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Problem

n vertices, m connections

C € {0,1}"™" connection-defining matrix

xf%ﬁ‘;‘b Ulx) = Z} Ux;) b € R™ connections throughputs

x € R" data transmission rates

u.(x) u-strongly concave utility functions



Primal-dual approach

Economical idea

A

min {w(ﬂ) = (L,b)y + Y [u(x,(A) — (4 CiTxi(/l))]}
=1

xl.(/l) = arg max {ui(xi) — </19 CiTxi>}

Xi

nnz(C)
U

IVo(d) = Vo)ll, < Ll[4; = Ll ., L ~



Primal-dual approach
SGPM

1 AY:=0

2. fort=1,..., N—1

32 Berumcauts V(A €)

£ A=A =B (b —nCerzg1(ATH))]+

Without the smoothness assumption:

f41 1 J - 0( Ly 1)
5% X = x(\’ — 108 —
t+1jz::0 (X) S
~t+1 1 i .
: A . — A]
6 (115,
7. end for

~ N N
g return A\ X"



Primal-dual approach

SGPM: communication protocol
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Primal-dual approach

fort=1,.... N

Beibpars ciayuaitibiv obpazom k; u3 maoxkectBa {1, ..., n} paBHOMEp-

HO IIO BCEM 3HaA4YC€HHAM

A, = (A7) /(L +7)
A=A ke {1, .. n)\ {k}

cht =b— antxkt (A:t)
yi =y L ke {1, ..., n}\ {k}
end for

—N N-1 N
A‘ = (Z gtAt> /Z 9,{
t=0 t=1

return A\

RGEM

n 1
O —log

o €
Update only one user per iteration and all the
related connections

But the method is not primal-dual, so we
apply it to the regularized dual problem, it

produces additional log( - ) factor




Primal-dual approach

RGEM: communication protocol
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Primal-dual approach
FGM

Algorithm 1 Primal-dual Fast Gradient Method

Require: ).
t+1

Ott:—2

A1 =0,Ar = A1+ ar = (t+1)4(t+2)

o, = Skl 2 Using Nesterov’s dual smoothing technique:
’ At+1 t+3

c fort=0,1,..., N—1do
Evaluate ¢, (At), Vo, (At)

1:

2

3

4

0: - O | nnz(c)- min{ L1 }
6:  ye=[A— 1 (b—Cz(\))], e’ NIT:

7.

8

9

0:

yA— :A — %ZZ:O 8% (b — CCB(A}C))]_*_
Ait1 = Tezt + (1 — 7¢)yq
. end for

10: return Ay, Iy = ﬁ S awz(A)




Primal-dual approach

FGM: communication protocol
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Primal-dual approach

Ellipsoids method

Algorithm 4 Meroj ajutuncoun 108

Bxona: uip(zr), k=1, ..., n — Boruyrblie (pyHKIUHU [10JIE3HOCTEH

1: By:=2R-1,, I, — equHnu4Hasi MaTpuiia

2: fort=0,..., N—1

3:

4:

Boruncnunts Vo (X')

9 Pt ‘= Btht
ValBBTq,
m m m
6: Bt-+-1 — t T (
\/m2—11 m+1  /m2-—1

7: AH_I = At B

m + 1 Pt
3: end for

9: return A\

) Bip:p

t

2 l
O | m~log
£

s not communicational efficient
due to the full-vector recalculations

And we should also calculate the accuracy
certificate to obtain primal solution



Switching approach

ldea

max { Ux) = Z ui(xi)}

x:8;(x)<0 )
=1

Vgl <M, [[VUX)| <My



Switching approach
AMD

3: repeat
4 if g;(x") <¢||Vg;j(x")]||2, Vj € 1,m then
N+1 _ | N _ _eVf(x")
) e ||Vf(x-'\')||§]Jr
N — (2
o /] hN = ST
7 N —1
8 else Mlzj |
N N v € 1.m O | max
9 (ng (x )> 5”vng (X )”2)a JN € lam) 22 ? o4
, N+1 N 5vgj,.\r (xi\) J
10: X o [x IVgin M)z |
11: /] hn = ||vngE(xN)||2 Fully adaptive and do not utilize the
12:  end if smoothness
13: N+ N+1
14: until 2(—)2 Requires the central manager for switching,
— < Z va :z:k TE - |J], (14) since do not use the prices framework
where |J | — the number of unproductive steps
(we denote by [I| the number of productive steps, i.e.
L S SN
nsure: kX
Zkel P kel



Switching approach

AMD: communication protocol

node 2

node 6




Switching approach
SMD

Algorithm 2 Stochastic Mirror Descent
Require: z.

1. I =9,J=0

2: fort=0,1,..., N—1do

3: if Cxz; — b < e then » 9

4: i ~U{L,...,n) 0<MU2” )

50 fwenli = ([ — 5 Vus((addi)| ‘

g elseI =Tui+l More flexible operation with a central

Q. je = argMATI_1 ... m CiDe — bs manager due to the stochasticity

9: i~ Ui : Cjpi = 1} Also allowing the adaptive modifications
10: [mt+1]i — [[xt]z maxj:l,..éi?:’rn ||CJ ”12)*:|+

11: J=JU{t+1}
12: end if
13: end for

14: return Iy = Iilf_l D teq Tt




Switching approach

SMD: communication protocol
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Primal-dual vs Switching

Numerical experiment
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Thank youl!



