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|. Introduction

The goal of this design project was to provide an implementation of the Zone Routing Protocol (ZRP) as amodule to
ns-2 (Network Simulator 2), afreely available network smulation software suite.

Ns-2 and Wireless Simulations

Ns-2 provides a framework for simulation of wired and wireless networks, including some facility for emulation. The
ns-2 simulator iswritten in C++ with aTcl shell front-end that uses oTcl (object-oriented Tcl) libraries Scenarios are
run by feeding an oTcl script to the ns-2 executable. The output can be read directly or post-processed by an interactive
graphics viewer called NAM. NAM does not alow changing parameters on the fly, it isfor post-viewing of a
simulation dump (a.nam file).

As of thiswriting the graphics viewer NAM is not advertised to work with wireless simulations, but there are
apparently work-arounds’. Generaly ns-2 has a different architecture for wireless and wired node simulation. Though
thisreport will only examine purely wireless simulations, the code can be adapted for mixed wired/wirel ess
environments.

A community of users and designers has grown around the ns-2 software. The website has pointersto the latest code
and documentation, and additional modules submitted by the developer community. There are several mailing lists for
users and devel opers, and these are conveniently archived on the site.

The design section will delineate the specifications for the ZRP protocols, and describe how design decisions were
made. The implementation section walks through the functionality of the code. The conclusion should tell what this
module looks like, what it can be used for, and the scope of its utility.

Zone Routing Protocol

ZRPisadistributed routing protocol for Ad-Hoc networks that combines and balances the goal s of both pro-active and
reactive route discovery schemes, and al so specifies a query-control mechanism.

The ZRP asimplemented by this project refers to the specification given in the IETF Internet Drafts’. The Draft
specifies three protocols: IARP, BRP and |IERP.

The IARP (IntrAzone Routing Protocol) pro-actively and periodically distributes route information among the
members of a zone, defined as the nodes that are up to and including radius R hops away. This parameter R
singularly defines the behavior of the overall ZRP protocol.

In this project the IARP relies on information from the NDP (Neighbor Discovery Protocal) to track neighbors and link
states with neighbors. NDP uses a beacon and acknowledgment packets to obtain link states. New neighbors or expired
entriesin the neighbor table trigger an immediate update to the entire zone, and periodic link updates keep the entire
zone appraised of each other's states.

The prime directive of IARP isto provide areadily available route when a packet needs to be routed to a destination
within the zone. But when a packet arrives for which no local route exists, the IERP isin charge of finding the so-called
outer route, or external route.

The |ERP (IntErzone Routing Protocol) sends out requests that are forwarded, accumul ating the route along the way,
until a forwarding node, or relay, detects that the destination iswithin its zone. Then areply is created with the full
route and sent back to the source.

! Check the ns-2 mailing list archives.
2 By Haas, Pearlman and Samar. Another helpful referenceis chapter 7 from the Ad Hoc Networking text by Charles
Perkins.



The flood of packets from this route discovery process can overwhelm a network, which iswhere the BRP (The
Bordercasting Routing Protocol) stepsin. BRP sends, or bordercasts, |ERP requests only to periphera nodes, also
called bordercagters, which in turn forward to their bordercasters.

BRP further steers outgoing queries by using QD (Query Detection) and Early Termination. Queries destined for a
previously queried bordercaster, or a previously queried routing zone, are discarded. Queries are detected asthey
traverse anetwork, and thisinformation is used to (ET) terminate redundant trajectories.

I1. Design

The code was written according to the IETF draft specification. Some details were specified by the project advisor and
gleaned from other sources, such asthe Ad Hoc Networks text. The specification is given in detail in the IETF Drafts.

System Requirements

This project was devel oped on a Linux machine running Mandrake 8.1 with kernel version 2.4.8-26mdk. The ns-2
version was "ns-alinone-2.1b9", which isa single tarball with dl the requisite packages that easly ingalls with one
command. A link to the ZRP2002 package is available on the contributed modul e page of the ns-2. See Appendix | for
details on how to obtain, ingall and use the ZRP code.

The ZRP code should work with the current version of ns-2 on most platforms. Running under future versions of ns-2
might require some modification of the code.

Design of the ZRP Module for ns-2

The ZRP modul e was designed within the context of the mobile node architecture of the Monarch (Mobile Network
Architecture) Project, ajoint project between Rice University and CMU. Their softwareis considered an extension of
the ns-2 code-base.

The mobile node differs from wired nodes in that the connectivity and other aspects of network communication depend
greatly on the geographical location of the nodes. The model accounts for key aspects of mobile communication,
including position and trajectory, propagation and attenuation, media access, power, and awireless network interface.

The ns-2 mobile node is fundamentally a different kind of object than awired node. Ns-2 also provides a hybrid node
for simulations requiring interfacing between wired and wireless networks. This project does not cover these kinds of
simulations, but the modul e does not necessarily preclude them either. The modular design of the project should allow
easy adaptation for hybrid nodes.

The choice of node architecture within between a DSR-like architecture or generic node was straight-forward, as the
generic node was less complicated to use. The DSR node on the surface seemed useful, because it forces all packets
received by the node to go to therouting agent. The ZRP too would be processing all packets, including data packets, at
every hop. Theworkaround was to encapsulate the upper layer header inside the ZRP header in data packets. The ZRP
agent at the destination node could then unwrap the original packet and submit it to the upper layer.

Another implementation of ZRP as an upper layer agent was possible. But this configuration was ruled out asit poses
problems in addressing, and is not as elegant as keeping the routing agent where it was designed to be. The mobile
node is shown in Diagram 1.

Ns-2 packets mostly contain the headers of all the protocols ns-2 smulates. To save space for massively large
simulations, the header space can pruned to include only those needed by the ssimulation.

Route accumulation which is part of BRP and link updates required using the data portion of the packet. Using the
built-in data packet routines was problematic, as there appeared to be a size limitation on how much memory could be



allocated, and were finally abandoned. The workaround was to use pointers embedded in the ZRP header pointing to
where the dynamically allocated data was stored.

A test wasrequired at every step of the implementation because so many aspects of the ZRP depend on other parts of
the protocol. The ns-2 trace file did not provide the detailed feedback required therefore the testing was accomplished
using formatted printfs that went to standard outpui.

The current gate of each node was printed for every event that occurred for each protocol, including the neighbor table,
local zoneroute table, link state table, and the list of periphera nodes. Each event isdescribed in detail. An event is
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Diagram 1. The ZRP routing agent within the mobile node architecture.

printed with the node id first, then the time, and then aspects of the event delimited by the "|" character. The node tables
are printed at theend and are delimited by "!". Hereisan example:

_9_[12.519476] | Node 9 sent a beacon (seq no. 4). | Node 9 started an
ack-tinmer to expire at 14.519476 sec. | radius is 3 ! Neighbor Table: 8!
Li nkTabl e: 17=21 8=9 5=6 18=17 4=5 18=19 7=6 7=21 7=8 4=3 16=17 16=15 !
Routes [8 9] [789] [21 789 ] [67 89 ] Periph[6 21 ]

The design does NOT perform: route repair, route shortening, or the second type of query detection (QD2, i.e., hidden
terminal). Accumulated routes are not distributed, but are fully included in each IERP Request and Reply. Link metrics
can easily be added to thelink state structure as required. The project assumed 802.11 as the MAC protocol.

The dual nature of ns-2 nodes as part-Tcl object and part-C++ object provided many devel opment challenges, but the
scripting language Tcl greatly facilitates simulation runs once the C++ aspect of the code is done. The ns-2 code



includes away of binding variables between the two worlds, viathe command() function. For ZRP the most important
parameter isthe zone radius, but other parameters have been included, including beacon period and the ability to
"suspend" nodes temporarily®. See Appendix | on how to add new parameters.

[11. Implementation and Results

The functionality of the four different protocols NDP, IARP, IERP and BRP isincluded in the ZRPAgent class and
support classes for link state tables and route tables. Key class methods will be treated in detail and mapped to ZRP
protocol functions. Refer to Diagram 2.

When a ZRPAgent isinstantiated by Tcl, the constructor ZRPAgent(nsaddr_t id) initializes most of the variables. A
few variables areinitiaized when the Tcl code callsthe startup() method, and primarily the NeighborScan,
BeaconTransmit and PeriodicUpdate timers are sarted. These are global timersthat trigger the scanning of neighbor
tables for expired entries, beacon transmission and periodic link updates to the extended zone respectively.

Actionsin ns-2 are triggered by either packet or timer events. Packets are eventsin ns-2, asthey inherit from the Event
class. Thetrigger handler for packets isthe recv() method and for timersisthe handler() method. Packet handling is
performed by the ZRPAgent itself by the recv() method. The timers are different classes altogether from the ZRPAgent,
and their handlers need to refer to the agent through the agent__ pointer when calling ZRPAgent methods.

The packet manipulation routinesinitialize, copy or modify, and send packets. The packets can be unicast to the next
hop or broadcast to all of them. Routines for adding and reading alink state data structure to and from a packet are
pkt_add_link() and pkt_read_update() respectively. Other routines are used to load and extract aroutelist to and from
the packet, add_local_route() for adding alocal route and add_outer_route for adding aroute to a node externa to
current zone. The send_next_hop() and send_prev_hop() find the appropriate hop to send to given that packet isat a
node indicated by a marker on packet header. The |ERP requests go in the outward direction and use the
send_next_hop() method and | ERP replies go back towards the source and use send_prev_hop().

3 The Suspend command is only included as an illustration, ns-2 provides a better
way, see ns-2 documentation.
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Diagram 2. Packet Flow Diagram.

The heart of the ZRPAgent is therecv() and recvZRP() methods. The recv() function handles packets received from the
upper and lower layers. If the packet isfrom the upper layer, it calsroute_pkt(), which isconsidered IERP, to find out
if it can routeit locally through IARP by calling add_local_route(). If thereisnolocal route, route pkt() checksif
thereisa cached outer route by calling add_outer_route(). If so, the route is appended and sent. Otherwise, as IERP
route_pkt() originates arequest by calling the originate _request() method, which unicasts arequest to each periphera
node.

The recv() method may find that the packet instead comes from the lower layers, ie it has been forwarded, and if the
packet has a ZRP-type header, submits the packet to recvZRP(). Thislatter method isalarge switch statement with
cases for each type of ZRP packet: NDP_BEACON, NDP_BEACON_ACK, IARP_UPDATE, IARP_DATA,
IERP_REQUEST and IERP_REPLY . The prefix of each type indicates the protocol to which it belongs. Each case
will either cache the packet for the future, drop it, or re-send it.

For NDP, recvZRP() processes beacons by sending an acknowledgement, re-using the packet object just received,
setting TTL to 1. Upon receiving an NDP_BEACON_ACK, NDP through recvZRP() checks if the neighbor isinits
neighbor table. If it isnot, NDP addsit and also updates the link state table and route table. A new neighbor also
triggers an immediate | ARP update to be sent.

All IARP_UPDATEsS are processed the same way. First the link state table is updated. If IARP as recv() finds there was
achange, it re-computes the route table. IARP forwards the update by broadcast if the TTL isnot zero.

IERP_REQUEST packets will encounter nodes that will identify themselves as either relays or as a bordercaster. First,
therecvZRP() as BRP looks to see if the destination isin itszone. If so, an IERP_REPLY is created, the full route



appended, and thereply is sent to the previous hop viasend _prev_hop(). If the destination isnat in the current zone, the
node decides whether it isarelay or bordercaster by inspecting the route list. The last route entry of arequest by
definition will name the next bordercaster, so the current node can decideif it isarelay or bordercaster by testing if its
id matches with the lagt entry.

If thenode is arelay, the packet is sent by unicast to the next bordercagter if it isnot on the covered list. Not sending a
packet if it ison the covered lig is part of Early Termination. The covered list is found by looking up the query by the
unigue (query id, origin) pair in the queries_table. Therelay adds the nodes interna to the last bordercaster's zone, not
including its periphera nodes, by calling query_detect1(). Finaly, the next bordercaster is added to covered list.

If thenode is a bordercaster, the node first marks all the nodes in the last bordercaster's zone as covered. The node then
unicasts a copy of the request to each of its peripheralsif that peripheral isnot on its covered list, Early Terminating
those that are. After the bordercast is done, the node marks the nodes of its own zone as covered.

When recv() getsan IERP_REPLY, it isas |IERP, which then relays the packet to the previous hop by send_prev_hop()
or handsthe packet off to IARP viaierp_notify_iarp() if the node isthe originator of the origina reguest. The outer
route is cached with an expiry timein a cacheto be re-used for outer-routing packets sent in the near future.

The IARP_DATA packet encapsulates the upper layer packet. The IARP_DATA packet isforwarded hop-by-hop,
|ERP-to-1ERP, to the destination ZRPAgent, where it is unwrapped by recvZRP() (ie the original port and packet type
are placed in the header) and sent upward to its upper layer.

Thetimer eventstrigger actionsthat will lead to a packet transmission (beacon transmission and |ARP updates) or the
scanning and purging of expired data entriesin tables (scan |ERP cache, scan query detect table and scan neighbor
table). All these timers re-schedule themselves at the end of the handle() method, with the exception of the acktimer,
which isonly scheduled by NDP when a beacon is broadcast.

Other classes supporting ZRP are the LinkStateTable and the RoutingTabl e classes. The most important method for the
LinkState classis the update() method. Theinput isalink_struct which includes source, destination, and the linkstate.
If thislink isin thetable, the state is copied to the linkstate entry stored in the table, the link expiry is updated and the
sequence number of the incoming link state datais also copied to the stored linkstate entry. If thelink isnot found in
the table, thelink is added and stamped with an expiry time.

The RoutingTable class method compute_routes() uses Prim's algorithm to create a minimum spanning tree starting
from the current node. The data structure isan array of linked lists. Each array element isan entry for adestination, and
containsthe destination'sid in the data structure. The next hop from that node can be found by looking at its "next_"
pointer, which just points to ancother array element. All entries, if iterated through asalinked list, end up finaly at the
first entry, which isthe current node's route entry for itself.

Results

Simulationswere run by calling a Tcl script from the ns prompt. Each script therefore defines one simulation scenario
that defines the location of nodes, protocols used and commands submitted to each individual node.

Simulations show that the route finding ability of the ZRP is accurate and timdly, theroutes are found with only 2-3
millisecond delay per hop and flooding is minimized thanks to the query-quenching mechanisms of BRP. The data
streams (IARP_DATA type) had delays of 1.35ms. Theincrease in traffic during route discovery is definitely a factor
in adding delay in a shared media access environment.

An investigation of the delays in the data stream show it isisolated to the lower layers below the network layer. A
special test node was created in C++ devoid of all other functionality except that to broadcast one kind of packet, and
receive one kind of packet. Two nodes were created and one was forced to be the transmitter and the other the receiver.
The nodes were placed 250 meters apart giving a propagation delay bel ow a microsecond, which isnot enough to
account for the entire delay observed.

Table 1 was generated by running a scenario where the test nodes were set



to have varying dataRates and varying packet sizes.

dataRate (Mbps)
pkt size (bytes) 1 Mbps 5 Mbps 10 Mbps
0 0.001194 0.001015 0.000993
100 0.0019%4 0.001175 0.001073
200 0.002794 0.001335 0.001153

Table 1. One-hop delay, network-layer to network-layer, in milliseconds for a given packet size (in bytes) and agiven
MAC dataRate_(in Mbps).

The delays were cal culated by subtracting the time when the routing agent (in this case the dummy network layer that
pumps packets) hands the packet to the lower layer from the time the routing agent in the receiving node receives the
packet from the lower layer. Thisdelay is accounted for by al the intermediate Mac protocol handshaking/backoff
delays and the MAC data transmission delay added together.

The transmission delay for the first column is 100 bytes* 8 bits/byte/ 1 Mbps = 800 pisec for every 100 bytes sent. The
delta of the values between every row in the first column can be confirmed by inspection to be exactly 800 psec.
Similarly, the theoretical delay for the second and third columns are 160 psec and 80 pisec, matching the deltas for each
column respectively. Therefore by varying the data size one can tease out the delay factor due only to data transmission
and seethat it relates to datarate inversely, where delay = pkt_length / data_rate.

We can aso ingpect the trace output file of ns-2 for one of the scenarios (settings are basicRate=1Mbps,
dataRate=1Mbps, pkt size = 20 bytes) to look for latency characteristics:

s 13.248346074 _1_ MAC --- 0 RTS 44 [4be 2 1 0]

s 13.253531431 1 MAC --- 0 RTS 44 [4be 2 1 0]

r 13.254199098 1 MAC --- 0 CTS 38 [384 1 0 0]

s 13.254209098 1 MAC --- 101 undefi ned

r 13.255100764 _1_ MAC --- 0 ACK 38 [0 1 0 0]

s 16.942309585 0 RTR --- 121 undefined 20

s 16.942384585 0 MAC --- 121 undefined 72 << Mac data

r 16.942961419 _1  MAC --- 121 undefined 20 << Mac data delay = ~ 600 psec
r 16.942986419 _1_ RTR --- 121 undefined 20

With the given settings, we expect a pure MAC data transmission delay (not including back-offs, etc.) of about
20*8/10° sec or 160 pisec, but the trace above indicates a 600 psec delay. The extra delay could be accounted for

in one of two ways, either by extra bytes embedded in the data stream inserted by alower layer function or by some
other aspect of the model in thelower layer (queue model for example), the latter being more likely. Asthe MAC and
LL layers are outside the scope of this project, we shal limit our analysis but this exercise illustrates how to analyze a
given characteristic using the models that ns-2 provides.

Conclusions

The simulation shows that ZRP modul e works for the scenarios presented by the Tcl scripts, but the implementation
may not scale well in practice (theoreticaly, yes) unless the printf output is abbreviated. A large scale scenario would
otherwise inundate the user with an unreasonable amount of data. Curtailing information overload can be done smply
by wrapping each printf with a conditional that depends on a parameter that can be modified from Tcl. The Tcl code
might look like:

set r_(0) [$node_(0) set ragent_]
$ns_ at 0.0 "$r_($i) ndp_output off"

See the Appendix | for further information on adding Tcl bindings.

The behavior of the nodes in the test simulations were in line with the specifications for the sub-protocols of ZRP, as
corroborated by the careful inspection of the detailed ZRP event log output. Having the NAM graphical view of




network simulations would be a welcome addition to the toolset if it can be fixed to work with wireless simulationsin
the future. Theright parsing language at onée's disposal (perl and python for instance), however, and the native trace ns-
2 output and the ZRP event log output present sufficiently powerful tools by themselves for analyzing protocol
behavior.

For the scenariosrun so far, route discovery takes 2-3 ms per hop and data streams take nominally 1.35 mshop for a
specified datarate of 1 Mbps, abasic rate of 1 Mbps and packets with alength of 20 bytes. These delay values will
vary depending on the settings given to the smulation, by simply editing the Tcl script. Futureinvestigators can thus
leverage the power of ns-2 smulation in this manner to gain more insightsinto ZRP's approach of routing in ad-hoc
networks.



Appendix | - How to Use ZRP on ns-2

The ZRP2002 modul e can be obtained from the contributed modul es section of the ns-2 web page at
http://www.isi.edu/nsnam/ns/ns-contributed.html
The al-in-one version 2.1b9 of ns-2 isfound at
http://www.isi.edu/nsnam/ns/ns-buil d.html#allinone

Assumptions:

- Wewill beingalling version ns-2.1b9 alinonein your home directory (not ns-2.1b9a or any other version, these are
not guaranteed to work as of thiswriting)

- If you want to ingtall somewhere el se, make sure you untar both ns2 and zrp while in the same directory. The zrp
tarball assumes the directory structure of ns-2 isin place. See further note on untarring under ingtalling ZRP2002
bel ow.

l. Ingall ns-2

- download ns-allinone-2.1b9.tar.gz to your home directory

- type "tar xzvf ns-alinone-2.1b9.tar.gz" to untar archive

- type "cd ns-allinone-2.1b9" to enter the top directory

- type"./ingall" to ingtall, compiling may take up to twenty minutes
- edit your ~/.bashrc, add following lines

#NS2 specifics

export PATH=$HOME/ns-allinone-2.1b9/bin:$HOME/ns-allinone-2.1b9/ns-2.109/zrp:$PATH
export LD_LIBRARY_PATH=$HOME/ns-adlinone-2.1h9/otcl-1.0a7:/ns2/ns-allinone-2.1b8allib
export LD_LIBRARY _PATH=$HOME/ns-alinone-2.1b9/otcl-1.0a8:/ns2/ns-allinone-2.1b9/lib
export TCL_LIBRARY =$HOME/ns-allinone-2.1b9/tcl8.3.2/library

export TCLSH=$HOME/ns-allinone-2.1b9/bin/tclsh8.3

- re-login in that terminal window to make sure settings changes are implemented type "set" to see alisting, check if the
above paths arein your environment.

[l. Install ZRP2002

- Download zrp2002.tar.gz from the contributed modul e section of the ns-2 steto your home directory.

- Type "tar xzvf zrp2002.tgz" to untar zrp archive, the code is automatically inserted in theright placesin the directory
tree (if you untarred zrp2002.tgz before ns2, you need to untar zrp2002.tgz again to make sure the zrp archived files
over-write the corresponding ns2 code)

- Edit Makefile at ns-allinone-2.1b9/ns-2.1b9/Makefile, and at line 209 (after "dsdv/dsdv.o dsdv/rtable.o
queue/rtqueue.o\") insert the zrp code objects:

dsdv/dsdv.o dsdv/rtable.o queue/rtqueue.o \
zrplzrp.o zrp/zrp_table.o\
routing/rttable.o \

Make sure thereisatab (the keystroke, not the word "tab") at the beginning of theline.

- Now we need to modify some ns2 code. Thefilesin the directory "zrp/otherfiles' arethe filesthat will be changed.
Y ou can change them using the patch method (recommended for any version of ns2 "close" to ns-2.1h9) or just edit
these files manually to make the changes. (hint: if you want to find out the difference between two files, use "diff filel
file2")



By patching:
% cd ~/ns-allinone-2.1b9 # (the patch has to be run from here)
% patch -pl < ns-2.1b9/zrp/otherfiles/ns2-zrp.patch

- Now type:

% cd ~/ns-allinone-2.1b9/ns-2.1b9
% touch common/* tcl/lib/* trace/*

To make sure we re-compile newly added code. (for some reason this wasn't always enough, | had to actualy either
touch afileindividually by name or edit the file and add a space anywherein the file to force the Makefiletore-
compilethat file, especialy the files trace/cmu-trace.*)

- Type "make -k" within the "~/ns-alinone-2.1b9/ns-2.1b9/" directory, the ns-2 code should re-compile

- If no errors (there might be some warnings), then run the demo script:

% ns~/ns-alinone-2.1b9/ns-2.1b9/zrp/demo/demo3_rad3.tcl

num_nodesis set 23

_0_[0.000000] | Node 0 was created. ! Neighbor Table: empty ! LinkTable: empty ! Routes empty Periph(]

_1 [0.000000] | Node 1 was created. ! Neighbor Table: empty ! LinkTable: empty ! Routes empty Periph(]

__2_[0.000000] | Node 2 was created. ! Neighbor Table: empty ! LinkTable: empty ! Routes empty Periph([]

_ 1 [100.007170] | Got IARP_Data packet orig=10 dest=9 ( >>> forwarding to next hop 2! Neighbor Table: 02!
LinkTable: 10=11 0=1 5=6 20=10 22#20 0=22 4=52=13=23=4! Routes[21][01] [321][2201][4321]
Periph[4]

_2_[100.008868] | Got IARP_Data packet orig=10 dest=9 ( >>> forwarding to next hop 3! Neighbor Table: 31!

LinkTable: 10=11 5=6 1#2 7=21 20=10 22#20 0=22 7=6 4=50=13=2 7=8 3=4 ! Routes[32][432] [543 2]
Periph[5]

I11. Adding a new parameter

For a parameter that takes no arguments: For example, the command "suspend" setsaflag "suspend_flag_" to be TRUE
so that when pkt_send() is called, thisflag is tested before the packet is sent. The packet is dropped if the nodeis
suspended.

1. Edit the zrp.cc file and find the command() method.

2. Look for the "suspend" command

3. Edit the command to perform some action for being called from Tcl.

4. Always make sure the command() method returnsa TCL_OK for anormal condition, or Tcl will give an error.

For a parameter that takes one argument, the command name is compared with argv[ 1], and the argument is given by
argv[2]. To convert to an integer, call thisway:

abc = atoi(argv[2));

The beacon_period command is a good example of how to do it.



Now to call the function from a Tcl script, hereisaTcl snippet for our two examples:

set r_(2) [$node (2) set ragent_] # gets a pointer to route agent
$ns_at 12.0"%r_(2) suspend”  # send suspend command to ragent at time=12 sec
$ns_at 0.4"$r_(2) beacon_period 7.0" # change beacon period to 7 at time=0.4 sec



Appendix Il - Code Listing

/I ZRP.CC
#i ncl ude <random h>

#i ncl ude <obj ect. h>

#i ncl ude <route. h>

#i ncl ude <packet. h>

#i ncl ude <crnu-trace. h>

#i nclude "zrp. h"

#i f defined(WN32) && !defined(snprintf)
#define snprintf _snprintf
#endif /* WN32 & !snprintf */

/1 Nomi nal settings for sone paraneters:

//- beacon frequency: 5 seconds

/- ack timeout: 2 seconds

/1- neighbor timeout: 15 seconds

/1- jitter (and where should | apply it): uniformy distributed 0-2 sec;
/1 should be applied to the beacon transnission

/1 main defaults

#define TI ME_FACTOR 1

#def i ne DEFAULT_TRANSM T_JITTER 1

#def i ne DEFAULT_STARTUP_JI TTER 3

#def i ne DEFAULT_PROCESS JI TTER 1

#defi ne DEFAULT_BEACON_PERI OD 5*TI ME_FACTOR // period of beacon transm ssion in sec
#def i ne DEFAULT_BEACON _PERI OD JI TTER O

#def i ne DEFAULT_NEI GHBOR_TI MEQUT 15 //seconds

#def i ne DEFAULT_NEI GHBOR_ACK_TI MEQUT 2*TI ME_FACTOR // sec

#defi ne DEFAULT_NEI GHBORTABLE_SCAN_PERI OD 11*TI ME_FACTOR // scan table every n sec
#defi ne DEFAULT_| ARP_UPDATE_PERI OD 22*TI ME_FACTOR // time between periodic update in sec
#define SUSPEND_FLAG FALSE // all in/outgoing packets are dropped if TRUE

#def i ne MAX_ROUTE_LENGTH 1000
#define | ERP_TTL 40

#def i ne MAX_NUM _NEI GHBORS 20
#defi ne MAX_LINKI E 10
#defi ne MAX_OUTBOUND_PENDI NG 20 // max queue for pkts waiting for ierp requests

#defi ne MAX_DETECTED QUERI ES 20 // max queries that can be detected
#define | ERP_REQUEST_TIMEQUT 5 // secs before tineout on an ierp request
#def i ne OUTER_ROUTE_EXPI RATI ON 20 // secs that a cached route will [ast

#defi ne HDR_BEACON _LEN 20 // bytes
/'l zone radius related defines in rtable.h

#def i ne | ERPCACHE_SCAN_PERI CD 5
/1 scan ierp cache every n nunmber of beacon tineout cycles
#def i ne MAX_ROUTE_LENGTH 20
#def i ne ROUTER_PORT Oxf f
#define FOUND 1
#define LOST O
#define TRUE 1
#define FALSE O

/1
Il ZRP:
/'l Returns a random nunber between 0 and nax, used for jitter
/1
static inline double
jitter (double max, int be_random) {

return (be_random_ ? Random :uniform nax) : 0);

}

I
Il ZRP:




/1 prints to STDOUT Route table and Peripheral

/1

list

voi d ZRPAgent: : print_routes()

}

rtabl e_node *j;
int i;

printf("Routes ");
for (i=1; rtable.route[i] != NULL ; i++) {
printf("[");

for (j=rtable.route[i]; j!=NULL; j=j->next_

printf("%l ", (int)j->d_,j->numhops_);

printf ("] ");
}

if (rtable.route[1] == NULL) {
printf("enmpty ");

printf("Periph[");

) |

for (j=rtable.periphnodes_; j!=NULL; j=j->next_) {

printf("%l ", (int)j->id_]);

printf("]");

/1 Prints list of neighbors, list of link states, route and peripheral
voi d ZRPAgent: : print_tables()

}

/1
/1

int flag = TRUE;

printf("! Neighbor Table: ");
for (neighbor_struct* np=nei ghbors_;
np !'= NULL; np=np->next_ ){
printf("%l ", np->addr_);
flag = FALSE;

}

if (flag) {
printf("empty ");

}

printf("! ");

I stable.print_links();

printf("! ");
print_routes();

ZRP:

/1 A supporting function used in finding the ZRP header in a packet

/1
/1

You will nost likely not use this directly,

used by TCL

int hdr_zrp::offset_;
atic class ZRPHeader Cl ass : public Packet Header C ass {
public:

st

}

/1
/1
/1
/1
st

ZRPHeader d ass() : Packet Header Cl ass( " Packet Header/ ZRP",

bi nd_of f set (&hdr _zrp::of fset_);

class_zrp_hdr;

si zeof (hdr_zrp)) {

ZRP:

A bindi ng between ZRP and TCL, you w || npst

likely not change this

atic class ZRPCl ass : public Tcl O ass {

public:

ZRPC ass() : Tcl d ass("Agent/ZRP") {}

tabl es



Tcl Obj ect* create(int argc, const char*const* argv) {

return(new ZRPAgent ((nsaddr_t) atoi(argv[4])));

/1l Tcl code will attach me and then pass in addr to ne
/'l see tcl/lib/ns-lib.tcl, under create-zrp-agent,

/1 is done by "set ragent [new Agent/ZRP [$node id]]"

} class_zrp;

/1
Il ZRP:
/1 Default Constructor, not really used
/1l The Tcl script should call the other Min constructor
/1
ZRPAgent : : ZRPAgent () : Agent (PT_TCP), Nei ghbor ScanTi mer_(this),
BeaconTransnit Ti mer _(this), suspend_flag_(0) ,
Peri odi cUpdat eTi mer _(this), AckTimer_(this),
rtabl e(this),
myaddr _(0), nyid_('\0"), seq_(1), qgid_(1),
radi us_( DEFAULT_ZONE_RADI US) {
/'l Prashant's Theory on how this works (could be wong):
/1 initialize ny address, both int and string formns.
/1 this constructor normally isn't called
/1 if you decide to use it, my address has to be obtained from
/'l some parent Tcl script, ie in ny case
/1 command("addr id")
/1 normally, the other constructor is usually what is called
myaddr _= this->addr(); // This might not give anything useful back,
/1 1 do not know my own address, ny node does, have to wait for Tcl
/1 to connect us and give ny ny id
myi d_ = Address::instance().print_nodeaddr(nyaddr_);
bind("radius_", (int*)&adius_);

}

/1
Il ZRP:
/1 Main Constructor for ZRP Agent
/1
ZRPAgent : : ZRPAgent (nsaddr _t id): Agent (PT_TCP), Nei ghbor ScanTi ner_(this),

BeaconTransmi t Ti mer _(this), AckTimer_(this),

num_nei ghbors_(0), suspend_flag_(0) ,

Peri odi cUpdat eTi mer _(this), rtable(this),

myaddr _(id), nmyid_('\0"), seq_(1),qid_(1),

radi us_( DEFAULT_ZONE_RADI US) ,

transmit_jitter_(DEFAULT_TRANSM T_JI TTER),

startup_jitter_(DEFAULT_STARTUP_JI TTER),

process_jitter_(DEFAULT_PROCESS JI TTER),

beacon_peri od_( DEFAULT_BEACON_PERI D),

beacon_period_jitter_(DEFAULT_BEACON PERI CD_JI TTER),

nei ghbor _ti neout _( DEFAULT_NEI GHBOR_TI MEQUT) ,

nei ghbor _ack_t i meout _( DEFAULT_NEI GHBOR_ACK_TI MEQUT) ,

nei ghbortabl e_scan_peri od_( DEFAULT_NEI GHBORTABLE_SCAN_PERI OD) ,

i arp_updat e_peri od_( DEFAULT_I| ARP_UPDATE_PERI OD)

/1 initialize ny address, both int and string fornmns

/1 my node knows its id, but | (ragent) didn't until now (I think?)
myi d_ = Address::instance().print_nodeaddr(nyaddr_);

Ti me now = Schedul er::instance().clock(); // get the tine

tx_=0; // initialize counter for transmitted packets
rx_=0; // initialize counter for received packets

/Il inits for tables

Il These are so the table classes know each other and their own |P address
rtabl e. my_address_ = id;

| stabl e. my_address_ = id;

rtable.linkstatetable = & stable;

/'l Sequence counter starts at one



seq_ = 1,

/'l This ZRPAgent was just created.

printf("\n_%d_ [¥%6.6f] | Node % was created. ", nyaddr_, (float)now,
myaddr _) ;

print_tables();

printf("\n");

Il ZRP:

/1 Here are bindings for paranmeters you can tweak from TCL.
/1 The first set take no argunents.

/1l The second set take one argument.

int
ZRPAgent: : command (int argc, const char *const *argv) {
Ti me now = Schedul er::instance().clock(); // get the tine

Il First set
if (argc == 2) { // No argunment from TCL
if (strcmp (argv[1], "start") == 0) { // Init ZRP Agent
startup();
return (TCL_OK);

}

else if (strcasecnp (argv[1], "Il-queue") ==0) { // who is ny Il
if (!(Il_queue = (PriQueue *) Tcl Object::lookup (argv[2]))) {
fprintf (stderr, "ZRP_Agent: I1-queue |ookup "

"of % failed\n", argv[2]);
return TCL_ERROR;

}
return TCL_OK;
} else if (strcnp (argv[1], "suspend") == 0) { // turns off receipt of pkts
suspend_flag_ = TRUE;
printf("_%d_ [%.6f] | Node %l suspended. ",
myaddr _, now, mnyaddr_);
print_tables();
printf("\n");
return (TCL_OK);
} else if (strcnp (argv[1], "unsuspend") == 0) { // turns it back on
suspend_flag_ = FALSE;
printf("_%d_ [%.6f] | Node % un-suspended. ",
myaddr _, now, mnyaddr_);
print_tables();
printf("\n");
return (TCL_OK);
}

/1 Second set
Yy /11 if argc == 2
else if (argc == 3) { I/ One argunent from TCL
if (strcasecnp (argv[1], "radius") == 0) {
/'l change the radius, takes (int) num hops
int tenp;
tenp = atoi(argv[2]);
if (tenp > 0) { // don't change radius unless input is valid val ue
printf("_%d_ [%.6f] | Radius change from% to % ", myaddr_, now,
radius_, tenp);
print_tables();
printf("\n");
radius_ = tenp;
}
return TCL_OK;

}

/'l change beacon period, takes (int) nunber of secs
if (strcasecnp (argv[1], "beacon_period") == 0) {
int tenp;
tenp = atoi(argv[2]);



if (temp > 0) { // don't change unless input is valid val ue
printf("_%d_ [%.6f] | Beacon period change from% to % ",
myaddr _, now, beacon_period_, tenp);
print_tables();
printf("\n");
beacon_period_ = tenp;

return TCL_OK;
}

/1 change beacon period jitter, takes (int) nunber of secs
if (strcasecnp (argv[1l], "beacon_period_jitter") == 0) {
int tenmp;
tenp = atoi(argv[2]);
if (tenmp > 0) { // don't change unless input is valid val ue
printf("_%d_ [%.6f] | Beacon period jitter change from% to % ",
myaddr _, now, beacon_period_jitter_, tenp);
print_tables();
printf("\n");
beacon_period_jitter_ = tenp;

}
return TCL_OK;
}

/'l change nei ghbor tineout, takes (int) nunmber of secs
if (strcasecnp (argv[1], "neighbor_tineout") == 0) {
int temp;
tenp = atoi(argv[2]);
if (tenmp > 0) { // don't change unless input is valid val ue
printf("_%d_ [%.6f] | Neighbor timeout change from% to % "
myaddr _, now, nei ghbor_tineout_, tenp);
print_tables();
printf("\n");
nei ghbor _ti neout_ = tenp;
}
return TCL_OK;

}

/1 change nei ghbor ack tinmeout, takes (int) nunber of secs
if (strcasecnp (argv[1], "neighbor_ack_tinmeout") == 0) {
int temp;
tenp = atoi(argv[2]);
if (tenmp > 0) { // don't change unless input is valid val ue
printf("_%d_ [%.6f] | Neighbor timeout change from% to % "
myaddr _, now, nei ghbor_ack_timeout_, tenp);
print_tables();
printf("\n");
nei ghbor _ack_timeout _ = tenp;

}
return TCL_OK;
}

/'l resets nmyid_ to correct address
if (strcasecnp (argv[1], "addr") == 0) {
char str;
myaddr _ = Address::instance().str2addr(argv[2]);
delete nyid_; // renove old string @nyid_, avoid menory |eak
myi d_ = Address::instance().print_nodeaddr(nyaddr_);
return TCL_OK;
}

/1 Error if we cannot find Tcl Qbject
Tcl Obj ect *obj;
if ((obj = Tcl Qoject::lookup (argv[2])) == 0) {
fprintf (stderr, "%: % |ookup of % failed\n", __FILE _, argv[1],
argv[2]);
return TCL_ERROR;
}

/'l Returns pointer to a trace target
if (strcasecnp (argv[1l], "tracetarget") == 0) {



tracetarget = (Trace *) obj;
return TCL_CK;
}
/! Returns pointer to our node
else if (strcasecnp (argv[1l], "node") == 0) {
node_ = (Mobi |l eNode*) obj;
return TCL_COK;

}
/'l Returns pointer to port-denux
else if (strcasecnp (argv[1], "port-dnux") == 0) {

port _dmux_ = (NsQbject *) obj;
return TCL_OK;
}

Yy /1 if argc ==

return (Agent::command (argc, argv));

}

/1
Il ZRP:

/1 This is run only when ns-lib.tcl does a "start", see first if-statenent
/1 under command() which calls this

/1
voi d

ZRPAgent: :startup() {

/1 give to rtable the pointer to Istable, a formof call-back
rtable.linkstatetable = & stable;

/1 pgi - blank all tables

for (int i=0; (i< MAX_NODES_PER ZONE); i ++)
rtable.route[i] = NULL;

rtabl e. peri phnodes_=NULL;

rtabl e.agent _ = this;

for (int i=0; i<MAX_QUERY_DETECT_TABLE_SIZE; i ++)
queries_[i] = NULL;

/1 Start tinmers

/1 The timers start at slightly different times. You can also just renove
/1 the "start ragent" under create-zrp-agent in ns-lib.tcl

/1 and start agents nmanually in your sinulation Tcl script

/1 don't forget do a nake depend for any changes to tcl/lib/*

doubl e ttt;

ttt = Random:uniforn(startup_jitter_);

Nei ghbor ScanTi mer _. start(ttt);

ttt = Random :uniforn(startup_jitter_);
BeaconTransnmit Timer _.start(ttt);

ttt = Random:uniforn(startup_jitter_);
Peri odi cUpdat eTi mer _. start(ttt);

/'l erase ierp route cache
for (int i=0; i<MAX_|ERP_CACHE; i++) {
i erpcache[i] = NULL;

/'l Erase Quter route |ist
for (int i=0; i<MAX_NODES_PER ZONE+1; i ++)
rtable.route[i] = NULL;
for (int i=0; i<MAX_NODES_PER ZONE+1; i ++)
rtable.outer_route[i] = NULL;

/1 init route table to know its own address
rtabl e. my_address_=nyaddr _;
}

/1
/Il Packet Rout i nes
/1
/1
/'l Packet routines:




/Il Creates a fresh new packet and initializes as nmuch as it knows how.
/1
Packet * ZRPAgent:: pkt_create(ZRPTYPE zrp_type, nsaddr_t addressee, int ttl)

{

Schedul er & s = Schedul er::instance(); // Useful to send (Schedul e) packets
Packet *p = allocpkt(); // fresh new packet

hdr_ip *hdrip = HDR_ | P(p);

hdr _cmm *hdrc HDR_CWN( p) ;

hdr _zrp *hdrz HDR_ZRP( p) ;

hdrc->ptype() = PT_ZRP; /'l ZRP pkt type
hdr c- >next _hop() = addressee;
hdr c- >addr _type_ = NS_AF_NONE;

hdrc->size() = IP_HDR LEN; // set default packet size

hdrip->ttl () = ttl;

hdri p->saddr () = nyaddr_; /] source address

hdri p->sport () = ROUTER_PORT; /] source port

hdri p- >daddr () = addressee; /] dest address

hdri p->dport () = ROUTER_PORT; /] dest port

hdr z->zrptype_ = zrp_type; /1l which zrp pkt am1?

hdr z- >nunmentries_ = 0; /1 no entries in data space

hdrz->seq_ = seq_; /'l copy from gobal sequence counter

hdr z- >f orwarded_ = 0; /'l have not been forwarded before

hdr z->ori gi nator _ = mnyaddr _; /1 1 amoriginator, this is used by NDP/I|ARP
hdr z- >r out ei ndex_=0; /'l where in the route list am| sending ?

/1 init to first hop

/1 thought | needed this?! but | don't

/'l Looks like free() does take care of an already freed space ok, but | |eave
/1 this here in case your conpiler acts differently

/1hdrz->route_ = (nsaddr_t *)mall oc(sizeof(nsaddr_t));
/1hdrz->links_ = (linkie *)malloc(sizeof (linkie));
inc_seq(); // increnents global sequence counter
return(p);

}

/1
/| Packet Routines:
/1 Dynamically allocates nmenory for route data in a packet
/'l given size is nunmber of nodes in route |ist
/1
voi d ZRPAgent: : pkt_create_route_data_space(Packet *p, int size) {
/'l size is in nunber of nsaddr _t
hdr_zrp *hdrz = HDR _ZRP(p);

free(hdrz->route_); // clear out if there is data already
hdrz->route_ = (nsaddr_t *)mall oc(size*sizeof (nsaddr_t) ) ;

}

/1
/'l Packet Routines:
/'l Frees allocated nmenory for route data in a packet
/1
voi d ZRPAgent: : pkt_free_route_data_space(Packet *p) {
hdr _zrp *hdrz = HDR _ZRP(p);
free(hdrz->route_);

}

/1
/'l Packet Routines:
/1 Dynamically allocates menory for link state data
/1 in a packet, given size is nunber of I|inks
/1
voi d ZRPAgent: : pkt_create_|ink_data_space(Packet *p, int size) {
/1 size is in nunber of linkie
hdr _zrp *hdrz = HDR_ZRP(p);
free(hdrz->links_); // clear out if there is data already
hdrz->links_ = (linkie *)malloc(size*sizeof(linkie) ) ;




/1

/'l Packet Routines:
/'l Frees allocated nenory for link state data in a packet

/1

voi d ZRPAgent: : pkt_free_link_data_space(Packet *p) {
hdr _zrp *hdrz = HDR_ZRP(p);
free(hdrz->links_);

}

/1

/| Packet Routines:
/1 Copy an entire packet to another.

/1

voi d ZRPAgent : : pkt _copy(Packet *pfrom Packet *pto) ({
hdr _cmm *hdrcfrom = HDR_CVMN( pfrom;
hdr _ip *hdripfrom= HDR_IP(pfron;
hdr _zrp *hdrzfrom = HDR_ZRP(pfrom;

hdr _cmm *hdrcto = HDR_CMN(pto);
hdr_ip *hdripto = HDR | P(pto);
hdr_zrp *hdrzto = HDR_ZRP(pto);

int size;
nsaddr_t *ptrto;
nsaddr_t *ptrfrom

size = hdrzfrom >nunentries_; //
hdrcto->direction() = hdrcfrom>direction();
hdr ct o- >ptype() = hdrcfrom >ptype();

hdr ct o- >next _hop() = hdrcfrom >next_hop();
hdr ct o- >addr _type_ = hdrcfrom >addr_type_;
hdrct o- >si ze() = hdrcfrom >size() ;

hdripto->ttl() = hdripfrom>ttl();

hdri pt o- >saddr () hdri pfrom >saddr () ;
hdri pt o- >sport () hdri pfrom >sport();
hdri pt o- >daddr () hdri pf rom >daddr () ;
hdri pt o- >dport () hdri pfrom >dport();

hdr zt o- >zrptype_ = hdrzfrom >zrptype_;

hdr zt o- >seq_ = hdrzfrom >seq_;

hdr zt o- >nunentries_ = hdrzfrom >nunentries_;
hdr zt o- >ori gi nat or _ hdr zf rom >ori gi nator _;
hdr zt o- >i er psour ce_ hdr zf rom >i er psource_;

hdr zt o- >i er pdest _ = hdrzfrom >i er pdest _;

hdr zt o- >i ar psour ce_ = hdrzfrom >i ar psource_;
hdr zt o- >i ar pdest _ = hdrzfrom >i ar pdest _ ;
hdr zt o- >l ast bordercaster_ = hdrzfrom >l ast bordercaster_;
hdr zt o- >pkt sent _ = hdr zf rom >pkt sent _;

hdr zt o- >enc_dport _ = hdrzfrom >enc_dport _;
hdr zt o- >enc_daddr _ = hdrzfrom >enc_daddr _;
hdr zt o- >enc_ptype_ = hdrzfrom >enc_ptype_;
hdrzto->qid_ = hdrzfrom >qi d_;

hdr zt o- >f orwar ded_ = hdr zfrom >f orwar ded_;
hdr zt o- >r out ei ndex_ = hdr zfrom >rout ei ndex_;

Ilfree(ptrto);
pkt _create_route_data_space(pto,size);

ptrto = hdrzto->route_;
ptrfrom = hdrzfrom >route_;

/'l copy route entries
for (int i=0; i<size; i++) {
ptrto[i] = ptrfron{i];

/1l we don't need to copy link data, but if you need to,
/'l place code here

}

/1

/1 Packet routines:



/1 Adds a link state entry to a packet data space

/1

voi d ZRPAgent: : pkt_add_l i nk(Packet* p, nsaddr_t |nksrc, nsaddr_t | nkdest,
int isup) {

I'inkie* Is;

nei ghbor _struct* ns

int nunentries

int* seq_stanp

hdr _zrp *hdrz = HDR_ZRP(p);

/'l current nunber of entries in our data space
nunentries = hdrz->nunentries_;

/1 this assunmes space has ALREADY been all ocated
/1 pointer to head of link state entries
I's = hdrz->links_;

/1 add at end of entry list

I s[nunentries].src_ = Inksrc

I s[nunentries].dest_ = | nkdest;

I s[nunentries].isup_ = isup

hdr z->nunmentries_++;, // we just added one

}

/1
/I Packet routines
/1 Add all neighbors link states to this packet p

/1

voi d ZRPAgent: : pkt_add_all _Ii nks(Packet* p) {
int* numentries
l'inkie* Is;

i nt nei ghbor_cnt;

int seqg_stanp

hdr _zrp *hdrz = HDR_ZRP(p)
nei ghbor _struct* ns

/'l ptr to data area of pkt
I's = hdrz->links_;

/'l place link states consecutively into space
nei ghbor_cnt = 0
for (ns=neighbors_; ns != NULL; ns=ns->next_) {
| s[ nei ghbor _cnt].src_ = nyaddr_;
| s[ nei ghbor _cnt]. dest_ ns- >addr _;
I s[ nei ghbor __cnt].isup_ = TRUE; // all on ny neighbors are "up"
nei ghbor _cnt ++
}

hdr z->nunmentries_ = nei ghbor_cnt; // will be zero if no neighbors

}

/1
/'l Packet routines

/1 Send packet, ie schedule it for sonetine in future to target_ of ZRP
/1 which is handled by LL. This is unicast only to "addressee"

/1
voi d ZRPAgent: : pkt_send(Packet* p, nsaddr_t addressee)

{
Schedul er & s

Schedul er::instance(); // Useful to send (Schedul e) packets

hdr _ip *hdrip = HDR_I P(p);
hdr _crm *hdrc = HDR_CMN( p)
hdr _zrp *hdrz = HDR _ZRP(p)

/1 if this node is suspended, drop the packet

if (suspend_flag_ == TRUE) {
zdrop(p, DROP_RTR_| ARP);
return;

}

/'l set next hop and dest to addressee
hdr c- >next _hop() = addressee
hdri p- >daddr () = addressee



/1 transmit, no del ay
s.schedul e(target_, p, 0);

tx_++; // increment pkt transmitted counter

}

/1
/'l Packet routines:
/1 Loads |ink update infornmation indexed by "index" from pkt data
/1 into link struct
/1
voi d ZRPAgent: : pkt_read_updat e(Packet* p, link_struct *Is, int index ) {
hdr_zrp *hdrz = HDR_ZRP(p);
I'inkie* ptr;
link_struct* |new,

ptr = hdrz->links_; // ptr to data area of pkt

I's->src_ = ptr[index].src_ ;
| s->dest _ ptr[index].dest_ ;
I's->isup_ ptr[index].isup_ ;

}

/1
/| Packet routines:

/'l Broadcast packet to all neighbors
/1
voi d ZRPAgent: : pkt_broadcast (Packet* p) {

Schedul er & s = Schedul er::instance(); // Useful to send (Schedul e) packets

hdr _ip *hdrip = HDR_I P(p);
hdr _crm *hdrc = HDR_CWN(p) ;
hdr_zrp *hdrz = HDR _ZRP(p);

/1 if this node is suspended, drop the packet

if (suspend_flag_ == TRUE) {
zdrop(p, DROP_RTR_| ARP);
return;

}

hdr c- >next _hop() = | P_BROADCAST;

hdri p- >daddr () = | P_BROADCAST;

/] transmit with jitter

s.schedul e(target _, p, Random:uniform(transmt_jitter_) );
tX_++;

}

/1
/'l Packet routines:
/1 Add entry (indexed by "entry") for "node" to route list in packet
/1 The caller HAS to update hdrz->nunentries_ .
/1
voi d ZRPAgent: : pkt _add_node(Packet* p, nsaddr_t node, int entry)
{

int numentries;

nsaddr _t *ptr;

hdr_zrp *hdrz = HDR _ZRP(p);

hdrz->route_[entry] = node;

}

/1
/'l Packet routines:

/1 returns the address of the next hop on the route list of a packet
/1 If error, returns the first node on |ist

/1
nsaddr _t ZRPAgent::find_next_hop(Packet* p)

hdr _zrp *hdrz = HDR_ZRP(p);
nsaddr _t *ptr;
nsaddr _t j unk;



nt junkie

int i

=hdr z- >r out ei ndex_;
return(hdrz->route_[i+1]);

junkie = hdrz->nunentries_;
if (hdrz->nunentries_ > 0) {
ptr = hdrz->route_;
for (int i = 0; i<hdrz->nunentries_-1; i++) {

if (ptr[i] == nyaddr_) {
junk = ptr[i+1];

return(junk);

} else {
return(-1);

}

/1 default, just return the node first on |ist
return(hdrz->route_[0]);
/1 ie no next hop

}

/1
/'l Packet routines
/'l Sends packet to next hop on the route |ist of a packet

/1

voi d ZRPAgent: : send_next _hop(Packet *p) {
hdr _zrp *hdrz = HDR_ZRP(p)
int i
hdr z- >r out ei ndex_++
i =hdr z- >r out ei ndex_;
pkt _send(p, hdrz->route_[i]);
}

/1

/'l Packet routines
/'l Sends packet to previous hop on the route |list of a packet

/1
voi d ZRPAgent: : send_prev_hop(Packet *p) {
hdr _zrp *hdrz = HDR_ZRP(p)
int i
hdr z- >r out ei ndex_- -
i =hdr z- >r out ei ndex_;
pkt _send(p, hdrz->route_[i]);
}

/1

/1 Packet routines
/'l Returns the address of the previous hop on the route list of a packet.
/1l If error, returns the current node's address

/1

nsaddr _t ZRPAgent::find_prev_hop(Packet* p) {
hdr _zrp *hdrz = HDR_ZRP(p)
nsaddr _t *ptr
int i
i =hdr z- >r out ei ndex_;
return(hdrz->route_[i-1])

if (hdrz->nunentries_ < 2)
return(myaddr_); // need nore than 1 entry
ptr = hdrz->route_;

for (int i =1; i<hdrz->nunentries_; i++) {



if (ptr[i] == nyaddr_) {
return(ptr[i-1]);

}
return(myaddr_); // ie no prev hop

/1

/'l Packet routines:

/1 Wapper for drop().

/'l Drops packet after properly free dynam c nmenory allocation.

/1

voi d ZRPAgent: : zdrop(Packet *p, const char *s) {
hdr _zrp *hdrz = HDR_ZRP(p);

drop(p, s);
return;
if (hdrz->links_ !'= NULL)
free((void *)hdrz->links_); // extra: free links_ data
if (hdrz->route_ != NULL)
free((void *)hdrz->route_); // extra: free route_ data
}
/1

/'l Packet routines:
/1 Adds an outer route to destination "daddr" to a route list in a packet
/1
int ZRPAgent::add_outer_route(Packet* p, nsaddr_t daddr) {
nsaddr _t tnp[100];
int flag = FALSE;
hdr _zrp *hdrz = HDR_ZRP(p);
int cntr = 0;

int gg;
for (int i =0; i < MAX_NODES PER ZONE && !flag ; i++) {
if (rtable.outer_route[i] != NULL && rtable.outer_route[i]->d_ == daddr) {
/1 found outer route
flag = TRUE;

printf("| Added outer route ");

/1 by definition: nunmhops+l = nunmentries
gg = rtable.outer_route[i]->nunmhops_+1 ;
pkt _create_route_data_space(p, g9);

nsaddr _t *zroute = hdrz->route_;

for (rtable_node *ptr=rtable.outer_route[i]->next_; ptr != NULL;
ptr=ptr->next_) {
zroute[cntr] = ptr->id_;
printf("%l[ %] ",cntr,zroute[cntr]);
cntr++;
} /1 end for ptr
printf("\n");
hdr z->nunentries_ = cntr;
Y /1 end if
} /1 end for i
return(flag);

}

/1

/1 Timers: NeighborScanTi mer

/1 Starts Nei ghborScanTinmer, called by startup(), delayed by thistine

/1 Protocols: NDP

/1

voi d ZRPNei ghbor ScanTi mer: : start(doubl e thistine) {
Schedul er: :instance().schedule(this, & ntr, thistime );

}




/1

/1 Timers: ZRPBeaconTransmitTi mer

/] Starts BeaconTransnitTiner, called by startup(), delayed by this tinme

/1

voi d ZRPBeaconTransnit Timer::start(double thistime) {
Schedul er::instance().schedul e(this, & ntr, thistine );

}

/1

/1 Timers: Periodi cUpdateTi ner

/] Starts PeriodicUpdateTiner, called by startup(), delayed by thistine

/1 Protocols: |ARP

/1

voi d ZRPPeri odi cUpdat eTi mer: :start (double thistime) {
Schedul er::instance().schedul e(this, & ntr, thistine );

}

/1
/1 Timers: BeaconTransmitTimer
/1 Triggered when it is tinme to Transnmit a Beacon
/1
voi d ZRPBeaconTransmit Ti mer: : handl e(Event* e) ({

Ti me now = Schedul er::instance().clock(); // get the tine

char* address

Packet* p

hdr _zrp *hdrz;

/1 Note: we need to specify agent-> to access ZRPAgent nethods
/1 for all timer classes

/1 transmit beacon
p = agent - >pkt _creat e( NDP_BEACON, | P_BROADCAST, 1); // last arg is TTL
hdrz = HDR_ZRP(p); // access ZRP part of pkt header
hdrz->origi nator_ = agent->myaddr_; // | amoriginator of pkt
agent - >pkt _broadcast(p); // broadcast pkt
printf("\n_%d_ [¥%6.6f] | Node % sent a beacon (seq no. %)
"| Node % started an ack-tinmer to expire at %.6f sec. ",
agent - >myaddr _, now, agent->nyaddr_, hdrz->seq_,
agent - >myaddr_, (float)now + agent->nei ghbor_ack_ti meout_);

printf("| radius is %l ", agent->radius_);

agent - >print_tables();

printf("\n");

agent - >AckTi mer _. start(); /] start ack timer for the beacon sent

/'l check outer route requests for expirations

agent - >out er _route_expiration();

/'l check ierp cache for expirations

agent - >scan_i erp_cache();

/'l check query detect for expirations

agent - >scan_query_det ections();

/'l check linkstate expiries, mark for purging later
agent - >scan_l i nkstate_tabl e();

/'l schedul e next scan in BEACON PERI OD+jitter() sec
Schedul er: :instance().schedul e(this, & ntr, agent->beacon_period_ +
Random : uni f or magent - >beacon_period_jitter_)
)i
}

/1
/1l Timers: Scanning Query Detect Table
/'l Scan query detect table, delete expired entries
/1
voi d ZRPAgent: :scan_linkstate_table() {
Ti me now = Schedul er::instance().clock(); // get the tine
link_struct *Is;




/1 1oop through whole link state table

for (lIs=Istable.lshead_ ; Is->next_ != NULL; |s=ls->next_) {
if (Is->next_->expiry_ < now) // if past expiration stanmp
| s->next_->isup_ == FALSE; // mark for purging |later
}
}
/1

/1 Timers: Scanning Query Detect Table
/1 Scan query detect table, delete expired entries.
I
voi d ZRPAgent: :scan_query_detections() ({

QueryDetectEntry *entr;

int i;

rtabl e_node *tnp;

Ti me now = Schedul er::instance().clock(); // get the tine

for (i=0; i<MAX_QUERY_DETECT_TABLE_SIZE; i ++) {
/1 if entry is not NULL and has expired, delete
if ( (queries_[i] != NULL) && (queries_[i]->expiry_ < now) ) {

/1 delete entire list of covered nodes

for (rtable_node *p=queries_[i]->next_; p!=NULL; ) {
tmp = p;
p=p- >next _;
del ete tnp;

}

/] delete entry
delete queries_[i];
queries_[i] = NULL;

} /1 endif
}

}

/1

=

/'l Checks all outer routes to see if they have expired, deletes those
/1 that have. Triggered by tinmner.
/1
voi d ZRPAgent: :outer_route_expiration() ({
Ti me now = Schedul er::instance().clock(); // get the tine
rtabl e_node *tnp;
int i;
int flag;
flag = FALSE;

printf("\n_%d_ [%6.6f] | Checking outer route expirations. ", myaddr_, now);

/'l Check table

for (i =0; i < MAX_OUTER _ROUTES ; i++) {
if (rtable.outer_route[i] != NULL && rtable.outer_route[i]->d_!=-99 &&
rtable.outer_route[i]->expiry_ <now) { // if expired
f 1 ag=TRUE;

printf("|] CQuter route for node % expired at %6. 3f.
"It has been DELETED. Route =",
rtable.outer_route[i]->id_, rtable.outer_route[i]->expiry_);

/] delete the outer route entry - it is a linked |ist
for (rtable_node *ptr=rtable.outer_route[i]->next_; ptr!=NULL; ) {
tmp = ptr;

printf("%d ",tnp->id_);
ptr=ptr->next_;

}

/1 mark del eted
rtable.outer_route[i]->id_ = -99;



}

}
if (!flag)
printf("| None expired.");

printf("\n");

/1 Timers: NeighborScanTi mer

/1 Triggered by alarmfor scanning NDP table. If there is a new
/'l nei ghbor, update | ARP and re-conpute route table.

/1 Protocols: NDP, NDP notifies |ARP

voi d ZRPNei ghbor ScanTi mer: : handl e(Event* e) {
Ti me now = Schedul er::instance().clock(); // get the tine
nei ghbor _struct* ns, nstenp;
nei ghbor _struct* tnp;
Packet * p;
nsaddr _t na;
Time tout;
int flag = FALSE; // have we del eted a nei ghbor ?
int |s;
int seq_match;
int* seq_stanp, numentries;
hdr _zrp *hdrz;

/'l no neighbors yet, nothing to tell |ARP
i f (agent->nei ghbors_ == NULL)
printf("\n_%d_ [¥%6.6f] | Node % nei ghborscan-tiner tinmed out,
"but nei ghbor table is enmpty. Next scan at %.6f sec."”,
agent - >myaddr _, now, agent->nyaddr_,
now + agent->nei ghbortabl e_scan_period_);

got o ECFF;
}

/1 insert a dummy struct at head to make it work
nei ghbor _struct dunmy;

dummy. next _ = agent - >nei ghbors_;

agent - >nei ghbors_ = &Junmy;

printf("\n_9%d_ [¥%6.6f] | Node % nei ghborscan-tiner tinmed out.
"Next scan at %.6f sec. ",
agent - >myaddr _, now, agent->nyaddr_,
now + agent->nei ghbortabl e_scan_period_);

/1 drop tinmed-out neighbors who didn't ack
for (ns=agent->nei ghbors_; ns->next_ != NULL; ) {

if (ns->next_->expiry_ < now) { // tined out
na = ns->next_->addr_;
tout = ns->next_->expiry_;

printf("| Node %l detected that the entry for Node % has expired.
"Expiry was at 9%.6f sec. ",
agent - >myaddr _, na, tout);

/'l del ete node

nei ghbor _struct *tenp = ns->next_;
ns->next _ = ns->next_->next_;

del ete tenp;

if (flag == FALSE) { // if first time we detect a timeout in this for-Ioop
p = agent->pkt_creat e(| ARP_UPDATE, | P_BROADCAST, agent->radius_*2-1);
/1 allocate area for our update data in packet, we set it to max
/'l current nunber of neighbors, but we only will use nunber of
/'l neighbors that tined out
agent - >pkt _create_l i nk_data_space(p, MAX_LI NKI E) ;
hdrz = HDR_ZRP(p);



/1 NDP TO | ARP: update |stable
I's = agent->l| stabl e. updat e( na, agent - >nyaddr _, FALSE, 0, &eq_mat ch)

agent - >rt abl e. conput e_r out es(agent - >nyaddr _, agent - >radi us_) ;
/1 Don't care if nmy table was updated or not, let's
/1 tell all other nodes regardless
agent - >pkt _add_l i nk(p, agent - >nyaddr _, na, FALSE)
flag=TRUE; //indicates we have at |east one drop and subsequent update
} else {
printf("| Node %l detected that the entry for Node % has not expired
"Expiry will be at %.6f sec.", agent->myaddr_, ns->next_->addr_,
ns->next _->expiry_);
ns=ns- >next _;
}
}

/'l reset neighbors_ to head of |ist
agent - >nei ghbors_ = dummy. next _;

if (flag) { // we had at |east one update, increment sequence
agent - >pkt _br oadcast (p);
printf("| Node %l sent update (seq no. %) about neighbors "
"dropped ( ", agent->nyaddr_, hdrz->seq_);
for (int i=0; i<hdrz->nunmentries_; i++) {
link_struct curr
agent - >pkt _read_update(p, &curr, i);
printf("%l ",curr.dest_);

printf(") due to expiry timeout. ");

}

ECFF

agent - >print_tables();
printf("\n");

/'l re-schedul e timer
Schedul er::instance().schedul e(this, & ntr, agent->neighbortabl e_scan_period_);

}

/1
/1 Timers: Periodi cUpdateTi ner
/1 Triggered when it is tine to do a |link update
/1 Protocols: |ARP
/1
voi d ZRPPeri odi cUpdat eTi mer: : handl e(Event* e) {

Schedul er & s = Scheduler::instance(); // Useful to send (Schedul e) packets

agent - >do_updat e() ;
Schedul er: :instance().schedul e(this, & ntr, agent->iarp_update_period_ );

}

/1
/1 1 ARP
/1 This actually does the work for doing |ink update
/'l re-conputes route table. Called by ZRPPeri odi cUpdat eTi mer: : handl e().
/1
voi d ZRPAgent: :do_update() {
Ti me now = Schedul er::instance().clock(); // get the tine
Packet* p
hdr_zrp *hdrz = HDR_ZRP(p)
link_struct tenplink

/1 clean_link_table_of_down_and_expired_|inks
| stabl e. purge_links()

/'l re-conpute route table

rtabl e. conmput e_r out es(myaddr_, radius_);

/1 only send an update if we have nei ghbors
if (neighbors_ !'= NULL) {



printf("\n_%d_ [%6.6f] | Node % sent periodic update (seq no. %)

"containing ( '

", nyaddr_, (float)now , mnyaddr_, seq.);

p = pkt_create(| ARP_UPDATE, |P_BROADCAST, radius_*2-1);

pkt _create_link_data_

pkt _add_al | _I'i nks(p);

/1l Print link states

space(p, MAX_LINKIE); // make space in packet
/1 add entire link state table to packet data space

in pkt data, redundant but for debug purposes

for (int i=0; i<num.neighbors_; i++) {

pkt _read_updat e(p,
if (tenmplink.isup_

& enplink, i);
== TRUE)

printf("%l=% ", tenplink.src_,tenplink.dest_);

el se

printf("%l#% ", tenplink.src_,tenplink.dest_ );

}
printf("). "),
pkt _broadcast (p); //

} else {

br oadcast packet

printf("\n_%d_ [¥%6.6f] | Node % has no neighbors to put in this"
"periodic update.", nmyaddr_, now, myaddr_);

print_tables();
printf("\n");
}

/1

/1 Timers: AckTi mer

/'l Schedul e tineout at nei ghbor_ack_timeout_, just sent a Beacon.

/1 Protocol: NDP

/1

voi d ZRPAckTiner::start() {
Schedul er::instance().schedul e(this, & ntr, agent->nei ghbor_ack_tinmeout_);

/1 Tinmers: AckTi mer

/1 Handl e a schedul ed timeout neighbor_ack_tineout_ secs since we sent

/'l original Beacon.
/'l Rermove nei ghbor if it

isinour list. If any were renoved, update | ARP &

/1 send an imedi ate update ("triggered update").

/'l Protocols: NDP, a call

to | ARP

voi d ZRPAckTi ner:: handl e(Event* e) {

Ti me now = Schedul er: :i

nstance().clock(); // get the tine

nei ghbor _struct* ns, nstenp;

nei ghbor _struct* tnp;
Packet * p;

nsaddr _t na;

Tinme tout;

Ti ne | ast ack;

int flag = FALSE; // have we del eted a nei ghbor ?

int |s;
int seq_match;

int* seq_stanp, numentries;

hdr _zrp *hdrz;

/'l no neighbors yet, nothing to tell |ARP

i f (agent->nei ghbors_ == NULL) {
printf("\n_9%d_ [¥%6.6f] | Node % ack-timer timed out, but neighbor”
"table is empty. ", agent->nyaddr_, now, agent->nyaddr_);
agent - >print_tables();
printf("\n");
return;

}

/'l insert a dummy struct at head

nei ghbor _struct dunmy;



dummy. next _ = agent - >nei ghbors_;
agent - >nei ghbors_ = &Junmy;

printf("\n_%d_ [¥%6.6f] | Node % ack-tinmer timed out. ",
agent - >myaddr _, now, agent->nyaddr_);

/1 drop tinmed-out neighbors who didn't ack
for (ns=agent->nei ghbors_; ns->next_ != NULL; ) {

if ( (now - ns->next_->lastack_) > agent->neighbor_ack_tineout_ ) {
printf("| Node %l did not receive ack from Node %l before tineout.
"Lastack expiry was at 9%%.6f sec. ",
agent - >myaddr _, ns->next_->addr_,
ns- >next _->l astack_+ agent - >nei ghbor _ack_ti neout_);

na = ns->next_->addr_;
tout = ns->next_->expiry_;
lastack = ns->next_->lastack_;

/1 del ete node

nei ghbor _struct *tenp = ns->next_;
ns->next _ = ns->next_->next_;

del ete tenp;

/1 total nunmber of neighbors
agent - >num_nei ghbors_ --;

if (flag == FALSE) { // if occurring for first time

p = agent->pkt_creat e(| ARP_UPDATE, | P_BROADCAST, agent->radius_*2-1);
/1 allocate area for our update data in packet, we set it to max

/'l current nunber of neighbors, but we only will use nunber of

/'l neighbors that tined out

agent - >pkt _create_l i nk_data_space(p, MAX_LI NKI E) ;

hdrz = HDR_ZRP(p);
}

/1 NDP TO | ARP: update |stable
I's = agent->| stabl e. updat e( na, agent - >nyaddr _, FALSE, 0, &eq_mat ch) ;
agent - >rt abl e. conput e_r out es(agent - >nyaddr _, agent - >radi us_) ;
/1 if (Is) { Don'"t care if ny table was updated or not, let's
/1 tell all other nodes regardless
agent - >pkt _add_I i nk(p, agent - >nyaddr _, na, FALSE);
flag=TRUE; //indicates we have at |east one drop and subsequent update
/1 }
} else {
printf("| Node %l received ack from Node %l before time-out.
"Lastack expiry was at 9%.6f sec.", agent->nyaddr_, ns->next_->addr_,
ns- >next _->l astack_ + agent->nei ghbor _ack_ti neout _);
/1l ns->next_->lastack_ = now, // update nei ghbor |astack WWRONG
/1 the acktimer and the neighborscantimer routines DO NOT
/1 alter the last/expiry field of the neighbor
/1 they only read it, and decide to delete the neighbor fromthe
/1 table or not
ns=ns- >next _;
}
}

/'l reset neighbors_ to head of |ist, see hack above

/1 FUTURE can do this a different way w thout changi ng nei ghbors_
/1 in for |oop, say ns=&Jummy ?

agent - >nei ghbors_ = dummy. next _;

/1l delete dptr doesn't work!

if (flag) { // we had at |east one update, send
agent - >pkt _br oadcast (p) ;
printf("| Node %l sent update (seq no. %l) about neighbors "
"dropped ( ", agent->nyaddr_, hdrz->seq_);
for (int i=0; i<hdrz->nunmentries_; i++) {
link_struct curr;



agent - >pkt _read_update(p, &curr, i);
printf("%l ",curr.dest_);

printf(") due to ack tineout. ");

}
ECFF:
agent - >print_tables();
printf("\n");
/1

/1 Timers: Scanning | ERP Cache
/1 1f any | ERP requests tine out, delete them
/1 Protocol: |ERP
/1
voi d ZRPAgent: :scan_ierp_cache() {

| ERPCacheEntry *entr;

int i;

Ti me now = Schedul er::instance().clock(); // get the tine

for (i=0; i<MAX_|ERP_CACHE; i++) {
if ( (ierpcache[i] != NULL) && (ierpcache[i]->expiry_ < now) ) {
zdrop(i erpcache[i]->pkt_ , DROP_RTR_NO_ROUTE);
del ete ierpcache[i]; [// the request is dead
i erpcache[i] = NULL;

/1 | ERP:

/] Pass route in proute to iarp to add to cached packet and send,
/1l and al so save route in outer_route table

/1 Protocol: IERP, notifies |ARP

voi d ZRPAgent::ierp_notify_iarp(Packet *proute) {
hdr _zrp *hdrzroute = HDR ZRP(proute);
nsaddr _t junk, daddr;
Ti me now = Schedul er::instance().clock(); // get the tine
int dst, st,cntr;
int found, flag;
rtabl e_node *ptr;
nsaddr _t *zroute;
int nunentries,qid;

zroute = hdrzroute->route_;
nunentries = hdrzroute->nunmentries_;
gid = hdrzroute->qid_;

/1 1. copy new route to outer_route table

/1 2. find cached packet

/1 3. if not found, return "drop cached packet, delete cache entry" is WRONG
/1l 4. if found, add_outer_route to it and send it

/1 1. copy new outer_route to outer_route table

/1 flag indicates true if we find a free spot
flag = FALSE;

/1 find a free spot in outer_route table

for (int i =0; i < MAX_OUTER ROUTES && !flag ; i++) {
if (rtable.outer_route[i] == NULL) {
flag = TRUE;
dst =1i;

/1 1f we happen to find the route in table, keep the shorter route
} else if (rtable.outer_route[i]->id_ == hdrzroute->ierpdest_) {
dst=i;



printf("| CQuter route already in ierp cache, ");

/'l keep the shorter route
/1 by definition: nunhops+l = nunmentries

/1 if length of store route < length of neWmy received accumroute

if (rtable.outer_route[dst]->nunhops_+1 <= nunentries) {
printf("newly received route is longer or the sanme, keeping "
"stored route. ");
return;

}

/1 the printf explains the next section

printf("new route is shorter, replacing stored with new route [");

/1 delete old route

rtabl e_node *tnp;

for (ptr=rtable.outer_route[dst]->next_; ptr!=NULL; ){
tmp = ptr;
ptr=ptr->next_;
del ete tnp;

}

rtabl e_node * nptr = NULL;

/'l create |ist backward

for (int i=nunentries-1; i >=0; i--) {
[lprintf("% ", zroute[i]);

tnp = new rtabl e_node;
tnp->id_ = zroute[i];

t mp->next_ = nptr;

nptr =t np;
}
/1 put newroute list into route entry
rtabl e.outer_route[dst]->next_ = nptr;

for (rtable_node *ptr=rtable.outer_route[dst]->next_; ptr!=NULL;
ptr=ptr->next_)

printf("%l ",ptr->id_);

printf("].\n");

return; // pkt deleted upon return

}
}
/1 Qur outer route table is full
if (!flag) {
printf("No nore roomin outer_route table for new routes!\n");
zdrop(proute, DROP_RTR_IARP); // drop route reply
return;
}

assert(flag); // if no nobre roomin outer_route table, need to increase

/'l create new head for entry
rtabl e.outer_route[dst] = new rtable_entry;

/'l copy the dest id to the header node, stamp with expiry, add nunmhops

rtabl e.outer_route[dst]->d_ = zroute[nunmentries - 1];
rtabl e.outer_route[dst]->expiry_ = now + OUTER_ROUTE_EXPI RATI ON;
rtabl e. outer_route[dst]->numhops_ = nunentries - 1;

/'l copy first node address of route |ist
ptr = new rtabl e_node;
rtabl e.outer_route[dst]->next_ = ptr;

/1 copy rest of route to the linked list in outer_route entry
for (int j=0; j <= rtable.outer_route[dst]->nunhops_ ; j++) {
ptr->next_ = new rtabl e_node;
ptr = ptr->next_;



ptr->id_ = zroute[j];
ptr->nunmhops_ = j;

ptr = rtabl e.outer_route[dst]->next_;
rtabl e.outer_route[dst]->next_ = ptr->next_;
delete(ptr);

printf("copied route ");
cntr=0;

for (ptr=rtable.outer_route[dst]->next_; ptr !=NULL; ptr=ptr->next_) {
printf("%l(%) ",cntr++ ptr->id_);
} printf("\n");

/1 2. find cached packet

assert(nunentries > 3); // the route list nust at minimm
/1 include nyself + 1 nmore + 1 nore for outer routes at radius=1

/1 finding cached request, flag = TRUE if found, $found = index
flag = FALSE;
for (int i=0; i<MAX_| ERP_CACHE && !flag; i++) {

if (ierpcache[i] != NULL & gid == ierpcache[i]->qid_) {
flag = TRUE;
found = i;
}
}

if (!flag) {
/1 3. if not found, return
/'l no cached route, nust have expired
/1 should we try again, another request?
printf("cached ierp request not found, must have expired."
"Dropping ierp reply.\n");

} else {

/1l 4. if found, add_outer_route to it and send it
Packet *p = ierpcache[found]->pkt_;

hdr_zrp *hdrz = HDR _ZRP(p);

hdr _ip *hdrip HDR_I P(p);

hdr _cmm *hdrc HDR_CWN( p) ;

/1 add new outer route entry to packet
st = add_outer_route(p, zroute[numentries - 1] );

/ encapsul ate upper |ayer info

hdr z- >enc_daddr _ = hdri p->daddr () ;

hdr z- >enc_dport _ hdri p->dport() ;

hdrz->enc_ptype_ = hdrc->ptype();

/1 send to next hop

hdrc->direction() = hdr_cmm::DOWN;, // this is default, but just in case
hdr c->ptype() = PT_ZRP;

/1 hdr c->next _hop() = nto[O0];

hdr c- >addr _type_ = NS_AF_NONE;

hdrc->size() = IP_HDR LEN; // set default packet size
hdrip->ttl() = 100;

/1 hdrip->daddr () = find_next_hop ;

hdri p->dport () = ROUTER_PORT;

hdr z->zr pt ype_ = | ARP_DATA,

hdr z->nunentries_ = nunentries ;
hdr z- >f orwarded_ = 0;

hdr z->ori gi nator _ = myaddr _;

hdr z- >pkt sent _ = now;

hdr z->zrptype_ = | ARP_DATA,

hdrc->direction() = hdr_cmm:: DO,

junk = find_next_hop(p);



printf("| Sending data packet to next hop %l )\n",junk);
send_next _hop(p);

Il ZRP:

/'l Receives incom ng packet, determines if it is a ZRP packet or not

/1 1f it is, it is processed by ZRP (I ERP) at recvZRP.

/1 1f not, that means the packet is coming fromthe upper |ayer, and the
/| packet needs to be routed using route_pkt.

/'l Protocols: |ERP and | ARP

voi d

ZRPAgent: :recv(Packet * p, Handler *) {
hdr_ip *hdrip = HDR_|I P(p);
hdr _cmm *hdrc HDR_CWN( p) ;
hdr _zrp *hdrz = HDR_ZRP(p);

int src = Address::instance().get_nodeaddr (hdrip->saddr());
int dst = hdrc->next_hop();
int jem

Ti me now = Schedul er::instance().clock(); // get the tine
rx_++; // just received a new packet

/1 check if we are in suspend node

if (suspend_flag_ == TRUE) {
zdrop(p, DROP_RTR_| ARP);
return;

}

if (hdrc->ptype() == PT_ZRP) {
jem= hdrip->ttl();
hdrip->ttl() -= 1;
assert(jem== (hdrip->ttl() + 1) );
if (hdrip->ttl() < 0) {
zdrop(p, DROP_RTR TTL);
return;

}

/1 it is a proper ZRP packet, let ZRP process it
recvzZRP(p);
return;

}

/1 if other type
if(src == nyaddr_ && hdrc->num forwards() == 0) {
/'l A packet from higher |ayer
hdrc->si ze() += | P_HDR_LEN, /1 Add the | P Header size
/1 hdrip->ttl_ = | P_DEF_TTL;
hdrip->ttl() = radius_ ;
} elseif (src == nyaddr_) { // rcving a pkt |I sent, prob a routing |oop
zdrop(p, DROP_RTR _ROUTE_LOOP);
return;
} else {

/1 forwarding a non-ZRP packet from another node
/1 Check the TTL. If it is zero, then discard.
if(--hdrip->ttl() == 0) {

zdrop(p, DROP_RTR TTL);

return;

}

/1 WHAT do | do with non-ZRP packets rcvd from anot her node?
/1 just route_pkt it like any other? then this else clause is superfluous

}

printf("\'n_%d_ [%6.3f] | Got non-ZRP packet type % from upper |ayer
"seq no. % (daddr=%l dport=%) ",
/1 "(9%2d, PT_ZRP=9%2d, PT_TCP=%l) ",



myaddr _, now, hdri p->daddr (),
seq_, hdrip->daddr (), hdrip->dport() );

print_tables();
printf("\n");

/1 This packet is not a ZRP packet, it needs to be routed.
route_pkt(p, hdrip->daddr() );

/1 1 ERP:

/'l Process received ZRP type packet.

/1 Protocols: IERP, IERP calling |IARP, | ARP, NDP, NDP notifying | ARP
/1 1ARP calling | ERP

/1
voi d
ZRPAgent : : recvZRP( Packet * p)
{
hdr_ip *hdrip = HDR_ | P(p);
hdr _cmm *hdrc = HDR_CM\(p);

hdr _zrp *hdrz = HDR_ZRP(p);
i nt tnp[ MAX_ROUTE_LENGTH] ;

i
int src = Address::instance().get_nodeaddr (hdrip->saddr());
int dst = hdrc->next_hop();

int st;

int ne, m;

int aaa, bbb;

int cntr,qqqid;
link_struct tenplink;
nsaddr _t *nodeptr;
nsaddr _t *nptr;
nsaddr _t *nptr;
nsaddr _t* ptr;
nsaddr _t prev_hop;
nsaddr _t nextbc,isrc;
int flag,ii,found;

int seq_match;

char *wal k;
link_struct* joe;
link_struct* currlink;
Packet *pnew;

Ti me now = Schedul er::instance().clock(); // get the tine

Schedul er & s = Scheduler::instance(); // Useful to send (Schedul e) packets

/1 if | get my own transnission (excluding ierp_replies)

if (hdrip->saddr() == myaddr_ && hdrz->i erpsource_ != nmyaddr_) {
zdrop(p, DROP_RTR_HI YA) ;
return;

}

/lassert we're talking fromnetwork |ayer(rtagent) to network |ayer(rtagent)
assert (hdrip->sport() == RT_PORT); assert (hdrip->dport() == RT_PORT);
assert (hdrc->ptype() == PT_ZRP);

switch (hdrz->zrptype_)
{

case NDP_BEACON: // getting a beacon, send ack

/'l re-use packet to create beacon ack, no need to drop

hdr z- >zr pt ype_ = NDP_BEACON_ACK;

hdr c- >next _hop_ = hdrz->originator_; // send directly to originator
hdrc->direction() = hdr_cmm::DOWN;, // this is default, but just in case
hdrip->ttl () = 1;

hdri p->saddr () = nyaddr_;

pkt _send(p, hdrz->originator_); // send ack

printf("\n_%d_ [¥%6.6f] | Node % received a beacon from Node % "



"(seq no. %) | Node % sent ack to Node % (seq no. %l). ",
myaddr _, (float)now, mnyaddr_, hdrz->originator_ , hdrz->seq_ ,
myaddr _, hdrz->originator_, hdrz->seq_);

print_tables();

printf("\n");
br eak;

case NDP_BEACON _ACK: // getting an ack, update nei ghbor table and
/'l send update, and update link state table.

printf("\'n_%d_ [%6. 6f]
"| Node % received an ack (seq no. %) from Node %d. ",
myaddr _, now, myaddr_, hdrz->seq_, hdrip->saddr());

st = FALSE; // assume no change in N table

/1 check if | amgetting an ack for a beacon | sent
if (hdrz->originator_ == nyaddr_) {

printf("");

/1 add, or update if already in table
st = nei ghbor_add(hdri p->saddr() );

} else {
zdrop(p, DROP_RTR_| ARP) ;
printf("| Node %l dropped an ack (seq no. %l) originating froma"
" different Node %", nyaddr_, hdrz->seq_, hdrz->originator_ );
print_tables();

printf("\n");
return;

}

aaa = st;

bbb = hdri p->saddr();

if (st) { // @f (st) change in NDP table, notify |ARP

/'l seq=0 means update from NDP
st = | stabl e. updat e(hdri p->saddr (), nyaddr _, TRUE, O, &eq_nat ch);
aaa= st;

if (st) {
Il re-conpute if there is a change in link state table
/1 rtabl e. comput e_routes();
rtabl e. comput e_r out es(myaddr _, radi us_) ;

}
/1 always send update if neighbor has been added

/'l send out immedi ate update (event-driven)
pnew = pkt_create(l ARP_UPDATE, |P_BROADCAST, radius_*2-1);

hdr _zrp *hdrz_new = HDR_ZRP(pnew) ;

pkt _create_Il i nk_dat a_space(pnew, MAX_LI NKI E) ;
pkt _add_l i nk( pnew, nyaddr _, hdri p->saddr(), TRUE);

pkt _broadcast (pnew) ;

printf("| Node %l sent update (seq no. %) about new "
"nei ghbor Node %d. ", nyaddr_, hdrz_new >seq_, hdri p->saddr());

}
print_tables();
printf("\n");

zdrop(p, DROP_RTR_TTL); // packet expired
br eak;



case | ARP_UPDATE: // received update, forward if appropriate.
char msg[100] ;
sprintf(msg,"");
if (hdrz->forwarded_ == 1) {

sprintf(msg,"forwarded");

printf("\n_%d_ [%6.6f] | Node % received % update (seq no. %l)
"sent from Node % originating from Node % (contains: ",
myaddr _, (float)now, myaddr_, nsg, hdrz->seq_, hdrip->saddr(),
hdr z->ori gi nator_);

for (int i=0; i<hdrz->nunmentries_; i++) {

pkt _read_update(p, & enplink, i);

if (tenmplink.isup_ == TRUE)
printf("%l=% ",tenplink.src_,tenplink.dest_);
el se

printf("%l#% ", tenplink.src_,tenplink.dest_);

printf("). "),

flag = FALSE; // assune no updates to our table
/1 go through list of updates in pkt
for (int i=0; i<hdrz->nunmentries_; i++) {

/1 load link[i] from update
pkt _read_update(p, & enplink, i);

/1 update link state table
st = I stabl e.update(tenplink.src_,tenplink.dest_,tenplink.isup_,
hdr z- >seq_, &eq_mat ch) ;

/1 if change in link state table, reconpute routes

if (st) {
flag = TRUE; // link table has been changed
/1 rtabl e. comput e_routes();
rtabl e. comput e_r out es(myaddr _, radi us_) ;

}

if ( seq_match == TRUE) { // update was received before
zdrop(p, DROP_RTR_| ARP) ;

printf("| Node %l dropped packet because seq id is same or older as "

"idin table. ", myaddr_);
/'l return;
got o ECFF;
}
}
/'l check ttl

if ( (hdrip->ttl() <1) ) { [// TTL expired, don't forward
printf("| Node %l dropped packet due to TTL. ", myaddr_);
zdrop(p, DROP_RTR_TTL) ;
got o ECFF;

}

/Il let's forward by broadcast

/'l re-use packet, no need to drop

printf("| Node %l forwarded update (seq no. %)
"sent from Node % originating from Node % (contains: ",
myaddr _, hdrz->seq_, hdrip->saddr(), hdrz->originator_);

for (int i=0; i<hdrz->nunmentries_; i++) {
pkt _read_update(p, & enplink, i);
if (tenmplink.isup_ == TRUE)

printf("%l=% ", tenplink.src_,tenplink.dest_);



el se
printf("%l#% ", tenplink.src_,tenplink.dest_ );

printf("). ttl=%l", hdrip->ttl());
hdrc->direction() = hdr_cm:: DO,
hdrz->forwarded_ = 1;

pkt _send(p, | P_BROADCAST) ;
ECFF:
print_tables();
printf("\n");
/'l pgi - this was changed for the Haas denp in June! Do | need this?
/'l quenchi ng | ARP updat es
/1 check if either Inksrc or Inkdest is ne, don't forward, drop
/1 this is my neighborhood.
11 if ((hdrz->Inksrc_ == nyaddr_) || (hdrz->lnkdest_ == myaddr_)){
/1 drop(p, DROP_RTR_I ARP) ;
[lreturn;
11}
return;
br eak;

case | ARP_DATA: // got a data packet, forward if | amrelay,
/1 or send up if | amdestination.

nodeptr = hdrz->route_; // ptr to route |list

printf("\n_%d_ [¥%6.6f] | Got | ARP_Data packet orig=% dest=%l ", nyaddr _,

now, hdrz->origi nator_, nodeptr[hdrz->numentries_ - 1]);
printf("(");
for (ii=0; ii<MAX_|ERP_CACHE ; ii++)
if (ierpcache[ii] != NULL)
printf("%l. %.%l ",ii, HDR ZRP(i erpcache[ii]->pkt_)->enc_daddr_,

HDR_ZRP(i er pcache[ii]->pkt_)->enc_daddr_ );

/1 if pkt has arrived at dest (me)
if (nodeptr[hdrz->numentries_ - 1] == nyaddr_) {

printf(" >>> we are at destination "
"(del ay=9%3. 2f ms seq=%l daddr=% dport=%l ptype=%) ",
1000* ((float)now - (float)hdrz->pktsent_), hdrz->seq_,
hdr z- >enc_daddr _, hdrz->enc_dport_, hdrz->enc_ptype_);

/'l copy ecnapsul ated data back to this packet

hdri p- >daddr () = hdrz->enc_daddr _;

hdri p->dport () = hdrz->enc_dport_;

hdr c->ptype() = hdrz->enc_ptype_;

hdr c- >next _hop() = nyaddr_;

hdr c- >addr _t ype_ NS_AF_NONE;

hdrc->size() = IP_HDR LEN; // set default packet size
hdrip->ttl () = 1;

hdri p- >daddr () = nyaddr_;

hdrc->direction() = hdr_cmm::UP; // and is sent up

/1 uni cast
pkt _send(p, nyaddr_);

} else {

/1 forward onto next hop on I|ist
int nexthop = find_next_hop(p);
if (nexthop == nyaddr_) {

/1l no next hop error

}



printf(" >>> forwarding to next hop % ", nexthop);
hdr c- >next _hop() = nexthop;

hdrc->direction() = hdr_cmm:: DO,
send_next _hop(p);

}
print_tables();
printf("\n");
br eak;

case | ERP_REPLY: // got a reply, process as a relay or destination.

ne = hdrz->nunentries_;
ma = nyaddr_;
printf("\n_%d_ [¥%6.6f] | Got an ierp_reply, ",

myaddr _, now, ne, hdr z- >nunment ri es_, ma, myaddr _) ;

/1 if | am source, wake up |ARP

if (hdrz->ierpsource_ == ma) {
printf("l amoriginator. \n");
/1 wake up | ARP, pass packet to it
ierp_notify_iarp(p);
zdrop(p, DROP_RTR_IERP); // finished with reply packet
return;

} else { // if | amnot source
/1 1 ama relay node
printf("forwarding route ");
ptr = hdrz->route_;
printf("[% ",ptr[0] );
/1 find prev hop, forward reply to it
for (int i =1; i<ne; i++) {
printf("%l ",ptr[i] );
it (ptr[i] == m) {
prev_hop = ptr[i-1]; printf("<");

}
}
printf(]");
printf(" to %. \n",find_prev_hop(p));

hdrc->direction() = hdr_cmm:: DOW;, // send back down to prev node
hdrip->ttl () = 3;
hdr c- >next _hop() = find_prev_hop(p);
send_prev_hop(p);
}

br eak;

case | ERP_REQUEST: // outgoing request. QD ET as a relay or bordercaster.
printf("\n_%d_ [%6.6f] | Got an ierp_request, ", myaddr_, now);
printf("origin of request is %, queryid is %. ",
hdr z- >i er psource_, hdrz->qid_);

printf("Last bordercaster was %d. Last hop was %l.",
hdr z- >| ast bor der caster_, fi nd_prev_hop(p) );

ne = hdrz->nunentries_;

nextbc = hdrz->route_[ne-1];

qqqid = hdrz->qgid_;

isrc = hdrz->ierpsource_;

ptr = hdrz->route_;

/1 if dest is in nmy zone, originate reply and send back route
if (rtable.route_exists(hdrz->ierpdest_)) {

printf("\n\t| ierpdest (%) is in my zone, sending |ERP Reply "
"with accunul ated route", hdrz->ierpdest_);



/'l where am| on route list? store in cntr

cntr=999;
for (int i=0; i<hdrz->nunmentries_; i++) {
if (ptr[i] == myaddr_ ) {
cntr=i +1;
}
}
assert(cntr !'=999); // | have to be on |ist!

/Il clip route after ne

/I mencp data to tnp

bcopy(hdrz->route_, tnmp, cntr*sizeof (nsaddr_t));

/1 allocate a possibly smaller space, enough for accumroute up to ne
pkt _create_route_data_space(p, 100); //cntr+1);

/1 mencp tnmp back to data

bcopy(tnmp, hdrz->route_, cntr*sizeof (nsaddr_t));

hdrz->nunentries_ = cntr;

add_| ocal _route(p, hdrz->i erpdest_);

/I reuse packet, change to ierp reply

hdr z->zrptype_ = | ERP_REPLY;

hdrc->direction() = hdr_cmm:: DOW;, // send back down protocol stack
send_prev_hop(p);

printf("\n");

return;
}

if (ptr{hdrz->nunmentries_-1] == nyaddr_) { // if last entry is ne
/1 1 ama periph node

printf("\'n\t|] | ama peripheral node. My peripherals are [");

for (rtable_node *nptr = rtable.periphnodes_; nptr != NULL;

mptr=nptr->next_) {
printf("%l ", mptr->id_);

printf("].");

/1 Q - cover last bordercaster's zone
found = query_detect1(hdrz->qid_, hdrz->ierpsource_,
hdr z- >| ast bordercaster_, radius_);

/1 unicast to each peripheral node
for (rtable_node *nmptr = rtable.periphnodes_; nptr != NULL;

mptr=nptr->next_) {

/1 check if node is covered, otherw se bordercast
if (node_is_covered(mptr->id_, hdrz->qid_, hdrz->ierpsource_)) {
/1 Early Term nation
printf("\'n\t| ET - Query detected peripheral node % is in zone"
" of previous bordercaster %l or is just on covered list",
mptr->id_, hdrz->lastbordercaster_);
} else {

Packet *pnext = pkt_create(| ERP_REQUEST, |P_BROADCAST, 1);
/] paraneters don't matter, will be overwitten by pkt_copy

pkt _copy(p, pnext);
/1 add nyself as first route entry

add_| ocal _route(pnext,nptr->id_); // add rest
hdr _cmm *hdrcnext = HDR_CMN\( pnext);

hdr _zrp *hdrznext = HDR_ZRP(pnext);
hdr cnext ->direction() = hdr_cm::DOMN;, // send back down

hdr znext - >| ast border caster_ = nyaddr_;
printf("\'n\t| Sending ierp request to next bordercaster %,
"next hop is %. ", nmptr->id_, find_next_hop(pnext));
printf("Route list [");
for (int i=0; i<hdrznext->nunentries_; i++)
printf("%l ", hdrznext->route_[i]);
printf("] "),

send_next _hop(pnext);



}
}y 11 for nptr
zdrop(p, DROP_RTR_| ERP) ;

/1l Q@ - cover ny zone
query_detect1(qqqid,isrc, myaddr_, radius_);

} else { // | ama "relay"

printf("] | ama relay node. ");

printf("Route list [");

for (int i=0; i<ne; i++) printf("% ",hdrz->route_[i]);
printf("]");

hdr _zrp *hdrz = HDR_ZRP(p);

/'l send if next bordercaster is not covered
i f (node_is_covered(nextbc, hdrz->qgid_, hdrz->ierpsource_)){
printf("\n\t| ET - Query detected next bordercaster % is in "
"covered list. ", nextbc);
zdrop(p, DROP_RTR_| ERP) ;
} else {
hdrc->direction() = hdr_cm:: DO,
printf("| Sending to next hop %, next bordercaster is %l. ",
find_next _hop(p), nextbc);
send_next _hop(p);

}

/1 Q - mark | ast bordercaster's zone's inner nodes as covered
found = query_detect1(hdrz->qid_, hdrz->ierpsource_,
hdr z- > ast bordercaster_, radius_-1);

/1 add next bordercaster to covered |ist

/'l check node against list in query entry

flag = FALSE;

for (rtable_node *ptr=queries_[found]->next_;
ptr!=NULL; ptr=ptr->next_) {

/1 if node in query entry == next bordercaster
if (ptr->id_ == nexthc) {
flag=TRUE; //=found, don't need to add again
br eak;
}

}
if (!flag) { // if not in list, add at head
rtabl e_node *tnp;
tnp = new rtabl e_node;
tnp->i d_ = nextbc;
t np- >next _ = queries_[found]->next _;
queries_[ found] ->next_ = tnp;
printf("\n\t|] QD - Next bordercaster [%l] added to covered list.",
(int)tnmp->id_ );
} else {
printf("\n\t|] QD - Next bordercaster [%l] already added to covered "
"list.", nexthc);

printf("\n\t| Covered list for query=% origin=%l [",
qqqi d,isrc);
for (rtable_node *p=queries_[found]->next_; p!=NULL; p=p->next_) {
printf("%l ", p->id]);
}

printf("J\n");
br eak;
defaul t:
/1 error, unknown zrptype, drop

/1 debug - printf("Uknown ZRPTYPE !\n");
fprintf(stderr, "lnvalid ZRP type (%)\n", hdrz->zrptype_);



exit(1l);

}
}
11
111 ARP:

/1 Called by IARP to update |ist of outer routes for any changes to
/'l local routes

voi d ZRPAgent: : | ARP_update_outer_route(int route_index) {
rtabl e_node *nptr
rtabl e_node *nptr
rtabl e_node *newnode
rtabl e_node *newhead
rtabl e_node *del et ene;
int index;

/1 if entry is enpty or route list is enpty (latter is unlikely)

if (rtable.outer_route[route_index] == NULL |
rtabl e. outer_route[route_index]->next_ == NULL)
return;

/1 finds all the nodes in outer route that exist in current node's zone
/1 and returns pointer to the furthest in hops fromcurrent node (should be
/'l a peripheral), and guarantees it is the last inner node before end of outer route |ist
for ( nptr=rtable.outer_route[route_index]->next_; nptr !'= NULL
nptr=nptr->next_) {
index = rtabl e. node_exists(nptr->id_);

if (index I'=-1) {
mptr = nptr; // found periphera
}
} /1 end for
if (index == -1)

return; // nothing to do, in future return error so we can delete route
/1 outer route must contain an inner route as a subset!

/1 mark where we are going to start deleting on old clipped |ist
del eteme = rtabl e. outer_route[route_index]->next_;

/] start creating new |local route and pre-pending to where nptr left off
/1 list looks like this

/'l rtable.outer_route[route_index]->next_->0-> -> -> nptr-> | ast

/1 inner node-> -> -> dest ->NULL

newhead = new rtabl e_node

newhead->i d_ = rtable.route[index]->id_;

newhead- >next _ = nptr->next_;

//for each route entry list node, copy to newnode and insert newnode
/1 at head of newhead
for (nptr=rtable.route[index]->next_; nptr !'= NULL; nptr=nptr->next_) {
newnode = new rtabl e_node
newnode->id_ = nptr->id_;
newnode- >next _ = newhead
newhead = newnode

}

/] attach newhead to outer route entry
rtabl e. outer_route[route_index]->next_ = newhead

//delete old inner route
/1l cut at last inner route node
nmptr->next_ = NULL
for (nptr=deleteme; nptr != NULL; ) {
nptr=nptr->next_;
del ete del etene
del eteme = nptr



/1
/1 1 ERP:
/1 Call by IERP to start a request from source node.
/1 Protocols: IERP, get local route from|ARP
/1
voi d ZRPAgent: :origi nate_request(nsaddr_t final, int qid) {
rtabl e_node* ptr;
nsaddr _t *nptr;
int ind;
Schedul er & s = Schedul er::instance(); // Useful to send (Schedul e) packets
Packet * p;

printf("\n_%d_ | Bordercast to ", nyaddr_ );

/1 unicast to each peripheral node

for (ptr = rtable.periphnodes_; ptr != NULL; ptr=ptr->next_) {
printf("[%l - route ",ptr->id_);
p = pkt_create(l ERP_REQUEST, | P_BROADCAST, MAX ROUTE_LENGTH-2);

hdr _zrp *hdrz = HDR_ZRP(p);

hdr _cmm *hdrc = HDR_CM\(p);
hdr_ip *hdrip = HDR_|I P(p);

hdr z- >| ast bor der caster_ = nyaddr _;
hdr z- >i er psource_ = myaddr _;
hdrz->i erpdest_ = final;

hdrz->qid_ = qid;
pkt _create_route_data_space(p, 1);

/1 add nyself in source route |ist
pkt _add_node(p, nyaddr_, 0);
hdrz->nunentries_ = 1;

hdr z- >r out ei ndex_ = 0;

/1 add the rest of the route to the peripheral node
add_| ocal _route(p, ptr->id_);

nptr = hdrz->route_;
for (int i=0; i<hdrz->numentries_ ; i++) {
printf("%l ", nptr[i]);

}
printf("(nexthop=%) 1", find_next_hop(p) );
hdrc->direction() = hdr_cm:: DO,

/1 since we are in request node, we nove route index forward
hdr z- >r out ei ndex_++;

i nd=hdr z- >r out ei ndex_;

/1 then send it

pkt _send(p, hdrz->route_[ind]);

/'l pseudo- code:

/'l for each periph node

/] create packet

/1 add to hdrzrp ORI G NATOR, REQUESTED, NEXTPERI PH, LASTPERI PH
/] add src route to that node, attach to pkt

/] saddr() = ne
/1 daddr() = periph node
/'l nexthop = next on src |st
/'l send
}
/1
/1 1 ERP

/'l Route Packet, first check if there is a local route. If so, add
/1 route to packet and send.

/Il Otherwi se check if there is an outer route. If so, add and send.
/1l Otherw se, originat request.

/1l Protocols: IERP, I1ERP calls | ARP

voi d ZRPAgent: :route_pkt(Packet* p, nsaddr_t daddr) ({
hdr _cmm *hdrc HDR_CWN( p) ;
hdr_ip *hdrip HDR_I P(p);



hdr _zrp *hdrz = HDR_ZRP(p);

nsaddr _t *next hop;

int st;

int ierpd;

Ti me now = Schedul er::instance().clock(); // get the tine

hdr z- >r out ei ndex_=0;
hdr z- >nunentries_ =0;

st = add_Il ocal _route(p, daddr);

if (!st) {
st = add_outer_route(p,daddr); //printf("the route saved is now");
nsaddr _t *rrr = hdrz->route_;

}

if (st) { // if alocal or outer route exists, it was added, start sending...

//send to first addr on |ist
/I nexthop = (nsaddr_t *)p->accessdata();
next hop = hdrz->route_;

/1 this packet will now be encapsul ated into an | ARP_DATA packet

/'l save upper layer info in encapsul ated area
hdr z- >enc_daddr _ hdri p->daddr () ;
hdr z- >enc_dport _ hdri p->dport() ;
hdr z- >enc_pt ype_ hdr c- >ptype();

hdrc->direction() = hdr_cmm::DOWN;, // this is default, but just in case
hdrc->ptype() = PT_ZRP;

hdr c- >next _hop() = nexthop[0];

hdr c- >addr _type_ = NS_AF_NONE;

hdr c- >si ze() P_HDR LEN ; // set default packet size

|
hdrip->ttl() | ERP_TTL,;
hdri p- >daddr () = nexthop[O0] ;
hdri p->dport () = ROUTER_PORT;
hdr z->zrptype_ = | ARP_DATA,

hdr z->ori gi nator _ = myaddr _;

hdr z- >pkt sent _ = Schedul er::instance().clock(); // get the time
hdrz->seq_ = seq_ ;

inc_seq();

send_next _hop(p);

return;

}

/1 no local or cached route, call |ERP
/1 push onto ierp request queue

int flag = FALSE;

ierpd = hdrz->ierpdest_;

for (int i=0; i<MAX_|ERP_CACHE; i++) {
if (ierpcache[i] == NULL) {

flag = TRUE;
st =1i;
} else if (HDR_ZRP(ierpcache[i]->pkt_)->ierpdest_ == ierpd) {

/'l ierp request pending

/1 drop packet

printf("\n_%d_ [¥%6.6f] | A request for destination already in "
"i erpcache, dropping packet\n", myaddr_, now);

zdrop(p, DROP_RTR_| ERP) ;

/1 or add buffer data structure

return;

}

assert(flag == TRUE); // increase MAX_| ERP_CACHE ot herwi se

if (flag == FALSE) { // don't Ilike assertion? coment out and keep this
zdrop(p, DROP_RTR_HI YA) ;
return;

}



/'l new entry for ierp request cache
i erpcache[st] = new | ERPCacheEntry;
i erpcache[st]->gid_ = qgid_;

i erpcache[st]->expiry_ = Schedul er::instance().clock() +
| ERP_REQUEST_TI MEQUT;

i erpcache[st]->pkt_ = p;

origi nate_request (daddr, qgid_) ;

qi d_++;

printf("\'n\t| New ierpcache entry: qgid=% expiry=93.3f (daddr=%l)\n",
i erpcache[st]->qgid_,
i erpcache[ st]->expiry_, daddr);

}

/1
/1 1 ARP:
/1 Add route to packet if local route to daddr exists. Return true if so.
/'l Otherw se return fal se.
/1
i nt ZRPAgent::add_|l ocal _route(Packet* p, nsaddr_t daddr) {
rtabl e_node *nptr;
int total hops; int cntr;
nsaddr _t *ptr;
hdr _zrp *hdrz = HDR_ZRP(p);
i nt tnp[ MAX_ROUTE_LENGTH] ;

/1 assuming there could be node entries (hdrz->numentries_)
/1 already in pkt

/'l should work even if hdrz->numentries_ = 0

for (int i=0; i< MAX_NODES_PER ZONE; i++) {

/1 if not found return FALSE

if (rtable.route[i] == NULL) {
return FALSE;, // end of table, not found
} else { // still 1ooking
if (rtable.route[i]->d_ == daddr) { // if found

total hops = hdrz->nunentries_ + rtable.route[i]->numhops_ ;

/I mencp data to tnp
bcopy(hdrz->route_, tmp, hdr z- >nunentri es_*si zeof (nsaddr_t));

/1 allocate a BI GGER space, enough for prev entries + new entries
pkt _create_route_data_space(p,total hops);

/I mencp tnmp back to data
bcopy(t nmp, hdrz- >route_, hdr z- >nunentri es_*si zeof (nsaddr_t));
/1

cntr = total hops-1;

/1 copy route list to data portion of packet (reverse order)

for (nptr = rtable.route[i]; nptr->id_ != nmyaddr_; nptr=nptr->next_) {
pkt _add_node(p, nptr->id_, cntr ) ;
cntr--;

} /1 end for nptr

hdr z- >nunmentri es_ = total hops;
return TRUE;
} /7 end if (rtable.route[i]->d_ == daddr)

} /lend if (rtable.route[i] == NULL)
/1 find daddr in | ookup
Il else
/'l create data area of size (numhops is stored in table)
/'l step through table, adding each node to data area

} /1 end for i

/1



/1 NDP:
/1 Add neigbor with address "addr" to NDP table if it is not
/'l already there. If already there, return false. Ot herw se true.
/1
i nt ZRPAgent: : nei ghbor _add(nsaddr _t nei ghbor _addr) ({

nei ghbor _struct *ns;

Ti me now = Schedul er::instance().clock(); // get the tine

if (neighbors_ == NULL) {

num_nei ghbors_ ++;

nei ghbors_ = new nei ghbor _struct;

nei ghbors_->addr_ = nei ghbor _addr;

nei ghbors_->expiry_ = nowtnei ghbor _ti neout _;
nei ghbors_->l astack_ = now;

nei ghbors_->next _ = NULL;

printf("| Node %l added new nei ghbor Node %, will expire at %.6f sec,
"lastack timer will expire at 9%.6f sec.",
myaddr _, nei ghbor_addr , neighbors_->expiry_,
nei ghbors_->l astack_ + nei ghbor _ack_ti neout _);
return TRUE;
}

for (ns=neighbors_; ns != NULL; ns=ns->next_ ){
i f (ns->addr_ == nei ghbor _addr) {
/'l update nei ghbor tineout

printf("| Node %l updated nei ghbor table, changed nei ghbor Node %d "
"expiry from% . 6f to ¥%6.6f sec and lastack timer expiry "
"from%.6f to %.6f. ",
myaddr _, nei ghbor _addr,
(fl oat)nei ghbors_->expiry_, (float)now + neighbor_ti meout _,
ns->l astack_, now + nei ghbor_ack_timeout_ );

ns->expi ry_ = now+nei ghbor _ti meout _;
ns->l astack_ = now,

return FALSE; // no change, we have that node in our table
}
}

/1 if we end up here, we have at |east one neighbor on Iist but no match
/1 so add our new neighbor to top of list
ns = new nei ghbor _struct;

ns->addr _ = nei ghbor _addr;

ns->expi ry_ = now+nei ghbor _ti meout _;
ns->l astack_ = now,

ns->next _ = nei ghbors_;

nei ghbors_ = ns;

num_nei ghbors_ ++;

printf("| Node %l added new nei ghbor Node %, entry will expire at
"9%.6f sec, lastack tiner will expire at %6.6f sec.",
myaddr _, nei ghbor _addr, nei ghbors_->expiry_,
nei ghbors_->l astack_ + nei ghbor _ack_ti neout _);

return TRUE;

/1 BRP:
/1 Mark "node" as covered for given query (qgid,origin).

i nt ZRPAgent::node_is_covered(nsaddr_t node, int queryid, nsaddr_t originid)
int flag = FALSE;
rtabl e_node *ptr;
Ti me now = Schedul er::instance().clock(); // get the tine
int found = 999;



for (int i=0; i<MAX_QUERY_DETECT_TABLE_SIZE; i++) {
if (!flag & queries_[i] != NULL && queries_[i]->originid_ == originid &&
queries_[i]->gid_ == queryid) {
/'l refresh expiry unconditionally
queries_[i]->expiry_ = now + QUERY_TABLE_EXPI RATI ON;

found = i;
for (rtable_node *ptr=queries_[i]->next_; ptr!=NULL; ptr=ptr->next_) {
if (ptr->id_ == node) {
fl ag=TRUE
br eak;
}
}
br eak;

}
}

/1 return FALSE if we do not find query entry at al

/1 return TRUE only if we find query entry AND the node is in its |ist
/1 all else is FALSE!

return(flag);

/1 BRP

/'l Query detect given (qgid,origin). WIIl add nodes of covered area (nodes
/1 that are "radius" hops away from "l astbordercaster") to a cached

/'l query detect entry. If this query has not been received before, wll
/] create a new entry and add covered nodes to entry.

/1 Returns TRUE if query was received before, else FALSE

int ZRPAgent::query_detect1(int queryid, nsaddr_t originid
nsaddr _t | astbordercaster, int radius) {
Rout i ngTabl e prevtabl e(this);
int flag = FALSE

int found
Ti me now = Schedul er::instance().clock(); // get the tine
int iii;

/1 1. if query exists in our cache, =queries[found]

/1 2. if not exist, find an enpty slot, queries[found],
/1 add new entry at queries[found]

/1 3. create route table for prev bordercaster

/1 4. add nodes in table to queries[found], ie

I for each node in table
/1 if node_is_covered is false (node is NOT in queries)
/1 add to queri es[found]

/1 5. look for query id in queries_|[]

/1 1. if exist in queries_[], queries[found] is the one
for (int i=0; i<MAX_QUERY_DETECT_TABLE_SIZE; i++) {

if (!flag & queries_[i] != NULL && queries_[i]->originid_ == originid &
queries_[i]->gid_ == queryid) {
flag = TRUE
found = i;

/'l refresh expiration
if (now > queries_[i]->expiry_) {
queries_[i]->expiry_ = now + QUERY_TABLE_EXPI RATI ON;

br eak;
}
}
/1 2. if not exist, find an enpty slot, queries[found],
11 add new entry at queries[found]

if (!flag) { // if no entry already, create one
for (int i=0; i<MAX_QUERY_DETECT_TABLE_SIZE; i++) {
if (!flag & queries_[i] == NULL) {
flag = TRUE
found = i;
queries_[i] = new QueryDetectEntry;



queries_[i]->originid_ = originid;
queries_[i]->gid_ = queryid;
queries_[i]->expiry_ = now +QUERY_TABLE_EXPI RATI ON,

queries_[i]->next_ = NULL;
br eak;
}
}
}
/1 3. create+conpute route table for prev bordercaster
prevtabl e.ny_address_ = |l astbordercaster; // get route table for last bc

prevtable.linkstatetable = & stable;

for (int i=0; (i< MAX_NODES_PER ZONE); i++) {
prevtable.route[i] = NULL;

}

prevtabl e. peri phnodes_=NULL;

prevtabl e.agent_ = this;

prevtabl e. conput e_rout es(l ast bordercaster, radius);

/1l 4. add nodes in table to queries[found], ie

I for each node in table:
/1 if node_is_covered is false (node is NOT in queries),
/1 add to queri es[found]

printf("\n\t|] Q - Calculated Route Tabl e of bordercaster %d: ",
| ast bor dercaster);

for (int i=1; prevtable.route[i] != NULL ; i++) {
printf("[");
for (rtable_node *j=prevtable.route[i]; j != NULL; j=j->next_ ) {

printf("%l ",j->id_]);

}
printf ("] ");
}

printf("\n\t| QD - added [");
rtabl e_node *tnp;
for (iii=0; prevtable.route[iii] != NULL &&
prevtable.route[iii]->nunmhops_<=radius ; iii++) {
flag = FALSE; // =not found

/'l check node against list in query entry
for (rtable_node *ptr=queries_[found]->next_; (!flag) && (ptr != NULL);
ptr=ptr->next_) {

if (ptr->id_ == prevtable.route[iii]->d_) {
flag=TRUE; //=found
printf("");

}

/1 debug only

if (flag) { // just to illustrate that this flag tells us if
//the query was in our cache or not
[lprintf("FOUND");

} else {
[l printf("NOTFOUND") ;

}

i

f ('flag) { // if not in list, add at head

/1l want to add to a separate list, then join afterwards. nore efficient
tnp = new rtabl e_node;

tnp->id_ = prevtable.route[iii]->id_;

t np- >next _ = queries_[found]->next_;

queries_[ found] ->next_ = tnp;

printf("%l ", queries_[found]->next_->id_);

}

printf("] to covered list. ");
return(found) ;

}
// End of ZRP.CC




Il ZRP.H

#i fndef _zrp_h_
#define _zrp_h_

#i ncl ude <config. h>

#i ncl ude <assert. h>

#i ncl ude <agent. h>

#i ncl ude <packet. h>

#i ncl ude <ip.h>

#i ncl ude <del ay. h>

#i ncl ude <schedul er. h>
#i ncl ude <queue. h>

#i ncl ude <trace. h>

#i ncl ude <arp. h>
#include <l1|.h>

#i ncl ude <mac. h>

#i ncl ude <priqueue. h>
#i ncl ude <del ay. h>

#i nclude "zrp_table.h"

#i f defined(WN32) && !defined(snprintf)
#define snprintf _snprintf
#endif /* WN32 & !snprintf */

#def i ne ROUTER_PORT Oxf f
#defi ne FOUND 1
#define LOST O
#define TRUE 1
#defi ne FALSE 0O
#define NULL O

#defi ne MAX_OUTBOUND_PENDI NG 20 // max queue for pkts waiting for ierp requests
#def i ne DEFAULT_ZONE_RADI US 3

#defi ne MAX_DETECTED QUERIES 20 // max queries that can be detected

#define | ERP_REQUEST_TI MEQUT 30 // secs before tinmeout on an ierp request

#define ZRP_STARTUP_JI TTER 2.0 /] secs to jitter start of periodic activity
#def i ne MAX_SEQUENCE_I D 1000000000

#def i ne QUERY_TABLE_EXPI RATI ON 1000

#def i ne MAX_QUERY_DETECT_TABLE_SI ZE 50

#defi ne NEI GHBOR_ACK_TI MEQUT 10 // sec
#define TIMER JITTER 3

#define BEACON.PERIOD 1 // period of beacon transm ssion in sec
#def i ne NDP_SCAN_PERI OD 5
/1 scan NDP table every nunber of beacon tinmeout cycles
#define MAX_NODE_| D_CHAR SIZE 10 // longest nane string for ny node address
/'l (char *)nyid_is string equiv of (int)myaddr_
#defi ne MAX_| ERP_CACHE 50 // max ierp requests cache size
#define MAX_Q D 50 // max size query detect table
#define FOUND 1
#define LOST O
#define TRUE 1
#define FALSE O

typedef double Tine;
typedef int32_t Query_ID

cl ass ZRPAgent ;
enum ZRPTYPE // Types of ZRP packets

NDP_BEACON, NDP_BEACON ACK, | ARP_UPDATE, | ARP_DATA, |ERP_REPLY, |ERP_REQUEST
}s

/1 link state data used in updates
struct linkie {

int src_; /1l 32 bits



int dest_; [// 32 bits
int isup_;

b

/'l ZRP header structure
struct hdr_zrp {

int zrptype_;

/1l int safe_;

int routeindex_;

/1 1 ARP hdr

int seq_;

int nunentries_; // number of link entries in this update
/1 or length of direct routing |list

/1 infois in data portion of packet, use accessdata()

nsaddr _t originator_; // for ndp, iarp or ierp
nsaddr _t ierpsource_;

nsaddr _t ierpdest_;

nsaddr _t iarpsource_;

nsaddr _t iarpdest_;

nsaddr _t | astbordercaster_;

Ti me pktsent_;

/1 this is where the original data for upper |ayer pkts

/1 is saved while ZRP routes pkt, at dest this is placed

/1 back into hdrip->dport(), ie this is part of encapsul ated data
int enc_dport_;

int enc_daddr_;

packet _t enc_ptype_;

int qid_; // query id counter

nsaddr _t *route_; // pointer to route list data
linkie *links_; // pointer to link state |ist

int forwarded_; // TRUE if forwarded before

/'l Packet header access functions

static int offset_;

inline static int& offset() { return offset_; }

inline static hdr_zrp* access(const Packet* p) {
return (hdr_zrp*) p->access(offset_);

}
b
cl ass ZRPBeaconTransmit Timer : public Handler {
public:

ZRPBeaconTransmi t Ti mer (ZRPAgent* a) { agent = a; }
/'l pgi- set zrp_agent to 'a', ie our ZRP_Agent

voi d handl e(Event*); // function handling the event
voi d start(doubl e thistinme)

/1 private:
ZRPAgent *agent;

Event intr;
s
cl ass ZRPNei ghbor ScanTi ner : public Handler {
public:

ZRPNei ghbor ScanTi mer (ZRPAgent* a) { agent = a; }

/'l pgi- set zrp_agent to 'a', ie our ZRP_Agent

voi d handl e(Event*); // function handling the event
voi d start(doubl e thistinme)

/1 private:
ZRPAgent *agent;



Event intr;
s
cl ass ZRPPeri odi cUpdat eTi mer : public Handler {
public:

ZRPPeri odi cUpdat eTi mer (ZRPAgent* a) { agent = a; }
/'l pgi- set zrp_agent to 'a', ie our ZRP_Agent

voi d handl e(Event*); // function handling the event
voi d start(double thistinme);

/1 private:
ZRPAgent *agent;

Event intr;
s
cl ass ZRPAckTimer : public Handler {
public:

ZRPAckTi mer (ZRPAgent* a) { agent = a; }

/'l pgi- set zrp_agent to 'a', ie our ZRP_Agent

voi d handl e(Event*); // function handling the event
void start();

/1 private:
ZRPAgent *agent;
Event intr;

}s

cl ass ZRPAgent : public Agent {

friend class ZRPBeaconTi ner;
public:

ZRPAgent (); // not generally used

ZRPAgent (nsaddr _t id);

voi d recv(Packet * p, Handler *);
int initialized() { return 1 & target_; }

/== Tcl Related
char* nyid_; /1 (char *)nyid_is string equiv of (int)myaddr_
Pri Queue* |1 _queue;

Trace* tracetarget;

Mobi | eNode* node_;

NsQbj ect* port_dmux_;

/1 ==Ti ner Rel ated

ZRPNei ghbor ScanTi nmer Nei ghbor ScanTi ner _;
ZRPBeaconTransni t Ti mer BeaconTransnit Ti ner _;
ZRPPer i odi cUpdat eTi mer Peri odi cUpdat eTi mer _;
ZRPACKTi mer AckTi ner _;

/1 ==Met hods

void startup();

int command (int argc, const char*const* argv);
voi d scan_i erp_cache();

void ierp_notify_iarp(Packet *p);

voi d recvZRP(Packet* p);

voi d forward_updat e( Packet* p);

voi d route_pkt(Packet* p, nsaddr_t dest);

void print_tables();

int neighbor_add(nsaddr_t newnei ghbor);
voi d send_peri odi c_update();
voi d sendp(nsaddr_t ns);



voi d
voi d
voi d
int

originate_request(nsaddr_t final, int qid);

scan_query_detections();

scan_linkstate_table();

query_detect1(int qgid, nsaddr_t originid, nsaddr_t |astbordercaster
int radius);

int node_is_covered(int queryid, nsaddr_t node);

void inc_seq() { seq_++; if (seq_ > MAX_SEQUENCE_ID) seq_ = 1;}

void dec_seq() { seq_--; if (seq_ < 1) seq_ = MAX_SEQUENCE_I D;}

voi d pkt_add_all _Ii nks(Packet *p);

voi d pkt_send(Packet *p, nsaddr_t addressee);

voi d send_next _hop(Packet *p);

voi d send_prev_hop(Packet *p);

voi d pkt _broadcast (Packet *p);

Packet * pkt_create(ZRPTYPE zrp_type, nsaddr_t addressee, int ttl);

voi d pkt_add_node(Packet* p, nsaddr_t node, int total);

voi d pkt_add_Il i nk(Packet* p, nsaddr_t |nksrc, nsaddr_t |nkdest, int isup);
voi d pkt_read_updat e(Packet* p, link_struct *Is, int index)

nsaddr _t find_next_hop(Packet* p);

nsaddr _t find_prev_hop(Packet* p);

int add_l ocal _route(Packet* p, nsaddr_t node);

int add_outer_route(Packet* p, nsaddr_t node);

voi d do_update();

void print_routes();

voi d pkt_create_route_data_space(Packet *p, int size);

voi d pkt_free_route_data_space(Packet *p);

voi d pkt_create_link_data_space(Packet *p, int size);

voi d pkt_free_link_data_space(Packet *p);

voi d pkt_copy(Packet *pfrom Packet *pto);

voi d zdrop(Packet *p, const char *s);

int node_is_covered(nsaddr_t node, int queryid, nsaddr_t originid);
voi d outer_route_expiration();

voi d | ARP_updat e_outer_route(int index);

/[ ==Dat a

int nyaddr_;

int radius_; /1 Can be set from Tcl script, see ZRPAgent::conmand

int transmt_jitter_

int startup_jitter_;

int process_jitter_;

int beacon_period_; // Can be set from Tcl script, see ZRPAgent::comrand
int beacon_period_jitter_;

int nei ghbor_timeout_;

i nt nei ghbor_ack_ti meout _;

int iarp_update_period_;

i nt nei ghbortabl e_scan_period_;

i nt num_ nei ghbors_;

int tx_; // total pkts transnmitted by agent

int rx_; // total pkts received by agent

int seq_; // current sequence id for outgoing | ARP updates

int qid_; // global query id counter, updated for every query sent by node
int suspend_flag_; // Can be set from Tcl script, see ZRPAgent::conmrand
/'l "suspends" node, there are Tcl commands that work better "start","stop"
[ ==Tabl es

nei ghbor _struct *neighbors_; // linked Iist of my neighbors

Li nkSt at eTabl e | st abl e; /1 class, linked |ist

Rout i ngTabl e rtabl e; /'l class, array of pointers

| ERPCacheEntry *ierpcache[ MAX_| ERP_CACHE]; // array of pointers

Quer
b

#endi f

/ End ofZRP.H

yDetect Entry *queries_[ MAX_QUERY_DETECT_TABLE_SI ZE] ;




/I ZRP_TABLE.CC

#
#
#
#
#
#
#i
#i
#i
#i
#i
#i
#i
#i
#i
#i
#i
#i

ncl ude <config. h>
ncl ude <agent. h>

ncl ude <packet. h>
ncl ude <ip. h>

ncl ude <del ay. h>

ncl ude <schedul er. h>
ncl ude <queue. h>

ncl ude <trace. h>

ncl ude <arp. h>

ncl ude <I1.h>

ncl ude <mac. h>

ncl ude <priqueue. h>
ncl ude <del ay. h>

ncl ude <random h>
ncl ude <object. h>
ncl ude <route. h>

ncl ude "zrp. h"

ncl ude "zrp_table. h"

#define UP 1
#define DOAN O

/1

/1 Linkstate Table

/1 Performan update to table given a link state, Return seq_match=TRUE
/1 if there was a match. Return update=TRUE if any change in table

/1

BOOLEAN

Li
{

)

nkSt at eTabl e: : update(int src, int dest, int Istate, int seq, int

Ti me now = Schedul er::instance().clock(); // get the tine
int flag; // TRUE indicates there has been a change in table
link_struct* i;

int found

*seq_mat ch = FALSE
found = FALSE
flag = FALSE

if (lshead_ == NULL) { // check if enpty
if (Istate == UP) { // add only if up
/1 add to table

| shead_ = new link_struct;

| shead_->src_ = src;

| shead_->dest _ = dest;

| shead_->isup_ = Istate

| shead_- >seq_ = seq

| shead_- >expiry_ = now + LI NKSTATE_EXPI RATI ON,
| shead_->next _ = NULL

return TRUE; // change in table

}
return FALSE
}

for (i=Ishead_; i !'= NULL; i=i->next_) {

if ( ( (i->src_ == src) && (i->dest_ == dest) ) || ( (i->src_ == dest) && (i->dest_

{ Il src/dest match with update

if ( (seq!=0) & (i->seq_ >=seq) ) { [// got this update before

*seq_match = TRUE
return FALSE;
}

found = TRUE; // found a match (a,b) or (b,a)
i->expiry_ = now + LI NKSTATE_EXPI RATION, // update expiry

if (seq!=0) // only update if new seq is non-zero (
i->seq_ = seq; // update to new seq no

*seq_mat ch)

src)

)



if (i->sup_!=Istate) { //inequality=we need to change state to | atest
i->sup_ = Istate;
flag = TRUE;
}
}
}

if (found) // return flag if there was change
return flag;

/1 we have found nothing up until this point, so add |ink
if (Istate == UP) { // don't want to add a downed Ii nk

/1 add to table,
= new link_struct;

i

i->src_ = src;

i ->dest _ = dest;

i->sup_ = Istate;

i->seq_ = seq;

i->next_ = | shead_;

i ->expiry_ = now + LI NKSTATE_EXPI RATI ON,
| shead_ = i;

return TRUE; // change in table

}
return FALSE;
}

/1
/'l Linkstate Table:

/'l Insert Link state entry into Link state table
/1
voi d

Li nkSt at eTabl e: : add(1 i nk_struct* 1ink)

/'l insert link at head

if (Ishead_ != NULL) { // if there is at least one link in |list
l'i nk->next _ = | shead_; ;
| shead_ = link;
} else { /] if empty
| shead_ = link;
| shead_->next _ = NULL;
}
}
I

/'l Route Table:
/'l Erases route and peripheral tables.
/1
voi d RoutingTabl e::erase() {
/1 would be better if we saved fallow data structures
/1 on a free list - for version 2.0 ;)
int i;
rtabl e_node *tnp;

/lerase route table

for (i=0; (i< MAX_NCDES PER ZONE) && (route[i] != NULL) ; i++) {
delete(route[i]);
route[i] = NULL;

} //end for

/'l erase periph node |ist

whi |l e (periphnodes_ !'= NULL ) {
tnp = periphnodes_;
peri phnodes_ = peri phnodes_- >next _;
del ete(tnp);

}
peri phnodes_ = NULL;

/1



/'l Linkstate Table:
/1l Clean table of expired |inks.

/1

voi d

Li nkSt at eTabl e: : purge_l i nks()

{
Ti me now = Schedul er::instance().clock(); // get the tine
link_struct *Is;

/'l del etes down or expired |inks

if (Ishead_ == NULL)
return;

/'l hack, insert a dummy node at head
link_struct dummy;

dummy. next _ = | shead_;

| shead_ = &dunmy;

for (lIs=Ishead_ ; Is->next_ != NULL; ) {
if ( (Is->next_->expiry_ < now) || (ls->next_->isup_ == FALSE ) ) {
link_struct *tenp = |s->next_;
| s->next _ = | s->next_->next _;
del ete tenp;
/'l other actions to take when you del ete a node here
} else {

| s=l s->next _ ;

}
| shead_ = dunmy. next _;

}
11

/'l Linkstate Table:
/1l Print table to STDOUT.
/1

voi d
Li nkSt at eTabl e: : print_links()

link_struct *Is;

if (lshead_ == NULL) {
printf("LinkTable: enmpty ");
} else {

printf("LinkTable: ");

for (I's = Ishead_;
(I's = NULL);
I s=l s->next_) { /1 1f link list has one or nore |ink

if (Is->isup_) {

printf("%l=% ",|s->src_,|s->dest_);
} else {

printf("%l#% ",|s->src_,|s->dest_);

} 11 for link_stuct

}
}

/1

/1 Route Table:
/1l Print entries.
/1

voi d
RoutingTabl e::print() {
rtabl e_node *j;
int i;
Ti me now = Schedul er::instance().clock(); // get the tine



printf("_%d_ [%.6f] | Route Table ", ny_address_, now);
for (i=0; route[i] != NULL & i < MAX_NODES_PER ZONE ; i++) {
printf("| Entry % : ",i);
if (route[i]==NULL) {
printf("enpty");

return;

}

for (j=route[i]; j!=NULL; j=j->next_ ) {
printf("%l(%)->",(int)j->id_,j->numhops_);
}

}

if (i==0) {
printf("empty ");

}

}

/1

/1 Route Table
/1 Compute mininmumhop routes to all nodes that are "radi us" hops or |ess
/1 with respect to node nyadd, given link state table

/1

voi d

Rout i ngTabl e: : comput e_r out es(nsaddr _t nyadd, int radius) {
link_struct *Iptr; // a tenmp ptr for iterative |oops
link_struct *Ist; [/ a copy of link table
link_struct* Ink; // a ptr to neWmy created |inks

link_struct* Is; /1 a tenp ptr for iterative |oops
int i; /'l counter for iterative |oop over route table
int flag

Ti me now = Schedul er::instance().clock(); // get the tine
rtabl e_node *tnp;

flag = 0
I'st = NULL
erase(); // route table

if (linkstatetabl e->lshead_ == NULL) { Il 1f link list is enpty
return; // nothing broken, just ran out of link states
}

/1 copy valid links in linkstatetable list to Ist
for (Iptr=linkstatetable->Ishead_; |ptr!=NULL; |ptr=Iptr->next_) {
flag = 1

if (Iptr->isup_) { // if link is valid, add to |st
Ink = new link_struct(lptr->src_,|ptr->dest_, TRUE, I st);
I nk->src_ = Iptr->src_;
| nk->dest_ = | ptr->dest_;
I nk->i sup_ = TRUE
/1 insert link at head of Ist
if (Ist !'= NULL) {
I nk->next _ = I st;
I'st = Ink;
} else { /] else if Ist is enpty
I'st = Ink;
I st->next_ = NULL
} /1 end else
} /1 end if

} I/ end while
if (!flag) { }

route[0] = new rtabl e_node()
route[ 0] ->id_= nyadd

rout e[ 0] - >next _ = NULL

rout e[ 0] - >nunhops_ = 0



route[ 1] = NULL;
numentries_=1;

/1 rtable[i] is "current" src we are |ooking at

/'l search for all its neighbors dest(i), which gives us

/1 a nunber of (current src,dest(i) pairs

/1 for each pair found, check if dest is in route table

/1 if not, add to route table. delete link fromlst (set isup_=FALSE)
/1 after you check the dest.

/] add-drop will add/drop entries in route table

for ( i=0; (i < MAX_NODES_PER ZONE) && (route[i] != NULL); i++) {

for (Is=Ist; [// Ist is a copy of linkstatetable, from above
(I's = NULL);
| s=I s->next_)

if (Is->sup_ == TRUE) { // make sure it hasn't been "dropped"
add_drop(ls,i);

}
} /1 end for Is
} /1 end for i

/'l cal cul ate peripheral nodes
for (i=0; (i < MAX_NODES PER ZONE) && (route[i] != NULL); i++) {
if (route[i]->numhops_ == radius ){
rtabl e_node *tenp = new rtabl e_node;
tenmp->id_ = route[i]->id_;
tenp- >next _ = peri phnodes_;
peri phnodes_ = tenp;
}

}
empty_links(lst);
return;

}

/1

/1 Route Tabl e:
/1 Looks up node with address "id" in route table, returns index into table
/1 if it exists, otherwise sets to NotlnTable.

/1
int
Routi ngTabl e: : get _entry(nsaddr_t id)
{

int i;

for (i=0;((route[i] != NULL) && (i <MAX_NODES_PER ZONE+1)); i ++)

if (route[i]->d_ == id)
return i;

return (MAX_NODES_PER ZONE+1);
}
/1

/'l Route Table:
/1 Looks up node with address "id" in route table, returns TRUE if in table,
/'l otherw se fal se.

/1
int
Rout i ngTabl e: : rout e_exi st s(nsaddr _t id)
e
int i;
for (i=0;((route[i] != NULL) && (i <MAX_NODES_PER ZONE+1)); i ++)

if (route[i]->d_ ==id)
return TRUE;
return FALSE;

}

/1

/'l Linkstate Table:
/1 Delete out Istates in link state table.

/1



voi d
Routi ngTabl e: : enpty_links(link_struct *Ist)

link_struct *Ink;
while (Ist !'= NULL) {

Ink = Ist;
Ist = Ist->next_;
del ete | nk;
}
}
/1

/1 Route Tabl e:
/1 Looks up node with address "nodeid" in route table,
/1 returns index if in table, otherw se -1.

/1
int
Rout i ngTabl e: : node_exi st s(nsaddr _t nodei d)
{
int i;
for (i=0;((route[i] != NULL) && (i <MAX_NODES_PER ZONE+1)); i ++)
if (route[i]->id_ == nodeid)

return i; // found
return (-1); // not found

/'l Route Table:

/1 Used by conpute_routes() to calculate ninimmhop tree.

/1 Add one nore entry to route tree if this node "entree" is found to be
/1 one hop froman entry already in route tree, ie if node is equal to
Il src or dest of this link, "Ink". If a match, this link is narked

/1 as covered for next pass. If no match, return, caller will continue
/1 iterating through Iink state table.

voi d
Rout i ngTabl e: : add_drop(link_struct *Ink, int entree)

{

/1 if link is not up, nothing left to do
if (Ink->isup_ == FALSE) {
return;

}

/1l if srcis in route table
if ( Ink->src_ == route[entree]->id_) {
/1 found a link with sane src

/Il see if dest exists in route table
if (get_entry(lnk->dest_) != (MAX_NODES_PER ZONE+1)) {

/'l yes route already exists, don't add

I nk->i sup_ = FALSE; // in effect dropping |ink
/lreturn TRUE, // but do delete current link_struct
return;

} else if ( route[ get_entry(lnk->src_) ]->nunmhops_ < agent_->radius_ ) {

/1 add node to RouteTable if within radius

if (numentries_ == MAX_NODES_PER ZONE) {
/'l error, overflow
printf("Need to increase MAX_ NODES PER ZONE in zrp.h to greater”
"than %\ n", MAX_NODES_PER_ZONE) ;

/] add a new route to route table, id=dest,

/1 next is route entry with id=src

route[numentries_] = new rtabl e_node;
route[numentries_]->d_ = | nk->dest_;
route[numentries_]->next_ = route[ get_entry(lnk->src_) ];
if (route[numentries_]->next_) {

route[numentries_]->numhops_ = route[ numentries_]->next_->numhops_+1;



} else {
route[ numentries_]->nurhops_ = 0
}
numentries_++
I nk->i sup_ = FALSE; // in effect dropping |ink

/lreturn TRUE, // tell the caller to delete the current l|ink_struct
return;

} elseif ( Ink->dest_ == route[entree]->id_) {
/1 found a link with same dest

/Il see if src exists in route table
if (get_entry(lnk->src_) != (MAX_NODES_PER ZONE+1)) {

/'l yes route already exists, don't add

I nk->i sup_ = FALSE; // in effect dropping |ink
/lreturn TRUE, // but do delete current link_struct
return;

/1 if dest is in route table
} elseif ( route[ get_entry(lnk->dest_) ]->nunhops_ < agent_->radius_ ) {

if (numentries_ == MAX_NODES_PER ZONE) {
/'l error, overflow
printf("Need to increase MAX_NODES PER ZONE in zrp.h to greater"
"than %\ n", MAX_NODES_PER _ZONE) ;

/] add a new route to route table, id=dest,
/Inext is route entry with id=src
route[numentries_] = new rtabl e_node

route[numentries_]->d_ = |l nk->src_;
route[numentries_]->next_ = route[ get_entry(lnk->dest_) ];
if (route[numentries_]->next_) {
route[numentries_]->numhops_ = route[numentries_]->next_->numhops_+1
} else {
route[numentries_]->numhops_ = 0
}

numentries_++
I nk->i sup_ = FALSE; // in effect dropping link
}

return,

}

return,

}

// End of ZRP_TABLE.CC

/I ZRP_TABLE.H

#i fndef _zrp_table_h_
#define _zrp_table_h_

#i ncl ude <config. h>
#i ncl ude <agent. h>

#i ncl ude <packet. h>
#i ncl ude <ip.h>

#i ncl ude <del ay. h>

#i ncl ude <schedul er. h>
#i ncl ude <queue. h>

#i ncl ude <trace. h>

#i ncl ude <arp. h>
#include <l1|.h>

#i ncl ude <mac. h>

#i ncl ude <priqueue. h>
#i ncl ude <del ay. h>

#i ncl ude <random h>
#i ncl ude <obj ect. h>
#i ncl ude <route. h>

#i nclude "zrp. h"

/ltypedef int32_t Query_I|D;



typedef int Query_ID;
typedef int BOOLEAN;
typedef double Tine;

#defi ne LI NKSTATE_EXPI RATI ON 25

#define MAX_NODES_PER ZONE 50

#def i ne MAX_OUTER_ROUTES 50

cl ass ZRPAgent; // pre-declaration

/1

/1 | ERP Cache Tabl e:
/1 A single entry in the outgoing | ERP requests table, has an expiry.

/1

struct | ERPCacheEntry {

Query_I D qid_;
Packet *pkt_;
Tinme expiry_;

b

struct rtabl e_node;

/'l pre-declaration needed for next struct

/1

/'l Query Detect Table:
/1l Asingle entry in the QD table, has an expiry.

/1

struct QueryDetectEntry {

nsaddr _t originid_;

Query_I D qid_;
Tinme expiry_;

rtabl e_node *next_; // list

}s
11

of covered nodes

/'l Nei ghbor Tabl e:

/'l Neighbor table is a linked list of these.

/1

struct nei ghbor_struct

{
nsaddr _t addr_;

nei ghbor _struct*
Tinme expiry_;
Time | astack_;

}s
11

next _;

/'l Linkstate Table:
/'l Link state atom
/1

c data, contains state in isup_ (up or down) ans seq.

class link_struct {

public:

link_struct() : seq_(0),

i sup_(FALSE) {//, next_(NULL) {

bzero(this, sizeof(link_struct));

}

l'ink_struct(nsaddr_t srcid,

{

src_=(srcid);

dest _=(destid);

i sup_=(valid)

/1 next

seq_=0;
}

nsaddr _t src_;

=(next);

/1 32 bits

nsaddr _t destid, BOOLEAN valid,link_struct* next)



nsaddr _t dest_; [/ 32 bits

int flag_; // flag used for Dijstkra's algorithm
int isup_;

int seq_; [// sequence nunber

Tinme expiry_;

/1 Time tinmestanp

link_struct* next_;

}s
11

/1 Linkstate Table
/1 Class for storing Link States in node
/1

cl ass LinkStateTable {
public:

Li nkSt ateTabl e() : Ishead_(NULL) { }

nsaddr _t ny_address_; // debug

link_struct* |shead_;

link_struct* last() ;

void add(link_struct *link); // quietly ignore errors ;)
int renmove(link_struct *link);

BOOLEAN updat e(nsaddr _t src, nsaddr_t dest,
int state, int seq, int *seq_match);

int exist(link_struct *link);
void print_links();
voi d purge_links();
s
/1

/'l Route Table

/1 A single data struct nanming a node, used for storing node addresses
/1 in various tables.

/1

struct rtabl e_node {

nsaddr _t id_;

int numhops_; // nunber of hops from ne

rtabl e_node* next_;

rtabl e_node() : id_(0), next_(NULL) { }

rtabl e_node(nsaddr _t newid) : id_(newid), next_(NULL) { }
s

/1

/1 Route Table

/1 This struct is a head pointer for a route entry, has expiry tinestanp.
/1l Route is at next_ .

/1

struct rtable_entry {
nsaddr _t id_;
Tinme expiry_;
int numhops_; // nunber of hops from ne
rtabl e_node* next_; // route is here
rtable_entry() : id_(0), next_(NULL), expiry_(0), numhops_(0) { }
rtabl e_entry(nsaddr_t newid) : id_(new d), next_(NULL), expiry_(0),
nurmhops_(0) { }

/1




I
/1
11
I
cl

}s

Rout e Tabl e:
Class includes a tag (agent_) to agent it resides in to access friendly
data and met hods.

ass RoutingTabl e {
public:

Routi ngTabl e(ZRPAgent* a) { // init
numentries_=(0);
agent _ = a;

}

ZRPAgent * agent _;
nsaddr _t ny_address_;
int numentries_;

/'l Tables

rtabl e_node* route[ MAX_NODES_PER ZONE+1]; // Last ptr is always null
rtabl e_entry* outer_route[ MAX_OUTER ROUTES]; // Last ptr is always null
rtabl e_node* periphnodes_;

Li nkSt at eTabl e *1i nkst at et abl e;

/1 Met hods

voi d RoutingTabl e:: conpute_routes(nsaddr_t myadd, int radius);
voi d erase();

void print();

/1 returns pointer to entry to node's route

int get_entry(nsaddr_t node_id);

int route_exists(nsaddr_t id);

/1 drop fromlink table, add node to RouteTable
void add_drop(link_struct* Is, int i);

/1 Finds Next Hop On route to given,
//returns FALSE if doesn't exist
int next_hop_to(nsaddr_t node) { }

/1 returns route entry index for given node
i nt node_exi sts(nsaddr_t nodei);

void enpty_links(link_struct *Ist);

/1 int rmax; // the nunmber of hops to the farthest node in ny LRZ

#endi f



