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Abstract—In classical, centralized optimization, the Nesterov
gradient algorithm reduces the number of iterations to produce
an c-accurate solution (in terms of the cost function) with
respect to ordinary gradient from O(1/¢) to O(1/\/€). This
improvement is achieved on a class of convex functions with
Lipschitz continuous first derivative, and it comes at a very
small additional computational cost per iteration. In this
paper, we consider distributed optimization, where nodes in the
network cooperatively minimize the sum of their private costs
subject to a global constraint. To solve this problem, recent
literature proposes distributed (sub)gradient algorithms, that
are attractive due to computationally inexpensive iterations, but
that converge slowly—the ¢ error is achieved in O(1/¢%) itera-
tions. Here, building from the Nesterov gradient algorithm, we
present a distributed, constant step size, Nesterov-like gradient
algorithm that converges much faster than existing distributed
(sub)gradient methods, with zero additional communications
and very small additional computations per iteration k. We
show that our algorithm converges to a solution neighborhood,
such that, for a convex compact constraint set and optimized
stepsize, the convergence time is O(1/¢). We achieve this on
a class of convex, coercive, continuously differentiable private
costs with Lipschitz first derivative. We derive our algorithm
through a useful penalty, network’s Laplacian matrix-based
reformulation of the original problem (referred to as the clone
problem) — the proposed method is precisely the Nesterov-
gradient applied on the clone problem. Finally, we illustrate
the performance of our algorithm on distributed learning of a
classifier via logistic loss.

I. INTRODUCTION

The gradient algorithm proposed by Nesterov [1] signifi-
cantly reduces the convergence time with respect to the ordi-
nary gradient method from O(1/¢) to O(1/+/€), on a class of
convex functions with Lipschitz continuous first derivative.
In this paper, building from the ideas of the (centralized)
Nesterov gradient, we propose distributed Nesterov-like gra-
dient algorithms for cooperative optimization in networks.

Specifically, we consider the problem where N nodes
in the network cooperatively minimize the sum of their
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private convex costs vazl fi(y) subject to a globally known
constraint y € ), where ) C R< is a closed convex set.
(Here by private cost f;(-) we mean that the function f;(-)
is known only by node :.) Existing distributed (sub)gradient
algorithms, e.g., the algorithm proposed in [2] and extended
and analyzed in [3], [2], [4], [5], [6], [7], and the one pro-
posed in [8] and extended and analyzed in [9], [10], converge
slowly. For example, assuming possibly non-differentiable,
convex f;’s, with bounded gradients over the constraint set,
algorithm [2] with constant step size «, after k iterations, has
the error in the cost O(a+1/(wk)), which, for the optimized
a, gives O(1/€?) convergence time. Reference [8] shows
(under the same class of the f;’s) that the algorithm therein
achieves e-accuracy in O(1/€?); reference [8] provides a
tight estimate of the hidden constant as a number of nodes
N and the network topology.

In this paper, we propose a distributed Nesterov-like
gradient algorithm, that converges much faster than existing
distributed (sub)gradient algorithms: with the step size «
and after k iterations, the error in the cost function is
O(a+1/(ak?)), which gives O(1/€) convergence time. The
improvement comes with no additional communication cost
per iteration k, and with a very small additional computa-
tional cost per k, when compared with existing methods [2],
[8]. We achieve this on a class of convex, coercive private
cost functions f;(-) that are continuously differentiable, have
Lipschitz continuous first derivative, and are Lipschitz on
the constraint set ). (The Lipschitz condition holds, e.g., for
any continuously differentiable f;(-) when ) is compact.)
A major contribution of this paper is to derive a useful
penalty, graph Laplacian-matrix based reformulation of the
original problem — referred to as the clone problem — and
relate the clone and the original problems. The reformulation
allows for a novel interpretation of the algorithm in [2] as
being the (ordinary) gradient method on the clone problem.
Then, our Nesterov-based method arises naturally as a way
to speed up the (ordinary) gradient method on the clone
problem. We demonstrate the effectiveness of our algorithm
for distributed learning of the best linear classifier via logistic
loss. The simulation example demonstrates that our algorithm
converges significantly faster (in terms of k) than other
distributed (sub)gradient algorithms.

We propose both diminishing and constant step size
variants of the algorithm; the diminishing step size variant
converges to the exact optimal value f* at rate O(logk/k)
(see [11]). In this paper, we focus on the constant step size
variant.

We make further comments on the literature. For the
problem of minimizing the sum of private costs Zf;l fily)



subject to y € ), existing work proposes: distributed
(sub)gradient algorithms, e.g., [2], [8], that have simple,
computationally cheap iterations k, and do not require sofisti-
cated programming, but converge slowly; and augmented La-
grangian (or ordinary Lagrangian) dual methods, e.g., [12],
[13], that have, in general, computationally expensive itera-
tions k, as they require solving certain local optimization
problems at each node i, at each k, but can reduce the
number of iterations & when compared to current distributed
(sub)gradient methods. This paper focuses on distributed
(sub)gradient algorithms and proposes an algorithm that con-
verges faster than [2], [8] while maintaining approximately
the same iterations’ computational cost. Finally, we note that
generally, for distributed optimization, algorithms different
than the (sub)gradients and augmented Lagrangians have
been developed: reference [14] considers the network flow
problem — a different optimization problem than the one
we consider here — and proposes a family of distributed
algorithms that use Newton approximate directions.

The paper is organized as follows. The next paragraph in-
troduces notation. Section II introduces the optimization and
network models that we assume and presents our distributed
algorithm. Section III analyzes the convergence speed of
our algorithms, and Section IV illustrates their performance
on the classification problem with logistic loss. Finally,
Section V concludes the paper.

Throughout, we denote by: R the d-dimensional real
coordinate space, d > 1; A;; the entry in the i-th row
and j-th column of a matrix A; a; the i-th entry of a

vector a; (-) the transpose; || - | = || - |2 the Buclidean
(respectively, spectral) norm of its vector (respectively, ma-
trix) argument (We note that || - || also denotes the modulus

of a scalar throughout); A;(-) the i-th smallest eigenvalue;
| - | the cardinality of a set; V.7 (y) the gradient evaluated
at y of a function 7 : R? — R, d > 1; N(u,0?) the
normal distribution with mean p and variance o2. Finally,
the notation (k) = O(g(k)) means existence of a K > 0
such that r(k) < pq(k), for some p > 0, for all k > K.

II. DISTRIBUTED NESTEROV-LIKE GRADIENT
ALGORITHM

A. Optimization and network models

Optimization model. We consider a distributed optimization
problem where [N nodes cooperatively solve:

minimize f(y) := Zf\il fi(y)

1
subject to  y € Y, M

where Y C R? is a global constraint set, known by all nodes.
The function f; : R 5 R is private, i.e., known only by
node i. We impose the following structure on f;’s and ):

Assumption 1 (a) For all 4, f; is convex, coercive, and
Lipschitz with respect to the Euclidean | - || norm on
the set ), i.e., there exists G’ € (0, 00), such that:

Ifi(w) = fi) < G ly = 2II, ¥y, z € V.

(b) f; is continuously differentiable, with Lipschitz contin-
uous first derivative of constant Ly, € (0, +00), i.e.,

IVfily) = V() < Ly,

(c) The set ) is closed, convex, and non-empty.

y—Z”, Vy>Z€Rd'

We note that the condition 1 (a) on Lipschitz continuity
of fi(-) on Y holds for any function f;(-) that satisfies
the other Assumptions in 1 when ) is a compact set. By
Assumption 1, problem (1) is solvable, the optimal value
f* > —oo, and the solution set is non-empty and compact,
e.g., [15]. For simplicity of presentation, we let d = 1 and
y € R throughout the paper, but our results hold for generic
d. (Throughout, we denote by ||-|| both the Euclidean /5-norm
of a vector and the modulus of a scalar.)

Communication model. We associate with problem (1) a
network V of N nodes, described by the graph G = (V, E),
where £ C V x V is the set of edges.

Assumption 2 The graph G is connected, undirected, simple
(no self/multiple links,) and it does not change in time.

Denote by A the adjacency matrix, defined by A;; = 1,
if {i,j} € E and zero otherwise (A;; = 0, for all i); D
the diagonal matrix with ¢; := D;; = Zj# A;; equal to
the degree of node 4; and the graph Laplacian matrix £ =
D — A.' Because the graph is connected, we have that the
algebraic connectivity Ay(L) > 0.

B. The algorithm

We propose the following distributed constant step size
Nesterov-like gradient algorithm to solve (1). Each node i
updates over iterations k: 1) its estimate x;(k) of a solution;
and 2) an auxiliary variable y;(k). With the initialization
x;(0) = y;(0) € Y, the update rule at node 7 is:

J€0;
- Oévfi(yi(/ffl))}
bR = )+ k)~ k- 1), =12,

where Py is the Euclidean projection onto the set V:

Py {z} = argmin, cy|ly; — =

In (2), a > 0 is the step size, wy = v p > 0 is the averaging
weight, p > 0 is a parameter, and O; is the neighborhood set
of node 7 (excluding ¢), and ¢; = |O;] is its cardinality. The
algorithm operation is summarized as follows. Each node 4,
at each iteration k: 1) broadcasts its variable y;(k — 1) to
all its neighbors j € O;; 2) receives y;(k — 1) from all its
neighbors j € O;; 3) updates x;(k) and y; (k) via (2). When
updating x;(k), node 7 makes a weighted combination of its
own and the neighbors’ variables y;(k — 1), whereby the
neighbors’ variables are weighted by a positive weight wyg.

'We can allow for a weighted, symmetric, adjacency matrix, so that Aqij
for {é,j} € E is a generic positive number, and the .A;;’s can be mutually
different over different edges.

Py{(1 = Liwo) ys(k — 1) +wo Y y;(k—1)(2)

)



(We detail the choice of wy > 0 and « > 0 later.) Note that
the variables z;(k) are feasible, x;(k) € Y, for all k, while
the variables y; (k) may not be feasible. When compared to
the existing projected (sub)gradient methods in [5] and [8],
algorithm (2) introduces very small additional computational
cost, namely the cost of updating the variable y; (k). In terms
of the communication cost per k, with all three algorithms,
each node broadcasts a single variable to all its neighbors.
(With all three algorithms, the transmitted variable is of the
same size.)

We now write algorithm (2) in matrix form. Collect the
averaging weights in the NV x N matrix W and introduce the
vector function F'(z) as:

W =1-wL 3)
F(,’E) = F(mth’ ""xN) = (f1($€'1)7f2($62), ""fN(xN))T'

Then, with 2,;(0) = y;(0) € ), our distributed Nesterov-like
gradient algorithm (2) in matrix form is:

(k) = Py{Wylk—1)—-aVF(y(k—-1))} 4)
yk) = a(k)+ Z;; (k) —2(k—1)), k=1,2, ...,
where

Py(y) = (Py(y1), Py(y2), ..., Py(yn)) "

is the projection of ¥ = (y1,...,yn) " on YV C RN — the
N-fold Cartesian product of )’s.

C. Derivation of the algorithm

We now explain how we derive the structure of our
algorithm. Our derivation is based on the following clone
optimization problem:

minimize V,(z):= Zf\;l filz)) + Lo La

subject to x € YN, )

where YV denotes the Cartesian product YV = Yx...xY (¥
repeated N times.) By Assumption 1, problem (5) is solvable
and has a compact solution set. Denote by W7 the optimal
value of (5). We have that U7 < f*. Namely, for y*, a
solution to (1), construct a vector z* = (y*,y*,...,y*) €
RYN; z* is feasible for (5), and f* = ¥ ,(z*) > [

Problem (5) is related to the original problem (1), as we
explain now. Problem (5) assigns a local copy x; of the global
variable y to each node; the quadratic term

g Le=5 3 lai—ayl?

{i,j}€E
enforces that, for a large p, nodes’ local copies at a solution
x*(p) are close to each other, i.e., z}(p) ~ z}(p). Impor-
tantly, at any node i, x}(p) is an approximate solution to
the original problem (1). Now, consider an algorithm that
updates x (k) as follows. At iteration k, perform the projected
gradient step with respect to W, (-):

z(k) =Py{a(k—1) —aV¥,(x(k—-1))}. (6)

Recall W in (3). By rearranging the terms, we can see that (6)

is rewritten as:
2(k) = Py (Wa(k —1) —aVF(a(k—1)}, @

and hence is distributed: to update z;(k), node ¢ needs only
its own estimate x;(k — 1), the estimates z;(k — 1) from its
neighbors, and its local gradient V f;(x;(k—1)). To increase
the convergence speed of (7), we apply the fast Nesterov
gradient step to W,(-) instead of the ordinary gradient step:

sh) = Pylyh—1)-aVl,k-1)}  ®)
v = all)+ g ) — (k= 1)),

Equation (8), after rearranging the terms, and recalling W
in (3), is exactly (4). As desired, the resulting method is
completely distributed.

From the above derivations, we can see that our algo-
rithm (4) is exactly the Nesterov gradient applied to the clone
problem (5), and hence ¥, (z(k)) converges to the optimal
value W7 Now, for a large p and for all nodes i, f(z;(k))
converges to a neighborhood of f*, as desired, and as will
be shown in the next section.

The intermediate algorithm in our derivation in (7) is
the distributed (sub)gradient proposed in [2]. Hence, the
algorithm in [2] can be interpreted as the ordinary gradient
applied to the clone problem (5). It is natural to expect that
our algorithm (4) converges faster than the one proposed
in [2], because the Nesterov gradient converges faster than
the ordinary gradient.

Algorithm (4) converges to a neighborhood of f*. We can
force the algorithm to converge exactly to f* by letting the
function ¥ ,(-) and the step size « in (8) to be time varying.
This is considered in [11].

We finish the Section by detailing the choice of parameters
a and p. As required by the Nesterov gradient algorithm,
the step size o < 1/Ly, where Ly is a Lipschitz constant
of the gradient of ¥,(-), which we can take as Ly =
max;—1,.. ~n Ly, + pAn(L). Thus:

1

< . 9
4= max;=1,. ~ Ly, + pAn(L) )

.....

Note that (9) imposes a condition on the averaging weight

P < 1
N Ly +pAN(L) An(L)"

III. CONVERGENCE ANALYSIS

We now study the convergence of the proposed distributed
algorithm under constant step size. We have the following
Theorem. (Note that we express the results below in terms of
the unnormailized optimality gap f(z;)— f* like in, e.g., [2],
while it is also possible (see, e.g., [8]) to expresses the results
in terms of the normalized optimality gaps + (f(z;) — f*).)

Theorem 1 Consider algorithm (2) under Assumptions 1
and 2, with the step-size
1

a= )
max;=1,. ~N Ly, + pAn(L)

Then:



(a) foralli=1,..,N, forall k=1,2,...:

. N3N —1)(G")?
Flaath) - o < TGS
p

[2 (max; Ly, + pAn (£))] [|2(0) — 2*(p)||?

k2 '
(b) Let Y be a compact set with ||y|| < B’, for all y € ),

and fix the desired accuracy € > 0. Then, for:
N3(@ 1
p=ple) = VAEYW 1) )

€
we have: f(z;(k)) — f* <e, Vk > ko(e), Vi, where:

(10)

Fole) = 4N2\/AN(L)G' B’ N 4v/NB'\/max; Ly,
0 €)= € \/g I
i.e., the e-accuracy is achieved after at most kg(e)

iterations.

Theorem 1 says that, with our proposed algorithm, for the
compact set ) and appropriately set p, the convergence
time for e-accuracy in the cost function is O(1/¢). Hence,
we reduce the convergence time with respect to [5], [8]
by paying zero price in terms of the communication cost
per k. Our simulation example shown here, as well as
all other examples that we have tested, confirm that our
algorithm significantly reduces convergence time. Of course,
the improvement comes at the cost of restricting the admis-
sible cost functions with respect to [5], [8]. Our admissible
cost functions are continuously differentiable with Lipschitz
continuous first derivative.

Proof: [Proof of Theorem 1] We first prove claim (a).
The proof consists of two parts. First, we use the convergence
results for the Nesterov method [16], [17] to estimate the
error in terms of the clone function ¥, (x(k)) — ¥5. Second,
we relate the clone error W, (x(k)) — W% and the true error
at any node j: f(z;(k)) — f*.

Clone function error. By the convergence results for the
Nesterov gradient method [16], and noting that the Lipschitz
constant of ¥, equals max;—1, .y Ly, + pAn (L), we have
that, for all &:

U, (x(k)) — ¥}, (11)
< [Rmaxi, v Ly + pAn(O)]]12(0) — 2% ()
_. & '

k2

Relating the clone and the true errors. We now fix a node
7 and start with the clone error:

\I’p(%‘(k)) -V

Zfz xz

Consider equation (12), and fix a node j at which we want
to estimate the true error. By Lipschitz continuity of f;(-) on
Y and by the fact that x;(k), z;(k) € Y, we have that:

1fi(ws (k) = fi(z; (k) < G lxi (k) — (k)]

12)

)+ = pCL‘( )Tﬁx(k:)—\lf;. (13)

(14)

Now, adding and subtracting f* from (12) while using the
fact that \I!; < f*, and using (14) gives:

N
> Zfi(xj(k)) - f*

25 (W) + 5 pa(k)T La(k)

W, (z(k)) - (15)

N
- ZG'IIM(%)

> a0~ = NG (maxllo(i) - ;0
+ %pm(k)Tﬂx(k‘).

We now lower bound the quadratic form

e Le= Y ai— ),

{i.j}eE

for any z € RN, Let max;.;»; [|[v; — z;]| = [Jas — z;j].
Because the graph is connected, there is a path of length D
from node s to node j, say (s =iy) = is = ... = (ip41 =
j), where 1 < D < N — 1. Then:

2 Lx > oy — i) + - o -

1
_ D(nms zal? 4t & |xw—xj||2)
2

1
> H 3312 + ...+ D(xZD _'rj) (16)

|z — ajl|* >

D| (N—-1)

where we use the fact that, for any path, D < (N — 1),
and inequality (16) uses convexity of the quadratic function
2+ ||2]|?. Using the latter bound for z = z(k), we have:

W, (k) — W5 > [(a;(0)) —
- NG (maxlle) - 2,00

1 P 2
2(N-1) <£Si§”xi(k> - w‘j(k>||> (17)

_l’_
. NNV -1)(G)?
> flay(h) - - O g
p
where (18) follows by maximizing NG'§ — 52 over

2 (N 1)
6 € R. Equation (18) allows us to relate the clone and the
true errors:

f(z(R)) =

Equation (19), combined with (11), completes the proof of
part (a).

2N "2
7 < o) - e+ S EE )

We now prove part (b). Let the set ) be compact, such
that ||y|| < B’, for all y € Y. Denote by B := V' NB'. Then,
[(0) — 2" (p)

I < llz(O)] + [l=" ()] < 2B,



which gives:

N2(N —1)(G")?
flasth)) - g+ < EIED o)
[2 (max; Ly, + pAn(£))] (2B)°
k2
O Cy  Cj
=, tret e 2D

with ¢ = MEPN=Y 0 = 8B2\y (L), and C5 =
8(max; Ly,)B?. Now, fix an € > 0, and consider the time
K (p)—the smallest time k at which f(z;(k)) — f* <'e, for
all 4. Our goal is then to find p > 0 that minimizes K(p)
and to find the corresponding minimal value K*(¢). Instead
of finding the actual minimum, it suffices for our purpose to
find an upper bound on K*(€), and a sub-optimal p, which
we call p(e). By (21), we have that

2C C:
K2(p) < Z2HPE8 o ep), p> Cije. (22)
ep—C1
Now, set p(e) := & = M This value, when
plugged in the right hand side of (22) gives:
4C1Cy  2C5
M(e, ple)) = 2 e

From above, using inequality /= +y < /x4 /Yy, ,y > 0,

we can conclude that:
2y/C1Cy N V2C;3
€ Ve
which, substituting the values of C7, Cs, and Cj, yields the
result (b). |

Remark. The bounds in Theorem 1 can be improved using

the network’s diameter Diam. Namely, replacing in (16)
llzs —;* Hxs %H

N—1 DY
(equation (10)), that the term
1\’2]31&271;1(63')2_ Likewise, in part (b) of Theorem 1, setting

, _ N2 Didm(G )2
ple) = A Diam(G)?

K (€) < v M(e, ple)) <

, we obtain, for part (a) of Theorem 1

% is replaced by:

, the convergence time is kj(e) =

\//\N )G'B’ 4\/>B y/max; Ly,
Je .

4N3/2Diam'/

IV. SIMULATION EXAMPLE

We demonstrate with an example of distributed learning
of the best linear classifier via logistic loss that our algorithm
converges much faster than existing distributed (sub)gradient
methods [5], [8]. Training data is distributed across nodes in
the network; each node has NN, data samples, {a;;, b;; }J 1
where a;; € R™ is a feature vector (data vector,) and b;; €
{—1,+41} is the class label of the vector a;;. Based on the
data samples available at all nodes, we want to learn (in a
distributed way) the linear classifier a — sign (a2’ + 2”)
i.e., to determine a sparse vector 2’ € R™ and a scalar 2"/ €
R, that minimizes the logistic loss:

minimize ZZ 12] ¢ (=bijlaja’ + ")) )

23
subject to  ||z']| < ¢, 2" € R. @3)

Here ¢(t) = log(1
regularization.

e "), and ||2’|| < ¢ = 100 is the
Setup. We consider a connected network with N = 20 nodes
and 86 undirected links. The network is a geometric graph:
nodes are uniformly randomly placed on a unit 2D square
and the pairs of nodes whose distance is less than a radius
are connected by an edge. We generate feature vectors a;;
independently over ¢ and j, where we draw each entry of
a;; from N(0,1). Each node has Ny = 5 data samples.
We generate the “true” vector zo = ((2/)7,z"”)T € R* by
drawing its entries independently from N'(0,1). The class
B)Taij + 336/ + (Sij , Where (51‘]"8
are drawn independently from AN(0,0.01). We numerically
evaluate the optimal value f* via the centralized projected
gradient algorithm.

We compare our proposed distributed Nesterov-like gradi-
ent algorithm with the distributed (sub)gradient algorithm [2]
and the distributed dual averaging algorithm [8]. As a metric,
we use the relative error in the objective function averaged
across nodes:

labels are: b;; = sign ((m

N *
PR e

=5 24)

All three algorithms involve, as an intermediate step, a local
averaging process. With all three algorithms, we use the
Metropolis averaging weights: W;; = 1/(1 + max(¢;,£;)),
for {i,j} € E, where we recall that ¢; is node i’s degree;
for ¢ 7é j, {27]} ¢ E, Wij = 0; and Wu =1- Zj;éi Wij,
for all 7. Note that this corresponds to a straightforward
generalization of our algorithm (2) to non-uniform weights
wg. With the algorithm in [8], we use a quadratic proximal
function 2 — 3||z[|2. With all algorithms, we use a constant
step size oy, = «. In this situation, all the three algorithms
converge to a solution neighborhood. For each algorithm,
we adjust the step size so that our algorithm saturates at a
lower level ey than [5], [8]. Note that this is in favor of [5],
[8], because, to achieve the same precision as our algorithm,
we would have to further reduce the step size of [5], [8]
and make these algorithms slower. We note that all three
algorithms have similar computational cost per iteration k,
and the same communication cost.

Results. Figure 1 plots ef(k) versus the iteration number
k (2), and the algorithms in [2] and [8]. We can see that
our algorithm (2) performs much better than the other two:
to achieve precision of ey ~ 0.002, (2) takes about 600
iterations, while the algorithms in [2] and [8] require more
than 30000 iterations. Thus, (2) reduces the number of
iterations more than 50 times, when compared with [2]
and [8]. We also show the results for the diminishing step-
sizes (Figure 2,) under which algorithms [2] and [8] converge
to the exact value f*. Although we did not show here that our
algorithm (2) converges exactly to f* under the diminishing
step size, simulations here suggest that the algorithm indeed
converges to f*. With our algorithm, we set a = 1/k.
With the algorithms in [2] and in [8], we set o = 1/ VEk.
The best choice of «y, for [2], [8] under the function class
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Fig. 1. Relative error in the objective function (24) versus iteration number
k for the proposed algorithm in (2), dual averaging [8], and (sub)gradient [2],
with constant step sizes.

that we study has not been proposed; [8] considers a wider
class of functions than we do here (see [8] for details) and
shows that the decay of order 1/v/k with the algorithm
therein is optimal; we thus set the decay order 1/ Vk for
both [2] and [8]. Reference [2] does not recommend the
decay order for the diminishing step size. We can see that
our proposed algorithm again converges much faster than
other algorithms. Interestingly, in the simulation shown in
Figure 2, our algorithm converges linearly (geometrically)
to the solution, at least in the iterations range £ = 5000—
k = 15000; we note that, in general, even when all the
fi’s are strongly convex, the algorithm is not guaranteed to
achieve the global linear convergence rate.

-~
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0 5000 10000
iteration number, k

15000

Fig. 2.  Relative error in the objective function in (24) versus itera-
tion number k for the proposed algorithm (2), dual averaging [8], and
(sub)gradient [2], with diminishing step sizes.

V. CONCLUSION

We considered distributed optimization in networks, where
N nodes cooperatively minimize the sum of their private
cost functions subject to a a globally known constraint. We
proposed a distributed Nesterov-like gradient algorithm that,

when compared with existing (sub)gradient algorithms, sig-
nificantly reduces the number of iterations for convergence
without introducing additional communications per iteration
k, and by maintaining computationally cheap and simple
iterations, i.e., introducing very little additional computations
per k. Our algorithm with step size « reduces the error in
the cost function to O(a+ 1/(ak?)) after k iterations. This,
for the optimized a, gives O(1/¢) convergence time for an
e—accurate solution, while existing distributed (sub)gradient
algorithms require much longer time O(1/e?). We prove
the result for convex, coercive, continuously differentiable
private costs with Lipschitz continuous first derivative and
a compact constraint set ). A simulation example for dis-
tributed learning of a classifier via logistic loss demonstrates
the effectiveness of our distributed algorithm.
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