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� Every automobile will have an IP address and will be 

Web enabled 
(www.economist.com - September 10th 2003)

� Automobiles will be subjected to repeated handoff in 
a heterogeneous environment

� Reduction in transient data loss is desirable as the 
client moves between subnets

� GPS coordinates can help speed up the IP address 
discovery process

� Efforts underway within IETF for integrating DHCP 
with GPS
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� Geocast {navas,imielinski}
–Geographic Message Routing

� GPS to Mobile IP and Routing {Ergen, Coleri et al}
� DHCP option {draft-polk-dhcp-geo-loc-option-00.txt}
� Geographical Routing {Jain, Puri, Sengupta}
� Optimistic DAD (Moore et al)
� Advanced DAD (draft-han-mobileip-adad-01.txt)
� Optimized DAD(draft-daley-ipv6-mcast-dad)
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� Static

– Works only when a set of possibly visited networks is known in advance
– Each Mobile can be pre-assigned a fixed set of IP addresses for use on 

these frequently visited networks

� Stateful
– DHCP Server, Relay Agent
– PPP Server
– MIP Care-of-address (MIP-COA)

� Stateless
– IPV6 provides this option
– Combination of link-local prefix and network prefix computes an address of 

global scope

� Auto-IP
– Zero-conf scenario provides 169.154/16 Network address for the local link
– But is not globally routable

� GPS-IP
– Obtains an IP address based on the GPS location, machine ID and MAC 

address
– Supposed to help the fast-handoff
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� Detection of Layer 2 
– SNR drops below a threshold
– Promiscuous Mode to detect other Access Point overlapping
– Proactive Layer 2 handoff 
– Beacon Interval
– Client polling interval

� L3 based handoff
– Enabling L2 handoff event to trigger L3 handoff

� Network Initiated, Mobile Initiated by L2 trigger
– Lazy Cell Switching, Prefix matching, Eager Cell Switching
– ICMP Subnet Router Advertisement
– FA server advertisement

� Address Configuration
� No of messages back and forth
� Address Conflict resolution
� Processing time

� Application Layer Handoff
– Monitoring an incoming data stream
– Based on GPS co-ordinates of the terminal
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� GPS-based IP address discovery

– Ways to Self-learning and auto configuring
� Discover the local TIG (Server)

– Must find a solution for conflicting IP addresses
� Is ARP mechanism good
� Duplicate Address Detection

� How to trigger GPS-IP
– Combination of coordinate based and L2/L3 triggers

� Need to communicate with DHCP server in case of Auto configuration 
so that DHCP server can delete it from the  lease database

� A protocol to download the initial database from the server
� Provision to go back and forth between auto-IP and DHCP/PPP based 

IP address acquisition
� Can an Auto-IP configured client communicate with PPP server without 

PPP context setup
� How to make sure that auto-configured IP address is routable within a 

network
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� How can L2 assisted handoff help reduce the transient data 
loss?

� Possible Methods
– L2 requirements to support smooth hand-over

– Event causing the trigger

– Proactive L2 triggering

� L2 assisted handoff (IETF approach)
– Pre-registration

– Post-registration
– Combined Method

� Link Layer Assisted handoff
– Use of APs and MAC Bridge

– No change in MIP specification
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� Key Assumptions
– Multiple mobility management techniques are likely to co-exist in 
the future

� Mobile IP, SIP-based mobility management, Mobile IPv6, Transaction based

– IP address acquisition can be via DHCP or PPP
– Different types of L2 technologies (802.11, W-CDMA, CDMA-1XRTT)
– PPP servers may be configured statically or dynamically

� Dynamic PPP gives a new address every time client re-connects

– Number of addresses in a subnet will depend upon the class of addresses 
(A, B or C) or CIDR scheme

– A network provider can have one or many broadcast domains

� Design Goals
– Faster IP address acquisition is key to seamless mobility and fast handoff
– Becomes crucial when switching between different types of networks 
– Devise a method to make use of GPS coordinates information during 

network switch/IP Address acquisition
– In addition to unique MAC address and unique VIN; longitude, latitude and 

altitude are unique at any given time
– Alternative to DHCP IP address acquisition, but co-exists with it
– GPS-based method should  interface with DHCP/PPP servers
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� Use standard L2/L3 triggering technique or GPS address range to 

determine when to trigger for a new IP address during network change  
or a MIP CoA

� Map GPS ID, MAC Address and Laptop ID to generate a token/hashing  
to obtain an IP address

� Map the token with the IP table database and look for the IP address in 
the local configuration table initially downloaded from the local TIG

� Use Conflict Resolution Protocol (CRP) before assigning the IP 
address to the interface

– Combination of ARP, Localized Multicast, SNMP type tool

� Or Assign it tentatively and then look for any address conflict
� GPS-IP address range may be part of  DHCP range of addresses? 

� Non GPS-IP enabled client should be able to make sure that the 
address is already in use
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{IP: 192.168.90.105 - 192.168.90.130
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{IP:192.168.99.105 - 192.168.99.130

GPS:30 0.0N, 52 0.0W - 30 50.0N, 52 60.0}
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Starting

Real-time track log
t lat long alt fix EPE EPH EPV vel_x vel_y vel_z TRK

11/15/2002 21:35 N40 46 33.1 W74 28 11.7 102.5 ? 28.5 25.9 26.9 0 0 0
11/15/2002 21:35 N40 46 33.1 W74 28 11.7 102.5 ? 28.5 25.9 26.9 0 0 0
11/15/2002 21:35 N40 46 33.1 W74 28 11.7 102.5 ? 28.5 25.9 26.9 0 0 0
11/15/2002 21:35 N40 46 33.1 W74 28 11.7 102.5 ? 28.5 25.9 26.9 0 0 0
11/15/2002 21:35 N40 46 33.6 W74 28 11.0 102.9 3D 49 29.5 33.9 -0.5 4.7 0.1
11/15/2002 21:35 N40 46 32.4 W74 28 10.4 106.5 3D 49 29.5 34.9 -6.4 -0.5 0.1
11/15/2002 21:36 N40 46 30.5 W74 28 10.8 106.3 3D 19.8 18.9 27.3 -3 -0.8 0
11/15/2002 21:36 N40 46 30.6 W74 28 13.8 103.7 3D 24.9 21.3 26 0.7 -9.3 0
11/15/2002 21:36 N40 46 31.1 W74 28 18.4 103.3 3D 32.6 23.8 27.3 1.2 -10.9 0
11/15/2002 21:36 N40 46 31.2 W74 28 19.7 103.2 3D 37.8 28.7 27.9 0.9 -10.3 0
11/15/2002 21:36 N40 46 31.9 W74 28 26.4 103.3 3D 29.4 28.8 28.4 8.1 3.5 0
11/15/2002 21:36 N40 46 32.5 W74 28 26.0 102.2 3D 31.4 28.8 29.5 9.7 3.8 0
11/15/2002 21:37 N40 46 38.5 W74 28 23.0 102.5 3D 31.4 28.9 30.8 13.6 5.5 0
11/15/2002 21:37 N40 46 39.0 W74 28 22.7 102.7 3D 31.4 28.9 30.8 13.9 5.5 0
11/15/2002 21:37 N40 46 39.0 W74 28 22.7 102.7 3D 31.4 28.9 30.8 13.9 5.5 0
11/15/2002 21:37 N40 46 49.1 W74 28 17.0 103 3D 29.4 29 31.1 -2 15.3 0
11/15/2002 21:37 N40 46 48.2 W74 28 09.0 103 3D 29.4 29 31.3 -0.4 5.2 0
11/15/2002 21:37 N40 46 48.2 W74 28 09.0 103 3D 29.4 29 31.3 -0.4 5.2 0
11/15/2002 21:38 N40 46 35.8 W74 28 01.0 103 3D 38.2 37.9 31.7 -12.8 -1 0
11/15/2002 21:38 N40 46 35.5 W74 28 01.1 103 3D 38.2 37.9 31.7 -12.9 -0.7 0
11/15/2002 21:38 N40 46 35.5 W74 28 01.1 103 3D 38.2 37.9 31.7 -12.9 -0.7 0
11/15/2002 21:38 N40 46 35.5 W74 28 01.1 103 3D 38.2 37.9 31.7 -12.9 -0.7 0
11/15/2002 21:38 N40 46 35.5 W74 28 01.1 103 ? 38.2 37.9 31.7 0 0 0
11/15/2002 21:38 N40 46 35.5 W74 28 01.1 103 ? 38.2 37.9 31.7 0 0 0
11/15/2002 21:39 N40 46 35.5 W74 28 01.1 103 ? 38.2 37.9 31.7 0 0 0
11/15/2002 21:39 N40 46 35.5 W74 28 01.1 103 ? 38.2 37.9 31.7 0 0 0
11/15/2002 21:39 N40 46 32.7 W74 28 12.0 103 2D 15.7 15.7 33.3 0.1 -0.6 0
11/15/2002 21:39 N40 46 32.9 W74 28 12.1 103 2D 15.7 15.7 33.3 0 -0.4 0
11/15/2002 21:39 N40 46 32.9 W74 28 12.1 103 2D 15.7 15.7 33.3 0 -0.4 0
11/15/2002 21:39 N40 46 32.8 W74 28 12.3 103 2D 18.3 18.3 33.3 -0.1 -0.2 0
11/15/2002 21:40 N40 46 32.8 W74 28 12.3 103 2D 18.3 18.3 33.3 -0.1 -0.2 0
11/15/2002 21:40 N40 46 32.8 W74 28 12.3 103 2D 18.3 18.3 33.3 -0.1 -0.2 0
11/15/2002 21:48 N40 46 32.8 W74 28 12.3 103 ? 18.3 18.3 33.3 0 0 0

End
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CAR1, CAR2 – GPS equipped 
cars
IPg0, IPg1,IPg2,IPg3 – Inter im GPS-IP
{x1,y1,z1} , {x2,y2,z2}, {x3,y3,z3} – GPS 
Coordinates
TIG – Toyota Information Gateway
IP2,IP3 – DHCP/PPP addresses
N1- CAR1 ID
N2 – CAR2 ID
M1 – CAR1 MAC
M2 – CAR2 MAC Zone-B

Zone-C

GPS-IP
Database

DHCP
Server

PPP
Server

Zone-A

DHCP
Server

PPP
Server

DHCP
Server

PPP
Server

TIG

DB

CAR1 (M1,N1,g1) CAR2 (M2,N2, g1)

x1,y1,z1

IPg0 IPg1

x2,y2,z2

IPg2���� IP2

Carrier
Network

IPg3���� IP3

x3,y3,z3DB DB DB

CAR2 (M2,N2,g2) CAR2 (M2,N2,g3)

802.11/CDMA

x1,y1,z1
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Objective: Change the IP address manually on the PPP client without 
terminating the PPP state during the movement between NAS

� PPP is used for Wide Area Network Access
� Setting up a PPP state takes about 6-7 sec over CDMA 1XRTT using 

Linux
� If we can change the IP address/default gw without affecting the PPP state 

and still be able to communicate it will save about 95% of time taken 
earlier

� Early experiment shows we can change the PPP address but as soon as 
we start pinging it resets the PPP state

– Probable cause is due to authentication
– Inverse Address Filtering

� A typical NAS has a wide coverage unlike 802.11 network
� Many NAS can be supported by a single Access Point

– Two different PCMCIA cards connect to two different NAS from the same 
location

� Moving between two NAS
– Inter PDSN handoff
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� Both Linux Based and Windows Based

7-8 sec for PPP setup

� <1 sec for PPP tear-down
Windows takes more time.

� Static PPP address assignment needs to set up
– Default router 

– Remote PPP end-point (NAS’s address)

� Used both Sierra card and CDMA phone
– Sierra card driver ported to Linux

– different subnet prefix

– Need to establish connection every time it disconnects
– Need to find a way to reconfigure the IP address in Windows

– Two different Sierra cards got connected to different NAS

� Linux’s iptables fixed
– NAS’s Ingress Filtering problem
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Default gw – Pr1
Remote IP – Pr1
Case I : changeip: ifconfig ppp0 P1 
pointopoint Pr; route add default gw Pr dev 
ppp0 (case1)
Case I I : ifconfig ppp0 P1 pointopoint Pr1; 
route add default gw P1 ( like in windows)

NAS2NAS1
Pr1

P0

PPP

P1

Pr1

MN

Pr2 Pr2

MN MN MN
N1 N2

Default gw – Pr2
Remote IP – Pr2

Most practical 
Case

Area 1 Area 2

Step 1

Step 2

PPP PPP PPP
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� Linux 2.4.7-10 based platform

– provides “iptables” facility

� Linux Driver ported to support Sierra PCMCIA Air card
� Language

– JDK 1.3.1 and Tcl/Tk

� 802.11b and CDMA 1XRTT layer 2 access
– 802.11b for LAN and CDMA 1XRTT for wide area networking

� GPS 12/72 (GARMIN Make)
� Customized GPSMAN for Linux

– provides online GPS ID for the mobile

� Tools to create GPS-IP database
– SNMP, ARP, Localized Multicast

� IP address acquisition experiment
– DHCP for LAN, PPP for WAN

� MH missed about 80-90 packets of streaming video (500 Kbps)
– 70-80 packets stream redirection delay
– 10-20 packets due IP address redirection delay

� CH missed about 5 packets
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� Several kinds of IP discovery mechanism have been explored

– e.g., DHCP, DRCP, PPP, DHCPv6, Mobile IP
� GPS-IP discovery mechanism has been investigated to provide fast-handoff by 

reducing the IP address discovery time
� A suitable conflict resolution protocol has been developed to provide the 

uniqueness of the IP address
� Several scenarios where SIP based mobility, Mobile IP and TIG  based mobility 

can co-exist have been explored
� Experiments carried out for both DHCP in a LAN environment and PPP in a 

wide are networking environment
� Several scenarios were discussed as to  how GPS-IP can support several 

mobility management framework
� Part of GPS-IP implementation is illustrated
� Conflict Resolution Protocol and full GPS-IP implementation is underway
� Try to achieve a goal of close to ~100 msec for IP discovery
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� Address Resolution Protocol and Reverse-ARP
– ARP cache and Address Resolution Protocols help resolve the existence of 

another IP address on the same link

� Variations of ARP
� Proxy-ARP

– Have a device respond to ARP broadcasts on behalf of another device
– Typically helpful when the mobile is in the foreign domain

� Inverse ARP
– Find the IP address for a known hardware address
– Mostly useful for ATM like environment

� Reverse ARP
– Provide an IP address for a given Ethernet address
– RARP server can provide this information

� DHCP ARP
– Allows device to probe  (ARP Probe) the network for any other device that may be using 

the assigned IP address
– The requester puts 0.0.0.0 source protocol address instead of its own address at the 

point

� Gratuitous ARP
– Issues an ARP broadcast to keep other devices informed of its presence in the network

� UnARP
– Provides a mechanism for de-registering the ARP entries

' " � 
 	 � � � �$ � � � 
 	 	 � � 
 	 � � � 
 � � � � � � � 
 � � � �
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� Stateless
– Problem is easier, use Link Local address, router prefix to determine 
the IP address
– GPS-IP table may contain just the router prefix based on GPS coordinate
– Mobile can compute the IP address based on this input

� Stateful
– Use of DHCPv6
– Better than DHCPv4
– Still need a better duplicate address detection scheme

� Optimistic DAD

� After GPS-IP triggering, mobility can be taken care of by
– MIPv6
– SIP based mobility
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Case I .
** * *Current lease has not expired for the client with the
address 192.168.80.137*******

OLD-BROADCAST -> BROADCAST    DHCP/BOOTP DHCPDISCOVER
192.168.80.20 -> 192.168.80.137 DHCP/BOOTP DHCPOFFER
OLD-BROADCAST -> BROADCAST    DHCP/BOOTP DHCPDISCOVER
192.168.80.20 -> 192.168.80.137 DHCP/BOOTP DHCPOFFER
OLD-BROADCAST -> BROADCAST    DHCP/BOOTP DHCPREQUEST
192.168.80.20 -> 192.168.80.137 DHCP/BOOTP DHCPACK
192.168.80.137 -> (broadcast)  ARP C Who is 192.168.80.1, 192.168.80.1 ?
192.168.80.1 -> 224.0.0.13   IP  D=224.0.0.13 S=192.168.80.1 LEN=46, ID=13972

? -> (multicast)  ETHER Type=2000 (Unknown), size = 425 bytes

Case I I .
** * ********************************************************
**  A new machine comes up, 80.138 is still available in the lease
table. Server does ARP check before assigning the address
***********************************************************

OLD-BROADCAST -> BROADCAST    DHCP/BOOTP DHCPDISCOVER
192.168.80.20 -> (broadcast)  ARP C Who is 192.168.80.138, 192.168.80.138 ?
192.168.80.20 -> (broadcast)  ARP C Who is 192.168.80.138, 192.168.80.138 ?
192.168.80.20 -> 192.168.80.138 DHCP/BOOTP DHCPOFFER
OLD-BROADCAST -> BROADCAST    DHCP/BOOTP DHCPDISCOVER
192.168.80.20 -> 192.168.80.138 DHCP/BOOTP DHCPOFFER
OLD-BROADCAST -> BROADCAST    DHCP/BOOTP DHCPREQUEST
192.168.80.20 -> 192.168.80.138 DHCP/BOOTP DHCPACK
192.168.80.138 -> (broadcast)  ARP C Who is 192.168.80.1, 192.168.80.1 ?
192.168.80.20 -> 192.168.80.138 ICMP Echo request (ID: 39212 Sequence number: 0)
192.168.80.138 -> (broadcast)  ARP C Who is 192.168.80.20, 192.168.80.20 ?
192.168.80.20 -> 192.168.80.138 ARP R 192.168.80.20, 192.168.80.20 is 0:3:ba:c:e
a:b7

Case I I I .

** * *********************************************
**  Another machine gets configured with 80.139 as static address, but
DHCP server still has this address available in its lease
table. Another DHCP client comes on, DHCP server tries to dispense
the address 80.139 as it is available in the lease table, but it
cannot since it gets an ARP reply for 80.139 and picks the next address 
80.140.
************************************************
OLD-BROADCAST -> BROADCAST    DHCP/BOOTP 
DHCPDISCOVER
192.168.80.20 -> (broadcast)  ARP C Who is 192.168.80.139, 
192.168.80.139 ?
192.168.80.139 -> 192.168.80.20 ARP R 192.168.80.139, 
192.168.80.139 is 0:50:4:9
7:0:f9
192.168.80.20 -> 192.168.80.139 ICMP Echo request (ID: 39356 
Sequence number: 0)
192.168.80.139 -> 192.168.80.20 ICMP Echo reply (ID: 39356 
Sequence number: 0)
192.168.80.139 -> *            ARP C Who is 192.168.80.20, 
192.168.80.20 ?
192.168.80.20 -> 192.168.80.139 ARP R 192.168.80.20, 192.168.80.20 
is 0:3:ba:c:e
a:b7
OLD-BROADCAST -> BROADCAST    DHCP/BOOTP 
DHCPDISCOVER
192.168.80.20 -> (broadcast)  ARP C Who is 192.168.80.140, 
192.168.80.140 ? 
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Case 4.

***************************************************************************
***  Assign static address 80.140 to one client A, re-init the old
client (B) which had an address 80.140 from DHCP server. In this case
since the MAC address of the old client matches with the lease address
80.140 it does not even do an ARP check, thus ending up with two
machines with the same IP address 80.140 in the same subnet 9one
statically configured and one DHCP), which is not good !

** * *************************************************************************
OLD-BROADCAST -> BROADCAST    DHCP/BOOTP DHCPDISCOVER
192.168.80.20 -> 192.168.80.140 ICMP Echo request (ID: 39500 Sequence number: 0)
192.168.80.20 -> 192.168.80.140 DHCP/BOOTP DHCPOFFER
OLD-BROADCAST -> BROADCAST    DHCP/BOOTP DHCPDISCOVER
192.168.80.20 -> 192.168.80.140 DHCP/BOOTP DHCPOFFER
OLD-BROADCAST -> BROADCAST    DHCP/BOOTP DHCPREQUEST
192.168.80.20 -> 192.168.80.140 DHCP/BOOTP DHCPACK 
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� Discovery of local TIG is needed based on GPS coordinates
– A client upon boot up needs to contact the local TIG for database 

download

� Pre-provision based on GPS address
� Use DHCP/PPP option
� DNS “SRV” record
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� Apply right type of mobility management approach based on 

– Type of network, Type of traffic, Type of movement

� MIP, SIP or Transaction based mobility (TIG approach)
� MIP

– FA COA
� Mobile’s address remains same
� Time for COA

– Co-located COA
� Mobile’s address changes
� Address via DHCP/DRCP/PPP

– Hierarchical FA approach
� IDMP

� SIP
– Co-Located COA
– End-to-end solution

� Transaction Oriented
– Co-Located COA
– Server splits the connection
– Stateful
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� A PPP session can provide support for both Simple IP and 
Mobile IP

� In simple IP case the NAS or PDSN does provide the IP 
address upon hand-off.

� Only one PPP session is supported between MS and PDSN
� In Mobile IP case the foreign agent is resident in PDSN and 

Mobile can support multiple home address
� Fast-handoff is supported by means of  Inter-PDSN message 

exchange through P-P interface
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lo        Link encap:Local Loopback

inet addr:127.0.0.1  Mask:255.0.0.0
inet6 addr: ::1/128 Scope:Host
UP LOOPBACK RUNNING  MTU:16436  Metric:1
RX packets:28 errors:0 dropped:0 overruns:0 frame:0
TX packets:28 errors:0 dropped:0 overruns:0 carrier:0
collisions:0
RX bytes:1904 (1.8 Kb)  TX bytes:1904 (1.8 Kb)

ppp0      Link encap:Point-to-Point Protocol
inet addr:166.180.149.144  P-t-P:66.174.120.156  Mask:255.255.255.255
UP POINTOPOINT RUNNING NOARP MULTICAST  MTU:1400  Metric:1
RX packets:3 errors:0 dropped:0 overruns:0 frame:0
TX packets:5 errors:0 dropped:0 overruns:0 carrier:0
collisions:0
RX bytes:48 (48.0 b)  TX bytes:79 (79.0 b) 

lo        Link encap:Local Loopback
inet addr:127.0.0.1  Mask:255.0.0.0
inet6 addr: ::1/128 Scope:Host
UP LOOPBACK RUNNING  MTU:16436  Metric:1
RX packets:28 errors:0 dropped:0 overruns:0 frame:0
TX packets:28 errors:0 dropped:0 overruns:0 carrier:0
collisions:0
RX bytes:1904 (1.8 Kb)  TX bytes:1904 (1.8 Kb)

ppp0      Link encap:Point-to-Point Protocol
inet addr:66.174.15.196  P-t-P:66.174.10.133  Mask:255.255.255.255
UP POINTOPOINT RUNNING NOARP MULTICAST  MTU:1400  Metr ic:1
RX packets:3 errors:0 dropped:0 overruns:0 frame:0
TX packets:5 errors:0 dropped:0 overruns:0 carrier:0
collisions:0
RX bytes:48 (48.0 b)  TX bytes:79 (79.0 b) 

Sier ra Card 1

Sierra Card 2
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R e a l -t im e  t r a c k  lo g
t l a t lo n g a l t f i x E P E E P H E P V v e l_ x v e l_ y v e l_ z

1 1 /7 /2 00 2  2 1 :4 1 N 4 0  4 6  37 .2 W 74  2 8  1 8 .5 1 08 .6 3 D 2 6 .5 1 4 .2 22 .4 0 0 0
1 1 /7 /2 00 2  2 1 :4 1 N 4 0  4 6  37 .2 W 74  2 8  1 8 .4 1 08 .6 3 D 2 6 .5 1 4 .2 22 .4 0 0 0
1 1 /7 /2 00 2  2 1 :4 1 N 4 0  4 6  37 .2 W 74  2 8  1 8 .4 1 08 .1 3 D 2 6 .5 1 4 .2 22 .4 0 0 0
1 1 /7 /2 00 2  2 1 :4 1 N 4 0  4 6  37 .2 W 74  2 8  1 8 .5 1 06 .7 3 D 2 6 .5 1 4 .2 22 .4 0 0 0
1 1 /7 /2 00 2  2 1 :4 1 N 4 0  4 6  37 .2 W 74  2 8  1 8 .5 1 06 .4 3 D 2 6 .5 1 4 .2 22 .4 0 0 0
1 1 /7 /2 00 2  2 1 :4 1 N 4 0  4 6  37 .2 W 74  2 8  1 8 .5 1 0 6 3 D 2 6 .5 1 4 .2 22 .4 0 0 0
1 1 /7 /2 00 2  2 1 :4 1 N 4 0  4 6  37 .2 W 74  2 8  1 8 .5 1 05 .9 3 D 2 6 .5 1 4 .2 22 .4 0 0 0
1 1 /7 /2 00 2  2 1 :4 1 N 4 0  4 6  37 .2 W 74  2 8  1 8 .5 1 06 .1 3 D 2 6 .5 1 4 .2 22 .4 0 0 0
1 1 /7 /2 00 2  2 1 :4 1 N 4 0  4 6  37 .2 W 74  2 8  1 8 .5 1 07 .7 3 D 2 6 .5 1 4 .2 22 .4 0 0 0
1 1 /7 /2 00 2  2 1 :4 1 N 4 0  4 6  37 .2 W 74  2 8  1 8 .4 1 0 8 3 D 2 9 2 0 .6 25 .8 0 0 0
1 1 /7 /2 00 2  2 1 :4 1 N 4 0  4 6  36 .9 W 74  2 8  1 8 .7 1 06 .6 3 D 2 6 .7 1 4 .3 22 .6 -0 .3 -3 .7 0
1 1 /7 /2 00 2  2 1 :4 1 N 4 0  4 6  37 .7 W 74  2 8  2 0 .5 1 05 .5 3 D 2 9 .5 1 5 .9 24 .9 2 .9 -3 .9 0
1 1 /7 /2 00 2  2 1 :4 2 N 4 0  4 6  37 .8 W 74  2 8  2 1 .4 1 03 .9 3 D 1 8 9 .2 15 .3 -0 .2 -2 .5 0
1 1 /7 /2 00 2  2 1 :4 2 N 4 0  4 6  34 .6 W 74  2 8  2 3 .4 1 03 .9 3 D 2 3 .9 1 4 .9 20 .5 -1 5 .2 -5 .2 0
1 1 /7 /2 00 2  2 1 :4 2 N 4 0  4 6  30 .1 W 74  2 8  2 6 .6 1 03 .8 3 D 2 0 .3 1 1 17 -1 0 .3 -1 3 .2 0
1 1 /7 /2 00 2  2 1 :4 2 N 4 0  4 6  28 .0 W 74  2 8  3 4 .0 1 04 .4 3 D 1 8 .6 1 0 .2 15 .5 -5 .4 -1 8 .4 0
1 1 /7 /2 00 2  2 1 :4 2 N 4 0  4 6  25 .7 W 74  2 8  4 0 .3 1 04 .9 3 D 2 9 .4 1 7 .4 24 .1 -2 .9 -8 .3 0
1 1 /7 /2 00 2  2 1 :4 2 N 4 0  4 6  28 .5 W 74  2 8  4 0 .0 1 04 .8 3 D 2 0 .6 1 2 .7 17 .7 1 4 .4 9 0
1 1 /7 /2 00 2  2 1 :4 3 N 4 0  4 6  34 .6 W 74  2 8  3 5 .0 1 07 .2 3 D 1 8 .5 1 5 24 .1 2 1 .8 1 3 .4 0
1 1 /7 /2 00 2  2 1 :4 3 N 4 0  4 6  42 .1 W 74  2 8  2 9 .3 1 09 .9 3 D 2 2 2 2 29 .9 2 3 .2 1 2 .7 0 .1
1 1 /7 /2 00 2  2 1 :4 3 N 4 0  4 6  49 .8 W 74  2 8  2 4 .0 1 11 .2 3 D 2 7 .4 1 8 .2 30 .5 2 3 .7 1 2 .5 0 .1
1 1 /7 /2 00 2  2 1 :4 3 N 4 0  4 6  57 .4 W 74  2 8  1 8 .4 1 12 .7 3 D 1 8 9 .3 15 .4 2 2 .1 1 3 .7 0 .3
1 1 /7 /2 00 2  2 1 :4 3 N 4 0  4 7  04 .1 W 74  2 8  1 3 .0 1 17 .7 3 D 1 7 .5 8 .7 15 .2 20 1 1 .9 0 .5
1 1 /7 /2 00 2  2 1 :4 3 N 4 0  4 7  11 .3 W 74  2 8  0 9 .3 1 22 .2 3 D 2 2 .8 1 3 .2 18 .4 2 4 .4 4 .5 0 .4
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Real-time track log
t lat long alt fix EPE EPH EPV vel_x vel_y vel_z CMG

11/7/2002 21:45 N40 48 03.6 W 74 27 51.7 119.9 3D 41.6 19.2 32.5 12.6 27.5 0.1
11/7/2002 21:45 N40 48 08.9 W 74 27 38.6 117.1 3D 21.1 13.9 28.2 16.4 26.1 0
11/7/2002 21:45 N40 48 16.0 W 74 27 27.1 108 3D 32.2 20 24.4 20.8 23.7 0.1
11/7/2002 21:45 N40 48 24.0 W 74 27 16.6 106 3D 22.8 11.5 19.6 21.1 23.6 0
11/7/2002 21:45 N40 48 30.9 W 74 27 05.0 100.7 3D 27.7 16.3 21.9 18.2 23.7 0
11/7/2002 21:46 N40 48 36.9 W 74 26 54.2 97.3 3D 21.8 10.8 18.9 19.2 21.2 0
11/7/2002 21:46 N40 48 44.8 W 74 26 45.4 94.9 3D 20.2 14 24.5 25.4 14.1 -0.1
11/7/2002 21:46 N40 48 53.8 W 74 26 41.3 94.9 3D 18.9 9.3 16.5 23 4.2 -0.1
11/7/2002 21:46 N40 49 02.4 W 74 26 39.3 96.8 3D 17.7 8.8 15.4 26.1 4.4 0
11/7/2002 21:46 N40 49 11.5 W 74 26 36.8 105 3D 20.5 10.8 17.4 24.4 6.3 0.5
11/7/2002 21:46 N40 49 20.5 W 74 26 33.6 103.3 3D 18.2 9.2 15.5 26.4 7 0
11/7/2002 21:47 N40 49 29.6 W 74 26 30.5 98.3 3D 18.9 10.1 15.7 24.9 6.8 -0.2
11/7/2002 21:47 N40 49 38.7 W 74 26 27.2 99.9 3D 19.5 9.9 16.8 25.4 6.6 0
11/7/2002 21:47 N40 49 46.8 W 74 26 23.4 100.5 3D 18.2 9.5 15.5 20.4 11.5 0
11/7/2002 21:47 N40 49 51.9 W 74 26 15.4 100.5 3D 25.3 13.3 20.3 9.9 19.1 0.1
11/7/2002 21:47 N40 49 50.8 W 74 26 07.2 98.4 3D 27.1 17.9 19.3 -9.9 16 0
11/7/2002 21:48 N40 49 48.1 W 74 26 01.6 98.4 3D 26.5 16.4 24.2 -2.2 4 0
11/7/2002 21:48 N40 49 48.0 W 74 26 01.3 99.5 3D 30.8 19 24.2 0 0 0
11/7/2002 21:48 N40 49 47.4 W 74 26 00.2 100.6 3D 25.8 12.7 20.3 -4.4 8 0
11/7/2002 21:48 N40 49 45.0 W 74 25 54.8 100.9 3D 29 17.6 23 -8.2 15.1 0
11/7/2002 21:48 N40 49 41.6 W 74 25 46.5 99.9 3D 25.6 16 18.5 -9.9 18.4 -0.1
11/7/2002 21:48 N40 49 37.9 W 74 25 37.5 98.5 3D 18.2 9.1 15.8 -10.5 19.8 -0.2
11/7/2002 21:49 N40 49 34.9 W 74 25 27.6 90.5 3D 17.9 9 15.5 -5.7 21.8 -0.5
11/7/2002 21:49 N40 49 33.0 W 74 25 16.8 86.9 3D 20.7 10.8 17.7 -7 22.9 -0.4
11/7/2002 21:49 N40 49 28.9 W 74 25 06.3 82.5 3D 27.4 17.8 20.2 -14.3 21.8 -0.4
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Real-time track log
t lat long alt fix EPE EPH EPV vel_x vel_y vel_z CMG

11/7/2002 22:01 N40 47 53.7 W74 20 53.3 77.2 3D 18 8.3 15.9 0 0 0
11/7/2002 22:01 N40 47 53.7 W74 20 53.2 76.2 3D 17.7 8.5 15.5 0 0 0
11/7/2002 22:01 N40 47 53.7 W74 20 53.2 76.7 3D 22.2 9.5 20 0 0 0
11/7/2002 22:01 N40 47 53.7 W74 20 53.2 76.9 3D 16.7 8.1 14.4 0 0 0
11/7/2002 22:01 N40 47 53.8 W74 20 53.3 76.3 3D 16.6 8.1 14.4 0 0 0
11/7/2002 22:02 N40 47 53.8 W74 20 53.3 74.3 3D 14.9 7.9 12.6 0 0 0
11/7/2002 22:02 N40 47 53.8 W74 20 53.3 75.2 3D 15.1 7.9 12.9 0 0 0
11/7/2002 22:02 N40 47 53.8 W74 20 53.3 78.1 3D 15.4 8.1 13.1 0 0 0
11/7/2002 22:02 N40 47 53.8 W74 20 53.3 77.9 3D 15.4 8.1 13.1 0 0 0
11/7/2002 22:02 N40 47 53.8 W74 20 53.3 77.3 3D 15.8 8.2 13.5 0 0 0
11/7/2002 22:02 N40 47 53.8 W74 20 53.4 75.1 3D 17.7 8.3 15.4 0 0 0
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Real-t im e track  log
t lat long alt f ix EPE EPH EPV vel_x vel_y vel_z CMG

11/7/2002 21:45 N40 48 03.6 W 74 27 51.7 119.9 3D 41.6 19.2 32.5 12.6 27.5 0.1
11/7/2002 21:45 N40 48 08.9 W 74 27 38.6 117.1 3D 21.1 13.9 28.2 16.4 26.1 0
11/7/2002 21:45 N40 48 16.0 W 74 27 27.1 108 3D 32.2 20 24.4 20.8 23.7 0.1
11/7/2002 21:45 N40 48 24.0 W 74 27 16.6 106 3D 22.8 11.5 19.6 21.1 23.6 0
11/7/2002 21:45 N40 48 30.9 W 74 27 05.0 100.7 3D 27.7 16.3 21.9 18.2 23.7 0
11/7/2002 21:46 N40 48 36.9 W 74 26 54.2 97.3 3D 21.8 10.8 18.9 19.2 21.2 0
11/7/2002 21:46 N40 48 44.8 W 74 26 45.4 94.9 3D 20.2 14 24.5 25.4 14.1 -0.1
11/7/2002 21:46 N40 48 53.8 W 74 26 41.3 94.9 3D 18.9 9.3 16.5 23 4.2 -0.1
11/7/2002 21:46 N40 49 02.4 W 74 26 39.3 96.8 3D 17.7 8.8 15.4 26.1 4.4 0
11/7/2002 21:46 N40 49 11.5 W 74 26 36.8 105 3D 20.5 10.8 17.4 24.4 6.3 0.5
11/7/2002 21:46 N40 49 20.5 W 74 26 33.6 103.3 3D 18.2 9.2 15.5 26.4 7 0
11/7/2002 21:47 N40 49 29.6 W 74 26 30.5 98.3 3D 18.9 10.1 15.7 24.9 6.8 -0.2
11/7/2002 21:47 N40 49 38.7 W 74 26 27.2 99.9 3D 19.5 9.9 16.8 25.4 6.6 0
11/7/2002 21:47 N40 49 46.8 W 74 26 23.4 100.5 3D 18.2 9.5 15.5 20.4 11.5 0
11/7/2002 21:47 N40 49 51.9 W 74 26 15.4 100.5 3D 25.3 13.3 20.3 9.9 19.1 0.1
11/7/2002 21:47 N40 49 50.8 W 74 26 07.2 98.4 3D 27.1 17.9 19.3 -9.9 16 0
11/7/2002 21:48 N40 49 48.1 W 74 26 01.6 98.4 3D 26.5 16.4 24.2 -2.2 4 0
11/7/2002 21:48 N40 49 48.0 W 74 26 01.3 99.5 3D 30.8 19 24.2 0 0 0
11/7/2002 21:48 N40 49 47.4 W 74 26 00.2 100.6 3D 25.8 12.7 20.3 -4.4 8 0
11/7/2002 21:48 N40 49 45.0 W 74 25 54.8 100.9 3D 29 17.6 23 -8.2 15.1 0
11/7/2002 21:48 N40 49 41.6 W 74 25 46.5 99.9 3D 25.6 16 18.5 -9.9 18.4 -0.1
11/7/2002 21:48 N40 49 37.9 W 74 25 37.5 98.5 3D 18.2 9.1 15.8 -10.5 19.8 -0.2
11/7/2002 21:49 N40 49 34.9 W 74 25 27.6 90.5 3D 17.9 9 15.5 -5.7 21.8 -0.5
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R e a l- tim e  tra c k  lo g
t la t lo n g a lt f ix E P E E P H E P V ve l_ x ve l_ y ve l_ z C M G

1 1 /7 /2 0 0 2  2 2 :1 7 N 4 0  4 7  3 5 .4 W 7 4  2 6  0 4 .7 1 0 4 .3 3 D 2 0 .1 9 .3 1 8 .6 0 .7 -8 .7 0
1 1 /7 /2 0 0 2  2 2 :1 7 N 4 0  4 7  3 5 .6 W 7 4  2 6  0 7 .6 1 0 6 .3 3 D 2 2 .6 1 1 .2 2 0 .1 1 .9 -1 3 .8 0 .1
1 1 /7 /2 0 0 2  2 2 :1 7 N 4 0  4 7  3 5 .7 W 7 4  2 6  0 8 .2 1 0 6 .9 3 D 2 2 .6 1 1 .2 2 0 .1 2 -1 4 .2 0 .2
1 1 /7 /2 0 0 2  2 2 :1 7 N 4 0  4 7  3 5 .7 W 7 4  2 6  0 8 .9 1 0 7 .5 3 D 2 3 .4 1 2 .1 2 0 .4 1 .9 -1 4 .7 0 .2
1 1 /7 /2 0 0 2  2 2 :1 7 N 4 0  4 7  3 5 .8 W 7 4  2 6  0 9 .6 1 0 7 .9 3 D 4 7 3 6 .8 2 1 .6 1 .1 -1 6 .3 0 .2
1 1 /7 /2 0 0 2  2 2 :1 7 N 4 0  4 7  3 5 .8 W 7 4  2 6  1 0 .3 1 0 8 .2 3 D 2 7 .5 2 7 .5 2 2 .8 1 .3 -1 6 .3 0 .2
1 1 /7 /2 0 0 2  2 2 :1 7 N 4 0  4 7  3 5 .8 W 7 4  2 6  1 1 .0 1 0 8 .1 3 D 1 7 .1 1 1 .1 1 3 1 .5 -1 6 .3 0 .2
1 1 /7 /2 0 0 2  2 2 :1 7 N 4 0  4 7  3 5 .9 W 7 4  2 6  1 1 .7 1 0 8 .6 3 D 1 8 .1 1 1 .6 1 3 .9 1 .8 -1 6 .4 0 .2
1 1 /7 /2 0 0 2  2 2 :1 7 N 4 0  4 7  3 6 .0 W 7 4  2 6  1 2 .4 1 0 9 .5 3 D 3 1 .9 2 2 .5 2 2 .5 2 .1 -1 5 .9 0 .2
1 1 /7 /2 0 0 2  2 2 :1 7 N 4 0  4 7  3 6 .0 W 7 4  2 6  1 3 .1 1 0 9 .8 3 D 1 5 .7 9 .1 1 2 .9 2 .4 -1 6 .1 0 .2
1 1 /7 /2 0 0 2  2 2 :1 7 N 4 0  4 7  3 6 .1 W 7 4  2 6  1 3 .8 1 1 0 .1 3 D 1 6 .9 9 .7 1 3 .8 2 .5 -1 6 .4 0 .2
1 1 /7 /2 0 0 2  2 2 :1 7 N 4 0  4 7  3 6 .2 W 7 4  2 6  1 4 .5 1 1 0 .4 3 D 1 6 .9 9 .7 1 3 .8 2 .6 -1 6 .7 0 .2
1 1 /7 /2 0 0 2  2 2 :1 7 N 4 0  4 7  3 6 .3 W 7 4  2 6  1 5 .2 1 1 0 .8 3 D 1 6 .9 9 .7 1 3 .8 2 .8 -1 6 .8 0 .2
1 1 /7 /2 0 0 2  2 2 :1 7 N 4 0  4 7  3 6 .4 W 7 4  2 6  1 6 .0 1 1 1 .3 3 D 1 6 .9 9 .7 1 3 .8 2 .8 -1 6 .7 0 .2
1 1 /7 /2 0 0 2  2 2 :1 7 N 4 0  4 7  3 6 .5 W 7 4  2 6  1 6 .7 1 1 1 .7 3 D 1 7 .9 1 0 .4 1 4 .6 2 .8 -1 6 .7 0 .2
1 1 /7 /2 0 0 2  2 2 :1 7 N 4 0  4 7  3 6 .6 W 7 4  2 6  1 7 .4 1 1 2 .1 3 D 1 8 .8 1 0 .9 1 5 .3 2 .9 -1 6 .7 0 .2
1 1 /7 /2 0 0 2  2 2 :1 7 N 4 0  4 7  3 6 .7 W 7 4  2 6  1 8 .1 1 1 2 .5 3 D 1 8 .8 1 0 .9 1 5 .3 2 .9 -1 6 .7 0 .2
1 1 /7 /2 0 0 2  2 2 :1 7 N 4 0  4 7  3 6 .8 W 7 4  2 6  1 8 .9 1 1 2 .7 3 D 1 7 .2 9 .7 1 4 .2 2 .9 -1 6 .7 0 .2
1 1 /7 /2 0 0 2  2 2 :1 7 N 4 0  4 7  3 6 .9 W 7 4  2 6  1 9 .6 1 1 3 .3 3 D 1 8 .2 1 0 .3 1 4 .9 2 .9 -1 6 .7 0 .1
1 1 /7 /2 0 0 2  2 2 :1 7 N 4 0  4 7  3 7 .0 W 7 4  2 6  2 0 .3 1 1 3 .7 3 D 1 8 .2 1 0 .3 1 4 .9 2 .8 -1 6 .3 0 .1
1 1 /7 /2 0 0 2  2 2 :1 7 N 4 0  4 7  3 7 .1 W 7 4  2 6  2 1 .0 1 1 4 .4 3 D 1 6 .2 8 .7 1 3 .7 2 .7 -1 6 .9 0 .2
1 1 /7 /2 0 0 2  2 2 :1 7 N 4 0  4 7  3 7 .2 W 7 4  2 6  2 1 .8 1 1 5 .6 3 D 1 7 .8 9 .7 1 4 .9 2 .8 -1 7 0 .2
1 1 /7 /2 0 0 2  2 2 :1 7 N 4 0  4 7  3 7 .3 W 7 4  2 6  2 2 .5 1 1 6 .2 3 D 1 4 .5 7 .8 1 2 .2 2 .8 -1 7 0 .3
1 1 /7 /2 0 0 2  2 2 :1 7 N 4 0  4 7  3 7 .4 W 7 4  2 6  2 3 .2 1 1 6 .9 3 D 1 4 .6 7 .9 1 2 .3 2 .8 -1 7 0 .3
1 1 /7 /2 0 0 2  2 2 :1 7 N 4 0  4 7  3 7 .5 W 7 4  2 6  2 4 .0 1 1 7 .6 3 D 1 4 .6 7 .9 1 2 .3 2 .7 -1 6 .9 0 .3
1 1 /7 /2 0 0 2  2 2 :1 7 N 4 0  4 7  3 7 .6 W 7 4  2 6  2 4 .7 1 1 8 .5 3 D 1 7 .1 9 .3 1 4 .4 2 .7 -1 6 .9 0 .3
1 1 /7 /2 0 0 2  2 2 :1 7 N 4 0  4 7  3 7 .7 W 7 4  2 6  2 5 .4 1 1 9 .2 3 D 1 7 .5 9 .5 1 4 .7 2 .6 -1 6 .7 0 .3
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� Auto IP experiment is based on Zero-Conf protocol

– IP Interface configuration, Name to IP address translation, IP multicast 
address allocation, Service Discovery

� Provides a guideline for IP interface configuration part for GPS-IP
– Auto-IP configures a client with 169.254/16 address range

� IP address is assigned based on MAC address
� Experimental Observation

– Same Card gets same IP address all the time in the same machine

– 169.254.245.190,169.254.245.120 in two different machines
– Changing cards between the machines does not move the IP addresses 

around
– Need to know how it determines the IP address (machine ID + something 

else)

– Same IP address conflict when connected to the same hub

– Assigning the static address that is same as zero-conf address (does not 
like) 

– Auto IP gets the address back if disconnected/connected right away
– Waits for about one minute if disconnected for long-time
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� PPP session gets established prior to any data-gram 
exchange, it uses the following standards

– Point-to-Point Protocol (RFC 1661)
– PPP Octet oriented HDLC (RFC 1662)
– IPCP (RFC 1332 for IPv4)
– IPv6CP (RFC 2472 for IPv6)
– CHAP (RFC 1994)
– PAP (RFC 1334)

� Two Types of Operation
– Simple IP (Can use SIP based mobility or TIG based mobility)
– Mobile IP ( PDSN acts like a home agent (HA)  or foreign agent (FA))

� Two types of handoff
– PCF to PCF handoff

� Mobility within the radio network
– PDSN to PDSN handoff

� Mobility between radio Network
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� PPP bottleneck
– Broadcast message does not go beyond the PPP’s peer end-point
– ARP with broadcast option does not work with the PPP link

� It is difficult to use ARP option to detect the presence of a duplicate 
address

– Ingress Address Filtering may break the PPP link
� Change the source address to be the original one after the address is 

assigned

� Similar Conflict Resolution Protocol using Localized Multicast, 
ARP cache and SNMP can be used

� NAS servers keep the  ARP cache entries for all the PPP clients 
in its domain

� SNMP agent runs on each of these NAS
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� Boot a terminal, it populates the IP database from the nearest IGW, based on the 
geographic information

� Have three different files each one storing a separate GPS coordinate (f1(g1), f2(g2), 
f3(g3)) beforehand

� As you point to a different file or click on it, it simulates getting a new GPS coordinate and 
configures the IP address accordingly based on the MAC address (m1)  and laptop id (t1)

� The IP address that configures the laptop is picked from the IP table after these three 
parameters are hashed properly.

� As a different file is consulted, it obtains a new IP address thus proving that it belongs to 
a different subnet

� If there are two terminals and both of these click to the same file thus getting the same 
GPS coordinates, it would provide a different IP address to the second terminal. This will 
explain that different terminals provide different IP address even if both provide same gps 
coordinates.

� Methodology
� Run “gpsrun” on two laptops
� The GUI will show the GPS coordinates and IP addresses obtained by the two machines
� Take one machine to a location with a different GPS coordinates. Show the new GPS coordinate and 

IP address
� Bring the machine back to original location. It will get the old IP address
� Conclude the demo with a slide on what to expect for March demo
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DHCP Address acquisition:
15:25:54.164189 B 10.1.4.132.bootpc > 255.255.255.255.bootps: xid:0x5a858912 [|b
ootp]    DISCOVER
15:25:54.164500 > 10.1.1.1 > 10.1.1.20: icmp: echo request
15:25:55.160270 > 10.1.1.1.bootps > 255.255.255.255.bootpc: xid:0x5a858912 Y:10.
1.1.20 S:10.1.1.1 ether 0:60:1d:3:f6:40 [|bootp] - OFFER
15:25:55.173035 B 10.1.4.132.bootpc > 255.255.255.255.bootps: xid:0x5a858912 [|b
ootp] - REQUEST
15:25:55.187727 > 10.1.1.1.bootps > 255.255.255.255.bootpc: xid:0x5a858912 Y:10.
1.1.20 S:10.1.1.1 ether 0:60:1d:3:f6:40 [|bootp] - ACK
15:25:55.197318 B arp reply 10.1.1.20 is-at 0:60:1d:3:f6:40
15:25:55.310524 B arp who-has 10.1.1.1 tell 10.1.1.20
15:25:55.310546 > arp reply 10.1.1.1 (0:10:5a:a2:5f:7a) is-at 0:10:5a:a2:5f:7a (
0:60:1d:3:f6:40)
15:25:55.316373 < 10.1.1.20.1166 > 10.1.4.129.434: udp 46

15:25:55.319409 > 10.1.4.2.434 > 10.1.1.20.1166: udp 42

MIP registration:
15:25:55.437456 arp who-has 10.1.4.132 tell 10.1.4.132
15:25:55.437536 arp who-has 10.1.4.132 tell 10.1.4.132
15:25:55.437593 arp who-has 10.1.4.132 tell 10.1.4.132
15:25:55.880489 10.1.4.131.1028 > 10.1.4.132.3000: udp 1006
15:25:55.881382 10.1.4.131.1032 > 10.1.4.132.3001: udp 108
15:25:55.889150 10.1.4.131.1028 > 10.1.4.132.3000: udp 894 
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Client Server
DISCOVER

OFFER

REQUEST

ACK

ARP CHECK

ARP REPLY

DHCP

DRCPDISCOVER

L2/L3 
ADVERTISEMENT

DRCPOFFER

DRCPACCEPT

ServerClient

Message Size 236 bytes 16 bytes

Setup Latency 5-15 sec
w/ ARP
~500 msec
w/o ARP

~100
msec

# of Messages 4 3

Data transferred
During setup

944 bytes 48 bytes

Applicability Widely
Used/wired

Wireless
/adhoc

Standard RFC2131 Draft

% , � &%� , � � � � 	 � � � 	 � � 


DHCP DRCP DRCP

15 sec
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Standard DHCP timing

Message time
Discover 11.931577

Offer 11.944456
Request 11.994972

ACK 12.099620

ARP Check  12.106605

ARP Reply 27.114676

Total time 15.183099

Without ARP checking

Average Minimum Maximum 

436.75 ms 303 ms 535 ms

With Application
Application   Average          Min Max Ave. rate     A Loss.

RAT         1416.46 ms      1363 ms 1524 ms 4515.92 Bps 6396.63 Bytes

vic 1314.23 ms       1273 ms 1368 ms 5298.33 Bps 6963.23 Bytes
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