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Summary

Main Challenge S [ o
Applying parallel computing approach to solve the UE problem «wT- YA weonen  ®
Contribution e
1. Origin-base formulation |
2. The algorithm grouping links into Blocks w2l ”ZZ” "
- - v = argminLo(v,A") a4)
Validation
4 numerical experiments
 The performance of ADMM is superior to some existing \/@ g
algorithms e /@
“This study presented an initial step on the aspect of using ADMM for . Q/ 7
parallel computing of UE.” 3
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Novelty, Utility, Reliability

Novelty

. Applying parallel computing approach to solve the UE problem by adopting ADMM
2. Proposing a novel algorithm grouping network links into block

—_—

Utility
. On a big size network, the ADMM algorithm can solve UE problems tremendously faster

2. The ADMM algorithms can be more accelerate and extend its use to other types of traffic
assignment problems

—_—

Reliability

4 types of numerical tests
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1.1 Literature review

FA#E5% (UE/FD)DEXL UE/FDOERL - FlF@ELREN DX
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. xm—&umz}aw-

‘ Beckmann et al.(1956) A* ¥ 2R @ L A ICE#E |
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E!:‘i?faﬁ'eii) %muf“] ¥ HessianA'EEME («Y > 2/57 =7 AEEH EBEM)

1 X A Start-upt T #2& %} pp. 28-29
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Solution

Algorithms
* Link-base: Frank-Wolfe algorithm, Gauss-Seidel iteration method
» Path-base

* Origin-base (This paper)
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Definition

Transport Network G G =(N,A)
Set of nodes N neN
Set of links A a€A
Set of OD pairs w (o,d) eW
Travel demand for (o,d) € W q°®
Set of path between OD pair (o, d) K°4 k € Ko
Flow on path k € K°¢ 04
Flow onlinka € A U,
Link-path incidence relationship 525 50d _ {1,path k € K°C yse link a
ak 0, otherwise
Travel time function of link a € 4 ta(vg) Strictly increasing and continuously
differentiable
Lagrange multipliers g00d Shortest travel ti(r:’ed)between OD pair
Travel cost of the path k betweenOD pair (o, d) o
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Widely used mathematical formulation of UE [MP-UE]

Va
min Z; = EJ t,(w)dw (1)
aea "0

s. t. z o4 = q°¢, Vod € W (2)

kekod

0% > 0,vk € K°% 0d € W (3)
ve= Y Y fe46% vaea (4)

od€eW kegod
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Widely used mathematical formulation of UE [MP-UE]

Va
min Z; = EJ t,(w)dw (1)
aeA "9
Flow conservation
S. t. z 24 = q°¢, Yod e W (2)
kekod
24 > 0,vk € K°%, 0od € W (3)

Travel cost of link a

vy = 2 z 04824 va € A. (4)

od€eW kegod

Flow on link
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Widely used mathematical formulation of UE [MP-UE]

PROBLEMS
min Z; = EJ ta(w)dw (1) ~_ Separable w.rtlink flows.

e falt (w)dw andf e, ;(w)dw is independent each

Flow conservation other (= parallellzable')

NOT separable w.r.tlink or path flows

d _
S. L. Z ko - qod’ Vod € W (2) And the number of paths N(K) is tremendously large in
kekod an urban transport network...

Lagrangian duality theoly

d od

=0,vk €K™, 0d €W 3) (2) and (4) could be converted into the objective
Travel cost of link a 1|‘_uangcrt;?]rgll.iaBnu’éI :;Tit(}j/ifﬁcult to be directly handled by

o= ) ), St vaea *) SOLUTION

od€eW kegod
Origin-base Model (Beckmann et al. 1956)
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Origin-based model [OB-UE]

_ Zoeova Traffic flow on link 12 .
min Z, = z f to(wW)dw (7) a originating from o Va = Z Va
a€eAi 0 0€0
Tail node of link a i(a)
s. . Z v — Z v =g% Yo €0,n€N (8) Head node of link @ h(a)
a€eA a€eA
i(a)=n h(a)=n

v, =20,Vo€EO,a€A (9) /

( M

gy = { odew® ,VoeO,neN (10) 2 .
-q°4n=d | (/
3

L 0, otherwise
A" ={1}wheni(a) = 2
A" = {3} when h(a) = 2
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Origin-based model [OB-UE]

20€0 Vg
min Z, = z f t,(w)dw (7)
aea” 0
s. t. 2 vl — Z Vg = 9n Vo €0,n €N ()
acA acA
i(a)=n h(a)=n
v, 20,YoeEO,aeA (9)
p
Z q°¢,n=o
gn = { 0dew® ,Yo€O,n€N (10)
—q°%,n=d
L 0, otherwise
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Origin-based model [OB-UE]

Yoeo v
min Z, = z f t,(w)dw
0

a€A
s.t.z:vg— 2 vi = g5, Yo €EO0,nEN
acA acA
i(a)=n h(a)=n
v, =20,VoeEO,a€EA
p
gn = { 0dEW? ,VOoEO,nEN
—q°4n=d
L 0, otherwise

2024/5/13

HOW TO SOLVE?

Conventional Approach (Nie, 2010)
« Decompose it into a series of restricted
origin-based subproblems
(8) - Solve them sequentially by the Gauss-
Seidel iteration sheme

(7)

This paper
9 . Employ Lagrange relaxation
n max F6)+ A(Ax-p
(10) | N e |
\_3 >§ Lo qrariun
e " e a1

ATAx -



]
La g ra n g e Re I axatl o n https://www.bunkyo.ac.jp/~nemoto/lecture/opt-model/2008/duality1-2007 .pdf

[P]

max 6x4 + 4x,
S. t. 2X1 + X> <70
3x1 +4x, <180
xX1,%Xpy =0
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]
La g ra n g e Re I axatl o n https://www.bunkyo.ac.jp/~nemoto/lecture/opt-model/2008/duality1-2007 .pdf

[P] [P1] Negative Negative
max 6x; + 4x, max 6x4 + 4x, + y1(70 —(2xq4 + xz)) + y,(180 — (3xq1 + 4x3))
s.t.2x; + x, <70 <l s.t.2x; + x5, < 70
3x1 + 4x2 < 180 - 3x1 + 4XZ < 180
X1, X2 20 X1,%2,Y1,¥Y2 2 0
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]
La g ra n g e Re I axatl o n https://www.bunkyo.ac.jp/~nemoto/lecture/opt-model/2008/duality1-2007 .pdf

[P] [P1]
max 6x; + 4x, max 6x; + 4x, + y1(70 — (2x1 + x5)) + ¥, (180 — (3x; + 4x))
S. L. 2X1 + x5 <70 < S. t.
3x1 +4x, <180 —
X1, %2 20 X1,%2,Y1,Y2 2 0
[P2-1]

< | max 6x; + 4x, + y1(70 — (221 + x5)) + y,(180 — (3x; + 4x,))
— S.t.X1,X2,Y1,Y2=0

Lagrange Relaxation
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]
La g ra n g e Re I axatl o n https://www.bunkyo.ac.jp/~nemoto/lecture/opt-model/2008/duality1-2007 .pdf

[P] [P1]
max 6x; + 4x, max 6x; + 4x, + y1(70 — (2x1 + xz)) + v,(180 — (3x1 + 4x5))
s.t.2x; + x5, <70 < s.t.2x; + x5, <70
3x1 + 4x, < 180 _ 3x1 + 4x, < 180
xlixZZO xerZJyliyZZO
[P2-1]

A

max 6x; + 4x, + y1(70 — (2x1 + xz)) + v,(180 — (3x1 + 4x5))
S. t. X1,X2, Y1, Y2 >0

[P2-2] Negative Negative
max(6 — 2y, — 3y,)xq + (4 — vy, — 4y,)x, + 70y, + 180y,
S. t. X1,X2, Y1, Y2 >0
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]
La g ra n g e Re I axatl o n https://www.bunkyo.ac.jp/~nemoto/lecture/opt-model/2008/duality1-2007 .pdf

[P]
max 6x4 + 4x, <

S.t. 2X1 + X> <70
3%+, < 180 ~ D] Dual problem
X1, X3 =0 min 70y, + 180y,
S. t. 23’1 + 3y2 > 6

V1 + 4y2 > 4
yu Y220

AN

[P2-2]
max(6 — 2y; — 3y,)x1 + (4 — y; — 4y,)x, + 70y, + 180y,
S. L. X1,X2, Y1, Y2 >0
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Lagrangian Function [OB-UE]

Z:oEO Vg
min Z, = ZJ t,(w)dw (7)
0

acA

s.t. z vl — z vd = g2, Yo €0,neEN (8)

acA acA

i(a)=n h(a)=n
v, =20,Yo€EO,aeA 9)
.
z q°¢,n=o0
go = { 0dew? ,Yo€E O,n€EN (10)
_qod, =d
_ 0,otherwise

L) = z jo Zoeovgta(w)dw + z Z A9 HO (v) (12)

a€eA 0€0 neN
max inf Ly (v, X) (13)
A v20
v* = arg min Ly (v, ") (14)
v=0
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Lagrangian Function [OB-UE]

Z:oEO Vg
min Z, = ZJ t,(w)dw (7)
0

acA

s.t. z vl — z vd = g2, Yo €0,neEN (8)

acA acA
i(a)=n h(a)=n
Affine functions v, =2 0,Yo€ 0,a € A 9)
(
z g°“,n=o
go = { 0dew? ,Yo€E O,n€EN (10)
—q°*n=d
_ 0,otherwise

L) = z jo Zoeovgta(w)dw + z Z A9 HO (v) (12)

a€cA 0€0 neN
Dual problem |maxnfLy(v,4) (13)
v* = arg min Ly (v, ") (14)
v=0
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Lagrangian Function [OB-UE]

Z:060 Vg
min Z, = z j ta(w)dw (7) P RO B LE M
a€cA 0 \
NOT STRICT CONVEX w.rtv
s.t. vd — vd = g2, Yo EO,nEN (8)
%;4 (aze);1
i(a)=n h(a)=n
HOW TO SOLVE?
v, =20,Yo€EO,aeA 9)
( .
z g°d,n = o Conventional Approach (Nie, 2010)
g9 = { odewe NYoEOnEN (10) » Gradient-based algorithms, e.g., the dual ascent
—q°*n=d method
0, otherwise » Requiring strict convexity of the primal model
(Boyed et al., 2011)
Yoeo Va
L=y [ awdw s Y Y REG  (2) This paper
a€eA s 0€0 neEN .
- Adopt Augumented Lagrangian
max inf Ly (v, X) (13)
A v=20

v* = arg min Ly (v, ") (14)

v=0

2024/5/13




Lagrangian Function [OB-UE]

It can be easily proven that the objective function (7) is convex but not strict convex w.r.t.
the origin-based link flows v. Considering that the constraints (9) are affine functions,
the strong duality holds (Boyd & Vandenberghe, 2004). Thus, the optimal value of the
primal equals the optimal value of the dual problem. We can obtain a primal optimal
point v* from a dual optimal point A* (Boyd et al., 2011):

min L (V, /\*). 5%

v>0

v* = arg min Ly (v, ") (14)

v=0
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Au g u m e n te d Lag ra n s i a n https://qiita.com/hibs_ MATLAB_Amb/items/1b92be3f1c1de446d64d

Penalty parameter

Ly(v,) = Z jo Zoeovgta(w)dw + 2 Z A9 HO (v) + ‘2—)2 Z(Hg(v))2 (15)

a€EA 0€0 neEN 0€0 NneN

Augmented Lagrangian Method Augmented Lagrangian Method

1 2500

1 2500
2500 4 2000 1500

2000 -| 1000
- 1500

0
1000
-500

500

o +§Z Z(H;;(v))z

0€E0 neN

4 2000

1500

1000
1500

500

1000
-500

500
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New model [ROB-UE]

mfx ‘171215 L, (v,A)

v+ = argmin L, (v, AD) (17)
v=0

)\.(H—l) — }\(i+1) + p(C . V(i+1) _ g) (18)

L@ =) jo B w)dw + DD Hw) + £ (Hw)® (5)

acA 0€EO NEN 0€EO NEN

HR(v) = Z vy — z vy —9gn,YoEO,n€EN
aeA aeA
i(a)=n h(a)=n
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New model [ROB-UE]

mfx ‘171215 L, (v,A)

vl = arg minILp (v,A®) (17)
v=0

p(C-vi*D —g) (18)

Lo =Y [ e+ Y Y hawl 23 Y o) as
aea”? o€ 0€0 neEN

HR(v) = 2 vy — z vy —gnlVoEO,n€EN

Hy = (vi +vi)— (v3) —

a€eA a€eA
i(a)=n h(a)=n
INDEPENDENT
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New model [ROB-UE]

max inf L,(v, A)

A v=0

vl = arg minILp (v,A®) (17)
v=0

(18)
H} = (vi +vi) — (v3) —

H 23 (H@)® (1)

0€EO NEN

SOLUTION
Hy (v) = 2 Va — z Va —gnf¥0 EO,n EN The alternating direction method
(@yen - of multipliers (ADMM)

INDEPENDENT
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The alternating direction method of multipliers (ADMM

[P1] min £ (x) + g(x)

n)g’lynf (x)+gQ),
s.tx=y

[P2]

https://en.wikipedia.org/wiki/Augmented Lagrangian_method

2024/5/13 30



The alternating direction method of multipliers (ADMM

Requiring solving a proximity function in
x and y at the same time

A

[P1] min £ (x) + g(x)

min f(x) + g(y),
x,y
s.tx=y

[P2]

[Augumented Lagransian]
p
Ly, ) =)+ g0+ x—y)+-llx—yl*

[Algorithms]

(i+1) .— ' (@ @ -— _
x = arg min Ly(x,y®,20)  FIXy ADMM allows this problem to be solved

y(i"'l) = arg min Lp (x(i+1),y’ /1(1)) FIX x +«— Step by Step

y
A3+1) — /1(1.) + A(X(Hl) _ y(i+1))

https://en.wikipedia.org/wiki/Augmented Lagrangian_method
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The alternating direction method of multipliers (ADMM

[P1] min f) + gx)
P2 min f(x) + g(¥), _
tP2] Y stx=y This paper

[Augumented Lagransian] Yoco Va P )
L@y, D) =f@+g0) +Ax—n+olx-yl2 — Ly(V,A) = Z j ta(w)dw + z Z AaHy (v) + Ez Z (H3(v))
0

[Algorithms] a€eA 0€0 NEN 0€0 NEN
A = arg minL, (x,y®,10)
y*D = arg min L, (x(+D, y, A®)

y
AGHD = A 4 2 (D) — 5 (+D)) \ Adopt new concept

Block : Group of links independent each other

2024/5/13




Block

DEFINITION

» Links in each block are independent. No overlapped tail/lhead nodes into the same block/set.
* For each block, the augmented Lagrangian function can then be solved/updated in parallel.

(H_'VBl'_(E!'VBZ_'g:::O (19)
(i+1) ,_ : (D 4@
Cv-g=0 a1 Vi, = argminly (va,v5)40)  (20)
e
(i+1) .— : (i)
% = argminlL,(v,A » : N
%zo p( ) a7 vg:l) ‘= argminlL, (VBl,Vgl),)\(‘)) (21)
}\,(Hl) — )\,(Hl) 4+ p(C . V(i+1) _ g) (18) vB,20

}"(i+1) = }\(l) + p (Cl . Véi:'l) + CZ . V]_(?i2+1) _ g) (22)

B i+1 [+1 ] J j Bp.a
Lpp (Vggl ), __,,ngfl),va ;VBI(,l_?_l, ..-,VBS),KO)) = Z Lpp (Vo)
aEBp
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Block

DEFINITION

Links in each block are independent. No overlapped tail/head nodes into the same block/set.
For each block, the augmented Lagrangian function can then be solved/updated in parallel.

v+ = arg min L, (v, AW)

AGHD 1= A0+D 4 p(¢ . y(i+D) — g)

C-v—g=

v=0

0

(11)

(18)

A+ .— (D

LBp (VB §i+1)

(i+1)
) nuny Bp—l

VBp

(D) (i
' VBp+1 -2 VBp

), A

After update Target Before update

2024/5/13

> L (va)

a€By

C& 'VBl'_'Cé 'VBZ'_'g:::O (19)
. 1 . 1 .
Vél+ ) = arg min L,, (VB1'V1§?;)‘(1)) (20)
vp,20
(17) » (i+1) - i) 5
VBL2 — al;g mén L, (VBl,VBl1 , A(l)) (21)
Blz

o (Cove + 6 vt —g) (22)

Independent link-based subproblems
= Suitable for parallel computing!




What is “Block”

DEFINITION

» Links in each block are independent. No overlapped tail/lhead nodes into the same block/set.
* For each block, the augmented Lagrangian function can then be solved/updated in parallel.

Overlapped!

2024/5/13




Algorithm

lteration i

g:l) := arg min L (VBl, l(;l), ,g;) A(l))

vp,20

vt = = arg min L ( é;l),vgz,vé?;)»(i))

BZ vB,20
]g;+1) = arg min L, (g:l), g“), Bs,l(i))
VB;20

}\(i'l'l) = A(l) + p(C . V(i+1) — g)

Criterion
d od
ZOdEW 900 qo

|IRG| = |1 —
ZaEA Va ta (va)
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3.2 Z7IdUX L

lteration i

= arg min L, (VBl,v(i) v, A(i))

B,’ "B
vp,20 2 3

= argminL, :Vg:l) '|VBz' Vé?, )L(i))
vB,20

(i+1) _ : ]
Vp, ~ = argmin L, Vp,

VB;20

Vi, 1@)

}\(i'l'l) = A(l) + p(C . V(i+1) — g)

Criterion
od ,od
. ZOdEW 90 q

IRG| =
ZaEA Va ta (va)

1
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Algorithm

lteration i Q1. How to group links into Block?

= argmin L, (vg,, v, v, A9)

vp,20

= argminL, ( (l+1),| Vg,V (?,)L(i)) \ b

vB,20

T
vi*D = argminL ( VBB,)\,(i))
3 VB;20
< b
}\(i'l'l) = A(l) + p(C . V(i+1) — g)
3
Criterion
ZOdEW QDOqud
|RG| = |1 —
ZaEA vata (va)

2024/5/13




Algorithm

Iteration i Q1. How to group links into Block?
— - OO
:=argminlL,(vg,, , A ]
vilzé ( B VB, VBs ) Q2. How to solve link-based subproblem?
Bp (i+1) (i+1) ) ()
[ (i+1) (D) 2@ Ly (V »o2VBp_1 »VBp » VBpy1s -+ VBp )‘(l))
= argminlL, (v Ve, Vs, Al
v%zzo o S b2’ "Bs ) 2 LBpa (Vo)
aEBp

Vg, ~=argminl (
VB;20

}\(i'l'l) = A(l) + p(C . V(i+1) — g)

Criterion
d od
ZOdEW 900 qo

|IRG| = |1 —
ZaEA Va ta (va)
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L I n k b I o c kl n g https://qard.is.tohoku.ac.jp/T-Wave/?p=418

Q1. How to group links into Block?

Edge coloring problem in graph theory (Bollobas, 2013)
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Definition

Definition 1
(Degree): The degree (or valency) of a vertex/node of a graph is the number of edges that are incident to the
vertex, denoted bydeg(n), VvneN. The maximum degree of a graph G, denoted by 4(G), is the largest degree of

the vertices in the graph.

Definition 2
(Chromatic index): Given a graph, the minimum required number of colors for the edges is named the chromatic
index of the graph, denoted by x(G).

Definition 3
(Muiltiplicity): The maximum number of edges in any bundle of parallel edges of a graph is called the multiplicity,
denoted by u(G). For a transport network, due to the exist of bi-directional road links, usually u(G) = 2.

For any multigraph, y(G) < 4(G) + u(G) (Bollobas, 2013).
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Proposed method

s
N\

(a) Transport network (b) Simple network 1 (c) Simple network 2

N N
=
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5.1 The link-based subproblem

Q2. How to solve link-based subproblem?

“In this section, we proceed to solve the link-based
minimization problem, which is the most important/time-
consuming subproblem of ADMM™

[teration i

v dargminL ( vlg,l) V(l) l(i))
1 vp,20

vgﬂ) = arg min L ( g“),vBZ,vg),)L(i))
VB,20 3
v = argmin L, ( i) VSH) \/ 3,A(i))
3 VBSZO

AGHD = 2@ 4 p(C - v+ — g)

— min LBp (v,) = fOZoeo ”at <w)dw + z [’h(a) i@ (v)) + Aha) (H’?(a) (v)) + p( Hita) (v)) (Hh(a) (v)) ]

Vq20,
a€By 0€0

2024/5/13




Gradient projection method 4 (B, b+ Sy 1) (5, h o, )

lteration j

, AN —1 ,
p°UtD — max [O, vg(]) —a (SZ(J)) (dg(]))] , Vo€ 0,a €A

a

0 B,a
dg = 507 LPP (vy) =t, (Z v}{) + 2pv + (pei"(a) — pe,‘;(a) + A;?(a) — A;’l(a))

0€E0

2 54 ,
Sa = 0(v2)? Lpp (Vo) = tg (Z v}{) +2p

0€0

Criterion

AGU) = z

0€E0

EAGU) = |Ag(f) _Ag(f—1)|

as .20
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Criterion

|RG| = |1 —

AGU) = Z

0€0

EAGY) = |AG(D _A(,'(J'—l)l

Numerical examples

ZOdEW QDOqud

ZaEA Va ta (va)

as? . yg 0|

BPR function

VAP
ta =t 1+a<—“>

Ca

Environment
Windows10 64 bit
AMD 4800 H 2.9GHz CPU

16G RAM

C++ How many cores?

2024/5/13

Price

Socket Type

CPU Class

Clockspeed
Turbo Speed

# of Physical Cores

Cache

TDP

Yearly Running Cost
Other

First Seen on Chart
# of Samples

CPU Value

Single Thread Rating

(% diff. to max in group)

CPU Mark
(% diff. to max in group)

AMD Ryzen 7 4800H

Search Online /'

FP6
Laptop

2.9 GHz
Up to 4.2 GHz
8 (Threads: 16)

L1: 512KB, L2: 4.0MB, L3:
8MB

45W

$8.21

with Radeon Graphics
Q12020

3366

0.0

2616
(-45.7%)

(-32.7%)

Apple M3 Pro 12 Core

Search Online /'

NA?2
Laptop

4.0 GHz
NA2

12 (Threads: 12)
NA2

NA2

NA

18 Core GPU
Q4 2023

137

0.0

4818
(0.0%)

(0.0%)

Apple M1 8 Core 3200
MHz

Search Online /'

NA 2

Desktop, Laptop,
Mobile/Embedded

3.2 GHz
NA2

8 (Threads: 8)
NA2

15.1W

$2.74

Q12021
7675
0.0

3703
(-23.2%)

(-48.6%)

https://www.cpubenchmark.net/




Numerical examples

Targets Small Sioux-Falls Anaheim Chicago-Sketch
nodes 4 24 416 933
links 5 76 914 2950
Block 3 10~ 12~ 20~
OD-pair 1406 93,513
Purpose of the Comparing Comparing Comparin
P ) Convergence Algorithms & Algorithms & paring
experiment Algorithms

number of blocks number of blocks

https://github.com/bstabler/TransportationNetworks
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A Small Network

Table 1. Link attributes of the illustrative network.

Link ID Tail Head Free flow travel time Capacity Block ID

1 1 2 3 10 1

. 2 1 3 2 10 2

N
N 3 2 4 4 10 2
\ \} ~ 4 3 2 1 10 3
~
N
5 3 4 5 10 1

£ £
10 10

Absolute Value of Relative Gap
Absolute Value of Relative Gap

SN 10”7 10”7
z 107 10
10" 10"
107" . . N v 1077 v + B i
0 2 40 o0 S0 100 0 S0 100 150 200 250
Number of iterations Number of iterations
(a) Scenario | (b) Scenario 2

Convergence!
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Sioux-Falls Network

1.0E-01 4
3 .. OBA
1
. \ ADMM-E fFectit
& 1 A \‘&N
P | - 11 :I \ -‘ & ™ - - i
) s C) R € '—.' \
h 9 | | | -
7|1 Bs 10 3l
1.0E-07 4
1“'—” 1 — 0 X
36 7 32 Zz .
1.0E-09 4
M4 |40
1.0l - v T T
37| D8 41 0 ) 0.4 ).6 0.8 1
T P | Block 1D | Lirk Coloring
1 —— 1 CP lime (s)
42 T'.'l 5 >
4 72 A ] —_— - .
E——1 == DMM is better than FW, OB
1\ A is better than . OBA
73| 76 . 8| e—
2 BT I 66 > —
e DMM ck
T - ] e ADMM 10 _Block
1.0E-01 1
i ADMM 11 Block
Table 5. Link blocking pattern. )
o MOEO3RR e ADMM_12_Block
Block ID Index of Member Links )
o
1 5,9,14,20,28,33,42,52,64,74 .'é 1.0E-05 4
®
2 1,10,12,18,22,25,35,39,44,58,62,72 -
3 2,41121,2738,4149,54,61,69,76 g 10E-07 1
4 3,6,15,24,36,48,53,56,66,67,71 7
< 1.0E-09 4
5 8,19,23,32,37,45,55,70,75
6 7,13,16,31,46,50,51,59,73 B K
1.0E-11 T T T
7 30,34,47,57,60,65 0.0 0.1 02 03 04
3 17.40,43,68 Effective computing Time (s)
9 29,63

0 26 Fewer blocks, Faster convergence.




Anaheim Network / Chicago-Sketch Network

W e ADMM _12_Block
1.0OF 4 1 OE-0]
R R ( \ v ADMM _13_Block
IMM-Effecti ADMM_14_Block
1.0E-03 . 1.0E-03 4 X\ =
3 A -9 . e ADMM _15_Block
b ! \ 5 ‘-__-.- > S 5
-_. ' ' o '-~..__._ ---- aanns | S — =
= 1.0E-05 \“& g 10E-05 i ‘x,'
_ z : 3 a
Anaheim - N
- % o . ' :
g 10807 4 g 10807 1 s :;
= - ‘ e
=2 z H :
< \ :
H H
1.0E-09 4 1 OE-O A H
n‘: - -
1.0 T T T T 1 OE-11 v T T T
0 2 6 2 10 ( 1.0 24 30 1.0 50
( me (5) Effective computing Time ()
1 0FE-01 4 .
reve BA
h ADMM-Effective
- 1 : - -
o, N
T \\
0 -~ L aseita
= | OF-05 4 > ."_-""""‘> S
hicago - .
|
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Conclusions

Main Challenge

Applying parallel computing approach to solve the UE problem

—

Contribution

Origin-base formulation
The algorithm grouping links into Blocks

Validation

4 numerical experiments
The performance of ADMM is superior to some existing
algorithms

“This study presented an initial step on the aspect of using ADMM for
parallel computing of UE.”
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Lwd =) f“o"gtu(w)dw + Y mHe)  a2)
a€cA

DDDDDD

0€EO,n€EN (10)

13)
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