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The imagination driving Australia’s ICT future.

The SeqgBin constraint
[IJCAI'11,Petit et al.]
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The imagination driving Australia’s ICT future.

Motivation
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The imagination driving Australia’s ICT future.

SegBin is a meta-constraint useful for
(over-constrained) scheduling and rostering problems
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The imagination driving Australia’s ICT future.

SegBin is a meta-constraint useful for
(over-constrained) scheduling and rostering problems

e Change
e Smooth

e IncreasingNValue
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The imagination driving Australia’s ICT future.

X1, X9, X3, X4, X5, X6, X7
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The imagination driving Australia’s ICT future.

SegBin(N, [X4,...,X7]|,C, B)

X1, X9, X3, X4, X5, X6, X7
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The imagination driving Australia’s ICT future.

a hard constraint

SegBin(N, [X4,...,X7]|,C, B)

X1, X9, X3, X4, X5, X6, X7
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The imagination driving Australia’s ICT future.

a hard constraint

SegBin(N, [X4,...,X7]|,C, B)

X1, Xo, X3, Xy, X5, Xg, X7

D e—
D e—
D e—
1 he—
B ——
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The imagination driving Australia’s ICT future.

a soft constraint a hard constraint

/

SegBin(N, [X4,...,X7]|,C, B)

X1, X, X3, Xy, X5, X6, X7

D ——
D —
D ——
D ——
D ——
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The imagination driving Australia’s ICT future.

a soft constraint a hard constraint
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The imagination driving Australia’s ICT future.

the nb of violated C a soft constraint a hard constraint

N /

SegBin(N, [ X1,...,X7],C, B)
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The imagination driving Australia’s ICT future.

the nb of violated C a soft constraint a hard constraint

N /

SegBin(N, [ X1,...,X7],C, B)
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The imagination driving Australia’s ICT future.

the nb of violated C a soft constraint a hard constraint

N\ /

SegBin(N, [ X1,...,X7],C, B)

holds iff

1. B(X;, X;11) holds along [ X1, ..., X,]

2. ¢(X)+ 1= N, where ¢(X) is the nb of violated
C(XZ, X:,;_|_1) along [Xl, cee ,Xn]
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The imagination driving Australia’s ICT future.

SegBin(N =3, [X1,...,X7],C ={(1,1)}, B = True)
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The imagination driving Australia’s ICT future.

SegBin(N =3, [X1,...,X7],C ={(1,1)}, B = True)
Variables X4 Xo Xa X4 Xg Xe X7
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The imagination driving Australia’s ICT future.

SegBin(N =3, [X1,...,X7],C ={(1,1)}, B = True)

Variables X4 Xo Xa X4 Xg Xe X7

Domains
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The imagination driving Australia’s ICT future.

Squin(N =3,|X1,....X7],C={(1,1)}, B = True)

Variables

Domains @ ‘2 @3 '4 @ 'ﬁ @
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The imagination driving Australia’s ICT future.

Squin(N =3, X1,..., X7],C ={(1,1)}, B‘:/True)

Variables

Domains @ ‘2 @3 '4 @ 'ﬁ @
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The imagination driving Australia’s ICT future.

Squin(N =3, X1,...,. X7,C={(1,1)},B gTrue)

Variables

X2 X3 X4 Xg
Domains @‘/“/CD‘/‘/CD ‘/"/®
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The imagination driving Australia’s ICT future.

Squin(N =3, X1,...,. X7,C={(1,1)},B é/True)

Variables

X2 X3 X4 Xg
Domains @J“/@‘/‘/CD ‘/"/®
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The imagination driving Australia’s ICT future.

SegBin(N = 3, [Xl, . ,X7],C = {(1, 1)}, B = True)

Variables X4 X2

Domains @ @ ' @ ' @




(e

NICTA

The imagination driving Australia’s ICT future.

SeqgBin(N = 3, [Xl, . ,X7],C = {(1, 1)}, B‘:/True)

Variables X4 X2

Domains @ @ ' @ ' @
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The imagination driving Australia’s ICT future.

SeqgBin(N = 3, [Xl,... X7] C' = {(1, 1)} B é/True)

Variables X4 Xg

Domains @ @‘/‘/CD ‘/"/®
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The imagination driving Australia’s ICT future.

SeqgBin(N = 3, [Xl,... X7] C' = {(1, 1)} B gTrue)

Variables X4 Xg

Domains @ @‘/‘/CD ‘/"/®
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The imagination driving Australia’s ICT future.

SeqgBin(N = 3, [Xl,... X7] C' = {(1, 1)} B gTrue)

Variables X4 Xg

Domains @ @‘/‘/CD ‘/"/®

c(X)+1=2+1=N
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The imagination driving Australia’s ICT future.

Disentailment detection
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The imagination driving Australia’s ICT future.

Is there a solution of SeqBin?
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SeqBin (graph representation)

The imagination driving Australia’s ICT future.

The SegBin constraint
(equivalent representation)
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SeqBin (graph representation)

The imagination driving Australia’s ICT future.

SegBin(N, [X1,..., X7],C ={(1,1)}, B = True)
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SeqBin (graph representation)

The imagination driving Australia’s ICT future.

SegBin(N, [X1,..., X7],C ={(1,1)}, B = True)

Xo X4 Xo X3 X4 Xs Xe X7
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SeqBin (graph representation)

The imagination driving Australia’s ICT future.

X{] X1 Xg Xg X4 X 5 Xﬁ X?
N NS ) S — S —
o T AU 0 S

----- weight 1
—— weight 0
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SeqBin (graph representation)

The imagination driving Australia’s ICT future.

Xo X X; Xs Xs X Xe X
st e
oET o T 0 R

----- weight 1

—— Welnto cost of the path is 3
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SeqBin (graph representation)

The imagination driving Australia’s ICT future.

There exists a bijection between assignments X
of cost s that satisfy B and paths in the graph G(V, E') of cost s + 1.
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The imagination driving Australia’s ICT future.

Is there a path in G with cost equal to N?
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SeqBin (DP-based propagator)

The imagination driving Australia’s ICT future.

Straightforward approach

Dynamic programming based DC algorithm in O(n?d?)
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SeqBin (DP-based propagator)

The imagination driving Australia’s ICT future.

For each vertex in G we compute costs of all possible
paths from the sink node.
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SeqBin (DP-based propagator)

The imagination driving Australia’s ICT future.

----- weight 1
——— weight0

SegBin(N, [ X1,..., X7],C ={(1,1)}, B = True)

X{] X1 Xg Xg X4 X 5 Xﬁ X?
C et el T 1
o T AU 0 S
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SeqBin (DP-based propagator)

The imagination driving Australia’s ICT future.

----- weight 1
——— weight0

SegBin(N, [ X1,..., X7],C ={(1,1)}, B = True)

c(x71)
{0}
Xo X4 Xo X3 X4 X5 X6 X7

T - T - -
-
T ey, i - S i - 1 -t
1 Ty H ! - H ey B 1 -t i a® v
H a . i - : - [ : - ' i - i
- - S - -
L o . - -
-

-~
-

[ - - ]

; -

i - ]

-
-
-

-
11111
-
e




Oe

NICTA

SeqBin (DP-based propagator)

The imagination driving Australia’s ICT future.

----- weight 1
——— weight0

SegBin(N, [ X1,..., X7],C ={(1,1)}, B = True)

0(557,1)
{0}
Xo X4 X2 X3 X4 Xs Xe X,
D e e e e et
' Dt '''''''''''''' "“'0""‘" = ':I ...... .' ‘0' f"—‘ ' ey ,_._‘ "0“ _,,. - : ‘ ;
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SeqBin (DP-based propagator)

The imagination driving Australia’s ICT future.

----- weight 1
——— weight0

SegBin(N, [ X1,..., X7],C ={(1,1)}, B = True)

Xo X; X2 X3 X4 Xs Xe X,
A - N N
o= T N 0 e
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SeqBin (DP-based propagator)

The imagination driving Australia’s ICT future.

----- weight 1
——— weight0

SegBin(N, [ X1,..., X7],C ={(1,1)}, B = True)
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SeqBin (DP-based propagator)

The imagination driving Australia’s ICT future.

----- weight 1
——— weight0

SegBin(N, [ X1,..., X7],C ={(1,1)}, B = True)
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SeqBin (DP-based propagator)

The imagination driving Australia’s ICT future.

----- weight 1
——— weight0

SegBin(N, [ X1,..., X7],C ={(1,1)}, B = True)




(e

NICTA

SeqBin (DP-based propagator)

The imagination driving Australia’s ICT future.

----- weight 1
——— weight0

SegBin(N, [ X1,..., X7],C ={(1,1)}, B = True)
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SeqBin (DP-based propagator)

The imagination driving Australia’s ICT future.

----- weight 1
——— weight0

SegBin(N, [ X1,..., X7],C ={(1,1)}, B = True)

c(x51) c(xe1) c(z71)

{0,2} {0} {0}
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SeqBin (DP-based propagator)

The imagination driving Australia’s ICT future.

----- weight 1
——— weight0

SegBin(N, [ X1,..., X7],C ={(1,1)}, B = True)

C(.’El,l) C(CBQJl) C(CBng) 0(564,1) 0(565,1) 0(56‘6,1) C($7,1)
{0,2,4,6} {0,2,4} {0,2,4} {0, 2} {0, 2} {0} {0}
Xo X4 Xz Xa X4 Xs Xe X7
F‘#_1. ““““ p— T:,--{__IT*‘.M 1 ...... _,1 ----- 1 """ _:_ 1
0* ::' e T *'0* R U A Y ‘0" ” “*-.;ig;;. -
c(0,0+) c(2,0) c(4.0) c(6.0)
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SeqBin (DP-based propagator)

The imagination driving Australia’s ICT future.

----- weight 1
——— weight0

SegBin(N, [ X1,..., X7],C ={(1,1)}, B = True)

C(.’El,l) C(CBQJl) C(CBng) 0(564,1) 0(565,1) 0(56‘6,1) C($7,1)
{0,2,4,6} {0,2,4} {0,2,4} {0, 2} {0, 2} {0} {0}
Xo X4 Xz Xa X4 Xs Xe X7
F‘#_1. ““““ p— T:,--{__IT*‘.M 1 ...... _,1 ----- 1 """ _:_ 1
0* ::' e T *'0* R U A Y ‘0" ” “*-.;ig;;. -
c(0,0+) c(2,0) c(4.0) c(6.0)
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SeqBin (DP-based propagator)

The imagination driving Australia’s ICT future.

----- weight 1
——— weight0

SegBin(N = 3, [Xq,...,X7],C ={(1,1)}, B = True)

C(.’El,l) C(CBQJl) C(CBng) 0(564,1) 0(565,1) 0(56‘6,1) C($7,1)
{0,2,4,6} {0,2,4} {0,2,4} {0, 2} {0, 2} {0} {0}
Xo X4 Xz Xa X4 Xs Xe X7
F‘#_1. ““““ p— T:,--{__IT*‘.M 1 ...... _,1 ----- 1 """ _:_ 1
0* ::' e T *'0* R U A Y ‘0" ” “*-.;ig;;. -
c(0,0+) c(2,0) c(4.0) c(6.0)
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SeqBin (DP-based propagator)

The imagination driving Australia’s ICT future.

----- weight 1
——— weight0

SegBin(N =4, [Xq,...,X7],C={(1,1)}, B = True)

C(.’El,l) C(CBQJl) C(CBng) 0(564,1) 0(565,1) 0(56‘6,1) C($7,1)
{0,2,4,6} {0,2,4} {0,2,4} {0, 2} {0, 2} {0} {0}
Xo X4 Xz Xa X4 Xs Xe X7
F‘#_1. ““““ p— T:,--{__IT*‘.M 1 ...... _,1 ----- 1 """ _:_ 1
0* ::' e T *'0* R U A Y ‘0" ” “*-.;ig;;. -
c(0,0+) c(2,0) c(4.0) c(6.0)
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SeqBin (DP-based propagator)

The imagination driving Australia’s ICT future.

----- weight 1
——— weight0

SegBin(N =4, [Xq,...,X7],C={(1,1)}, B = True)

C(.’L’l,l) C(CBQJl) C(CB3,1) 0(564,1) 0(565,1) 0(56‘6,1) C($7,1)
{0,2,4,6} {0,2,4} {0,2,4} {0,2} {0,2} {0} {0}
X{] X1 Xg X3 X4 X5 XE X?
.--*'-"1‘ """"" 1 ::::: 'i":l-.l-..qu"'*-.. i 1 — ...-1:- ----- 1 """ —" 1
D* ] | LT _ - *'0“' - ] *-...___I: - {)_ e - ] "*-.;:- "O"-' -
C(mo 0 ) C(mgﬁo) C($4 0) C($6 0)
{1.3,5,7} {1,3,5} {1,3} {1}

O(n) layers
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SeqBin (DP-based propagator)

----- weight 1
—— _weight 0

The imagination driving Australia’s ICT future.

SegBin(N =4, [Xq,...,X7],C={(1,1)}, B = True)

C(.’L’l,l) C(CEQJl) C(CL‘3,1) 0(564,1) 0(565,1) 0(56‘6,1) C($7,1)
{0,2,4,6} {0,2,4} {0,2,4} {0,2}  {0,2} {0} {0}
X{] X1 XE X3 X4 X5 Xﬁ X?
e e e 1

O(d) nodes per layer

O(n) layers
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SeqBin (DP-based propagator)

The imagination driving Australia’s ICT future.

- weight 1
—— _weight 0

SegBin(N =4, [Xq,...,X7],C={(1,1)}, B = True)

C(.’L’l,l) C(CEQJl) C(CL‘3,1) 0(564,1) 0(565,1) 0(56‘6,1) C($7,1)

{0,2,4,6} {0,2,4} {0,2,4}  {0,2}  {0,2} {0} {0}

—
()
>
=t
—
©
o
(70}
()
©
o
=
—
=
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O(n) layers
c(x31) = (c(xg1) WO) U (c(xg0)W1)  O(nd)
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SeqBin (DP-based propagator)

- weight 1
—— _weight 0

The imagination driving Australia’s ICT future.

SegBin(N =4, [Xq,...,X7],C={(1,1)}, B = True)

C(.’L’l,l) C(CEQJl) C(CL‘3,1) 0(564,1) 0(565,1) 0(56‘6,1) C($7,1)
{0,2,4,6} {0,2,4} {0,2,4} {0, 2} {0, 2} {0} {0}

Xg X1 XE X3 X4 X 5 XE X?

-
-
i -
=" ' - i
######
-----
-

O(d) nodes per layer

O(n) layers ’
C($i,j) — U’UED(XqH—l) (C($i+1,v) & w(]a U)) O(nd)
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Related work

The imagination driving Australia’s ICT future.

Related work
[IUJCAI'11,Petit et al.]
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Related work

The imagination driving Australia’s ICT future.

SegBin(N, [X4,...,X7]|,C, B)
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Related work

The imagination driving Australia’s ICT future.

the monotone constraint

/

SegBin(N, [X4,...,X7]|,C, B)
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Related work

The imagination driving Australia’s ICT future.

Dynamic programming based filtering algorithm in O(nd?)
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Related work

The imagination driving Australia’s ICT future.

(i) = Upen(xiyy) (€(@it1,0) w(j,v)) O@H)
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Related work

The imagination driving Australia’s ICT future.

— does not detect bounds disentailment
observed independently by Petit et al. , TR'2011
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Related work

The imagination driving Australia’s ICT future.

— does not detect bounds disentailment
observed independently by Petit et al. , TR'2011

— not idempotent (i.e. f(f(X)) # f(X))
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Related work

The imagination driving Australia’s ICT future.

Main problem: if B is monotone then
c(x?:,j) — [l,’LL]
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Related work

The imagination driving Australia’s ICT future.

Main problem: if B is monotone then
c(x’i;j) — [l,’LL]

(i) = Uven(x,p) (C(Tiv10) (g, v)) O(d)
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Related work

The imagination driving Australia’s ICT future.

Main problem: if B is monotone then

A [17 1

ctrr)—1hm]

(i) = Uven(x,p) (C(Tiv10) (g, v)) O(d)
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SeqBin (DP-based propagator)

The imagination driving Australia’s ICT future.

----- weight 1
——— weight0

SegBin(N, [X1,..., X7],C ={(1,1)}, B = True)

C(.’El,l) C(CBQJl) C(CBng) 0(564,1) 0(565,1) 0(56‘6,1) C($7,1)
{0,2,4,6} {0,2,4} {0,2,4} {0, 2} {0, 2} {0} {0}
Xo X4 Xz Xa X4 Xs Xe X7
F‘#_1. ““““ p— T:,--{__IT*‘.M 1 ...... _,1 ----- 1 """ _:_ 1
0* ::' e T *'0* R U A Y ‘0" ” “*-.;ig;;. -
c(0,0+) c(2,0) c(4.0) c(6.0)
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Our contribution:
new DC filtering algorithm in O(nd?)
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New DC propagator

The imagination driving Australia’s ICT future.

Goal: improve DP when B is monotone
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New DC propagator

The imagination driving Australia’s ICT future.

(i) = Upen(xiyy) (€(@it1,0) w(j,v)) O@H)




e

NICTA

Cost properties

The imagination driving Australia’s ICT future.

c(x; ;) is not an interval
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Cost properties

The imagination driving Australia’s ICT future.

c(x; ;) is not even an ‘almost’ interval ‘
o (unbounded number of holes!) |
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Cost properties

The imagination driving Australia’s ICT future.

c(x; ;) has a special structure! @
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The imagination driving Australia’s ICT future.

c(x; ;) is a set of one of the following two forms:

zipper:
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The imagination driving Australia’s ICT future.

c(x; ;) is a set of one of the following two forms:

zipper: {2,4,6,8}.
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The imagination driving Australia’s ICT future.

c(x; ;) is a set of one of the following two forms:

zipper: {2,4,6,8}.

I-zipper:
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The imagination driving Australia’s ICT future.

c(x; ;) is a set of one of the following two forms:

zipper: {2,4,6,8}.

i-zipper: 4, 11]
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The imagination driving Australia’s ICT future.

c(x; ;) is a set of one of the following two forms:

zipper: {2,4,6,8}.

-zipper: {2,4} U [4,11] U {11,13,15}
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New DC propagator

The imagination driving Australia’s ICT future.
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The imagination driving Australia’s ICT future.

New DC propagator
C(mljg) 6(1172,4) 6(333,5) C(ZE4,3) C($5,4) 6(336,3) C($7,4) C($8’3)
{0,2,4,5,6,7} {1,3,4,5,6} {0,2,4} {0,2,4} {1,3} {0,2} {1} {0}
X7 X
c(zg,0+) c(xa1) c(x30) c(x42) c(xs50) c(x7.3)
{1,3,5,6,7,8} {0,2,4} {0,2,4,5} {2,4}  {0,2} {0}
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zipper

The imagination driving Australia’s ICT future.

C(mljg) 6(1172,4) C(ﬂ?gﬁN (:(.’[74_.3) C($5’4) 6(336,3) C($7,4) C($8’3)
{0,2,4,5,6,7} {1,3,4,5,6} {0,2,4} 10,24} {1,3} {0,2} {1} {0}

X7 Xg

e
c(20,0+) c(w2,1) c(zso)  clza2) clzs0) c(z7,3)
11,3,5,6,7,8) 0,2,44  {0,2,4,5) {24} {0,2} (0}
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zipper

The imagination driving Australia’s ICT future.

C($1,3) 6(332,4) C(-'ESEN (:(.’L‘4‘3). C(CE5’4) C(ZL‘G,;;) 6(5{37’4) C(l‘&g)
{0,2,4,5,6,7} {1,3,4,5,6} (0,2, 4} {0,2,4} {1,3} {0,2} {1} {0}

X7 Xg

= R
c(xo,0v) c(xo.1) c(x3,0) c(xqg2) c(xs5,0) c(x7.3)
(1,3,5,6,7,8) 0,24y {0,2,4,5}  {2.4) {0,2} (0}
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I-zipper zipper

The imagination driving Australia’s ICT future.

c(z1,3) c(w2,4) C(-’L‘s,sx (5(554,3)_ c(rs54) c(we3) cl(wra) c(xs3)
{0,2,4,5,6,7} {1,3,4,5,6} [0.2. 1} {0,2,4} {1,3} {0,2} {1} {0}

X7 Xg

= R
c(xo,0v) c(xo.1) c(x3,0) c(xqg2) c(xs5,0) c(x7.3)
(1,3,5,6,7,8) 0,24y {0,2,4,5}  {2.4) {0,2} (0}
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I-Zipper zipper

The imagination driving Australia’s ICT future.

c(z1,3) c(w2,4) C(-’L‘s,sx (5(554,3)_ c(rs54) c(we3) cl(wra) c(xs3)
{0,2,4,5,6,7} {1,3,4,5,6} (0.2, 1} {0,2,4} {1,3} {0,2} {1} {0}

X7 X

= R
c(xo,0v) c(xo.1) c(x3,0) c(xqg2) c(xs5,0) c(x7.3)
(1,3,5,6,7,8) (0,2,4y  {0,2,4,5}  {2.4) {0,2} (0}
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Structure (Bounded holes)

The imagination driving Australia’s ICT future.

The number of holes in an i-zipper is bounded.
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Structure (Bounded holes)

The imagination driving Australia’s ICT future.

i-zipper: {2,4} U [4,11] U {11,13,15}
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Structure (Closeness)

The imagination driving Australia’s ICT future.

Bounds of ¢(x; ;) and c(x; 1) are close to each other.
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The imagination driving Australia’s ICT future.

Structure (Closeness)
C(mljg) C($2’4) 6(333,5) C(ZE4,3) C($5,4) 6(336,3) C($7,4) C($8’3)
{0,2,4,5,6,7} {1,3,4,5,6} {0,2,4} {0,2,4} {1,3} {0,2} {1} {0}
X7 X
c(zg,0+) c(x21) c(x30) c(x42) c(xs50) c(x7.3)
{1,3,5,6,7,8} {0,2,4} {0,2,4,5} {2,4}  {0,2} {0}
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Structure (Closeness)

The imagination driving Australia’s ICT future.
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More properties

The imagination driving Australia’s ICT future.

and many more properties...
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How did we know?

The imagination driving Australia’s ICT future.

zipper: {2,4,6,8}.

-zipper: {2,4} U [4,11] U {11,13,15}
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The imagination driving Australia’s ICT future.

Global structure of cost
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The imagination driving Australia’s ICT future.

C(iL‘l,g) 6(562,4) (J(:L‘315)_ (:(.’L‘413). C(CE5’4) C(IG’S) 6(137’4) C(l‘&g)

0,2,4567 {13456} {0.24 {024} {L3} (0.2} {1} {0]

X7 Xs

3R
c(xo,0v) c(xo.1) c(x3,0) c(xqg2) c(xs5,0) c(x7.3)
(1,3,5,6,7,8) (0,2,4y  {0,2,4,5}  {2.4) {0,2} (0}



The imagination driving Australia’s ICT future.

C(iL‘l,g) 6(172,4) (J(:E;:;_.B)_ (,3(."[74_.3). C(CE5’4) C(ZL‘G,g) 6(5{37’4) C(l‘&g)
{0,2,4,5,6,7} {1,3,4,5,6} (0,2, 4} {0,2,4} {1,3} {0,2} {1} {0}

iy ST
LA . . N L L . L ] iy
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g g h F & R F % . . 'y 1 | 5
j g ! i F 3 K ' J 3 i
& [ i = i i [} H 1 - ] i [
[ F [ [ " H i 1

C(IO,O*) C\ L9
{1,3,5,6,7,8) (2,4} {0,2}




The imagination driving Australia’s ICT future.

C(iL‘l,g) 6(172,4) (J(:E;:;_.B)_ (,3(."[74_.3). C(CE5’4) C(ZL‘G,g) 6(5{37’4) C(l‘&g)
{0,2,4,5,6,7} {1,3,4,5,6} (0,2, 4} {0,2,4} {1,3} {0,2} {1} {0}

iy sEmE
LA . . N L L . L ] iy
@ L . . ! Y = e Ll E &, 1 i Bl
g g h F & R F % . . 'y 1 | 5
j g ! i F 3 K ' J 3 i
& [ i = i i [} H 1 - ] i [
[ F [ [ " H i 1

c(xo,0+) (2o, c(xqg2) c(xs5,0) c(x7.3)
(1,3,5,6,7,8) 2.4} {0,2} (0}

zipper




The imagination driving Australia’s ICT future.

C(iL‘l,g) ) (j(.’[f4_.3). 6(13574) C(JL‘ng) 6(13774) C(Igjg)
{0,2,4,5,6,7} 1{1,3,4,5,6} {0.2.4} W0.2.40 (1.3 (0.2 {1} {0}

Xo X _ Xe X5 Xe X7 Xg

'; -_q-:"d‘h:*h :. ]
-ﬂ::‘j . 3 : 'llh_a !

IF‘:.*‘ 3

-
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et

1
..‘. uwf
b —

c(xo,0v) c(x21) c(xqg2) c(xs5,0) c(x7.3)
11,3,5,6,7,8) .24 {0,2,45 W 2.0 0.2 (0}

zipper




The imagination driving Australia’s ICT future.

C(iL‘l,g) ) (j(.’[f4_.3). 6(13574) C(JL‘ng) 6(13774) C(Igjg)
{0,2,4,5,6,7} 1{1,3,4,5,6} {0.2.4} W0.2.40 (1.3 (0.2 {1} {0}

Xo X _ Xe X5 Xe X7 Xg

'; -_q-:"d‘h:*h :. ]
-ﬂ::‘j . 3 : 'llh_a !

IF‘:.*‘ 3

-
-.-F'—
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et

1
..‘. uwf
b —

c(xo,0v) c(x21) c(xqg2) c(xs5,0) c(x7.3)
11,3,5,6,7,8) .24 {0,2,45 W 2.0 0.2 (0}

zipper&: zipper
I-zipper




The imagination driving Australia’s ICT future.

c(x43) c(xs4) clwgs) c(xra) c(xgs)

{0,2,4} {1,3} {0,2} {1} 10}
Xo X5 Xo X7 X

'; -_q-:"d‘h:*h :. ]
-ﬂ::‘j . 3 : 'llh_a !

IF‘:.*‘ 3

-
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..‘. uwf
b -

c(xo,0v) c(x21) c(xqg2) c(xs5,0) c(x7.3)
{1,3,5,6,7,8} {0,2.4y {0,2,4,5} W (2.1} 10,2} {0}

zipper&: zipper
I-zipper




The imagination driving Australia’s ICT future.

c(x43) c(xs4) clwgs) c(xra) c(xgs)

{0,2,4} {1,3} {0,2} {1} 10}
Xo X5 Xo X7 X

- i"d" h:‘_h :. ]
1 "Ih_a B

c(xa) c(xa2) c(rs50) c(x7.3)
{1,3,5,6,7,8} 10,247 {0,2,4,5y W 2.4 {0.2} {0}

i-zipper zipperd Zipper
i-zipper




The imagination driving Australia’s ICT future.

c(x43) c(xs4) clwgs) c(xra) c(xgs)

024 (L3 {02 1) {0}
Xs 5?’ Xﬂ

11,3,5,6,7,8) T/ 102,45 W o0 0.2) [0}

I-zipper Z|pper& zipper
i-zipper
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The imagination driving Australia’s ICT future.

Conclusions
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Contributions

The imagination driving Australia’s ICT future.

If B is monotone then DC propagator runs in O(nd?)
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Contributions

The imagination driving Australia’s ICT future.

If B is monotone then DC propagator runs in O(ndz) @

If B is monotone and C is convex

then DC propagator runs in O(nd) @’
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The imagination driving Australia’s ICT future.

Thank you!




