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Abstract—Network Coordinate (NC) is a scalable and efficient II. AIDE DESIGN
mechanism for Internet distance estimation. IDES is the firs o
matrix factorization based NC system. However it suffers fom A. Principle of AIDE system

a significant drawback: high distance estimation error in short Supbose there ar hostsH . . Hx in the network
links, which degrades practical performance in many Interret PP . Ly H2y - e AN T )
applications. To overcome this problem, we propose AIDE, 1he network distance matrix is al x N matrix D, and D;;

a new accurate Internet distance estimation system based onoOr D(H;, Hj) is the distance fronf/; to H;.

matrix factorization, which is decentralized with robustness. Our AIDE aims to seek an approximate factorization of the
experiments demonstrate that AIDE performs far more accurde  distance matrix given by

estimation in short Internet latency, which is significantly impor- '

tant in many applications, for example, network overlay muticast D~ SET

and server selection.

WhereD is an N x N distance matrixS and E are N x d
matrices withd < N. From such a model, we can estimate
tge network distance fromil; to H; by D;; = S; - E;, where

F?'-i is theith row vector of the matrixS and E; is the jth row

anism to predict network latency between any two hosts vector of the matrixE. Therefore, for each host, for example

n . ) . — ;

the Internet without much measurement. Internet DistaanStH’" It stores its s_tar’qng vectas; ar_1d ending vectoﬁ.
Estimation Service (IDES) [1] is the first matrix factorimat Suppose we seleqf_IlmtlaI Iandmarks In t_ht_a_network, AIDE_
based NC system, which has two inherent advantages o%srt uses SVD algorithm to factorize the initial landmark-di
coordinate based NC systems that IDES is not constrained B}'€ Imefltrlx rt]o ger;c tlhe smgulir value, which is approxityate
triangle inequality violation (TIV) and asymmetry of diatzes. Stitable for th € who elne(tjwor kdclf,tance matfix

However, IDES has a significant shortcoming. IDES suffers Ifn '?”:?E’dt _etL ;L an rtn.ar t;stasr{/cg m.?rt]”t)ﬁ“]?dm“"‘k
from high inaccuracy in short Internet latency estimatih [ IS Tactorized into three matrices by wi € form
which limits its benefit on many practical Internet applicas. Drandmare = UWVT
Because many network applications, such as server selectio . )
in Content Delivery Network (CDN) and overlay network muivhere U and V" are L x L orthogonal matrices an@/ is
ticast, use the closest nodes for their service, it is siganii 2" L x L diagonal matrix with nonnegative singular values

for a NC system to improve the accuracy in short distané@"‘nge‘Tj in decreasing olrdTer). LEt= (iWi and@ = W2V,
estimation. S0 PQ* = (UWE)(VWE) =UWV" = Drandmark-

Therefore, we propose AIDE NC system to address th-SThen we obtain an approximate factorization by using only

problem. AIDE is also a matrix factorization based NC systefhe I_argest d singular values. S8 and Q be_comeN_ xd
using singular value decomposition (SVD) algorithm. AIBE jmatrices, that means each Iandmgrk gets its startmg vector
decentralized with robustness, because it does not fuihore from P and ending vector fror. Define theN x d matrices:

|I. INTRODUCTION

Network coordinate (NC) is an efficient and scalable mec

infrastructure nodes: any node that has joined the system ca Pij = Uij/W;;
be assigned as a landmark. Moreover, AIDE reduces relative Qij = ‘/ij\/W—j'

errors (REs) about short links obviously. As we mentioned
above, the accuracy of short link estimation is signifigantWherei=1...N andj=1...d.
important in many applications, we believe AIDE should have
better performance than IDES in practical applications. ~ B- Work Flow of AIDE

The rest of this abstract is organized as follows. In sectionFigure 1 shows the system architecture of AIDE. First, we
II, we demonstrate the system design of our AIDE NC systeset L landmarks and get ah x L distance matrix. Then we
in detail. Then in section Ill, we evaluate our system withise SVD to get twd. x d matrix: starting matrixS and ending
several experiments. In the end, we make the conclusionnratrix £. Each landmark gets its starting vector and ending
section IV. vector.
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When hostH; is computing its vectors in AIDE system,
it can select the initial landmarks or any hosts that have
joined the system as reference nodes. For example, it select
k initial landmarks andL — k closest neighbor nodes in the
system as itd. @)ference nodeR;1, ..., R;r. H; gets the new
starting vectorS; and new ending vectoﬁ by minimizing
the following squared error functions
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Cumulative Distribution Fuction

— - =
Error(S;) = Zj [D(H;, Rij) — S - E;)? LI Neareat Neighbor Loss 0
%
Error(E;) = ¥,|D(Rij, Hy) = S - )2
Fig. 3. Cumulative Distribution Function of NNL
wherej =1...L.
RE — |MeasuredDistance — Predicted Distance|
NFVNV\V\% glnitial £ aninark ~ min(MeasuredDistance, Predicted Distance)
@@\\ Figure 2 shows that IDES system suffers from high relative er
____________ b M LN &Node in AIDE ror of short link distance, while AIDE has better performanc
3 N in short link estimation with more accuracy.
oy 6 NewEntering Nede B. Nearest Neighbor Loss
N Overlay Connection Nearest neighbor loss (NNL) [4] is defined as the difference
jjj in AIDE between the delay to the node predicted to be the nearest
e, ) ___ Connection From neighbor and the delay to the true one. This metric reflees th
AN New Node accuracy for one host node in a network coordinate system to
find the closest neighbor host.
Fig. 1. AIDE system design Figure 3 shows the NNL of AIDE and IDES. It is clearly

obvious that AIDE has much better performance than IDES in
Selecting the closest hosts as landmarks can reduce the stiis metric which means AIDE predicts the distance between
link estimation errors. However, choosing too many newgdin the closest hosts with far more accuracy. We believe this
hosts as landmarks may cause the decreasing of the rgfatigitivantage will benefit Internet applications.
between vectors of the initial landmarks and the singular
values. Therefore, there is a tradeoff between reducing sho i
distance estimation errors and keeping the relativity betw !N this abstract, we propose AIDE, a novel accurate and
vectors of the initial landmarks and singular values. In o@ecentralized NC system based on matrix factorization. By

experiments, we assign 20 reference nodes for each joinfjnParative experiments, we find that AIDE significantly
host, with 15 initial landmarks and 5 closest neighbors. outperforms IDES in estimation of short link distance, whic

will bring great benefits in many applications. Since AIDE

Ill. PERFORMANCEEVALUATION does not rely much on infrastructure nodes, AIDE is a scalabl

In this section, we evaluate AIDE in following respect@nd robust NC system with accurate estimation in largeescal

comparing with IDES. In our experiments, we use King dataetwork distance.
set from [3], which contains 1740 host nodes.

IV. CONCLUSIONS
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