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An Overview of Current IETF Activity on 
R outing  a nd  Ad d res s ing  M od el s  for th e Internet 

By David Meyer 
Abstract 
The IAB’s Routing and Addressing Workshop held in October 2006 in Amsterdam, rekindled 
interest in scalable routing and addressing architectures f or the Internet. Among the many  
issues driv ing current interest are concerns about the scalability  of  the routing sy stem and 
the imminent depletion of  the IP v 4  address space.  One proposal,  the L ocator/ ID  
S eparation P rotocol ( L IS P ) , is an ex perimental protocol being  dev eloped primarily  by  C isco, 
and is intended to address ( among other issues)  the route scaling and address space 
depletation issues.  This article is a summary  of  IE TF  activ ity  in the area of  Routing and 
Addressing Architectures f or the Internet. 
I .  I ntro d u cti o n  
S ince the IAB’s Amsterdam w orkshop [ 1 ] , sev eral proposals hav e emerged that attempt to 
address concerns ex pressed both there and elsew here [ 2] .   

 

In general, those proposals are based on the so-called Locator/ID  separation, 
[ 3 ]  w hich makes the assumption that separating the endpoint identif ication and 
routing locator f unctions of  the IP  address w ill lead to adv antages f or 
aggregatability  ( our only  real tool to make the core routing sy stem scale) , 
mobility , and security . 

Among the current data plane proposals circulating in the IE TF  are eF IT [ 4 ] ,  L IS P  [ 5 ] ,  and 
S ix / One[ 6]  ( an interesting hy brid incorporating elements of  shim6[ 7 ]  and 8 + 8 / G S E [ 8 ] ) . 
N ote that these proposals seek a degree of  incremental deploy ability , and in general they  
assume that the core routing sy stem w ill not change. In addition, sev eral of  the proposals 
also req uire a sy stem to map f rom “ ID ”  to “ L ocator.”  P roposals in the mapping space ( i.e., 
control plane proposals)  include AP T [ 9 ] , L IS P -AL T [ 21 ] ,  L IS P -C ON S  [ 1 0] , and N E RD  [ 1 1 ] . 

 

E x isting data plane proposals in this space lev erage the one or more lev els of  
indirection inherent in the L ocator/ ID  separation idea to create one or more new  
namespaces.  In most cases, tw o namespaces are utiliz ed.  One namespace—the 
E ndpoint Identif iers ( or E ID s) —is used to address hosts.  The other space, 
know n as Routing L ocators ( or RL OC s) , is used f or packet routing across a 
transit domain.  

The goal of  this indirection is to allow  ef f icient aggregation in the RL OC  space ( w hich can be 
thought of  as the current D ef ault F ree Z one, or D F Z )  in order to prov ide persistent identity  
in the E ID  domain and, in some cases, to prov ide f or secure and ef f icient mobility . 
The remainder of  this document is organiz ed as f ollow s: S ection II discusses the v arious 
data plane proposals, and S ection III ov erv iew s the control plane proposals. S ection IV  
describes C isco implementation status and testbeds. F inally , S ection V  of f ers some 
conclusions ( and more q uestions) . 
I I .  D ata P l ane  P ro p o sal s 
The current set of  proposals f all into tw o broad categories: ( 1 )  map-and-encap and ( 2)  
address rew riting. The approaches dif f er depending on w hether the translation occurs 
through address rew riting or tunneling and, in one case ( S ix / One) , depending on w here the 
indirection is implemented. The proposals are outlined as f ollow s. 
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a.  M ap -n-e ncap  
The general idea behind so-called map-and-encap ( w ritten m ap-n-encap )  schemes, as 
originally  described by  Bob H inden and S tev e D eering, is that there are tw o address spaces: 
one used w ithin a domain ( the E ID  space)  and one used to transit betw een domains ( the 
RL OC  space) . The hope is that since the RL OC  space is, in theory , decoupled f rom non-
topologically  assigned E ID  space, map-n-encap schemes w ill prov ide f or ef f icient 
aggregation of  the RL OC  space—that is, the global routing state. 
In the map-n-encap scheme, w hen a packet is generated, both its source and its destination 
“ addresses”  are taken f rom the site’s E ID  space. When a packet is addressed to a 
destination in another domain, it trav erses the domain’s inf rastructure to a border router ( or 
other border element) . The border router maps the destination of  the E ID  to an RL OC , 
w hich corresponds to an entry  point in the destination’s domain ( hence the need f or an E ID -
to-RL OC  mapping sy stem;  mapping proposals are discussed later) . This is the “ map”  phase 
of  map-n-encap. The border router then encapsulates the packet and sets the destination 
address to the RL OC  returned by  the mapping inf rastructure ( if  any ;  it may  be statically  
conf igured as w ell) . This is the “ encap”  phase of  the map-n-encap model. N ote that since 
map-n-encap w orks by  appending a new  header on an ex isting IP  packet, it can w ork w ith 
both IP v 4  and IP v 6. While the destination E ID  is mapped to an RL OC  in all of  the proposals 
discussed here, the source E ID  in the packet may  be treated dif f erently  w ithin each 
proposal;  specif ically , it may  or may  not be mapped to an RL OC  in the encapsulated packet. 
When the packet arriv es at the destination border router, it is decapsulated and sent on to 
its destination. N ote that this suggests that E ID s may  need to be routable in some scope—
most likely  scoped to the local domain. 
Threre are tw o map-n-encap proposals circulating in the IE TF  as of  this w riting1: E nable 
F uture Internet Innov ation through Transit Wire, or eF IT [ 1 2] ,  and the L ocator/ ID  
S eparation P rotocol, or L IS P  [ 1 3 ] .  The idea behind eF IT is that user netw orks and transit 
netw orks are separated in terms of  both addressing and routing. U ser netw orks use E ID s, 
and transit netw orks use RL OC s. In eF IT, user and transit netw ork routing domains are also 
separated. One of  the interesting f eatures of  this proposal is that prov ider routing does not 
interact w ith routing in the user domains, w hich is dif f erent f rom Border G atew ay  P rotocol 
( BG P ) , w herein user netw orks “ peer”  w ith prov ider netw orks using the same routing 
protocol and address space. In particular, there is no routing protocol operating across the 
links betw een the user netw orks and the transit core. 
In contrast, L IS P  does not propose any  classif ication of  address spaces bey ond the E ID  and 
RL OC  spaces ( more specif ically , it has no concept of  user or transit netw ork spaces) . 
Rather, in the L IS P  f ormulation, a site is assigned an E ID  pref ix  f rom w hich it addresses its 
hosts. When a host w ants to send a packet to a remote domain, both the source and the 
destination in the packet contain an E ID . At the domain boundary , routers do the same 
map-n-encap operation as described earlier. 

 

Another maj or dif f erence betw een L IS P  and eF IT is that L IS P  assumes there w ill 
be no changes to the core routing inf rastructure. That is, L IS P  is transparent to 
the BG P  inf rastructure, w hereas eF IT introduces boundaries betw een the user 
and the transit core netw orks that are not present in the current inter-domain 
( BG P )  routing architecture. In particular, eF IT specif ies that “ There is no routing 
protocol operating across the links betw een the user netw orks and the transit 
core,”  w hich represents a change f rom the current architecture. 

                                                 
1 I t  i s  w o r t h  n o t i n g  t h a t  t h e r e  a r e  s e v e r a l  v a r i a t i o n s  o n  t h e  t h e m e ,  i n c l u d i n g  I P v L X  ( I P  w i t h  v i r t u a l  L i n k  e X t e n s i o n )  [ 19 ]  a n d  Ivip 
(Internet Vastely Improved Plumbing) [20]. 
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It is w orth noting that map-n-encap schemes hav e the benef it of  not req uiring host changes 
or changes to the core routing inf rastructure. H ow ev er, there is some dif f erence in opinion 
ov er w hether the encapsulation ov erhead of  map-n-encap schemes is problematic or not. 

b.  Ad d re ss R e w ri ti ng  

 

 
The idea behind the address rew riting schemes—w hich w ere proposed originally  
by  D av e C lark and later by  M ike O’D ell [ 1 4 ] —is to take adv antage of  the 1 28 -bit 
IP v 6 address and use the top 64  bits as the routing locator ( otherw ise know n as 
routing goop, or RG )  and the low er 64  bits as the endpoint identif ier2.  

In this scheme, w hen a host emits a packet destined f or another domain, the source 
address contains its identif ier ( f req uently  an IE E E  M AC  address)  in the low er 64  bits and a 
special v alue ( a uniq ue  “ unspecif ied”  v alue)  in the RG . The destination address contains the 
f ully  specif ied destination address.  
When a packet destined f or a remote domain arriv es at the local domain’s egress router, the 
source RG  is f illed in ( f orming a f ull 1 28 -bit address)  and the packet is routed to the remote 
domain. On ingress to the remote domain, the destination RG  is rew ritten w ith the 
unspecif ied v alue. This ensures that the host doesn’t know  w hat its netw ork pref ix  is and, as 
such, enables the renumbering that w ould be req uired to maintain the congruence betw een 
pref ix  assignment and phy sical netw ork topology  that is req uired f or the kind of  “ aggressiv e 
env isioned”  in the 8 + 8 / G S E  specif ication. 
S ix / One w as the address rew riting approach presented at the RRG  meeting. S ix / One is 
interesting because it borrow s ideas f rom both shim6 and 8 + 8 / G S E . In particular, S ix / One 
borrow s the shim6 concept that multi-homed edge netw orks use prov ider-assigned 
addressing space f rom each of  their prov iders and that hosts can use addresses f rom all of  
their prov iders interchangeably  w ithout breaking activ e transport sessions. S ix / One borrow s 
the 8 + 8 / G S E  idea of  rew riting the high-order bits w hile packets are in f light. It also 
introduces the concept of  edge netw orks. An edge netw ork can independently  route packets 
betw een tw o attached hosts, and predictably , edge netw orks connect to transit netw orks f or 
global connectiv ity .  
In S ix / One, a host’s addresses dif f er only  in their high-order bits ( in much the same w ay  as 
they  do in 8 + 8 / G S E ) . H ow ev er, in a S ix / One, an edge netw ork ( or other serv ice prov ider)  
may  change the address in a packet depending on the prov ider to w hich the packet is being 
routed. As a result, the destination address a host puts into a packet serv es as a suggestion 
to the edge netw ork about w hich prov ider the host’s packets should be routed to. The edge 
netw ork may  choose to either f ollow  that suggestion or rew rite the high-order bits of  the 
address in accordance w ith a prov ider of  its ow n choice. N ote that this is dif f erent than in 
shim6, w here the host selects the transit netw ork;  in S ix / One, edge netw orks retain the 
ability  to select a particular prov ider v ia rew riting. H osts adapt to address rew rites in that 
they  modif y  subseq uent packets accordingly  bef ore inj ecting them into the netw ork. U nlike 
8 + 8 / G S E , S ix / One also adds to packets certain inf ormation that enables the receiv ing hosts 
to rev erse address rew rites. 
What’s new  about S ix / One is that regardless of  address changes, an edge netw ork can also 
use the added inf ormation to identif y  a remote host. The main dif f erence betw een S ix / One 
and 8 + 8 / G S E , then, is that hosts are aw are of  their f ull addresses ( including the RG )  and 
can suggest a netw ork prov ider to their local domain ( in the much same w ay  that is enabled 
by  the shim6 protocol) . One of  the many  interesting aspects of  the S ix / One proposal is that 
it combines the host-based locator selection f eature shim6 w ith a modif ied v ersion of  the 
                                                 
2 W h i l e  t h e r e  i s  a p p a r e n t l y  q u i t e  a  b i t  o f  i n t e r e s t  i n  r e v i v i n g  8 + 8 / G S E ,  n o  n e w  d r a f t s  h a v e  b e e n  p u b l i s h e d .  
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address-rew riting approach of  8 + 8 / G S E . F inally , note that unlike the map-n-encap solutions 
described earlier, a S ix / One host looks up the entire 1 28 -bit address of  the destination host 
in the D N S  ( w hich may  return multiple AAAA records f or the destination) . Theref ore, like 
shim6, no additional mapping sy stem is needed. 
F inally , it is important to note that address rew riting is really  only  practical f or IP v 6. This is 
important because middle box es that need to f ilter can’t do so if  addresses continually  
change;  in IP v 6, w e hav e enough bits to prov ide a stable E ID  ( the low er 64  bits) , so middle 
box es can f ilter on E ID s. 
I I I .  C o ntro l  P l ane  P ro p o sal s 
S ince both map-n-encap and rew riting schemes rely  on the addition of  a lev el of  indirection 
to the addressing architecture, it is necessary  to map f rom the locally  used address ( E ID )  to 
the routing locator ( RL OC ) . In the case of  the map-n-encap schemes, it is a direct 
translation: an E ID  gets mapped to an RL OC . The situation is subtly  dif f erent f or the 
rew riting schemes: in general, such schemes must look up the entire destination address 
( w hich usually  resides in the D N S )  but it also must somehow  f ind the source RG  w hen 
rew riting the source address at a domain border. S ix / One is a hy brid, since in that model 
the hosts know  their entire address ( including the RG ) , w hich can be looked up in the D N S , 
a property  that is shared by  shim6. 
In the case of  map-n-encap schemes, an E ID -to-RL OC  mapping serv ice is req uired to make 
the serv ice scale reasonably . There are three important parameters to consider in the 
creation of  the architecture f or a mapping serv ice: the rate of  updates to the database, the 
state req uired to be held by  the mapping serv ice, and the l atency  incurred during lookup. 
That is, a mapping sy stem must minimiz e rate* state w hile still optimiz ing lookup latency . 
Because most estimates put the siz e of  the mapping database at O ( 1 0 ^ 1 0 ) , the implication 
is that the update rate must be small ( note that this is a primary  reason that current 
mapping proposals do not incorporate reachability  inf ormation into the mapping database) .  
In addition, the choice of  push v ersus pull also has an ef f ect on latency : if  y ou push the 
entire database close to the edge, y ou improv e lookup latency  at the cost of  increased 
state, and if  y ou build a serv ice that req uires a mapping req uest in order to f ind an 
authoritativ e serv er f or that mapping ( in other w ords, pull) , y ou reduce state in the core but 
y ou also increase latency . This suggests that a hy brid push/ pull architecture might be the 
most ef f ectiv e.  Regardless, architects need to take care not to import the dy namics ( and 
hence the problems)  of  the routing sy stem into the mapping database. If  that w ere to 
happen, w e w ouldn’t hav e solv ed the problem;  w e w ould hav e only  mov ed it. 
F our main proposals f or mapping serv ices hav e emerged: AP T ( A P ractical Transit M apping 
S erv ice)  [ 1 5 ] ,  N E RD  [ 1 6] , L IS P -C ON S  ( a C ontent D istribution Ov erlay  N etw ork S erv ice f or 
L IS P )  [ 1 7 ] , L IS P -AL T [ 21 ] , and L IS P -E M AC S  [ 22] . The proposals can be broadly  classif ied as 
either push or pull ( though both L IS P -AL T and L IS P -C ON S  might be considered hy brid 
protocols)  based on how  they  distribute the database. L IS P -E M AC S  is a multicast approach 
that uses multicast ov er a tunnel topology  to distribute mappings. 
Both AP T and N E RD  are push protocols;  that is, they  pu sh  the mapping database to the 
edges f or distribution. AP T and N E RD  dif f er primarily  ( 1 )  in how  f ar tow ard the edge 
netw ork the database is propagated ( f or ex ample, AP T has the concept of  a def ault mapper 
so that some nodes can carry  less than the complete database, w hereas in N E RD  all nodes 
hold the complete database;  in AP T, the def ault mapper also w inds up in the data path 
w henev er it is used) ;  ( 2)  in database f ormat3 ;  and ( 3 )  in how  the database is distributed 
and maintained ( AP T and L IS P -AL T use BG P , and N E RD  uses H TTP ) . 

                                                 
3 T h e  A P T  d a t a b a s e  f o r m a t  i s n ’ t  s p e c i f i e d ,   L I S P -C O N S  u s e s  a  ( n e w )  b i n a r y  f o r m a t ,  L I S P -A L T  u s e s  B G P  R I B  f o r m a t ,  a n d  N E R D  u s e s  X M L .  
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On the other hand, L IS P -C ON S  and L IS P -AL T are primarily  pull protocols. That is, mappings 
must be pu l l ed  ( v ia a q uery  mechanism)  f rom the authoritativ e sev ers. The actual E ID -to-
RL OC  mappings reside in authoritativ e C ontent Access Resources ( C ARs) , and mapping 
q ueries and replies trav erse a hierarchical ov erlay  f rom req uester to the authoritativ e C AR 
( and back) ;  in the case of  L IS P -C ON S , a new  protocol is used to route data probes and 
mapping req uests and replies;  L IS P -AL T uses a separate BG P  instance to accomplish the 
same f unctionality . 
I V .  L I S P  I m p l e m e ntati o n S tatu s at C i sco   

 

C isco has aggressiv ely  pursued a prototy pe implementation on the D C OS  
“ titanium”  platf orm. To date, both the core L IS P  specif ication and  L IS P -AL T hav e 
been implemented.  In addition, a L IS P -AL T tested, show n below , is up and 
running. 
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If  y ou w ould like to participate in the dev elopment of  L IS P , please subscribe to: 

lispers@ cisco.com 
 
V .  C o ncl u si o ns 
Ov er the past 1 5  y ears, tw o maj or architectural approaches to the L ocator/ ID  split hav e 
emerged: map-n-encap and address rew riting.  While much progress has been made since 
the Amsterdam meeting, signif icant unresolv ed issues remain w ithin all of  the proposals, 
including the q uestion of  w hether the L ocator/ ID  separation solution is actually  the best 
approach to a scalable Internet routing architecture. Other q uestions remain, such as 
w hether map-n-encap schemes are superior to rew riting schemes such as 8 + 8 / G S E . And 
w hat about host-based schemes, such as S ix / One?  H ow  do these schemes interact w ith 
other protocols being dev eloped in this space, such as shim6 or H IP [ 1 8 ] . F inally , since in 
most cases these schemes req uire another name resolution ( ID  to L ocator lookup) , there 
are q uestions about how  best to build such a resolution sy stem and w hether such a sy stem 
can be built in a scalable w ay  that also is secure and minimiz es latency . 
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C oncerns about the scalability  of  the routing sy stem, the ef f ect of  w idespread deploy ment of  
IP v 6  ( especially  giv en current RIR allocation policies) , and the rapid depletion of  the IP v 4  
“ f ree pool”  hav e f ueled a grow ing interest in this area as w ell as in the broader topic of  
scalable routing and addressing architectures f or the Internet. M uch of  this w ork is in the 
research phase ( w ith L IS P  and L IS P -AL T being the most f ully  specif ied and implemented) , 
and more w ork needs to be done in the areas of  interw orking ( transition) , security  and 
mobility  ( in the case of  mobility , many  people f eel that mobility  w ill be better handled below  
the netw ork lay er ( e.g., cell phones)  or abov e it ( e.g., M IP v 6) . F inally , a deeper 
understanding of  cost/ benef it relationships, i.e.,  w ho bears the cost and w ho stands to 
benef it, is needed f or all proposals.  
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