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Abstract The address mechanism is the most essential and important part of the Internet architecture
and its evolution determines the capacity of the Internet to accommodate the innovative applications.
The traditional IP-based address strategy gets the current Internet into ossification which makes the
architectural innovation become a consensus. Many novel address strategies make significant
extensions or innovations for the traditional model but lack of common design principles and consistent
expression model. It has become difficult to insight into future evolution progress of the address
schemes for the diversity and heterogeneity. Moreover, we believe that a diversity address mechanism
might coexist in the Internet architecture to meet the ecological evolution of network applications. To
tackle the above problems, by researching the evolution of the Internet address mechanisms and
abstracting a minimal architectural core, a general framework for accommodating the diversity and
heterogeneity of various address strategies is proposed in this paper, including: 1) formal and
verifiable conceptual model forms a consistent theoretical framework within which the invariants and
design constraints can be expressed; 2) abstract multi-dimensional and extensible interface primitives
and interactive patterns with the communication axioms to provide a proof framework for the Internet
address schemes; 3) derive working prototype implementations— Universal Engine of Address
Schemes which allows us to construct the various address mechanisms with flexibility and support the
evaluation, evolution and coexistence of the Internet address strategies, in order to meet the ecological

evolution of network applications.
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P E 4, U0 send/receive,invoke/return &¢. 3¢ # IR
% SP ik T A M 5 & 5 WM E () 22 9047 Oy
SC AR AT R H RN T Sk X R aco 1Y
PRAEAT Ry il SCAT LUJE 2 AR 2

aco=I1/F | SP, where aaco=a I/F Ua SP.

R AR S M 3 C IR 55 R A R T B
PEAT I8 C AL B I e b 300 S Ak Y E b AR E LA L
IR S TR E X 45 58 A 3 1R 1 A (COMMD W
Tk 3 gz B A A« T4k (addressing) .
% K (forwarding) . i& Bt (adaption). 2% A CSP A9 3f
REFIE R E LN

COMM=I1/F(m) || SP(Laco, fi>) || AP(m).

BT ARG AR A — B A2 AR 0 ) E
SCRRE A H 1 CRAF 20D iX L TR IR o 1 BN ie
FHER A R R L AT LA R A 6 ik AL ] v iy ) B
f A ELAT . A B30 A5 R G2 AR AR IR) g 42 11 21 2
PRSI AT AAR 98 52 PR s 15 37 5 R BT 1M B
H message VLI fi o3 4l 451 T 38 A5 2 41 2L
R 1T 2 D e SR ) Sk S 4l 7 LA 1 S B g
e Sy ELAR PR ISOR 5G9 B8 S5 48 4 B Oy bR il L
A, S Ah X 28R aco [R]RE AT DL gE 4k 7K, 97 i B
R SRR AR 38 £ AR

DRV & 5V

fiGetfi (msg) .

AT b AR BUR I % e 48 4 f1 IR
B Je A B nl AR I B AL 52 il A

send (aco,msg)Smsg | A —>msg | C5",

Xof I A R BT 1 4 T R ik B R s Y A
Ui L AEAR TR B 2, B3 FOR UL, ZH B A
HEAT 38 e A 3L

acosmsgyreceive()

WO B IR IR M2 AL K5 aco.

message copy (msg)Smsg?AF —=>msg | A5,

HTH L HE D13y s vy 1

2) FhkBE

message request ({aco, f17) :

e SR AT IY 7 BTSSRI B .

{Cacos fiy} lookup (Laco, fi>):

PR AT A AT R AR L RS R g R B S BEAIL
il v LA R 5 S ATEARSCI IS I . P 2
AL IZ R R [0 — 2 <aco, f1).

message response( fi,aco) :

R A 160 A9 45 2 A I N R

[l FL A

3) il AR =

encap(fi,msg) :

i B T AN PR SOR OC Y Sk Tl T BR
TE YA AR B R SZ Z 18]

fidecap(fi,msg):

it 2 o MTH B R RS IR T B Sk AR 2.
TR E 4 1 Ab.

encrypt(method smsg) -

o o0 2 AL A X 3 B R AT, B B & Oy
AT DL R E L.

swap(fi,msg) :

XU B R AR A f EAT B . 1 MPLS
FNAT (bR 2 58 fe.

deliver(msg) .

MBS AE AT AL B, B K.

3.2 BEXGIRIENRY

T 1 5 A A0 b 5l R 95 4 O JE 1B AT
i — oS it H B9 7E T 00 B0 R0 B K47 o 5 0k
GA) ) 52 HAT Sy 5 S B T8 52400 (Y ] i S DA B AT
WG R 2. WS X 2 A BT AR, 2
HAT AR T SCHLZ 35 E b, TR ko sr T B ARG
R HL 1 22 v SC 3 5 10 40 . 3 18 S ) 3% T A
(role) MUK & 7 (glue) # 47 1 SCULHI. role 18 T
aco fir ] B2 (1% Sb AR AT N AL YE 5 glue I T ML € & 4>
role FYAT A I 7, B3 V8141 5 388 15 X 42 18] 1) 32 H.AT .
BE T PO OO T B R R AR L FRATT E SO S

Channel Encap-Channel =

role sender = Cencap ( fi, msg) — send Caco,
msg)—>~/);

role receiver= (receive(aco.msg)—>~/);

glue Eglue = (Cencap ( fi, msg) — send Caco,
msg)—>receive(aco,msg)—>/ ).

238 T 2 X8 I B AT B R R AR AT A [
PRI 52 B AR . 5 I8 B AR S Z m TP LR
P 326 45 2% 2 0.

Channel Tunnel=

role peer= (encap( fi,msg)—>send Caco,msg)
-

role peer = (decap ( fi, msg) —> receive Caco,
msg)—>~/);

glue Tglue = Cencap ( fi, msg) — send Caco,
msg)—>decap( fi,msg)—>receive(aco,msg)—>~/).

3 Y B S S T A SR A A TPv4/
1Pv6 5B (9 5 P 07 2 f7 B il ik g 1Pv6 Sk
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T I G AR T v6 A Sk X 2H B X o i 2
¢ P e R AT iR B R RSO B

Channel Gateway-Channel =

role sender = (swap ( fi, msg) — send Caco,
msg)—>~/);

role receiver= (receive(aco,msg)—>-/);

glue Gglue = (swap ( fi, msg) — send Caco,
msg)—>receive(aco,msg)—>-/).

3 ) O DG AR AL R A B ke Ty Y X
TR A L B AR %, 140 NAT LA K MPLS
AR s 45 52 4.

Channel C/S-Channel =

role client= (request({aco, fi))—>receive())[1 0 ;

role server= (lookup ({aco, fi>)—>response(msg,
aco))[ 0;

glue Cglue = (request ({aco, fi>) — lookup
(Laco, fiy)—>response(msg,aco)—>receive())[] 0.

7R 55 g 5 L AE TE L il T T AT I R ECE o
R A5 00 05 4. T & 7 A 8 T N B Ak R A
1117 1R 55 e £ €500 1) S A A FR A L Ak a2 10, 2
Ui BE 6 32 3l 45 A oK L TR 55 2 AN e 2 3h 45 I 55
HURE H AP AR fih A e g FLEE S A5 ik T 0 E it
B R 55 e A5 RL AT LA 9 3 T8 1 SRS 3 A A8 E.

IIAN S FATIR RE SCT 0 A e A m TE A A 5
3% B i —— B R,

208 O R AR T 2 LR DR O B A
A3 P A% 2 10 D i T DR T SR A A A AR S
ST 3 A R G 22 I 3 3 G S S L S B R
SLHAT A

4 H1E S5 IE LA

R IE bR A A b A8 g PR AE ALK o8 A
PEFIIE &G4 , F A1 LA ID/Locator #u il 43 B 4K & 1
e S~ e HL ] Cmap-encap) ™™ Sy ], S 36 B —Fih ity
hk 5 Z8 QnA FEIZAE SR P 238 AR 18 115 B R0 IE.

W& 4 Fr 7R map-encap AL 38 i 1 2% 4 {1 2
RE LA SE AL B 5 B A 43 2 B dn iR EID H 7E 4%
AW B, B TE 0 2% 6 i 48 (ingress tunnel router,
ITR) i 3 25 ) BT 2R 4 (resolver) 4K B4 Ja) # H b
W RLOC, I FEh B 7R 1 B K30 700 o i1 2% % e
#r ETR Abfigds%¢. 3 A1BoE EID F1 RLOC 43 51K H
IPv4 DAL TPv6 Hiudik 25 18] . JL T IPv6 (19 % il i I AL
il A PR S AR R 5 58 B sk R A A X A S X N T
vy IR I POy s S AT E A (NN W W e & v
FEE X 2 A~ S IE map-encap Hbhik AL A4 S22

Mapping
System
Resolver R
T ITRA IO
\ IPv6
s APP ACO . -~ APP ACO IPv4 «\\
/ IPv4 N \‘ ./ \‘
/ TCP ACO ' [ TCPACO \
| L 1] !
\ IPv4|IPv6 h IPv4|IPv6 =l & —— Encap-Channel
| Host X' X '\ ! «—» Tumel
\‘\ P |Host| |Host| A C—> Forward-Channel
N - T 5 C/S-Channel
o [ RLoc [ BID | Daa [™+eo__ . - =
EID EID
Fig. 4 Abstract processing of map-encap scheme

& 4 Map-encap Hi ik HL i 4 2 3 F2

4.1 BEEX

7 18 B T R AR RS o M A ) B R, FRATT R
T XML % ik 77 2 #4746 R IR $2 i T 3 28 XML
RN (schema) « 3 15 SEAKE L 30 PR B DA K
i 45 25 (B T 3 o SO 85 328 BT 7 A% % 1 T AR SC

i th 1 5 R LR — B B B4 R 96 K
#5195 % map-encap HAHLI B9 XML Hik BT
R TR 535 3L 6 41 W4 2 ) XML i
#g.

5 9 R B 2 ST R 9 47K K A L
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P M AR SR L T 3 0 S A % G AR ) I AL
T A HAT R IE LA 4 44 25 )AL 456 1 SCRE R
TR 2 AN TJ5 T A SCH 2 T E LS AR T
IO BT IF RE I AT AR A 5 TR AL E T
s A L AN LA TE DU 2R 2k AU DG IE ik ks 205 T
3k 3 28 XML schema, Hi 3k ML o] 8% R 36 & S
WA [] PR AIE BT J7 58 19— SBOPE RN E A .

(! —— Entity Configuration —— )
(Entity name="A" type="1TR”)
(ACOs)APP, TCP, IPv6, IPv4(/ACO)
(Assemble) Encap-Channel(/Assemble)
(/Entity)
(! —— Topology Configuration—— )
(Topology»
(Channel type="“Tunnel” from=%“A" to="B" [)
(Channel type="C/S-Channel” from=*“A" to="R”/[)
(/Topology)
(! —— Namespace —— )
(Namespace name="“IPv6” role="Locator”)
(1—— Semantic ——)
(Semantic scope) IPv6 ACO (/Semantic scope)
(Namescope) APP, TCP, IPv6, IPv4 (/Namescope)
(binding) IPv4 namespace (/binding)
(1—— Syntax— —)
(xs: restriction base="HexBinary”)
(xs: pattern value="([A-Fa-f0-9]{1,4}:){7}[A-Fa-f0-9]
(1,4}

(/xs: restriction)

(/Namespace)

Fig. 5 A snippet of configuration description

(I VN R

4.2 XERE

FE 3.1 AT IRATHE T — AR R A% 0 T
JE o A B TR L M AT AR 4 h ITR A /Y58
FAT N R FE T b AR JRE R A 3 Fh AN 58 A
=, AT 2 BE map-encap Mtk MLl 52 58 15 S 72 55
AN, AT T W5 BAR  H— 4108 3 2 Xk 20 ) 7
FESAT 2 B v RS 38 3 2 58 45 W 5 RE A T, S
PR 7 A AP 0 UE B 5 B 6 LA P AR RS I X ) i T
ITR A M — e S A5 170 A T3 4 W 5.

AILLE R TAR M Oy 3 Fh AL H
B ZER T ITR A (38 15 47k 173 40 lookup 4§
Fz 11 AR T B A By L S B AR S AR T
BT I G 0 G AR B o8 A i e S B, axX LA
TR ) 238 FH ) A8 B A A AT ] S B SR W 38 Tl i 5
HAR SO SE 4k & kS | S Ak T 3R A5

Process (aco pre, message msg) {
precondition
{@: pre=X N (fi! X3P — fi7A5)}
| % forwarding */
String n=ger fi( fi, msg);
request({pre,n)) ;
send({pre, n), R);
}
{<aco, fi)}A; | * addressing results * /
for e in binding relation;
| * addressing * |
while (e~error) do {
{o1: filRSW N\ (fi=n) N A=)
if CezZ=null) {
{(presn’ )y A=lookup({pre, n));
} else {
response({pre, n'));
send( A, response) ;
}
{o2: fi7ASP N\ (fi=n" ) N AF(}
| % adaption * /|
receive(R, response) ;
encap(n’, msg');
Copy(msg’);
post-condition

{ ¢, (FilASP—> Fi9ASPY A (fi=n" ) N\ Gmsg=msg’ )}

Fig. 6 The abstract processing
B6 g (5 A

4.3 EFIEFHMEIER

T2 7 1E B 1k TIE W 4G A 2 0 2 T a0 Ak o L O
Hr— AT e B A AR E . AT AT
Hoare ¥ #, DL 1.1 95 LA & 3. 1 745 v 9 38 45 M S5 Al
A5 M8 CONE B AR 5 o SR E B _F R i 20 78 A0 1E 7
PE. SCHRC19 T X 7% & o 5 v 4% = A0 itk 1) 8% o A5
3, A Hoare #HRIERA T 5% & L B (0 I 6 p. 1B 7
& Hoare 3% (1 B0 5 34 .

Assignment

{gle/z]}xi=elgp}

() Qi) {o} Qe {g}
() Qi3 Q:{¢}

{eABIQi{¢}. (oA " BIQ:{¢}

Sequential

I{ThenElse {@}if B then Q else Q:{¢}
o {oABIQLy)
ForEach {¢} while B do Q<¢)/\ - B}
Consquence S B

: {01 Qlg)

Fig. 7 Hoare logic rules
&l 7 Hoare % % 1Y #0 I 4

Hoare 1% #5%° XF W &5 sk mg ) IR sr T
1 ENARG, HAB MG EN —BIEX R {o) Q
{gh. Hp o, ABEFEKXRNX.Q &1 MEFFEL. B4
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TR & SR WRTE Q PATZHTA ¢ WML, I
H QBEZEAT WA ¢ AL B HEH o FRH
T & Wi 5 (pre-condition) Fl 5 & Wi & (post-condition).
AT UEHAAZ R ER], Hoare A RFE S AT 1 4
T B2 R 4 Fr o S, a0 181 7 Fvos , Horb R |
JrWE A AR, T 5 A R HE S e, HOE X
h s A0SR AT B AR BT W E5 9 b R S R T
map-encap HLHIT 5 . A B HTE WS o8 FHL X
BT fi KB A WA ST — R 5
SEH G FESE G L 5 E WS s A KA g AT o B
Zerk BN £ UL G 0L T AR, 3R
TIAEFR 3 LA B A A 0 JF 1y 0 485 o ek 43 3] 4 A BT 5
@, pre=X N\ (fil X3 fi7A%");
o1, fiIRT A (fi=nm) N (A=)
o0, fITASY N\ (fi=n") N CAFED) 5
O, CLiIVASP—> Fi9ASP) N (fi=n") N
(msg=msg’).
T TS I B e AR R AT B O O A A 3R
AT T4 W7 5 = 1) A A e B ol LR A2 AR X forward-
ing,addressing, adaption 7~ , H &% & F B I = AT
eV,
Goal 1:{¢p}process{¢} » H T HL I 7T 5% 42y 3
™ Hoare = JG4H IIE A .
Goal 2:{¢} forwarding {s; };
Goal 3:{0,} addressing {0, };
Goal 4:{s,} adaption {¢}.
D HIEW Goal 2, Bl % J5 14 B 235 R 3 H
HE A 52 B ER A 2 SR B0 0] TR
[{go} Asend ) 1= {c )= (fi| X3P —
Fi?7AS)Y N\ (filASP— fi9R )= pre=
XA (SiIXPP— fi2A%7),
H 38 15 F0 A% 3 P (PE BT 3) AT, b 3 4 I8 il S7
A Goal 2 81IF.
2) HAEW Goal 3, AR 5 1 6 HL I H 7 Uk B
{61 \ (e~ error)} if (e null) then lookup else
send {o, |+ P H A& AF RN 2 4k Ry
Goal 5:{fiIR™ A (fi=n) N (A=) N\ (e
error) A (e=nulD) } lookup O{ fi?R*™ A (fi=n) N\
(A=} 5
Goal 6:{fiIlR"™ AN (fi=n) AN (A=) N (e~
error) A Ce=nulD)} send O { fi7A A (fi=n") A
(AFD }
Goal 5 1% Ly 3k aod A8 A 25 0, % Hfd ]
R 2 B 9 BT LD 5 4 P ot (M B 2) DA e - ik

SCCGE X 6) s Goal 5 A5, B .

SR N (fi=n) N (A=) N\
(es“error) A (e#“null) SP;({A, fi))=
SR A (fi=n) N (A=),

[ 3, Goal 6 75 LRy Shlk 45 o I 44 45 5 3k ]
A, B AF AR B AT LIS EE R B

SR N (fi=n) N (A=) A (e£error) A
(e=nulD A (fi1AST— fi7R*")=>
Fi2AS N\ (fi=n") N CAFDD).

25 I, Goal 3 193] T UEH.

3) NIUEW] Goal 4, R} A St 5 fiff A 45 2R O 1 2%
TEBT I B s ik 30t s 17 R 2 3L | 4 DR R
WILL K encap,copy WIFT A LAl 15

Fir A N (fi=a") N CAZ- D) N encap N
copy=>fi7 A N (fi=n") N CAFD) N msg’ A
(msg VA" —>msg’ 7 ASP ) = (fil A5 — fi7 A) A
(fi=n") A (msg=msg’).Goal 4 13iF. iF K.

Z5 b ,Goal 1 Bl B IR FE P i R 09 IE 8 14 2 T
HEH.

5 EAMUAEIGIE

U] EL IR ) A4 R 6 R L e R T2 1 N T AL
AN S T AE A% O 1 Mk 2H PR B0 DL R A
[E] 11 S5 R 5 AR BEL B 07 A AR 25 A 1 0 — A0 L X
U Y i ELIR O B AR Al 10 32 B 22— S
Hi bk AR SR Y 5 1 R e P BT AR SR Y
WSS R s A A, FRATT S B T b kB A S
#% (universal engine of address schemes, UEAS) Jf
RIR G, B RS —Fhl F 1 & DL 90 sl 2 B K
o b, 1 245 7R 1 S A P R 22 A L A Al BT A0 R Y b
ML ER AT DAAE — S ROE B PR 931 S Pk L R
HbRE) 3 I BT A R W 1 T BE T B SR AT A ROPEA .

WE 8 FroR 38 FH bk BILHI 5 |3 i 25 HE SR
2538 {75 SR i 44 25 A) i ORI $RE & DL XML
R I AEAEAE AR, LIS AR Y X8 . fe 0 i
MG R LA —HIBEMA ACO, Message Ll &
Channel , ZE5 | H L) Java #5255 L, IR 46 T 3%
A B ERAE B BAGE {5 AT DLE i 6 3 Al g
VI R R AT 7SI LB N = W D4
AR ) A D0 L) 26 R X A3 it £ 3 449 1)
DI 15 SE PR A b BE. O T — 20 B T RE 1 o8 A
PELFRATHEME T 1 A2 PR B DA 5508 20
FH A3 22 A AL L 28 2R A BIL R L otk ke S L ] 25
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AT ALPE R A e 55 PR 2 T 1 A b iRAT
TS FE 8 T 4 I e L5 A2 38 3 A ARAE L S B T 4L

Hr XML P 8 SO LA R e A2 HAR 3 IF AR 4 A8 3L
BT TR A 2 B AL 2 5 R0 A5 A 1 0 SCHEAT IE B 1 L 58 7

VP BRI R T T 7 5 0 A L 5] A A

PER AT | 5 i 28 B BIL ) S5 152 17

i Network Protocol Layer, PDU, Packet, Encap-Channel | !
1Components| Hosts, Devices, -+ MAC Frame, --- Tunnel, --- ,
Address i----oo-ooTTTTTTIACTTTIo--- [, N [
Ontologies - ------ooooooooo- 1 } _____ Inherit ___qr_ ____ Inherit ___ qpn_______
! Abstract i
Base ACO Message Channel ‘
Classes
b g mmmmmmmmemmmemmmmemmeeemmmmeeeoooomeomeond
J L Post Configuration
XML Parse Application
o ’ Interface
anagemen - - Resource i
; Verification Feedback : Runtime
Engine {} - { } Scheduling :> Environment
Semantic/ Syntax Correctness
Rules Verification
l | Verification
T  [oooo—— ..
Interface: | Patterns: L Mapping Sohermes .
3 onstruct ; Invoke| ; : 3
Core Send, Receive, Forwarding, ' Aggregation |
Libraries Response, :> Addressing, :> e s e
Lookup, -+ Adaption. PR, S_ ecunty ___:
Services

Fig. 8 Universal engine of address schemes

&8 e hE AL 5]

i P ik AE 2 AT Sy S A 1 M kAR R SRR RS
— Wi RE AL PR BRI ECE A ORI
JE R A A 2 T RRATT B S s ) XML fif A
P 7 5 Mk AL ) T2 Bl I A i 3k I $ 52 = 51 B
PPN s 5 | ARG 1 118 ORI X 3% A 3
A7 36 E Vg T 5T 98 AR L AR 55 4 S 48] 4
B I A B AT I R 45

73 51 38 F ik BL I HE 22 94 51 28 okt R &
JIv A 3 A5 AL PF AT o TR E R 1 A R
S A0 R PR IE B T 1 5 2 1 R R BR B2 19 A e
P, LEUIHE S N I B AT R E Ml ik (9 3 BIL A LA K e
S SR AL A5 L i R e BTN BRI S P s i 3
M 2R3 A SR AR PPl o DT 2 56 G i G ) 13
%,

6 LRI

AR ST o 0T LI 0 1 A1k AR 2R S A R 22 R TR B TR
ABIFFE G A FORRAE S 4 L 32 10 T 58 3 5B 5K
AL AR 5 ) RS 0o 8 T 1) e /A 58 A 50k
FAH I M HE L) B i SR oE 1 R T B A
S FEAE SR L A PTG A S A h B O A ) d

FIAF- & ARS8 22 58 AT o] 99 B2 ) il AL 1] 45 mT
PATEME & S AT oA T LRI 2R R s SO B

LR ) M WL A R Y SR AR MR AT A B SR AN
—EE. ERAEE AR TIILHEZ AL AR
i 44 4k A5G B T 1218 2 A . HR A X 28 G B A
R HA R S AU — MR A S SR E
M3 1o S8 AR B 117 5L — R RE S [l A T A
KB IS 249 3 A8 52 B Y ik B S o B A
— 2 B AR X T Bl 2 i A AL R
o 78 SC— 21 A% O b i AR 3 3 e A AR Ok 5
B B RBR BEARAIE T BT 9 A . 855 A SCHfE S il
PR 38 5 P S5, BT A0 D A A TR R T LA B AT AR TP
AACIUE. fe i+ 30 1k 5| 5608 o — 0 R
M ik AL A 4 38 R T 1 4R T AT RE O SE RO . R OR
A A FRAT R &5 5 G IR E L T N Y S R
I3 B WA BTG BIL A L O o8 SR AR G R AT 58 3
il FERE A8 AR U fb Y IEAG 45
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