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Embodiments of the present disclosure provide systems and 
methods for network status mapping. Such an exemplary 
system and method involves inserting a network map tag in a 
flow set of packets in a computer network and receiving a 
response to the network map tag from a network element that 
includes populated fields of the network map tag comprising 
a field to identify a network element, a field to identify the 
outgoing port of the network element, a field to identify queue 
of the outgoing port; and a status field for the queue of the 
outgoing port. 
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NETWORKSTATUS MAIPPING 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of and is based 
upon and claims the benefit of priority under 35 U.S.C. S 120 
for U.S. patent application Ser. No. 13/716,871, filed Dec. 17, 
2012, the entire contents of which is incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

0002. In computer networks, packets may be sent to their 
respective destinations via various paths. If multiple stations 
send packets along the same nodes or hops, congestion may 
occur at these nodes or hops. Also, congestion may result 
from speed mismatches between network input and output 
ports or links. Such congestion may slow down the transmis 
sion of the packets and/or result in some of the packets being 
lost. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0003. Many aspects of the present disclosure can be better 
understood with reference to the following drawings. The 
components in the drawings are not necessarily to scale, 
emphasis instead being placed upon clearly illustrating the 
principles of the present disclosure. Moreover, in the draw 
ings, like reference numerals designate corresponding parts 
throughout the several views. 
0004 FIG. 1 is a diagram of a computer network accord 
ing to an exemplary embodiment of the present disclosure. 
0005 FIG. 2 is a block diagram of a network map tag 
according to an exemplary embodiment of the present disclo 
SU 

0006 FIG. 3 is a flow chart diagram describing an exem 
plary process for monitoring network status levels within a 
computer network according to embodiments of the present 
disclosure. 
0007 FIG. 4 is a flow chart diagram describing an exem 
plary process for responding to a network map tag according 
to embodiments of the present disclosure. 
0008 FIG. 5 is a flow chart diagram describing an exem 
plary process for building a network map for flows associated 
with a computer network according to embodiments of the 
present disclosure. 
0009 FIG. 6 is a block diagram depicting a network con 

troller and network station according to an exemplary 
embodiment of the present disclosure. 

DETAILED DESCRIPTION 

00.10 Embodiments of the present disclosure provide sys 
tems and methods for network status mapping. Such an exem 
plary system and method involves inserting a network map 
tag in a flow set of packets in a computer network and receiv 
ing a response to the network map tag. In some embodiments, 
the response from a network element includes populated 
fields of the network map tag comprising a field to identify a 
network element, a field to identify the outgoing port of the 
network element, a field to identify a queue of the outgoing 
port; and a status field for the queue of the outgoing port. 
Therefore, a network controller in a computer network can 
monitor congestion status of network elements in the network 
and choose a path for forwarding packets based on a network 
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congestion map formed from compiled congestion informa 
tion, in one embodiment, among others. 
0011 FIG. 1 is a diagram of a computer network 100 
according to an exemplary embodiment. The network 100 
may include, for example, a mesh network topology or a 
partial mesh network topology with multiple routes for mes 
sages to travel from source to destination. The network 100 
may include a wired (guided) network, using twisted pairs, 
coaxial cables, or optical fibers, or wireless (unguided) net 
work, or any combination of these, according to example 
embodiments. The network 100 may include a packet 
Switched network, in which stations break messages up into 
packets and send these packets, one at a time, into the network 
100. The network 100 may utilize a virtual circuit approach to 
routing packets, in which a sending station follows forward 
ing rules for each packet before sending the packet into the 
network. In some embodiments, the network 100 may be a 
Layer 2 and/or Layer 3 network, Such as a data center network 
(e.g., private or public cloud). 
0012. In an example embodiment, the packets originating 
from a network element or given station may be hashed and 
bound to flow sets based on fields in and/or attributes of the 
respective packets. A component in the network 100. Such as 
a router, switch, or switch fabric, may identify the flow set for 
each packet by hashing certain packet fields for the given 
packet. A flow set may be considered a set of state attributes 
(such as active, ingress port, path ID, move counter, and/or 
time stamp, discussed below) bound to a macroflow. Flows 
that hash to the same flow set may be considered to belong to 
a same macroflow, where a macroflow is a collection of 
smaller microflows. 

0013 Packets that hash to the same flow set, and/or mac 
roflows belonging to a flow set, may be assigned to a same 
path through the network 100 by a network controller 103 or 
other network device such as a router, switch, or switch fabric, 
unless the path assignment maintained by the flow set is 
changed and/or the flow set is rerouted, in various embodi 
ments. A path assignment may include, for example, a series 
of next hops, such as in an equal cost multipath approach, a 
link aggregation group (LAG) member, or a trunk member 
(such as HiGig trunks), according to example embodiments. 
0014. The network 100 may include various network ele 
ments, including network station 102. The station 102 may 
include any type of computing device, such as a server, gate 
way, router, Switch, or relay node, according to example 
embodiments. The station 102 may have packets to send to a 
receiver 104 through the network 100. The receiver 104 may 
also include any type of computing device. Such as a server, 
gateway, router, Switch, relay node, personal computer, lap 
top or notebook computer, Smartphone, personal digital assis 
tant (PDA), or cellular telephone, according to example 
embodiments. 
0015 The network station 102 may receive forwarding 
rules from a network controller 103 and may apply those rules 
to assign a path via which to send the packets to the receiver 
104. A path may include a series of hops through specified 
nodes in the network 100. The paths to the receiver 104 may 
include any number of nodes 106, 108, 110 which store and 
forward the packets along the path to the receiver 104. The 
nodes 106, 108, 110 may also include any type of computing 
device. Such as a server, gateway, router, Switch, or network 
station according to example embodiments. While three 
nodes 106, 108, 110 are shown FIG. 1, with only single-hop 
paths, any number of nodes 106, 108, 110 may be included in 
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the network 100, and the network 100 may include any num 
ber of hops between the station 102 and the receiver 104. In 
various embodiments, networks are multi-pathed between 
station end points to increase network bi-section bandwidth. 
0016. The network station 102 may receive the packets 
from a source 112. The station 102 may include a plurality of 
ports, and may receive the packets from the source 112 via 
one or more of the ports. The Source 112 may also include any 
type of computing device. Such as a server, gateway, router, 
Switch, relay node, personal computer, laptop or notebook 
computer, Smartphone, personal digital assistant (PDA), or 
cellular telephone, according to example embodiments. 
0017. The network controller 103 may determine an opti 
mal path for each flow, including packets received from 
source 112 destined for receiver 104, based on a multitude of 
criteria and convey this information to the network station 
102. Accordingly, the Source 112 may send packets to the 
station 102 as parts of flow sets. 
0018. The network station 102 may contend with other 
senders 114, 116 for resources in the network 100. The send 
ers 114, 116 may also include any type of computing device, 
Such as a server, gateway, router, Switch, relay node, personal 
computer, laptop or notebook computer, Smartphone, per 
Sonal digital assistant (PDA), or cellular telephone, according 
to example embodiments. The senders 114, 116 may send 
packets to the nodes 106, 108, 110. The station 102, receiver 
104, nodes 106, 108, 110, source 112, and senders 114, 116 
may communicate via links 118, 120, 122, 124, 126, 128, 
130, 132, 134. The links 118, 120, 122, 124, 126, 128, 130, 
132, 134 may include wired (guided) or wireless (unguided) 
media. The station 102, receiver 104, nodes 106, 108, 110, 
source 112, and senders 114, 116 may communicate via the 
links 118, 120, 122,124, 126, 128, 130, 132,134 according to 
various protocols, such as Ethernet (IEEE 802.3), Wireless 
Local Area Networks (802.11), Bluetooth (802.15), or World 
wide Interoperability for Microwave Access (802.16), as non 
limiting examples. The network controller 103 and station 
102, among others, may communicate via the links 136, 138, 
140, 142 in addition to the links described above. 
0019 Congestion may occur when a node 106, 108, 110 is 
receiving packets from both a sender 114, 116, and the station 
102, for example. For example, if both the station 102 and the 
sender 114 are sending packets to the node 106, the node 106 
may be unable to process and forward the packets at the same 
rates as the sum of the station 102 and the sender 114. The 
latency or delay of the paths via which the station 102 and/or 
sender 114 are sending packets to the receiver 104 may 
increase, resulting in slower packet delivery, and some pack 
ets may be dropped, as the packets exceed the node's 106 
buffer capacity. 
0020. The network controller 103 may become aware of 
the congestion and reprogram a flow set table used by net 
work station 102 that associates flow sets to particular paths 
that are used to reach respective destinations. Accordingly, 
the network controller 103 may reassign a flow set from a first 
forwarding path or link (that is congested) to an alternative 
forwarding path or link. By having visibility within the net 
work 100, the network controller 103 is equipped to identify 
if a network element is experiencing congestion and re-bal 
ance the assignment of flows to network paths. Accordingly, 
the network controller 102 may be part of a software defined 
networking (SDN) architecture. 
0021. Therefore, the network station 102 may hash fields 
of a packet to determine a flow set (to which the packet is a 
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member) and then use the table to identify a path to be used in 
routing the packet. Examples of hashing functions which the 
station 102 may perform to obtain the hash value may include, 
for example, CRC 16, CRC32, XOR operations, and/or Pear 
son's hash, according to example embodiments. Packets that 
hash to a given flow set may have the same source address and 
destination address. Packets in a flow set may also have con 
secutive sequence numbers; the receiver 104 may use the 
sequence numbers to put the message, which was broken 
down into packets, backinto its original order, according to an 
example embodiment. 
0022. In one embodiment, the network controller 103 
causes a network map tag to be sent as part of a flow so that the 
network controller 103 can acquire useful status information 
on the network and make intelligent routing or forwarding 
decisions. By knowing a state of the network 100, including 
congestion statuses, or other metrics, at a port level, a queue 
level, and/or other desired level of granularity for network 
elements, the network controller 103 can obtain a global view 
of the network 100. Accordingly, embodiments of the present 
disclosure are directed to acquiring Such status information 
within the network 100. In particular, an exemplary network 
controller 103 may reroute packets based on a network map 
generated from status information returned from network 
map tags in accordance with embodiments of the present 
disclosure. 

0023 FIG. 2 is a block diagram of a network map tag 200 
according to an example non-limiting embodiment. In this 
example, the network map tag 200 contains a network ele 
ment identification (ID) field (such as a switch identification 
number when applicable), a port ID field, a queue ID field, 
congestion (CNG) status field, and a reserved (RSVd) field. 
Also, in this example, the sizes of the network element ID 
field, port ID field, a queue ID field, CNG field, and Rsvdfield 
are 12 bits, 8 bits, 4 bits, 2 bits, and 8 bits respectively. The 
12-bit size of the network element ID field allows for 4096 
network elements to be identified in the network 100. How 
ever, the size of the network element ID field (or any other 
field) may be increased or decreased within a network map 
tag 200 to account for network particularities. Accordingly, 
the overall size of the network map tag 200 may vary within 
different embodiments. Correspondingly, the 8-bit size of the 
port field allows for 256 ports to be identified; the 4-bit queue 
ID field allows for 16 queues to be identified (per port); and 
the 2-bit CNG field allows for 4 levels of congestion to be 
identified in this example. Again, in different embodiments, 
different levels of congestion may be identified and/or differ 
ent types of status information may be acquired. 
0024 Consider that the network map tag 200 may be 
inserted in a flow of packets the flow or stream of packets may 
be received by a network element having a network element 
ID. In one embodiment, each of the network elements in the 
network 100 that are capable of providing network status 
information are associated with network element IDs. After 
receiving the network map tag 200, the network element, Such 
as network station 102, forwards the flow within the network 
100. Accordingly, the flow is directed to one of a number of 
physical ports of the network station 102 and associated with 
the port is a number of queues. After forwarding the flow, the 
network map tag 200 is populated with the information asso 
ciated with the outgoing port and queue by the network sta 
tion 102. 

0025. In accordance with embodiments of the present dis 
closure, the network controller 103 is configured to acquire 
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the network statuses of the queues for the network station 102 
and other network elements in the network 100. Accordingly, 
the network station 102 qualifies the congestion status of a 
queue used to forward the packet carrying the network map 
tag 200 and populates the CNG field of the network map tag 
200 with the appropriate status. 
0026. In one example, the network station 102 may be 
programmed by the network controller 103 to assign one of 
three congestion levels to indicate the current congestion 
status: High, Medium, or Low. Accordingly, if the congestion 
status is 75% full, then the level may be assigned as 2 (High) 
and a 10 bit representation is populated in the CNG field. If 
the congestion status at the queue within the port is at 10% full 
capacity, then the level may be assigned as 0 (Low) and a 00 
bit representation is populated in the CNG field. Correspond 
ingly, a middling level between the Low and High levels may 
be assigned as a 01 bit representation indicating a Medium 
level. 
0027. Then, the network map tag 200 is populated with 
identifiers for the network station, the port of the network 
station, the queue of the port, and a congestion status for the 
queue. A copy of a packet containing the network map tag 200 
is sent to the network controller 103 from the network station 
102, where the network controller 103 (or an agent of the 
network controller) is responsible for constructing a network 
congestion map or table (e.g., flow-path-congestion table) 
which can be used by the network controller 103 to make 
decisions on flow load balancing, among other uses. 
0028. Therefore, if the congestion status of a queue of a 
network element is 34ths full, the network controller 103 may 
elect to choose or reroute to a different path (at a low or 
medium CGN level) than one employing the congested 
queue. Accordingly, status information returned to the net 
work controller 103 as populated network map tags from 
networkelements allow the network controller 103 to become 
aware of the network conditions and statuses of the network 
elements. 
0029. One possible approach of introducing the network 
map tag 200 in a flow of packets is to insert the tag within a 
layer 2 packet or frame. In one exemplary embodiment, the 
network map tag 200 may be inserted after a VLAN tag of the 
layer 2 packet using a private Ethertype. Another possible 
approach is to insert the network map tag 200 in the IP options 
field of a layer 3 packet. 
0030. In one embodiment, the packet containing the net 
work map tag 200 may be a probe packet specifically gener 
ated to carry the network map tag 200 or may be a packet 
containing a payload which is used to piggyback the network 
map tag 200. For the probe packet, aheader of the packet may 
be marked to indicate that the packet is a probe which will 
allow for network elements to recognize the probe. While the 
term, “packet' is used herein, “packet may also include 
frames or other formats which include data and other fields 
which may be used to determine a flow set. 
0031. In accordance with embodiments of the present dis 
closure, the rate at which network map tags 200 are inserted 
within network packets is programmable by the network con 
troller 103. For example, the rate may occur at periodic or 
random intervals, according to various exemplary embodi 
ments. Also, network elements. Such as network Switches, 
may have authority to decide when a network map tag 200 
should be inserted in a flow to comply with the forwarding 
rules (e.g., to satisfy a desired sampling rate), since a Suffi 
cient rate of packet sampling is desired Such that sampling of 
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network conditions is valid. This includes possibly inserting 
the network map tag 200 in every layer 2 packet of a flow. 
0032 For networks with statistically hashed flows, the 
network map tag 200 may be carried by probe packets for a 
flow, in some embodiments. Accordingly, a network control 
ler 103 may request a probe packet on a per flow basis, since 
different flows may take different paths. On the other hand, 
networks with dynamically hashed flows, the network map 
tag 200 may be inserted into sampled packets of a flow. 
0033. In one embodiment, it is the network controller 103 
that inserts the network map tag 200 in a packet. In Such an 
arrangement, a server administrator may then implement 
intelligent algorithms at the end points to manage traffic. 
Alternatively, a network element, such as a Switch, can be 
programmed to introduce the network map tag 200 in a packet 
of a flow. Accordingly, a first network element in a path 
assigned to a flow set may be instructed to introduce and send 
the network map tag 200. In Such an arrangement, a network 
administrator can implement intelligent algorithms at the net 
work element, such as a Switch, to manage traffic. 
0034) For instance, a flow set may be assigned, by the 
network controller 103, to a particular path which will be used 
to reach its destination, such as receiver 104. The path may be 
associated with an index number, which may compared to a 
flow set table which indicates which nodes 106, 108, 110 or 
hops the packet (carrying the network map tag) will travel 
through to reach its destination for the path (having the index 
number). Alternatively, the flow set table may include 
addresses for each node 106, 108, 110 or hop the packet will 
travel through, as well as the address of the destination, which 
may be the receiver 104, according to example embodiments. 
The path ID may have been determined, for example, by the 
network controller 103 performing a hashing function on 
fields in the packet, such as a source address field and a 
destination address field. Accordingly, the network controller 
103 may hash the fields in the packet to identify a flow set for 
the packet. 
0035 Correspondingly, the network controller 103 may 
provide or update the applicable flow set table to network 
elements, such as station 102, to be used in forwarding pack 
ets within flow sets. Additionally, as the network controller 
103 determines that an active path is congested for a flow set, 
the network controller 103 may reassign the flow set to a 
different path. 
0036 Referring now to FIG. 3, a flow chart is provided 
showing a process (e.g., algorithm) for monitoring network 
status levels within a computer network according to an 
exemplary embodiment. The flow chart of FIG. 3 provides 
one example of the operation of a portion of the network 
controller 103 according to various embodiments. It is under 
stood that the flow chart of FIG. 3 provides merely an 
example of the many different types of functional arrange 
ments that may be employed to implement the operation of 
the portion of the network controller 103 as described herein, 
including a network mapping service 606 (FIG. 6). 
0037. In this example, a network controller 103 may insert 
(310) a network map tag 200 in a flow set of packets assigned 
to a network path. The network map tag 200 includes a field 
to identify a network element (e.g., network Station 102), a 
field to identify an outgoing port of the network element, a 
queue of the outgoing port; and a congestion field for the 
queue of the outgoing port, in one embodiment. Accordingly, 
the network map tag 200 is intended to be carried along the 
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flow and will be received by a network element, such as a 
network station 102, in a path. 
0038. In one embodiment, the network station 102 is pro 
grammed to recognize the network map tag of the packet and 
prepare a response for the network controller 103 after for 
warding the packet as part of the flow set in accordance with 
forwarding rules being implemented by the network station 
102. If by chance a particular network element receives the 
packet and is not configured to recognize the network map 
tag, the network element may then forward the packet without 
attempting to prepare a response and populate the network 
map tag fields. 
0039. Such a response prepared by the network station 102 
includes the populated fields of the network map tag 200 in 
which the network station 102 is identified. Also, the port 
used to forward the packet, the queue of the port used to 
forward the packet, and the congestion level for the queue of 
the outgoing port are each identified. Accordingly, each net 
work element that receives the network map tag 200 along a 
path may also provide updated Status information to the net 
work controller. Subsequently, when any of the network ele 
ments receives a new network map tag, then the network 
controller 103 is provided with another updated status for the 
network 100. 

0040. Therefore, in FIG. 3, the network controller 103 
receives (320) the response with the populated fields of the 
network map tag and then compiles or constructs (330) a 
network map (a/k/a network status map or network conges 
tion map) indicating congestion levels across a plurality of 
network elements of the computer network 100. In one 
embodiment, as discussed, the network map may be in the 
form of a table with cells for identification of network ele 
ments in the computer network, identification of an outgoing 
port for each of the network elements, identification of a 
queue for each of the outgoing port; and identification of a 
network congestion status for each of the queues. In some 
embodiments, the status information obtained from network 
map tag 200 may also be used to graphically depict a diagram 
or map of network architecture with current network status 
levels represented. 
0041 According to various embodiments, a generated 
network map therefore may include each network element, 
each port, each queue, and their corresponding condition 
levels. This information may be the basis for performing 
rerouting and forwarding decisions by the network controller 
103 (or other network element having access to the network 
map). For example, by considering a current mapping of a 
network 100, a network condition may be detected on a net 
work element used in a particular path, and as a result, a 
decision may be made to reroute a flow set using a different 
path. 
0042. Next, FIG. 4 is a flow chart showing a process (e.g., 
algorithm) for responding to a network map tag according to 
an exemplary embodiment. The flow chart of FIG. 4 provides 
one example of the operation of a portion of the network 
controller 103 according to various embodiments. It is under 
stood that the flow chart of FIG. 4 provides merely an 
example of the many different types of functional arrange 
ments that may be employed to implement the operation of 
the portion of the network station 102 as described herein, 
including a network mapping agent 614 (FIG. 6). 
0043. In this example, a network controller 103 sends a 
probe packet or a network map tag 200 is inserted in a 
sampled packet of a flow. Accordingly, a network element, 
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such as the network station 102, receives (410) a packet 
carrying the network map tag and extracts the network map 
tag 200. After a forwarding decision is made for the packet, 
the network station 102 populates (420) identification fields 
of the network map tag 200, which may include an ID for the 
network station 102 (or other network element), an outgoing 
port ID, and a queue ID. The network station 102 also popu 
lates a congestion level (e.g., low, medium, high) for the 
queue. The congestion level may depend on buffer sizes and 
associated queue levels for the network element. Then, the 
network station 102 sends (430) a copy of the populated 
network map tag fields to the network controller 103 so that 
the network controller 103 can build a network map for each 
of a plurality of flows in the network 100. Such a network 
map, (e.g., flow-network map table) may be useful for many 
Software defined networking applications. 
0044 FIG. 5 is a flow chart showing a process according to 
an example embodiment. In this example, a network control 
ler 103 (or agent of the network controller 103) receives (510) 
network map tagged packets from network elements in a 
computer network 100 that perform packet forwarding. From 
the received network map tagged packets, the network con 
troller 103 populates (520) congestion information within a 
network map for each of the network elements and builds 
(530) a network map for flows associated with the computer 
network. It is understood that the flow chart of FIG.5 provides 
merely an example of the many different types of functional 
arrangements that may be employed to implement the opera 
tion of the portion of the network controller 103 as described 
herein, including a network mapping service 606 (FIG. 6). 
0045 Referring now to FIG. 6, a block diagram is depicted 
showing the network controller 103 and a network element 
(network station 102) according to an exemplary embodi 
ment. Along with the network controller device 103 and a 
network station 102, there is shown a network connection 
602; network interface 604, a network mapping service 606, 
a memory 608, and a processor 610 for the network controller 
103; and a network interface 612 (associated with ports/ 
queues 613), remote network mapping agent 614, a memory 
616; and a processor 618 for the network station 102. 
0046. The network controller 103 may comprise suitable 
logic, circuitry, code, and/or interfaces that may enable moni 
toring of network status levels within network elements of a 
computer network 100 via a network connection 602, such as 
network mapping service 606. AS Such a network element, the 
network station 102 may also comprise Suitable logic, cir 
cuitry, code, and/or interfaces that may enable provisioning of 
network status levels to the network controller 103 via the 
network connection 602, Such as the remote network map 
ping agent 614. 
0047. In particular, the network mapping service 606 may 
comprise a logical and/or software entity that may be inte 
grated within an operating system (OS) running in the net 
work controller 103 to generate network map(s) 609 in 
memory. Correspondingly, network mapping agent 614 may 
comprise a logical and/or software entity that may be inte 
grated within an OS running in the network station 102; 
and/or a logical and/or Software entity that may be integrated 
within a network interface controller (NIC) which may be 
running in the network station 102. 
0048. Additionally, the processor 610 (of the network con 
troller 103) may comprise suitable logic, circuitry, code, and/ 
or interfaces that may enable performing control and/or pro 
cessing operations in the network controller 103. The present 
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disclosure may not be limited to a specific processor, but may 
comprise for example, a general purpose processor, a special 
ized processor or any combination of suitable hardware, firm 
ware, Software and/or code, which may be enabled to Support 
and/or control operations of the network controller 103. The 
memory 608 may comprise Suitable logic, circuitry, code, 
and/or interfaces that may enable permanent and/or non 
permanent storage and fetch of data and/or code used by the 
processor 610, for example, during network mapping related 
processing operations. In this regard, the memory 608 may 
comprise various combinations of memory technologies, 
including, for example, read-only memory (ROM), random 
access memory (RAM), and/or Flash memory. 
0049. The network mapping agent 614 may comprise a 
dedicated entity that is operable to enable performing and/or 
Supporting network mapping operations in the network sta 
tion 102, including provisioning of network Status metrics. 
The network mapping agent 614 may comprise a logical 
and/or software entity that may be integrated within an OS 
running in the network station 102; and/or a logical and/or 
software entity that may be integrated within a network inter 
face controller (NIC) which may be running in the network 
station 104. 

0050. The processor 618 (of the network station 102) may 
comprise Suitable logic, circuitry, code, and/or interfaces that 
may enable performing control and/or processing operations 
in the network station 102. The present disclosure may not be 
limited to a specific processor, but may comprise for example, 
a general purpose processor, a specialized processor or any 
combination of suitable hardware, firmware, software and/or 
code, which may be enabled to Support network mapping 
operations inaccordance with the various embodiments of the 
present disclosure. The memory 616 may comprise suitable 
logic, circuitry, code, and/or interfaces that may enable per 
manent and/or non-permanent storage and fetch of data and/ 
or code used by the processor 618, for example, during net 
work mapping related processing operations. In this regard, 
the memory 616 may comprise various combinations of 
memory technologies, including, for example, read-only 
memory (ROM), random access memory (RAM), and/or 
Flash memory. 
0051. The network connection 602 may comprise net 
working interfaces and/or link that may enable communicat 
ing network mapping based traffic between network devices, 
for example the network controller 103, and network ele 
ments, such as the network station 102. As a non-limiting 
example, the network connection 602 may comprise Ethernet 
(IEEE 802.3) based networking connections, which may 
operable to communicate network mapping and/or non-net 
work mapping traffic packets, to and/or from the network 
devices 102, 103, to facilitate exchange of data between the 
network station 102 and the network controller 103. 
0052 Implementations of the various techniques 
described herein may be implemented in digital electronic 
circuitry, or in computer hardware, firmware, Software, or in 
combinations of them. Implementations may implemented as 
a computer program product, i.e., a computer program tangi 
bly embodied in an information carrier, e.g., in a machine 
readable storage device, for execution by, or to control the 
operation of data processing apparatus, e.g., a programmable 
processor, a computer, or multiple computers. A computer 
program, Such as the computer program(s) described above, 
can be written in any form of programming language, includ 
ing compiled or interpreted languages, and can be deployed in 
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any form, including as a standalone program or as a module, 
component, Subroutine, or other unit Suitable for use in a 
computing environment. A computer program can be 
deployed to be executed on one computer or on multiple 
computers at one site or distributed across multiple sites and 
interconnected by a communication network. 
0053. In the context of this document, a computer program 
product or "computer-readable medium' can be any means 
that can contain, store, communicate, propagate, or transport 
the computer program for use by or in connection with the 
instruction execution system, apparatus, or device. The com 
puter readable medium can be, for example but not limited to, 
an electronic, magnetic, optical, electromagnetic, infrared, or 
semiconductor system, apparatus, device, or propagation 
medium. More specific examples (a nonexhaustive list) of the 
computer-readable medium would include the following: an 
electrical connection (electronic) having one or more wires, a 
portable computer diskette (magnetic), a random access 
memory (RAM) (electronic), a read-only memory (ROM) 
(electronic), an erasable programmable read-only memory 
(EPROM or Flash memory) (electronic), an optical fiber (op 
tical), and a portable compact disc read-only memory 
(CDROM) (optical). In addition, the scope of the certain 
embodiments includes embodying the functionality of cer 
tain embodiments of the present disclosure in logic embodied 
in hardware or software-configured mediums. 
0054 Method or process steps may be performed by one 
or more programmable processors executing a computer pro 
gram to perform functions by operating on input data and 
generating output. Method or process steps also may be per 
formed by, and an apparatus may be implemented as, special 
purpose logic circuitry, e.g., an FPGA (field programmable 
gate array) or an ASIC (application specific integrated cir 
cuit). 
0055 Processors suitable for the execution of a computer 
program include, by way of example, both general and special 
purpose microprocessors, and any one or more processors of 
any kind of digital computer. Generally, a processor will 
receive instructions and data from a read-only memory or a 
random access memory or both. Elements of a computer may 
include at least one processor for executing instructions and 
one or more memory devices for storing instructions and data. 
Generally, a computer also may include, or be operatively 
coupled to receive data from or transfer data to, or both, one 
or more mass storage devices for storing data, e.g., magnetic, 
magneto-optical disks, or optical disks. 
0056 To provide for interaction with a user, implementa 
tions may be implemented on a computer having a display 
device, e.g., a cathode ray tube (CRT) liquid crystal display 
(LCD) monitor, etc., for displaying information to the user 
and a keyboard and a pointing device, e.g., a mouse or a 
trackball, by which the user can provide input to the com 
puter, including a touchscreen. Other kinds of devices can be 
used to provide for interaction with a user as well; for 
example, feedback provided to the user can be any form of 
sensory feedback, e.g., visual feedback, auditory feedback, or 
tactile feedback; and input from the user can be received in 
any form, including acoustic, speech, or tactile input. 
0057 Implementations may be implemented in a comput 
ing system that includes a backend component, e.g., as a data 
server, or that includes a middleware component, e.g., an 
application server, or that includes a frontend component, 
e.g., a client computer having a graphical user interface or a 
Web browser through which a user can interact with an imple 
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mentation, or any combination of such backend, middleware, 
or frontend components. Components may be interconnected 
by any form or medium of digital data communication, e.g., a 
communication network. Examples of communication net 
works include, but are not limited to, a local area network 
(LAN) and a wide area network (WAN), e.g., the Internet. 
0058 Any process descriptions or blocks in flow charts 
should be understood as representing modules, segments, or 
portions of code which include one or more executable 
instructions for implementing specific logical functions or 
steps in the process, and alternate implementations are 
included within the scope of embodiments of the present 
disclosure in which functions may be executed out of order 
from that shown or discussed, including Substantially concur 
rently or in reverse order, depending on the functionality 
involved, as would be understood by those reasonably skilled 
in the art. 
0059 While certain features of the described implemen 
tations have been illustrated as described herein, many modi 
fications, Substitutions, changes and equivalents will now 
occur to those skilled in the art. It is, therefore, to be under 
stood that the appended claims are intended to cover all Such 
modifications and changes as fall within the true spirit of the 
embodiments of the present disclosure. 

1. An electronic device comprising: 
circuitry configured to 

insert a network map tag in a flow set of packets of a 
computer network, wherein the network map tag 
includes at least one of a field to identify a network 
element, a field to identify an outgoing port of the 
network element, a field to identify a queue of the 
outgoing port, and a congestion field for the queue of 
the outgoing port; 

receive a response to the network map tag from the 
network element that extracted and populated the net 
work map tag, and forwarded a packet including the 
network map tag; and 

generate a network map indicating congestion levels 
across a plurality of network elements of the com 
puter network based on at least the response received 
from the network element. 

2. The electronic device of claim 1, wherein the packet 
carrying the network map tag comprises a probe packet. 

3. The electronic device of claim 2, wherein the electronic 
device is a network controller, and the network controller, a 
network Switch, or a sending station generates the probe 
packet. 

4. The electronic device of claim 1, wherein the packet 
carrying the network map tag comprises a packet having a 
payload from a remote sender. 

5. The electronic device of claim 1, wherein the circuitry is 
configured to control a rate at which the network map tag is 
introduced in the flow set of packets. 

6. The electronic device of claim 1, wherein the network 
map tag includes the congestion field, and the congestion field 
indicates a current level of congestion for the queue of the 
outgoing port of the network element. 

7. The electronic device of claim 1, wherein the network 
map includes identification of network elements in the com 
puter network, identification of an outgoing port for each of 
the network elements, identification of a queue for each of the 
outgoing port, and identification of a network congestion 
status for each of the queues. 
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8. The electronic device of claim 1, wherein the circuitry is 
configured to modify forwarding rules based on content of the 
network map tag and provide the modified forwarding rules to 
a network Station that performs routing within a computer 
network. 

9. An electronic device comprising: 
circuitry configured to 

insert a network map tag in a flow set of packets of a 
computer network, wherein the network map tag 
includes at least one of a field to identify a network 
element, a field to identify an outgoing port of the 
network element, a field to identify a queue of the 
outgoing port, and a congestion field for the queue of 
the outgoing port; 

receive a response to the network map tag from the 
network element that extracted and populated the net 
work map tag, and forwarded a packet including the 
network map tag; and 

determine at least a first network forwarding rule based 
on at least the response received from the network 
element. 

10. The electronic device of claim 9, wherein the packet 
carrying the network map tag comprises a probe packet. 

11. The electronic device of claim 10, wherein the elec 
tronic device is a network controller, and the network con 
troller, a network Switch, or a sending station generates the 
probe packet. 

12. The electronic device of claim 9, wherein the packet 
carrying the network map tag comprises a packet having a 
payload from a remote sender. 

13. The electronic device of claim 9, wherein the circuitry 
is configured to control a rate at which the network map tag is 
introduced in the flow set of packets. 

14. The electronic device of claim 9, wherein the network 
map tag includes the congestion field, and the congestion field 
indicates a current level of congestion for the queue of the 
outgoing port of the network element. 

15. A method comprising: 
inserting a network map tag in a flow set of packets of a 

computer network, wherein the network map tag 
includes at least one of a field to identify a network 
element, a field to identify an outgoing port of the net 
work element, a field to identify a queue of the outgoing 
port, and a congestion field for the queue of the outgoing 
port; and 

receiving a response to the network map tag from the 
network element that extracted and populated the net 
work map tag, and forwarded a packet including the 
network map tag. 

16. The method of claim 15, further comprising: 
generating a network map indicating congestion levels 

across a plurality of network elements of the computer 
network based on at least the response received from the 
network element. 

17. The method of claim 15, further comprising: 
determining at least a first network forwarding rule based 

on at least the response received from the network ele 
ment. 

18. The method of claim 15, wherein a rate at which the 
network map tag is introduced in the flow set of packets is 
programmable. 
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19. The method of claim 15, further comprising: 
constructing a network map indicating congestion levels 

across a plurality of network elements of the computer 
network. 

20. The method of claim 15, wherein the processor is 
configured to determine network forwarding rules based on at 
least the response received from the network element. 

k k k k k 
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