
Nape Constraints

Luca Deltodesco

December 4, 2012

Contents

1 Notations 2

2 Constraint Deriviations 3

3 Prede�ned Constraints 4

3.1 PivotJoint . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
3.2 WeldJoint . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
3.3 AngleJoint . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
3.4 DistanceJoint . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
3.5 LineJoint . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
3.6 MotorJoint . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
3.7 PulleyJoint . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

4 UserConstraint 11

4.1 UserConstraint :: PivotJoint . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
4.2 UserConstraint :: AngleJoint . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

5 SymbolicConstraint 15

1



1 Notations

Types

Scalar values will be denoted as simple variables s
Vector values will be denoted with an arrow decoration like ~v
Matrix values will be denoted with bold, capitals like M

Operator Notation

Dot products · : Rn × Rn → R with ~u · ~v = ~uT~v = uxvx + uyvy in the case of n = 2

Norm ‖·‖ : Rn → R with ‖~u‖ =
√
~u · ~u

Cross products × : R2×R2 → R with ~u×~v = uxvy−uyvx (Perhaps more commonly denoted the perp-dot product)

[·]× : R2 → R2 with [~u]× =

(
−uy
ux

)
so that ~u× ~v = [~u]× · ~v.

Overloading the × operator; let s× ~u = s [~u]× and ~u× s = −s× ~u as hoped.

Outer products:

~u~vT = ~u⊗ ~v =

(
uxvx uxvy
uyvx uyvy

)
and in general for non-vectors too.

[~u]× [~v]
T
× = ~u� ~v =

(
uyvy −uyvx
−uxvy uxvx

)
and in general for non-vectors too.

Useful results

~u · ~v = ~v · ~u (symmetric)
(s~u+ t~v) · ~w = s(~u · ~w) + t(~v · ~w) (linear)
~u× ~v = −~v × ~u and so [~u]× · ~v = −~u · [~v]×
(s~u+ t~v)× ~w = s(~u× ~w) + t(~v × ~w) (linear)
[~v]× · [~u]× = ~v · ~u[
[~v]×

]
× = −~v

~u⊗ ~v = (~v ⊗ ~u)T (similarly for �)
(s~u+ t~v)⊗ ~w = s(~u⊗ ~w) + t(~v ⊗ ~w) (linear) (similarly for �)
and in general for non-vectors too with regards to outer products.

Speci�cally

[
A
B

]
⊗
[

C
D

]
=

[
A
B

] [
CT DT

]
=

[
A⊗C A⊗D
B⊗C B⊗D

]
Triple products:
~v × (~u× ~w) = −(~v × ~w) [~u]× ← a vector
(~u× ~v)× ~w = (~u× ~v) [~w]× ←a vector
~u× (s× ~v) = s(~u · ~v)←a scalar
(s× ~u)× ~v = −s(~u · ~v)←a scalar

Useful derivatives
d
dt (~u · ~v) =

(
d~u
dt · ~v

)
+
(
~u · d~vdt

)
d
dt (~u× ~v) =

(
d~u
dt × ~v

)
+
(
~u× d~v

dt

)
(also true when permitting one of ~u,~v to be scalar)

d
dt ‖~u‖ =

1
‖~u‖
(
~u · d~udt

)
Reserved variables

Position ~x Velocity ~v Mass m
Rotation θ Angular Velocity ω Moment of Inertia i

Related derivatives
d
dt~x = ~v
d
dtθ = ω
d~u
dt = ω × ~u for ~u de�ned local to the coordinate system of the body (an anchor)
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2 Constraint Deriviations

A (positional) constraint is de�ned by a linear function of all the bodies' positions and rotations collectively grouped
into block-vector like:

~x =

 ~x1
θ1
...

 and velocity block-vector ~v = d
dt~x =

 ~v1
ω1

...


The positional constraint is then the function C : R3n → Rm for an m-dimensional constraint satisfying C(~x) = ~0

exactly when the constraint is satis�ed, any additional variables used in the positional constraint should be constant
whenever the positions are constant.

The related velocity constraint is then determined by V (~v) = d
dtC(~x) +

~β for a velocity-bias ~β (Normally ~0) so that

V (~v) = ~0 exactly when the constraint is satis�ed, the bias should be constant.

From the velocity constraint we derive the constraint jacobian as the block-row-vector formed by the partial derivatives
of V with respect to the velocity components.

J =
[

∂
∂~v1

V ∂
∂ω1

V · · ·
]
this is in-fact a function of the positions ~x and remains �xed whenever the position vector

is unchanged. The jacobian is such that V (~v) = J~v + ~β

Finally we determine the effective mass matrix de�ned as:
K = JM−1JT for the mass matrix M; de�ned like:

M =

 m1E2 0
i1

0
. . .

 for 2× 2 identity matrix E2

The e�ective mass matrix computation is simpli�ed as M is diagonal, giving:

K = 1
m1

(
∂V
∂~v1

)
⊗
(
∂V
∂~v1

)
+ 1

i1

(
∂V
∂ω1

)
⊗
(
∂V
∂ω1

)
The e�ective mass matrix is always both symmetric, and positive-de�nite (Positive de�niteness is a very nice property

for matrices, akin to positive scalars so that ~uK~uT > 0 for all ~u 6= ~0)

The constraint jacobian J determines the impulses we apply to the bodies; give the constraint-space impulse ~λ ∈ Rm
we get the world-space impulse ∈ R3n via JT~λ.

For inequality constraints C(~x) ≤ 0 and more generaly permitting C(~x) · ~ei to be either 0 or ≤ 0 for standard basis
vectors ~ei (Intuitively, some coordinates of constraint space should be �xed at 0 whilst others are only limited-above at
0). We can model these constraints by selectively zeroing appropriate coordinates of C(~x), V (~v),J,K (permitting a more
general interpretation of matrix inverse when it comes to inverting K internally)

For inequality constraints a ≤ C(~x) ≤ b (and more generally on coordinate basis) introduce a weight vector ~w with
wi ∈ {−1, 0, 1} so that we can (on a coordinate basis) transform the positional constraint into a one-sided inequality
(which we know how to handle) Ci(~x)− b ≤ 0 and (−1) · (Ci(~x)− a) ≤ 0 or simply disable the coordinate. The purpose
of using the weight being that the constraint space does not become mirrored when the inequality side is swapped.

The more general interpretation of a matrix inverse, is to note that when we disable a constraint row, we end up with a

matrix K which has a zero-cross intersecting in the diagonal like: K =

 k11 0 k13
0 0 0
k31 0 k33

 and its �inverse� is given by the

matrix K−1 having the same zero-crosses such that KK−1 =

 1 0 0
0 0 0
0 0 1

; the identity matrix with the same zero-cross

applied. This always exists and is unique no matter how many zero-crosses through the diagonal we add and is equivalent
to removing the row/columns of all zero-crosses, performing the inverse, then re-adding those rows and columns.
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3 Prede�ned Constraints

3.1 PivotJoint

The PivotJoint is the simplest (non-trivial) constraint in Nape.
This joint de�nes two local anchor positions (hereafter labeled ~a1 and ~a2) whose world-coordinates are locked together.

We can de�ne the 2-dimensional position constraint as:
C(~x) = (~x2 +Rθ2~a2)− (~x1 +Rθ1~a1) = ~0 for rotation matrix Rθ

Clearly when position vector is unchanged, Rθ~a = ~r is constant.

Positional constraint: C(~x) = (~x2 + ~r2)− (~x1 + ~r1) = ~0

The 2-dimensional velocity constraint is:
V (~v) = d

dtC(~x) and we de�ne no velocity bias (since we want velocity at anchor points to be equal).

Velocity constraint: V (~v) = (~v2 + ω2 × ~r2)− (~v1 + ω1 × ~r1) = ~0

For the jacobian, it will be helpful to write the velocity constraint like:
V (~v) = −E2~v1 − [~r1]× ω1 +E2~v2 + [~r2]× ω2

from which we can identify the Jacobian easily.

Jacobian: J =
[
−E2 − [~r1]× E2 [~r2]×

]
=

(
−1 0 r1y 1 0 −r2y
0 −1 −r1x 0 1 r2x

)

The e�ective mass matrix is then given by:
K = 1

m1
(−E2)⊗ (−E2) +

1
i1

(
− [~r1]×

)
⊗
(
− [~r1]×

)
. . .

Eff-Mass: K =
(

1
m1

+ 1
m2

)
E2 +

1
i1
(~r1 � ~r1) +

1
i2
(~r2 � ~r2) =

(
1
m1

+ 1
m2

+
r21y
i1

+
r22y
i2

− r1xr1yi2
− r2xr2y

i2

# 1
m1

+ 1
m2

+
r21x
i1

+
r22x
i2

)

The impulse applied to bodies in world space is then given by the coordinates of

JT~λ =


−E2

− [~r1]
T
×

E2

[~r2]
T
×

( λx
λy

)
=


−E2

~λ

− [~r1]
T
×
~λ

E2
~λ

[~r2]
T
×
~λ



Impulses: JT~λ =


−~λ

−~r1 × ~λ
~λ

~r2 × ~λ

⇒

~v′1 = ~v1 − 1

m1

~λ

ω′1 = ω1 − 1
i1

(
~r1 × ~λ

)
~v′2 = ~v2 +

1
m2

~λ

ω′2 = ω2 +
1
i2

(
~r2 × ~λ

)
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3.2 WeldJoint

The WeldJoint is an extension of the PivotJoint to lock the rotations of the bodies to a �xed phase, this is; like the
PivotJoint fairly trivial as we have no inequalities, this constraint is 3-dimensional.

Like the PivotJoint we have anchors ~a and world-space anchors ~r. We also have an angular phase φ

Positional constraint: C(~x) =

[
(~x2 + ~r2)− (~x1 + ~r1)

θ2 − θ1 − φ

]
= ~0

Again a velocity bias of ~0

Velocity constraint: V (~v) =

[
(~v2 + ω2 × ~r2)− (~v1 + ω1 × ~r1)

ω2 − ω1

]
= ~0

For the jacobian, we can use a trick of taking the jacobian of each row in the velocity
constraint and composing the results:

Jacobian: J =

[
−E2 − [~r1]× E2 [~r2]×
~0T −1 ~0T 1

]
=

 −1 0 r1y 1 0 −r2y
0 −1 −r1x 0 1 r2x
0 0 −1 0 0 1



Using our results to partially compute e�ective mass, we see:[
E2

~0T

]
⊗
[

E2

~0T

]
=

[
E2

~0
~0T 0

]
=

 1 0 0
0 1 0
0 0 0


[

[~r]×
1

]
⊗
[

[~r]×
1

]
=

[
~r � ~r [r]×
[r]
T
× 1

]
=

 r2y −rxry −ry
−rxry r2x rx
−ry rx 1



Eff-Mass: K =

 1
m1

+ 1
m2

+
r21y
i1

+
r22y
i2

− r1xr1yi2
− r2xr2y

i2
− r1yi1 −

r2y
i2

1
m1

+ 1
m2

+
r21x
i1

+
r22x
i2

r1x
i1

+ r2x
i2

# 1
i1

+ 1
i2



JT~λ =


−E2

~0

− [~r1]
T
× −1

E2
~0

[~r2]
T
× 1


 λx

λy
λz



Impulses: JT~λ =


−~λxy

−
(
~r1 × ~λxy

)
− λz

~λxy(
~r2 × ~λxy

)
+ λz

 where ~λxy =

(
λx
λy

)
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3.3 AngleJoint

The AngleJoint is a double inequality constraint, which means we now introduce the weight vector ~w. The AngleJoint is
1 dimensional, so in this case we just have a scalar weight w.

The AngleJoint constrains the weighted sum of body rotations by a ratio, to be in a given range. I introduce variable
ρ for the ratio, and x0, x1 with x0 ≤ x1 for the joint limits.

Positional constraint: x0 ≤ (c(~x) = ρθ2 − θ1) ≤ x1
transform:
C(~x) = c(~x)− x0 = 0 when x0 = x1 (standard constraint with w = 1)

C(~x) = x0 − c(~x) ≤ 0 when c(~x) ≤ x0 (inequality constraint with w = −1)
C(~x) = 0 when x0 < c(~x) < x1 (disabled inequality constraint with w = 0)
C(~x) = c(~x)− x1 ≤ 0 when c(~x) ≥ x1 (inequality constraint with w = 1)

Using the weight w we can leave the rest of the mathematics untouched by complication.

Velocity constraint: V (~v) = w (ρω2 − ω1) ≤ 0. Can see this is 0 when w = 0 as required; in the case that we have a
standard constraint we replace ≤ with =

Jacobian: J =
[
~0T −w ~0T wρ

]
=
(
0 0 −w 0 0 wρ

)
. Can see this is 0 when w = 0 as required.

Eff-Mass: K = w2
(

1
i1

+ ρ2

i2

)
. Can see this is 0 when w = 0 as required.

Impulses: JT~λ = wλ


~0
−1
~0
ρ

. Which is 0 when w = 0 as required, when we have a true inequality constraint we will

always have λ ≤ 0.

In the case of the AngleJoint, as it's 1 dimensional. When w = 0 we simply skip any subsequent calculations.

6



3.4 DistanceJoint

The DistanceJoint constrains the distance between two anchors ~a1,~a2 of the bodies to be in a given positive range of
values. This like the AngleJoint is a double inequality constraint, and is also a 1-dimensional constraint.

Positional constraint: x0 ≤ (c(~x) = ‖(~x2 + ~r2)− (~x1 + ~r1)‖) ≤ x1 with x0 ≥ 0
transform into C(~x) as previously introducing weight w

We then have the velocity constraint given by
V (~v) = w d

dtc(~x) =
w

‖(~x2+~r2)−(~x1+~r1)‖ ((~x2 + ~r2)− (~x1 + ~r1)) · ((v2 + ω2 × ~r2)− (~v1 + ω1 × ~r1))
For the purposes of simplifying the mathematics (and code) we introduce the vector
~n = w ·unit ((~x2 + ~r2)− (~x1 + ~r1)). It is clear that should the distance between anchors be exactly 0 we have a problem;

the constraint degenerates; to solve this we cache the previously used ~n and recommend that the lower limit be strictly
greater than 0.

Velocity constraint: V (~v) = ~n · ((v2 + ω2 × ~r2)− (~v1 + ω1 × ~r1))

To extract the jacobian, we can rewrite V (~v) like:
V (~v) = −~n · ~v1 − ω1~n · [~r1]× + ~n · ~v2 + ω2~n · [~r2]×
and noting that ~n · [~r]× = ~r × ~n

Simplifying the mathematics and code again, let c1 = ~r1 × ~n and similarly for c2

Jacobian: J =
[
−~nT −c1 ~nT c2

]
Noting that ~nT ⊗ ~nT = ~nT~n = ~n · ~n = ‖~n‖ = w2 by de�nition.

Eff-mass: K = w2
(

1
m1

+ 1
m2

+
c21
i1

+
c22
i2

)

Impulses: JT~λ = λ


−~n
−c1
~n
c2


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3.5 LineJoint

The LineJoint constrains the anchor of the second body ~a2 to be restricted to a possibly in�nite line-segment de�ned by
the anchor of the �rst body ~a1 and a local direction to which we will assign the world-space vector ~n, normalised.

The LineJoint is a two-dimensional constraint which is in one dimension, a standard constraint, and in the other
dimension, a two-way inequality.

To simplify the mathematics and code, de�ne ~d = (~x2 + ~r2)− (~x1 + ~r1)

Position Constraint: c1(~x) = ~n× ~d = 0, x0 ≤
(
c2 (~x) = ~n · ~d

)
≤ x1

transform into C(~x) with a weight vector ~w =

(
1
w

)

The velocity constraint is then:

V (~v) = ~w

[
d
dt~n× ~d+ ~n× d

dt
~d

d
dt~n · ~d+ ~n · ddt ~d

]
where d

dt~n = ω1 × ~n and d
dt
~d = (~v2 + ω2 × ~r2)− (~v1 + ω1 × ~r1)

V (~v) = ~w

[
(ω1 × ~n)× ~d+ ~n× v2 − ~n× v1 + ~n× (ω2 × ~r2)− ~n× (ω1 × ~r1)

(ω1 × ~n) · ~d+ ~n · v2 − ~n · v1 + ~n · (ω2 × ~r2)− ~n · (ω1 × ~r1)

]
We introduce the following to simpli�fy the maths and code.
d1 = ~n · (~d− ~r1)
d2 = ~n · ~r2
c1 = ~n× (~d− ~r1)
c2 = ~n× ~r2

Velocity Constraint: V (~v) = ~w

[
~n× (~v2 − ~v1) + ω2d2 − ω1d1
~n · (~v2 − ~v1)− ω2c2 + ω1c1

]

Jacobian: J = ~w

[
− [~n]

T
× −d1 [~n]

T
× d2

−~nT c1 ~nT c2

]

We normalised ~n so that

(
~w

[
[~n]

T
×

~nT

])
⊗
(
~w

[
[~n]

T
×

~nT

])
= ~wE2 ~w

T =

(
1 0
0 w2

)
And

(
~w

[
a
b

])
⊗
(
~w

[
a
b

])
=

(
a2 wab
wab w2b2

)

Eff-Mass: K =

 1
m1

+ 1
m2

+
d21
i1

+
d22
i2

−w
(
d1c1
i1

+ d2c2
i2

)
# w2

(
1
m1

+ 1
m2

+
c21
i1

+
c22
i2

) 

Impulses: JT~λ =


−~γ

wc1λy − d1λx
~γ

d2λx − wc1λy

 where ~γ =

(
wnxλy − nyλx
nxλx − wnyλy

)
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3.6 MotorJoint

The MotorJoint is a velocity-only constraint (It has no positional constraint) which locks the weighted di�erence of body
angular velocities to be at a given rate.

Using ρ for ratio as previous and recycling φ as the rate:

Velocity Constraint: V (~v) = ρω2 − ω1 − φ. Noticing that φ is free and forms the velocity bias.

Jacobian: J =
[
~0T −1 ~0T ρ

]
Eff-Mass: K = 1

i1
+ ρ2

i2

Impulses: JT~λ =


~0
−λ
~0
ρλ


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3.7 PulleyJoint

The PulleyJoint is the only inbuilt Nape constraint to have more than 2 bodies involved. It exists in a few varients, unlike
other nape joints it permits certain of the bodies to be assigned to the same body for 3-body pulleys, and even 2-body
pulleys.

Any arrangement will su�ce as long as body1 != body2 and body3 != body4

Using ρ for the ratio once more and limits x0, x1 we now have 4 anchors which I will label as usual.

Positional Constraint: x0 ≤ (c(~x) = ‖(~x2 + ~r2)− (~x1 + ~r1)‖+ ρ ‖(~x4 + ~r4)− (~x3 + ~r3)‖ ≤ x1
Transformed in the usual way, noting that whatever varient of pulley is used this remains unchanged.

Simplifying in a similar way to the DistanceJoint; let
~n12 = w · unit ((~x2 + ~r2)− (~x1 + ~r1)) , ~n34 = wρ · unit ((~x4 + ~r4)− (~x3 + ~r3))

Velocity Constraint: V (~v) = ~n12 · ((~v2 + ω2 × r2)− (~v1 + ω1 × r1)) + ~n34 · ((~v4 + ω4 × r4)− (~v3 + ω3 × r3))
noting that whatever varient of pulley is used this remains unchanged.

Letting c1 = ~r1 × ~n12, c2 = ~r2 × ~n12, c3 = ~r3 × ~n34, c4 = ~r4 × ~n34
then we have Jacobian by rearranging V like:
V (~v) = ~n12 · (~v2 − ~v1) + (ω2c2 − ω1c1) + ~n34 · (~v4 − ~v3) + (ω4c4 − ω3c3)

Jacobian:
J =

[
−~nT12 −c1 ~nT12 c2 −~nT34 −c3 ~nT34 c4

]
When it comes to application of impulses we do not need to do anything further as
application is linear.

The 4 body case is trivial to compute the e�ective mass.
In the 3 body cases and 2 body cases we get some varient(s) of:(
~nT12 − ~nT34

)
⊗
(
~nT12 − ~nT34

)
= (~n12 − ~n34) · (~n12 − ~n34) = w2

(
1 + ρ2

)
− 2~n12 · ~n34

(c2 − c3)⊗ (c2 − c3) = c22 + c23 − 2c2c3(
~nT12 + ~nT34

)
⊗
(
~nT12 + ~nT34

)
= (~n12 + ~n34) · (~n12 + ~n34) = w2

(
1 + ρ2

)
+ 2~n12 · ~n34

(c2 + c4)⊗ (c2 + c4) = c22 + c24 + 2c2c4

Eff-Mass:
K = w2

(
1
m1

+ 1
m2

+ ρ2

m3
+ ρ2

m4
+

c21
i1

+
c22
i2

+
c23
i3

+
c24
i4

)
K2=3 = K− 2

(
~n12·~n34

m2/3
+ c2c3

i2/3

)
K1=3 = K+ 2

(
~n12·~n34

m1/3
+ c1c4

i1/4

)
...etc

impulses:
JT~λ =

(
−~nT12 −c1 ~nT12 c2 −~nT34 −c3 ~nT34 c4

)T
again noting that whatever varient is used this remains unchanged.
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4 UserConstraint

The UserConstraint API provides a way to de�ne a customised Nape constraint at a reasonably low-level. Performance
is not going to be good as writing one by hand entirely, but is FAR simpler and quicker and unless you have hundreds of
them will be perfectly performant.

UserConstraints can automatically be made into soft constraints, have force limits set, breakable just like normal Nape
constraints without any user code.

A UserConstraint looks like:

c l a s s MyConstraint extends UserConstra int {
pub l i c func t i on new ( ) {

super ( /∗number o f dimensions ∗/ , /∗ i s v e l o c i t y only ∗/=f a l s e ) ;
}
pub l i c ov e r r i d e func t i on __position ( e r r : TArray<Float >) : Void {

// populate ' e r r ' with va lue s o f C(x )
e r r [ 0 ] = . . ;
. . .

e r r [ dimensions −1] = . . ;
}
pub l i c ov e r r i d e func t i on __velocity ( e r r : TArray<Float >) : Void {

// populate ' e r r ' with va lue s o f V(v )
e r r [ 0 ] = . . ;
. . .

e r r [ dimensions −1] = . . ;
}
pub l i c ov e r r i d e func t i on __eff_mass ( e f f : TArray<Float >) : Void {

// populate ' e f f ' with va lue s o f the e f f e c t i v e mass .
// the matrix i s compressed abusing mass symmetry and i s indexed l i k e
// K = [ e f f [ 0 ] , e f f [ 1 ] , e f f [ 2 ] ,
// e f f [ 3 ] , e f f [ 4 ] ,
// e f f [ 5 ] , e f f [ 6 ] ] f o r a 3−dimens iona l c on s t r a i n t .
e f f [ 0 ] = . . ;
. . .

e f f [#] = . . ;
}
pub l i c ov e r r i d e func t i on __impulse ( imp : TArray<Float >, body : Body , out : Vec3 ) : Void {

// populate ' out ' Vec3 with impulse to be app l i ed to ' body ' g iven
// c on s t r a i n t space impulse ( lambda ) ' imp ' .
// Note we do not ' apply ' any impulse here , only populate ' out '
out . x = . . ;
out . y = . . ;
out . z = . . ;

}
pub l i c ov e r r i d e func t i on __clamp( jAcc : TArray<Float >) : Void {

// perform any requ i r ed clamping o f accumulated impulses
// such as f o r i n e qua l i t y c on s t r a i n t s

}
pub l i c ov e r r i d e func t i on __draw( debug : Debug) : Void {

// draw a r ep r e s en t a t i on o f c on s t r a i n t to Debug ob j e c t .
}
. . .
pub l i c ov e r r i d e func t i on __copy ( ) : UserConstra int {

// produce and return an exact copy o f t h i s UserConstra int
}
pub l i c ov e r r i d e func t i on __broken ( ) : Void {

// c a l l e d when con s t r a i n t i s broken , be f o r e i t i s removed from the
// space or deac t iva ted .

}
pub l i c ov e r r i d e func t i on __validate ( ) : Void {

// perform any v e r i f i c a t i o n s t ep s on the i n t e g r i t y o f the c on s t r a i n t
// i f the re are any computations that can be re−used through both
// the v e l o c i t y and p o s i t i o n a l i t e r a t i o n s , they can be done here .

}
pub l i c ov e r r i d e func t i on __prepare ( ) : Void {

// perform any computations that are dependent only on the p o s i t i o n s
// o f the bod ie s and remain f i x ed during v e l o c i t y i t e r a t i o n s .

}
}
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A UserConstraint should have an API that is indistinguishable from the other Nape constraints, and to provide this
you should use the following models for common property types:

Body properties :

We want to ensure that when we set and change Body type properties that all necessary internal actions are
performed, this can be achieved with the following model:

//Haxe
pub l i c var body1 ( de fau l t , set_body1 ) : Body ;
func t i on set_body1 ( body1 : Body) {

re turn t h i s . body1 = __registerBody ( t h i s . body1 , body1 ) ;
}

//AS3
var body1 : Body ;
pub l i c func t i on get body1 ( ) : Body {

return t h i s . body1 ;
}
pub l i c func t i on s e t body1 ( body1 : Body) : void {

t h i s . body1 = __registerBody ( t h i s . body1 , body1 ) ;
}

Vec2 properties:

We want to ensure that not only does the Constraint be refreshed when the Vec2 property is changed directly, but
also when its x/y values are changed indirectly. This can be achieved with the following model:

//Haxe
pub l i c var anchor1 ( de fau l t , set_anchor1 ) : Vec2 ;
f unc t i on set_anchor1 ( anchor1 : Vec2 ) {

i f ( t h i s . anchor1 == nu l l ) t h i s . anchor1 = __bindVec2 ( ) ;
r e turn t h i s . anchor1 . s e t ( anchor1 ) ;

}

//AS3
var anchor1 : Vec2 = __bindVec2 ( ) ;
pub l i c func t i on get anchor1 ( ) : Vec2 {

re turn t h i s . anchor1 ;
}
pub l i c func t i on s e t anchor1 ( anchor1 : Vec2 ) : void {

re turn t h i s . anchor1 . s e t ( anchor1 ) ;
}

Other types:

For other parameter types, you need to ensure yourself that mutations of the property invalidate the appropariate
constraint the property belongs to.

For basic types, this is trivial:

//Haxe
pub l i c var r a t i o ( de fau l t , s e t_ra t i o ) : Float ;
f unc t i on s e t_ra t i o ( r a t i o : Float ) {

i f ( t h i s . r a t i o != r a t i o ) __inval idate ( ) ;
r e turn t h i s . r a t i o = r a t i o ;

}

//AS3
var r a t i o : Number ;
pub l i c func t i on get r a t i o ( ) : Number {

re turn t h i s . r a t i o ;
}
pub l i c func t i on s e t r a t i o ( r a t i o : Number) : void {

i f ( t h i s . r a t i o != r a t i o ) __inval idate ( ) ;
t h i s . r a t i o = r a t i o ;

}
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4.1 UserConstraint :: PivotJoint

Implementing a PivotJoint with the UserConstraint could then be done like:

c l a s s UserPivotJo int extends UserConstra int {
pub l i c var body1 ( de fau l t , set_body1 ) : Body ;
pub l i c var body2 ( de fau l t , set_body2 ) : Body ;
func t i on set_body1 ( body1 : Body) re turn t h i s . body1 = __registerBody ( t h i s . body1 , body1 )
func t i on set_body2 ( body2 : Body) re turn t h i s . body2 = __registerBody ( t h i s . body2 , body2 )

pub l i c var anchor1 ( de fau l t , set_anchor1 ) : Vec2 ;
pub l i c var anchor2 ( de fau l t , set_anchor2 ) : Vec2 ;
f unc t i on set_anchor1 ( anchor1 : Vec2 ) {

i f ( t h i s . anchor1 == nu l l ) t h i s . anchor1 = __bindVec2 ( ) ;
r e turn t h i s . anchor1 . s e t ( anchor1 ) ;

}
func t i on set_anchor2 ( anchor2 : Vec2 ) {

i f ( t h i s . anchor2 == nu l l ) t h i s . anchor2 = __bindVec2 ( ) ;
r e turn t h i s . anchor2 . s e t ( anchor2 ) ;

}

pub l i c func t i on new( body1 : Null<Body>, body2 : Null<Body>, anchor1 : Vec2 , anchor2 : Vec2 ) {
super (2 ) ;
t h i s . body1 = body1 ;
t h i s . body2 = body2 ;
t h i s . anchor1 = anchor1 ;
t h i s . anchor2 = anchor2 ;

r e l 1 = Vec2 . get ( ) ;
r e l 2 = Vec2 . get ( ) ;

}
pub l i c ov e r r i d e func t i on __copy ( ) : UserConstra int {

re turn new UserPivotJo int ( body1 , body2 , anchor1 , anchor2 ) ;
}

pub l i c ov e r r i d e func t i on __validate ( ) : Void {
// example :
i f ( body1 == nu l l | | body2 == nu l l )

throw "Error : UserPivotJo int cannot be s imulated with nu l l bod ie s ! " ;
}

var r e l 1 : Vec2 ;
var r e l 2 : Vec2 ;
pub l i c ov e r r i d e func t i on __prepare ( ) : Void {

r e l 1 . s e t ( body1 . localVectorToWorld ( anchor1 , t rue ) ) ;
r e l 2 . s e t ( body2 . localVectorToWorld ( anchor2 , t rue ) ) ;

}
pub l i c ov e r r i d e func t i on __position ( e r r : TArray<Float >) : Void {

e r r [ 0 ] = ( body2 . p o s i t i o n . x + r e l 2 . x ) − ( body1 . p o s i t i o n . x + r e l 1 . x ) ;
e r r [ 1 ] = ( body2 . p o s i t i o n . y + r e l 2 . y ) − ( body1 . p o s i t i o n . y + r e l 1 . y ) ;

}
pub l i c ov e r r i d e func t i on __velocity ( e r r : TArray<Float >) : Void {

var v1 = body1 . c on s t r a i n tVe l o c i t y ;
var v2 = body2 . c on s t r a i n tVe l o c i t y ;
e r r [ 0 ] = ( v2 . x − r e l 2 . y ∗ v2 . z ) − ( v1 . x − r e l 1 . y ∗ v1 . z ) ;
e r r [ 1 ] = ( v2 . y + r e l 2 . x ∗ v2 . z ) − ( v1 . y + r e l 1 . x ∗ v1 . z ) ;

}
pub l i c ov e r r i d e func t i on __eff_mass ( e f f : TArray<Float >) : Void {

var m1 = body1 . constra intMass ; var i 1 = body1 . c o n s t r a i n t I n e r t i a ;
var m2 = body2 . constra intMass ; var i 2 = body2 . c o n s t r a i n t I n e r t i a ;
e f f [ 0 ] = m1 + m2 + ( r e l 1 . y ∗ r e l 1 . y ∗ i 1 ) + ( r e l 2 . y ∗ r e l 2 . y ∗ i 2 ) ;
e f f [ 1 ] = − ( r e l 1 . x ∗ r e l 1 . y ∗ i 1 ) − ( r e l 2 . x ∗ r e l 2 . y ∗ i 2 ) ;
e f f [ 2 ] = m1 + m2 + ( r e l 1 . x ∗ r e l 1 . x ∗ i 1 ) + ( r e l 2 . x ∗ r e l 2 . x ∗ i 2 ) ;

}
pub l i c ov e r r i d e func t i on __impulse ( imp : TArray<Float >, body : Body , out : Vec3 ) : Void {

var s c a l e = i f ( body == body1 ) −1.0 e l s e 1 . 0 ;
var r e l v = i f ( body == body1 ) r e l 1 e l s e r e l 2 ;
out . x = s c a l e ∗ imp [ 0 ] ;
out . y = s c a l e ∗ imp [ 1 ] ;
out . z = s c a l e ∗ r e l v . c r o s s (Vec2 . weak ( imp [ 0 ] , imp [ 1 ] ) ) ;

}
}
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4.2 UserConstraint :: AngleJoint

Implementing an AngleJoint is more fun :)

c l a s s UserAngleJoint extends UserConstra int {
. . . body1 , body2 as above

pub l i c var r a t i o ( de fau l t , s e t_ra t i o ) : Float ;
pub l i c var jo intMin ( de fau l t , set_jointMin ) : Float ;
pub l i c var jointMax ( de fau l t , set_jointMax ) : Float ;
. . . + the model s e t t e r s .

pub l i c func t i on new( body1 : Null<Body>, body2 : Null<Body>, . . . ) {
super (1 ) ;
. . .

}
pub l i c ov e r r i d e func t ino __copy ( ) : UserConstra int {

re turn new UserAngleJoint ( body1 , body2 , r a t i o , jointMin , jointMax ) ;
}

var equa l i t y : Bool = f a l s e ;
pub l i c ov e r r i d e func t i on __validate ( ) : Void {

equa l i t y = ( jo intMin == jointMax ) ;
}
var weight : Float = 1 . 0 ;
var e r r o r : Float ;
pub l i c ov e r r i d e func t i on __prepare ( ) : Void {

// We compute p o s i t i o n a l e r r o r in here too to avoid r epea t ing
// any c a l c u l a t i o n s .
var cx = ( r a t i o ∗ body2 . r o t a t i on − body1 . r o t a t i on ) ;
i f ( e qua l i t y ) {

weight = 1 ;
e r r o r = cx − jointMax ;

}
e l s e i f ( cx <= jointMin ) {

e r r o r = jo intMin − cx ;
weight = −1;

}
e l s e i f ( cx >= jointMax ) {

e r r o r = cx − jointMax ;
weight = 1 ;

}
e l s e {

e r r o r = 0 ;
weight = 0 ;

}
}
pub l i c ov e r r i d e func t i on __position ( e r r : TArray<Float >) : Void {

e r r [ 0 ] = e r r o r ;
}
pub l i c ov e r r i d e func t i on __velocity ( e r r : TArray<Float >) : Void {

var v1 = body1 . c on s t r a i n tVe l o c i t y ;
var v2 = body2 . c on s t r a i n tVe l o c i t y ;
e r r [ 0 ] = ( weight ∗ ( r a t i o ∗ v2 .w) ) − v1 .w;

}
pub l i c ov e r r i d e func t i on __eff_mass ( e f f : TArray<Float >) : Void {

var i 1 = body1 . c o n s t r a i n t I n e r t i a ;
var i 2 = body2 . c o n s t r a i n t I n e r t i a ;
e f f [ 0 ] = i 1 + ( r a t i o ∗ r a t i o ∗ i 2 ) ;

}
pub l i c ov e r r i d e func t i on __impulse ( imp : TArray<Float >, body : Body , out : Vec3 ) : Void {

var s c a l e = i f ( body == body1 ) −weight e l s e ( weight ∗ r a t i o ) ;
out . x = out . y = 0 ;
out . z = s c a l e ∗ imp [ 0 ] ;

}
pub l i c ov e r r i d e func t i on __clamp( jAcc : TArray<Float >) : Void {

i f ( ! e qua l i t y && jAcc [ 0 ] > 0) jAcc [ 0 ] = 0 ;
}

}
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5 SymbolicConstraint

The SymbolicConstraint class from the nape-symbolic module provides an 'even higher' path to creating custom con-
straints. It does this through an expressive DSL (Domain Speci�c Language) to de�ne positional constraints in (nape-
symbolic does not at present support velocity only constraints).

These SymbolicConstraints have a slightly more obtuse API for setting properties like:

symbol i cConstra int . setBody ( "body1" , someBody ) ;
symbol i cConstra int . s e tVector ( " anchor1" , someVec2 ) ;
symbol i cConstra int . s e t S c a l a r ( " r a t i o " , someFloat ) ;

Check the SymbolicConstraint API entry for details on the syntax of the DSL, for this manual I will simply give some
example usages:

var symbolicWeldJoint = new Symbol icConstra int ( "
body body1 , body2
vec to r anchor1 , anchor2
s c a l a r phase

c on s t r a i n t
l e t r1 = r e l a t i v e body1 . r o t a t i on anchor1 in
l e t r2 = r e l a t i v e body2 . r o t a t i on anchor2 in
{ ( body2 . p o s i t i o n + r2 ) − ( body1 . p o s i t i o n + r1 )

body2 . r o t a t i on − body1 . r o t a t i on − phase }
" ) ;

var symbo l i cDi s tanceJo int = new Symbol icConstra int ( "
body body1 , body2
vec to r anchor1 , anchor2
s c a l a r jointMin , jointMax

l im i t jo intMin 0 jointMax # 0 <= jointMin <= jointMax

con s t r a i n t
l e t r1 = r e l a t i v e body1 . r o t a t i on anchor1 in
l e t r2 = r e l a t i v e body2 . r o t a t i on anchor2 in
| ( body2 . p o s i t i o n + r2 ) − ( body1 . p o s i t i o n + r1 ) |

l im i t c on s t r a i n t jo intMin jointMax # jointMin <= con s t r a i n t <= jointMax
" ) ;

var symbo l i cL ineJo int = new Symbol icConstra int ( "
body body1 , body2
vec to r anchor1 , anchor2 , d i r e c t i o n
s c a l a r jointMin , jointMax

l im i t jo intMin (− i n f ) jointMax # jointMin <= jointMax
l im i t | d i r e c t i o n | eps i n f # d i r e c t i o n != 0

con s t r a i n t
l e t r1 = r e l a t i v e body1 . r o t a t i on anchor1 in
l e t r2 = r e l a t i v e body2 . r o t a t i on anchor2 in
l e t d i r = uni t ( r e l a t i v e body1 . r o t a t i on d i r e c t i o n ) in
l e t de l = ( body2 . p o s i t i o n + r2 ) − ( body1 . p o s i t i o n + r1 ) in
{ d i r dot de l

d i r c r o s s de l }

# l im i t f i r s t dimension o f c on s t r a i n t between jointMin , jointMax
# and l im i t second dimension to exac t l y 0
l im i t c on s t r a i n t { jo intMin 0 } { jointMax 0 }

" ) ;
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