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1969 ARPA
1973 Ethernet (by R. Metcalfe)
1981 TCP (RFC793)
1983 Ethernet (CSMA/CD)
1987 ISP (UUNET)
1988 TCP (SIGCOMM, by V. Jacobson)
1992 ISP (AT&T Jens, IIJ)
1993 Web (Mosaic)

QoS
1992 IntServ (SIGCOMM, by Clark, Shenker, Zhang)
1998 DiffServ (RFC2475)

Mobile
1996 Mobile IPv4 (RFC2002)
2004 Mobile IPv6 (RFC3775)
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EVOLUTIONAL APPROACH

LAN, 3G/4G , bluetooth, 

LAN
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EVOLUTIONAL APPROACH
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Medium 1

Medium 2

Medium 3

Host 

Host 

Host 
Flow B

Flow C

Flow A
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CLEAN-SLATE APPROACH

Definition:
Protocol design by the violation of a reference layered 
communication architecture is cross-layer design 
with respect to the particular architecture [1].

TCP/IP
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Explicit Signaling

TCP

[KSE+04] R. Krishnan, J. Sterbenz, W. Eddy, C. Partridge, 
and M. Allman.  Explicit Transport Error Notification 
(ETEN) for Error-Prone Wireless and Satellite Networks. 
Computer Networks, 46(3), October 2004.
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Explicit Signaling
In-band and out-of-band notification

In-band
IP option

Out-of-band

No routers
Some routers
All Routers
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AllRouters

AllRouters
AllRouters End-to-end

TCP Quick-Start (RFC4782, Jan. 2007)
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AllRouters
IP TTL TTL

IP TTL TTL

VPN
VPN TTL
AllRouters

Explicit Signaling
Explicit Signaling IP option
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Evolutional Approach Clean-slate Approach

Clean-slate approach

AllRouters VPN IP option
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