls:

3: def. д(u) = symexp(MLS(u | X , symlog(Ψ)))
◃ for sa replace MLS(u) = 0.5 (MLS(u) +MLS(−u))

4: initial fit:

5: x ← linspace within [0.95 minX , 0.95 maxX ]

◃ include x = 0

6: p ← д(x)
7: px ← finite-difference д(u)

8: qasiconvexify:

9: px
min
← 0.001 ◃ 0.01 if stockinette

10: if in-plane strain then
11: imin ← ximin

= 0

12: else
13: imin ← argmini (pi ) ◃ find bending min.

14: end if
15: march outward from imin and enforce:

16: pi+1 ≥ pi + (xi+1 − xi ) p
x
min

◃ i − 1 if i < imin

17: pxi ≥ px
min

◃ pxi ≤ −p
x
min

if i < imin

18: apply monotone cubic algorithm ◃ [Fritsch1980]

19: ensure increasing extrapolation ◃ clamp px on boundary

20: pi ← pi − px=0 ◃ convert to residual

21: return f ← {x,p,px }
22: end function
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Algorithm C7 Fit 2D-splines (code supplied with paper).

Input: strains X and Y , energy densities Ψ
Output: bicubic hermite spline f with coefficients

x . . . control point locations

p . . . control point values

px , py , pxy . . . control point derivatives

1: function Fit2D(X , Y , Ψ)
2: mls:

3: def. д(u,v) = symexp(MLS(u,v | X ,Y , symlog(Ψ)))

◃ for sa replace MLS(u,v) = 0.5 (MLS(u,v) +MLS(−u,v))
4: initial fit:

5: x ← linspace [0.9*minX , 0] and [0, 0.9*maxX ]

6: y ← linspace [0.9*minY , 0] and [0, 0.9*maxY ]
7: ◃ for stockinette replace 0.9 with 0.3

8: p ← д(x,y)
9: px ,py ,pxy ← finite-difference д(u,v)

10: qasiconvexify: ◃ if not (sx , sy )

11: px
min
← 0.001 ◃ 0.01 if stockinette

12: imin ← ximin
= 0 ◃ i always in-plane

13: if Y is in-plane strain then
14: jmin ← yjmin

= 0

15: else
16: jmin ← argminj (p(ximin

,yj )) ◃ find bending min.

17: end if
18: march outward from imin, jmin and enforce:

19: pi+1, j ≥ pi , j + (yi+1 − yi ) p
x
min

◃ i − 1 if i < imin

20: pi , j+1 ≥ pi , j + (xi+1 − xi ) p
x
min

◃ j − 1 if j < jmin

21: p
y
i j ≥ px

min
◃ p

y
i j ≤ −p

x
min

if i < imin

22: pxi j ≥ px
min

◃ pxi j ≤ −p
x
min

if j < jmin

23: ensure increasing extrapolation:

24: clamp px and py on boundary

25: pxy ← 0 on boundary

26: apply monotone bicubic algorithm ◃ Section S5

27: convert to residual: ◃ r(x,y) = f(x,y) - f(x,0) - f(0,y) + f(0,0)

28: pi , j ← pi , j − py=0, j − pi ,x=0 + py=0,x=0
29: pxi , j ← pxi , j − py=0, j

30: p
y
i , j ← pxi , j − pi ,x=0

31: 0-compression residual: ◃ if not (sx , sy )

32: for {i, j} compressed do
33: pi , j ← pxi , j ← p

y
i , j ← p

xy
i , j ← 0

34: end for
35: return f ← {x,y,p,px ,py ,pxy }
36: end function

Algorithm C8 On the macro-scale, our method replaces only the

computation of energy and its derivatives.

1: procedure ComputeDerivatives
2: for all triangles △ do ◃ parallel

3: compute z, ∂z
∂q△

,
∂2z

∂q△∂q△
◃ (35), (36), (30), (S32)

4: compute
∂Ψ△
∂z ,

∂2Ψ△
∂z∂z ◃ (S26)

5: compute
∂E△
∂q△

,
∂2E△

∂q△∂q△
◃ (S43), (S44)

6: end for
7: assemble global force

∂E
∂q and Hessian

∂2E
∂q∂q

8: end procedure
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