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s.prin
eton.edu>1 Introdu
tionDuring the last year, the PlanetLab implementation hasshifted from a distributed design, where both the nodeand PLC maintained authoritative state about sli
es, toa more 
entralized one, where the management and sli
enaming and 
reation authority are integrated, and thenode serves only as a 
a
he for state maintained at PLC.As well, OneLab Europe[1℄ re
ently agreed to federatetheir infrastru
ture with PlanetLab; they will a
t as anindependent management authority (MA), and share a
ooperating sli
e authority (SA) with PlanetLab. Finally,Emulab 
ontinues to develop their portal to PlanetLab,using new me
hanisms PlanetLab provides for delegation.A user with an a

ount at both PlanetLab and Emulab
an delegate Emulab as the prin
ipal to instantiate theira

ount on spe
i�
 nodes. Emulab serves as an alter-native sli
e 
reation servi
e for their users, an operationtypi
ally performed by PLC.As PlanetLab 
ontinues to grow in geographi
 s
ope,we expe
t other autonomous regions, like OneLab, to a
tas independent MAs. Of 
ourse, many other testbedsalready exist, su
h as VINI[2℄, Emulab[5℄, and Everlab.These testbeds often provide a

ess to novel resour
es notavailable on other testbeds. As these testbeds be
omemore 
ommon and users more aware of them, users willexpe
t either (a) their favorite testbed to integrate thepopular features of the others, or (b) the ability to seam-lessly a

ess the resour
es of any testbed. The �rst 
aseis not tenable in all situations, and in the se
ond 
ase,a single SA 
ould serve users by peering with the MA ofthe various proje
ts.PlanetLab developed MyPLC in order to enable oth-ers to establish their own testbeds with whi
h we 
ouldfederate[4℄. But, MyPLC 
an at best only serve as a ref-eren
e. Mu
h the same way as ARPANET gave way tothe Internet, diverging interests seem inevitable[3℄. Forinstan
e, the OneLab proje
t has already forked parts ofthe PlanetLab 
ode to further their goals (e.g., supportfor wireless networks).Sin
e the ultimate goal for PlanetLab is to enable 
o-operation among all prin
ipals by �nding a general ar
hi-te
ture, 
ommon API, and shared abstra
tion for testbedfederation, we propose a generalized ar
hite
ture basedon our experien
es over the last year. The followingtra
es the history of several re
ent implementation de
i-

sions, showing how they 
an be expressed as intera
tionsbetween management and sli
e authorities, and �nallysuggests a general ar
hite
ture derived from the 
ommonaspe
ts of these spe
i�
 problems.2 Models inPra
ti
e andDesignPlanetLab has anti
ipated the federation of infrastru
-tures, yet 
urrently our implementation is largely 
en-tralized. Today we are engaged in the administrative anddevelopment steps needed to federate with OneLab andto provide better support for user delegation with Em-ulab. The following outlines how we are approa
hing ageneralized model for federation from the starting pointof a 
entralized implementation.PLC: The private PlanetLab pa
kage, MyPLC, bun-dles two logi
ally independent fun
tions, the ManagementAuthority and Sli
e Authority. Earlier work has de�nedthe trust relationships between these 
omponents[4℄, andthe following speaks more from an implementation per-spe
tive.Figure 1 represents the PLC database separated by thelogi
al MA and SA 
omponents. As indi
ated by the di-re
tion of the arrows, Users express their sli
e preferen
esto the SA and the Nodes re
eive and a
t on announ
e-ments from the MA. The MA maintains the authorita-tive list of nodes, what sites they are asso
iated with andrelevant 
onta
t information for maintenan
e. The SAalso maintains a possibly disjoint list of sites and userswho 
an 
reate or use sli
es. The SA is the authoritativesour
e of sli
es in the system. The MA advertises thenode list to the SA, for assignment to sli
es. The valuesfor whi
h the SA and MA are not the authoritative sour
eis stri
tly a 
a
he.Management Delegation: In the old PlanetLab im-plementation when the authoritative state maintainedby PlanetLab was distributed a
ross both PLC and thenodes, Node owner management (NOM) kept ultimate
ontrol over the ma
hine's resour
e allo
ation with thenode owner and re
orded these preferen
es at the node.Figure 2b illustrates the parallel and 
on�i
ting pathsfrom the MA and NOM to the node. Be
ause the nodea
ted as an authoritative repository for resour
e allo-
ation state, it was possible for a mismat
h betweenthe owner's preferen
es, the user's expe
tations, and the1



Figure 1: The PLC database divided by MA and SA.re
ord maintained by PLC. The solution we adopted wasto 
entrally lo
ate all owner poli
y into the MA. Look-ing forward, though, it may be appropriate to pla
e thepoli
y 
lose to the node, outside of PLC, but 
learly thepath from root MA to the node should be unique.Sli
e Delegation & Independent Sli
e Authority:Emulab requires syn
hronous sli
e 
reation from the timea user submits an experiment to the time it runs. Bydefault, PlanetLab o�ers an asyn
hronous me
hanism forsli
e instantiation. To address this 
on�i
t, Emulab hasimplemented an alternative sli
e 
reation servi
e (SCS)that operates on behalf of the user, a servi
e typi
allyprovided by PlanetLab. In doing so, the sli
e (at 
reationtime) delegates its instantiation to Emulab. Figure 2
illustrates the approa
h taken by Emulab.Currently, Emulab is limited by the total number ofsli
es they 
an 
reate (10), rather than the number ofslivers a
tually instantiated a
ross all ma
hines. To workaround this allo
ation poli
y, Emulab has requested theability to 
reate sli
e names for other sites within the PLCSA. However, this violates the hierar
hi
al sli
e authority:only a site may 
reate its sli
e names. After the nameis 
reated, the instantiation, provisioning, environment
on�guration, and a

ess may all be delegated. So, fornow, the user must intera
t with both entities, the PLCSA and the Emulab SCS.If Emulab were a 
hild SA to PLC's SA, then by virtueof being an SA, they 
ould 
reate arbitrary sli
e nameswithin their namespa
e. Alternately, they 
ould be
ome ase
ond, independent SA as illustrated by �gure 2e, whi
hwould in
lude a unique sli
e or sliver limit, independentof a parent SA.Independent Management: We are 
urrently in thepro
ess of federating with OneLab Europe. Part of theagreement entails that OneLab will take over responsibil-ity for the ma
hines falling within their geographi
 region.Be
ause they are basing their testbed on MyPLC, theyalso have a SA that is independent of ours. Be
ause theSA namespa
e is 
urrently �at, there is no distin
tion be-tween PlanetLab's SA and OneLab's SA. This has led totemporary 
on�i
ts in asso
iating a user with the SA auser belongs to. It should be possible for a user to joinboth SAs. While this will be worked out in time, an alter-native solution would be to run a single SA that intera
tswith both MAs, allowing users who join the single SA toa

ess ma
hines operated by both MAs. This approa
his exempli�ed by �gure 2d.

Figure 2: Five Models for Federation Based on the PLCMA/SA split.3 GeneralizationFinally, �gure 2f attempts to unify the 
omponents of theprevious four. SAs may be nested to an arbitrary depthwhere ea
h parent a
ts as a delegate for the 
hild. And,on the MA side, owners may a
t as their own MA, thatis a 
hild of a MA higher in the tree toward the root MA.Additional dis
ussion will demonstrate that the 
riti
altrust relationships 
odi�ed within PLC are maintainedby the split between MA and SA, that the s
alability ofthe ar
hite
ture remains good when the number of peersis large, or that the data shared between di�erent au-thorities remains isolated and bounded, su
h that the a
-tions of one peer will not 
ompromise the state of another.On
e these issues are addressed we will have a solid ar-
hite
ture over whi
h more 
omplex poli
ies are appliedfor resour
e allo
ation, the expression, ex
hange and en-for
ement of a

eptable use poli
ies, as well as where the
omponents for enfor
ing poli
y are pla
ed within thisar
hite
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