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1. 

PROVIDING NETWORK CAPABILITY OVER 
A CONVERGED INTERCONNECT FABRIC 

BACKGROUND 

Various implementations of interconnect technologies 
(e.g., an optical/electrical interconnect technology) provide 
an interface that enables data communication between a com 
puter and peripheral devices. The interconnect technologies 
may also enable the communication of data between comput- 10 
ing devices (i.e., nodes) via cables/connectors. Optical data 
communication, for example, is in general any form of tele 
communication that uses light as a transmission medium. 
Light in general requires less energy than copper cables and 
produce less heat than electrical telecommunication. 15 

INTEL(R) ThunderboltTM (which may be also known as 
Light PeakTM) and SEAMICROR SM10000TM represent 
types of a converged interconnect fabric technology that is 
connection-oriented and/or bus protocol independent and 
may use electrical or optical cables. INTEL(R) ThunderboltTM 20 
is an interoperable standard that can deliver abandwidth that 
exceeds Universal Serial Bus (USB) and Serial ATA and 
replace the multitudinous connector types (e.g., USB, 
FireWire, DVI, HDMI, DisplayPort) with a single connector. 
INTEL(R) ThunderboltTM chips interconnect two or more 25 
computing devices/peripheral devices and transmit and 
receive information for both PCI ExpressTM (PCIe) and Dis 
playPortTM protocols. The INTEL(R) ThunderboltTM chip 
Switches between the two protocols to Support communica 
tions over a single electrical or optical cable. Because certain 30 
interconnect technologies, such as INTEL(R) ThunderboltTM, 
have not been accepted by a significant number of computer/ 
peripheral device manufacturers that rely on USB or applica 
tion Software developers that rely on existing networking 
standards, an average consumer may have to wait several 35 
years before taking advantage of Such a technology. 

SUMMARY 

This Summary is provided to introduce a selection of rep- 40 
resentative concepts in a simplified form that are further 
described below in the Detailed Description. This Summary 
is not intended to identify key features or essential features of 
the claimed Subject matter, nor is it intended to be used in any 
way that would limit the scope of the claimed subject matter. 45 

Briefly, various aspects of the subject matter described 
herein are directed towards enabling a local area network over 
a converged interconnect fabric by emulating a data network 
interface that is interoperable with the converged intercon 
nect fabric. In one aspect, the converged interconnect fabric 50 
includes a plurality of optical interconnects that employ 
nanostructure reflectors and/or a plurality of electrical inter 
connects. The data network interface may include a software 
implementation of a networking standard that controls net 
working hardware components, such as a Switch, which com- 55 
ply with the converged interconnect fabric. The network hard 
ware components may also include an interconnect controller 
and a bus protocol device. In one aspect, the data network 
interface may provide address resolution data associated with 
a destination, within the converged interconnect fabric, for 60 
application data. The data network interface uses the inter 
connect controller to route the application data to the desti 
nation based on the address resolution data. 

In another aspect, the Software implementation of the net 
working standard may include a kernel mode component and 65 
a user mode component that cooperate to provide an interme 
diate driver that implements an data communication protocol 

2 
for a native miniport driver associated with the networking 
hardware components. In another aspect, the intermediate 
driver also provides a miniport to overlaying protocol drivers 
in a protocol stack. For example, the overlaying protocol 
drivers may attempt to request host configuration data using a 
Dynamic Host Configuration Protocol (DHCP) message. The 
intermediate driver redirects the message to a root node 
within the converged interconnect fabric, which replies with 
a network address associated with the data network interface. 

In one aspect, the kernel mode component may intercept 
requests for the address resolution data associated with the 
destination with the user mode component redirecting the 
requests to a root node via the interconnect controller. In one 
aspect, an orchestrator running on the root node responds 
with a mapping between a network address and a physical 
address associated with a data network interface of the desti 
nation. The kernel mode component may store a communi 
cation path to the destination that is represented as one or 
more topology identifiers and the destination physical 
address. The kernel mode component may instruct the inter 
connect controller to communicate the application data to the 
destination via the communication path along the converged 
interconnect fabric (e.g., an optical or electric communication 
path). 

Other advantages may become apparent from the follow 
ing detailed description when taken in conjunction with the 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated by way of example and 
not limited in the accompanying figures in which like refer 
ence numerals indicate similar elements and in which: 

FIG. 1 is a block diagram illustrating an example architec 
ture of a communication network according to one example 
implementation. 

FIG. 2 is a block diagram illustrating an example system 
for emulating a data network interface to enable interoper 
ability with an interconnect controller according to one 
example implementation. 

FIG. 3 is a block diagram illustrating an example protocol 
stack that is interoperable with a communication network 
according to one example implementation. 

FIG. 4 is a block diagram illustrating an example configu 
ration of a network over a converged interconnect fabric 
between data network interfaces according to one example 
implementation. 

FIG. 5 is a flow diagram illustrating example steps for 
providing a local area network over a converged interconnect 
fabric according to one example implementation. 

FIG. 6 is a flow diagram illustrating example steps for 
emulating a data network interface in accordance with a net 
working standard according to one example implementation. 

FIG. 7 is a block diagram representing example non-lim 
iting networked environments in which various embodiments 
described herein can be implemented. 

FIG. 8 is a block diagram representing an example non 
limiting computing system or operating environment in 
which one or more aspects of various embodiments described 
herein can be implemented. 

DETAILED DESCRIPTION 

Various aspects of the technology described herein are 
generally directed towards providing a communication net 
work in accordance with a networking standard. In one 
example implementation, the communication network may 
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be a local area (Ethernet) network over a converged intercon 
nect fabric. A native networking standard for the local area 
network may be the same networking standard associated 
with the converged interconnect fabric or may be a com 
pletely different networking standard. Each node of the com 
munication network may include one or more emulated data 
network interfaces that are interoperable with an interconnect 
controller for communicating application data, which con 
forms to the native networking standard, through the con 
Verged interconnect fabric. An example emulated data net 
work interface may provide an Ethernet network capability 
over non-Ethernet networking components (e.g., optical 
interconnects). 

In one example implementation, each emulated data net 
work interface may comprise an abstraction of a data com 
munication protocol that conforms to the native networking 
standard and one or more networking hardware components, 
Such as a Switch for coupling with one or more electrical or 
optical interconnects and/or an optical or electrical intercon 
nect controller for the converged interconnect fabric. It is 
appreciated that the term “data network interface' may be 
used interchangeably with other terms having similar or 
equivalent meanings, such as network interface controller, 
network adapter and/or the like. Any of these terms may be 
used throughout the present specification. 

It should be understood that any of the examples herein are 
non-limiting. As such, the present invention is not limited to 
any particular embodiments, aspects, concepts, structures, 
functionalities or examples described herein. Rather, any of 
the embodiments, aspects, concepts, structures, functional 
ities or examples described herein are non-limiting, and the 
present invention may be used various ways that provide 
benefits and advantages in computing, networking and elec 
trical/optical communications in general. 

FIG. 1 is a block diagram illustrating an example architec 
ture of a communication network according to one example 
implementation. The example architecture comprises various 
components including a connection manager 102, an orches 
trator 104 and a plurality of nodes 106, which are illustrated 
in FIG. 1 as “Node 106, ... Node 106. Each of the plurality 
of nodes 106 may be a type of a computing device. 
The plurality of nodes 106 may form at least a portion of a 

network 108, which may be a type of communication net 
work, Such as a local area network over a converged intercon 
nect fabric. The converged interconnect fabric may integrate 
all communication (e.g., inter-process/cluster communica 
tions, network traffic, storage input/output and/or the like) 
into a single fabric of common interconnects over which a 
consolidated set of computing, storage and networking capa 
bilities may be provided. According to one example imple 
mentation, the converged interconnect fabric may be 
deployed in a data center environment to enhance communi 
cations for a collection of blade servers. The network 108 may 
communicate data between the plurality of nodes 106 and/or 
with external computing devices, such as nodes of another 
network, via a connection-oriented interconnect technology 
(e.g., INTEL(R) Thunderbolt TM (which may be also known as 
Light PeakTM) and/or the like). 
The interconnect technology may be protocol-independent 

and, hence, may be compatible with any type of serial or 
parallel bus protocol (e.g., Universal Serial Bus (USB), PCI 
ExpressTM (PCIe), DisplayPortTM) and/or the like). The inter 
connect technology may utilize hardware/software imple 
mentations of these protocols to perform data input/output 
operations. Alternatively, the interconnect technology may 
incorporate a proprietary bus protocol for point-to-point data 
communications. In one example implementation, the net 
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4 
work 108 may include an electrical or optical communication 
network between two or more of the plurality of nodes 106, 
which generally refers to any form of a telecommunication 
network that uses copper or light, respectively, as a transmis 
sion medium. 

Each of the plurality of nodes 106 may be logically con 
nected to the orchestrator 104, which enables a data network 
(e.g., TCP/IP over Ethernet) over the interconnect technology 
as described herein. The orchestrator 104 may include soft 
ware code that is executed on another node as a Software 
module, which may be referred to as a root node, within the 
network 108. The connection manager 102 may also commu 
nicate with the orchestrator 104 via a logical connection. The 
connection manager 102 may also be a Software module that 
runs on the root node or may run on a computing device that 
is located outside of the network and configured to manage 
the plurality of nodes 106. 
As described herein, the connection manager 102 controls 

various interconnect technology mechanisms (e.g., firmware, 
drivers, hardware controllers, switches and/or the like) for 
discovering a bus topology and establishing (logical) com 
munication paths within the network 108. In conjunction with 
these mechanisms, the connection manager 102 enumerates 
each data network interface and builds a topology graph in 
which a topology identifier (e.g., TopologyID), which may be 
a unique identifier within the network 108, is assigned to each 
data network interface within each of the nodes 106 according 
to one example implementation. Hence, an example node 
106 comprising multiple data network interfaces may have 
multiple topology identifiers. Each identifier may be valid for 
a limited time period. Such as the duration between topology 
enumerations. The connection manager 102 may be notified 
oftopology changes resulting from certain events (e.g., plug/ 
unplug events, power on/power off nodes and/or the like) and 
modify the topology identifier assignment within the network 
108 in response. 

During an initial enumeration, the connection manager 102 
configures the (logical) communication paths between the 
plurality of nodes 106. After the initial enumeration, the con 
nection manager 102 may reconfigure the communication 
paths between the plurality of nodes 106 based on specific 
network traffic patterns. The connection manager 102 may 
assign an identifier to each communication path that is acces 
sible from a particular node. Hence, the particular node cor 
responds with a set of local communication path identifiers in 
which each path identifier represents a number of data net 
work interfaces between a source and a destination data net 
work interface, inclusively. With respect to implementations 
comprising multiple communication networks that may be 
interconnected arbitrarily, multiple connection managers 102 
in adjacent networks utilize primitives to configure inter 
network communication paths. 

In one example implementation, the network 108 may be a 
local area network over a plurality of electrical or optical 
interconnects between various pairs of the plurality of nodes 
106. Each interconnect may include an optical or electrical 
cable connecting two data network interfaces (adapters) at 
each port (e.g., mini port). The cable may be manufactured 
using one or more electrical conductors or optical fibers. The 
data network interface port may be configured to form a 
coupling with a cable connector Such that the optical cable is 
communicably connected to a converged interconnect fabric 
technology hardware component, such as a Switch (e.g., a 
non-blocking Switch). 
An example data network interface may include a Software 

implementation of a data communication protocol (e.g., a 
data link layer protocol. Such as a media access control Sub 
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layer protocol) in accordance with a particular networking 
standard (e.g., Ethernet). According to Such an implementa 
tion, for higher level protocols, the data communication pro 
tocol emulates functionality that conforms to the particular 
networking standard and enables interoperability with the 
converged interconnect fabric technology. The example data 
network interface may also include a hardware implementa 
tion (e.g., a Network Interface Card (NIC)) of the converged 
interconnect fabric technology and/or the bus protocol. 

In one example implementation, the data network inter 
faces use physical addresses (e.g., data link layer address in a 
protocol stack, topology identifiers in an optical or electrical 
communication network and/or the like) and path identifiers 
to route data along a corresponding communication path that 
may include one or more interconnects. For example, the 
corresponding communication path (e.g., data link layer 
communication path) may include two or more interconnects 
that define a chain through which one data network interface 
communicates with the destination data network interface via 
one or more intermediary data network interfaces (e.g., hops). 
When routing data along such a communication path, each 
interconnect transports the data to an intermediary data net 
work interface, which relays the data to a next intermediary 
data network interface or ultimately the destination data net 
work interface. 

In addition to the communication path configuration, the 
connection manager 102 may assign Internet Protocol (IP) 
addresses to the plurality of nodes 106. For example, the 
connection manager 102 may implement a dynamic host 
configuration protocol (DHCP) server. Because the data net 
work interfaces initially lack a globally unique identifier, the 
connection manager 102 determines the IP addresses based 
on a globally unique identifier for each of the nodes 106 (e.g., 
host name) and the locally unique identifier for each data 
network interface. 

FIG. 2 is a block diagram illustrating an example system 
for emulating a data network interface that enables interop 
erability with a interconnect controller according to one 
example implementation. The example system includes vari 
ous components, such as a root node 202 and a host node 204. 
connected to each other through a native communication path 
206 associated with a interconnect technology. Along with 
other nodes, the root node 202 and the host node 204 may 
form a portion of a communication network, such as a local 
area network over a converged interconnect fabric. 

In one example implementation, the root node 202 includes 
various example components, such as the connection man 
ager 102, the orchestrator 104 and network configuration 
information 208. The root node 202 may also include one or 
more interconnect technology-compliant networking compo 
nents, such as a Switch 210, through which data is communi 
cated to the host node 204 along the native communication 
path 206. In conformity with the interconnect technology, the 
connection manager 102 may provision the native communi 
cation path 206 between the switch 210 and a complementary 
switch on the host node 204, such as a Switch 212. In one 
example implementation, the native communication path 206 
may be represented by one or more topology identifiers that 
correspond to one or more interconnects that couple the 
switch 210 and the switch 212. 

Initially, the connection manager 102 may pre-configure 
the root node 202 with one or more addresses that enable a 
computing device. Such as the host node 204, to locate and 
communicate with the root node 202. The connection man 
ager 102 and/or the orchestrator 104 may provide the one or 
more addresses to the host node 204 as well as other host 
nodes within the communication network. The one or more 
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6 
addresses may correspond with layers of a protocol stack 
(e.g., Open Systems Interconnection (OSI) Reference net 
working model). Such as a data link layer and a network layer. 
For example, the root node 202 may be pre-configured with a 
physical address and a network address that are associated 
with the data link layer protocol and the network layer pro 
tocol, respectively. 
As described herein, the connection manager 102 and the 

orchestrator 104 may produce the network configuration 
information 208 as a description of an underlying network 
topology. In one example implementation, the network con 
figuration information 208 may include a mapping between a 
locally unique identifier and one or more addresses for each 
Switch in the communication network. For example, the con 
nection manager 102 and the orchestrator 104 may assign a 
network topology identifier (e.g., a TopologyID) and a physi 
cal or hardware address (e.g., a MAC address), respectively, 
to the Switch 212 in combination with an assignment of a 
network address (e.g., an IP address), which are stored in the 
network configuration information 208 and communicated in 
whole or in part to the host node 204 and other host nodes. 
When another host node desires to communicate data to the 

host node 204, some of these addresses may be used to iden 
tify and locate the host node 204 within the communication 
network. In one example implementation, the network con 
figuration information 208 may map a physical address of the 
host node 204 and/or a physical address of a source host node 
to a unique path identifier (e.g., a HopD) that refers to a 
logical connection from the Source host node to the (destina 
tion) host node 204. As described herein, the unique path 
identifier may represent a communication path that is com 
patible or native to the interconnect controller 220. Based on 
the unique path identifier, the interconnect controller 220 
identifies an appropriate Switch port to communicate the 
application data 218. Such as an Ethernet frame, to ensure 
delivery at the host node 204. The application data 218 may 
reach an intermediary host node that routes such data to a next 
node along the compatible communication path. 
The host node 204 includes various example components, 

Such as an emulation mechanism 214, host configuration data 
216, application data 218, an interconnect controller 220 and 
address resolution data 222. In one example implementation, 
the emulation mechanism 214 may implement a data com 
munication protocol (driver) in accordance with a networking 
standard (e.g., Ethernet) and interoperable with the intercon 
nect controller 220. The emulation mechanism 214 may pro 
vide higher layer protocols with various data network inter 
face services that behave in conformity with the networking 
standard. To perform these services, the emulation mecha 
nism 214 may call device driver functions associated with the 
interconnect controller 220 in order to communicate the 
application data 218 to a destination (node). For example, the 
emulation mechanism 214 may transform TCP/IP data 
sequences (e.g., packets) into Ethernet-formatted frames that 
are capable of being transmitted on a communication path by 
the interconnect controller 220. 
The emulation mechanism 214 may store a physical 

address and a network address associated with the host node 
204 in the host configuration data 216. The emulation mecha 
nism 214 may also store a physical address and a network 
address associated with other host nodes including the root 
node 202 in the address resolution data 222. In one example 
implementation, the emulation mechanism 214 may also 
store a set of (path) identifiers for one or more accessible 
communication paths between the host node 204 and the 
other host nodes. Each identifier may be translated by the 
interconnect controller 220 into a set of interconnects that 
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define a compatible communication path to the destination. 
Optionally, the address resolution data 222 may also include 
a topology identifier (e.g., a TopologyID) for each interme 
diary switch between the host node 202 and the destination as 
well as the destination itself. 

The emulation mechanism 214 may include various 
example components, such as a kernel mode (driver) compo 
nent and a user mode (service) component, which execute the 
data communication protocol operations. In one example 
implementation, the kernel mode component and the user 
mode component may coordinate requests for the host con 
figuration data 216 (e.g., Dynamic Host Configuration Pro 
tocol (DHCP) requests) to the root node 202. In another 
example implementation, the kernel mode component and the 
user mode component may coordinate requests for the 
address resolution data 222 (e.g., Address Resolution Proto 
col (ARP) requests) to the root node 202. 

In one example implementation, the emulation mechanism 
214 and the orchestrator 104 may coordinate multicasting 
and/or broadcasting services on top of a connection-oriented 
interconnect technology. For example, when the emulation 
mechanism 214 receives a request for the address resolution 
data 222 associated with a destination class DIP address for 
a multicast packet, the emulation mechanism 214 may com 
municate the request to the orchestrator 104. The orchestrator 
104 responds with a MAC address associated with the switch 
210 and a HopID path identifier associated with the native 
communication path 206. As a result, the address resolution 
data 222 includes the MAC address and the HopD path 
identifier as the appropriate destination physical address and 
appropriate logical connection, respectively, for the multicast 
packet and/or the broadcast packet. 
Upon receiving the multicast packet, the orchestrator 104 

references a multicast group membership table within the 
network configuration information 208, identifies one or 
more member nodes associated with the destination class D 
IP address and generates a list comprising each member IP 
address. The orchestrator 104 determines whether any mem 
ber node is outside of a Subnet based on past participations 
with the corresponding multicast group. If there are any Such 
nodes, the orchestrator 104 adds each associated gateway 
mechanism IP address to the list. For each IP address in the 
list, the orchestrator 104 creates a copy of the multicast packet 
and communicates the copy to the corresponding member 
node. According to one example implementation, the orches 
trator 104 may resolve each IP address to a physical address 
and a communication path identifier for the corresponding 
member node. 

With respect to implementations associated with receiving 
the broadcast packet, the orchestrator 104 identifies each host 
node with a same subnet as the host node 204 and creates a list 
comprising each IP address of other host nodes within the 
subnet. The orchestrator 104 excludes any host node outside 
of the subnet from such a list. The orchestrator 104 creates a 
copy of the broadcast pack and communicates the copy to 
each host node. In one example implementation, the orches 
trator 104 may resolve each IP address to a physical address 
and a path identifier associated with another subnet host node. 
The interconnect controller 220 is in general a building 

block for creating interconnect technology networking com 
ponents, such as the switch 210 and the switch 212. In one 
example implementation, these Switches may be high-perfor 
mance, unblocking crossbar (bus) protocol Switches. The 
interconnect controller 220 may be a chip that provides pro 
tocol-switching capabilities Such that multiple protocols 
(e.g., DisplayPort and PCI Express) may be run over a single 
cable (e.g., an electrical or optical cable). In addition to one or 
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8 
more ports for a switch, the interconnect controller 220 
includes one or more bus protocol adapter ports. External 
interfaces of the interconnect controller 220 may provide 
functionality to a specific application. 

FIG. 3 is a block diagram illustrating an example protocol 
stack that is interoperable with a communication network 
according to one example implementation. Each layer of the 
example stack, Such as a protocol stack 302, may be associ 
ated with a well-known networking model. In one example 
implementation, the protocol stack 302 may include a kernel 
mode component 304 and a user mode component 306 of the 
emulation mechanism 214 as illustrated in FIG. 2. 

In one example implementation, the kernel mode compo 
nent 304 may function as a data link layer protocol configured 
to perform various services, which may include transferring 
data between nodes in a network (i.e., a communication net 
work), Such as a local area network over a converged inter 
connect fabric. For example, the kernel mode component 304 
may utilize a native miniport driver 308 associated with a 
interconnect technology device, which includes various net 
working hardware components, such as a Switch, one or more 
transceivers, one or more bus protocol modules and/or the 
like. The various networking hardware components may 
implement a physical layer within the protocol stack 302, 
which manages reception and transmission of an unstructured 
raw bit stream over a physical medium (e.g., electrical con 
ductors or optical fibers) to which the interconnect technol 
ogy device is attached. 

In one example implementation, the kernel mode compo 
nent 304 may abstract vendor-specific functionality that is 
provided by the native miniport driver 308 for the various 
networking hardware components. Such an abstraction may 
ensure that the kernel mode component 304 may be able to 
emulate a data network interface using networking hardware 
components from different hardware vendors. In addition, the 
kernel mode component 304 may abstract the hardware ven 
dor-specific functionality from a connection manager, Such as 
the connection manager 102 of FIG. 1. The kernel mode 
component 304 may also use the native miniport driver 308 to 
control the various hardware components for the purpose of 
communicating application data to a destination (node). 

In addition to transferring the application data, the kernel 
mode component 304 may provide host configuration Ser 
vices and/or address resolution services. The user mode com 
ponent 306 may support these services by communicating 
host configuration requests and/or address resolution 
requests to an orchestrator running on a root node (e.g., the 
root node 202 of FIG. 2). For example, the kernel mode 
component 304 may intercept such requests from upper layer 
protocol drivers, such as a network layer protocol 310 and a 
transport layer protocol 312, and may redirect the requests to 
the user mode component 306, which modifies the requests in 
order to be communicated to the root node. Address informa 
tion provided by the root node in response to these requests 
may be stored in the host configuration data 216 and/or the 
address resolution data 222. 

In one example implementation, the kernel mode compo 
nent 304 intercepts an Address Resolution Protocol (ARP) 
request associated with the destination and redirects the 
request to the user mode component 306, which inserts a 
network address and a physical address associated with the 
root node into destination address fields. The purpose of the 
ARP request may be to determine a physical address (e.g., a 
data link layer protocol address, such as a MAC address) of 
the destination that maps to a known network address (e.g., a 
network layer protocol address, such as an IP address). When 
the root node responds with the physical address, the user 
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mode component 306 stores the physical address associated 
with the destination in the address resolution data 222 and the 
kernel mode component 304 proceeds to route the application 
data. If another set of application data is to be communicated 
to the destination in the future, the network layer protocol 310 
may reference the address resolution data 222 in order to 
resolve the known network address to the appropriate physi 
cal address. In Such an implementation, the address resolution 
data 222 functions as a cache for known physical addresses of 
other host nodes. 

In another example implementation, the kernel mode com 
ponent 304 intercepts a Dynamic Host Configuration Proto 
col (DHCP) request and redirects the request to the user mode 
component 306, which inserts a network address and a physi 
cal address associated with the root node 202 into the desti 
nation address fields. The purpose of the DHCP request is to 
ascertain an appropriate and unique network address for the 
host node 302. When the root node 202 responds with the 
network address, the user mode component 306 stores the 
network address associated with the host node 204 in the host 
configuration data 216. 
The DHCP is in general a network configuration protocol 

for host nodes on a local area network, Such as an Internet 
Protocol (IP) network. In order to communicate with other 
host nodes, a source host node is to be configured with a 
unique network address. The host node may also be config 
ured with a physical address. The root node implements the 
DHCP and provides a central database of network configu 
ration information to prevent duplicate network address 
assignments. The root node may also provide addition net 
work configuration information, Such as a network topology 
identifier. Alternatively, an external server residing outside of 
the local area network implements the DHCP and assigns the 
network addresses (i.e., IP addresses) to the host nodes. Such 
a server maps the network address to physical addresses (i.e., 
MAC addresses) that may be assigned by the root node or 
assigned Statically. Furthermore, a gateway mechanism for 
the local area network may function as a DHCP proxy and 
relay DHCP requests up to the external server. 

In yet another example implementation, the kernel mode 
component 304 may perform multicasting and/or broadcast 
ing services on top of a connection-oriented interconnect 
technology. For example, when the kernel mode component 
304 receives a request (e.g., an ARP request) to resolve a class 
D IP address, which includes any IP address having a first 
byte value that ranges from 224 to 247, the kernel mode 
component 304 may redirect the request to the user mode 
component 306, which queries the orchestrator running on 
the root node. The class DIP address may refer to a destina 
tion of a multicast packet. Instead of responding with a spe 
cific MAC address for the class DIP address, the orchestrator 
provides a MAC address associated with a switch attached to 
the root node. As a result, the network layer protocol 310 
resolves the class D IP address to the orchestrator MAC 
address and the kernel mode component 304 communicates 
the multicast packet to the orchestrator. 
Upon receiving the multicast packet, the orchestrator ref 

erences a multicast group membership table to identify one or 
more member nodes of the corresponding multicast group 
and generates a list comprising each member IP address. The 
orchestrator determines whether any member node is outside 
of a Subnet based on past participations with the correspond 
ing multicast group. If there are any such nodes, the orches 
trator adds each associated gateway mechanism IP address to 
the list. For each IP address in the list, the orchestrator creates 
a copy of the multicast packet and communicates the copy to 
the IP address. With respect to abroadcast packet, the orches 
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10 
trator creates another list comprising each IP address of the 
host nodes within the Subnet and communicates a copy of the 
broadcast packet to each host node. 

In one example implementation, the native miniport driver 
308 (e.g., a Media Access Controller (MAC) device driver) 
wraps a hardware implementation of various portions of the 
data link layer and/or the physical layer of the protocol stack 
302 such that the interconnect technology devices may be 
accessed using a common API, such as the Network Driver 
Interface Specification (NDIS) 314. The NDIS 314 may in 
general define a standard application programming interface 
(API) for networking devices (e.g., Network Interface Cards 
(NICs)). The NDIS 314 provides services to simplify devel 
opment and maintenance of the native miniport driver 308 
and protocol drivers for upper layers of the protocol stack 
302. Furthermore, the native miniport driver 308, the kernel 
mode component 304 and the network protocol layer 310 may 
be bound together through the NDIS 314. 
The network layer protocol 310 may be configured to per 

form application data packet delivery, which may include 
routing data packets through intermediate nodes, whereas the 
data link layer protocol performs media access control, physi 
cal addressing, flow control and/or error checking. The net 
work layer protocol 310 may implement various methods of 
transferring variable length data sequences via the network to 
the destination. The network layer protocol 310, for instance, 
may include a group of internetworking methods in the Inter 
net Protocol Suite, which may be known as TCP/IP for trans 
porting data packets network boundaries, if necessary, to the 
destination specified by a network address (e.g., an IP address 
as defined by an Internet Protocol (IP)). The transport layer 
protocol 312 may provide end-to-end communication ser 
vices for sockets 316 and an application 318 within a layered 
architecture of the protocol stack 302. The transport layer 
protocol 312 provides various services, such as connection 
oriented data stream Support, reliability, flow control, and 
multiplexing. 

In one example implementation, the kernel mode compo 
nent 304 may be a NDIS intermediate driver (e.g., a NDIS 
filter intermediate driver) that is layered on top of the native 
miniport driver 308 (e.g., a third party interconnect technol 
ogy miniport driver). The kernel mode component 304 and 
the user mode component 306 may emulate an Ethernet Net 
work Interface Controller (NIC), which provides overlaying 
protocol drivers with a data network interface for connecting 
a host node to an Ethernet network. The Ethernet in general 
refers to a networking standard (e.g., Institute of Electrical 
and Electronic Engineers (IEEE) 802.3) for Local Area Net 
works (LAN), which may be used for connecting close-proX 
imity computing devices together in order to share resources. 
In one example implementation, the kernel mode component 
304 may expose an Ethernet miniport (e.g., NDISMedium 
IEEE 802.3 networking standard miniport) to the overlaying 
protocol drivers in the protocol stack 302, which may use the 
Ethernet miniport to communicate Ethernet frames to the 
destination node. To the native miniport driver 308, the kernel 
mode component 304 may also expose the data communica 
tion protocol for consuming the Ethernet frames. 

Because the NDIS intermediate driver operates in between 
one or more overlying protocol drivers and the native 
miniport driver 308, the kernel mode component 304 may 
communicate with both the overlying protocol drivers and the 
native miniport driver 308 in order to expose protocol entry 
points and miniport driver entry points, respectively. The 
NDIS 314 calls functions at the protocol entry points on the 
kernel mode component 304 to communicate requests from 
the native miniport driver 308. The NDIS 314 calls miniport 
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functions at the miniport driver entry points on the kernel 
mode component 304 to communicate the requests of one or 
more overlaying protocol drivers. As a result, the kernel mode 
component 304 may be presented as a protocol driver to the 
native miniport driver 308 and as a miniport driver to the 
overlying protocol drivers. 

In one example implementation, the kernel mode compo 
nent 302 exposes one virtual miniport for each underlying 
miniport driver that may be bound to the kernel mode com 
ponent 302, such as the native miniport driver 308. The kernel 
mode component 304 exports one or more virtual miniports 
(i.e., adapters) to which the overlaying protocol drivers may 
bind. To each overlaying protocol driver, the virtual miniport 
appears to be a physical data network interface that controls 
the networking hardware components of the interconnect 
technology device. 
When the virtual miniport receives data packets, the kernel 

mode component 304 forwards the data packets down to the 
native miniport driver 308 as Ethernet frames. The kernel 
mode component 304 may also include a NDIS filter inter 
mediate driver or a NDIS filter driver that modifies the data 
packets before sending them to the native miniport driver 308. 
For example, the kernel mode component 304 may encrypt 
and compress the payloads within the data packets. NDIS 
filter drivers in general may monitor and modify the interac 
tion between the overlying protocol drivers and the native 
miniport driver 308. 
The kernel mode component 304 may expose an MTU 

(Maximum Transmission Unit) size, such as four thousand 
ninety-six (4096 or 4K bytes), which may be a largest pos 
sible (Ethernet) payload frame size that may be fragmented 
(at a source host node) and reassembled (at a destination host 
node) by an interconnect controller. The interconnect tech 
nology medium may supporta maximum of 256 byte payload 
sizes, but may perform fragmentation and reassembly Such 
that the upper layers of the protocol stack 302 may essentially 
operate at the 4 KB payload size. Alternatively, the kernel 
model component 304 may expose 256 bytes as the MTU size 
and let the protocol stack 302 perform the fragmentation and 
reassembly of the frames (e.g., Ethernet frames). 

FIG. 4 is a block diagram illustrating an example configu 
ration of a local area network over a converged interconnect 
fabric between data network interfaces according to one 
example implementation. The example configuration of the 
local area network, such as a local area network 402, includes 
a plurality of data network interfaces 404 that communicate 
with each other through a converged interconnect fabric 406. 
Each node of a plurality of nodes 408 may implement one or 
more of the data network interfaces 404. In one example 
implementation, each of the data network interfaces 404 may 
include software and hardware components implementing a 
data communication protocol that conforms to a networking 
standard (e.g., Ethernet) and interoperates with an intercon 
nect technology (e.g., INTEL(R) ThunderboltTM or Light 
PeakTM). 

In one example implementation, the local area network 402 
may be a communication network in which one of the plural 
ity of nodes 408 may be a root node comprising the connec 
tion manager 102 and the orchestrator 104. For instance, the 
plurality of nodes 408 may include computing devices (e.g., 
servers) that are arranged into a rack mounted computing 
system for which the orchestrator 104 maintains a consistent 
set of network configuration information. In one implemen 
tation, the converged interconnect fabric 406 may be config 
ured to integrate computing, storage and networking services 
for linked nodes within a data center environment, Such as the 
rack mounted computing system. 
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In one example implementation, each interconnect within 

the converged interconnect fabric 406 may include a cable 
connecting a pair of the plurality of data network interfaces 
404, such as the data network interface 404 and the data 
network interface 404. The cable may be manufactured 
using one or more electrical conductors or optical fibers. Ports 
associated with the plurality of data network interfaces 404 
may be configured to form couplings with cable connectors 
Such that the cable may be communicably connected to a 
networking hardware component, such as a non-blocking 
switch. 
An example interconnect 410 may couple to a physical 

switch 412 to which a native miniport driver (e.g., the native 
miniport driver 308 of FIG. 3) controls access. The emulation 
mechanism 214 may function as a data communication pro 
tocol (driver) to the native miniport driver. As described 
herein, a combination of the physical switch 412, the native 
miniport driver and the kernel mode component 304 of the 
emulation mechanism 214 may be abstracted to present the 
data network interface 404 as a first emulated data network 
interface or network interface controller (NIC) to overlaying 
protocol drivers of a protocol stack. For example, the kernel 
mode component 304 may present the data network interface 
404 as a hardware driver/object, such as a (virtual) miniport. 

Within the node 408, the data network interface 404 
and/or the data network interface 404 may be virtual data 
network interfaces according to another example implemen 
tation. Similar to the data network interface 404s, an emulated 
data network interface 414 may be implemented using a 
physical switch and the kernel mode component 304 and by 
abstracting hardware vendor-specific functionality that is 
provided by the native miniport driver. Such an abstraction 
may ensure that the emulated data network interface 414 is 
interoperable with networking hardware components from 
different interconnect technology hardware vendors. Alterna 
tively, the emulation mechanism 214 may abstract the hard 
ware vendor-specific functionality from a connection man 
ager, Such as the connection manager 102 of FIG. 1. 
A virtualization manager (e.g., Microsoft(R) Hyper-V) run 

ning within the node 408 may unbind the host operating 
system's protocol stack (e.g., TCP/IP stack) from the physical 
switch and bind the protocol stack to a virtual switch, the 
native miniport driver and the kernel mode component 304 of 
the emulated data network interface 414. The virtual switch 
may be used to regulate data communications with respect to 
the data network interface 404 and/or the data network inter 
face 404. 
The virtualization manager may partition the physical 

switch and provision data network interface 404 and/or the 
data network interface 404 as virtual data network interfaces 
(e.g., virtual NICs) of which each may include a virtual ver 
sion of the native miniport driver and emulation mechanism 
214. The data network interface 404, for instance, may pro 
vide a virtual machine with a virtual protocol stack, which 
includes an Ethernet-compliant data communication protocol 
that is interoperable with a virtual version of the native 
miniport driver. The virtual machine may request a host con 
figuration from the orchestrator 104, which assign a network 
address and/or a physical address to the data network inter 
face 404. When the virtual machine communicates data to a 
destination, the data network interface 404 transfers the data 
to the virtual switch using a Virtual Network Switch Protocol. 
The virtual switch receives the data and uses a miniport 
exposed by the emulated data network interface 414 to route 
the data to the destination via the native miniport driver and 
the physical switch. 
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Optionally, the emulation mechanism 214 may enable a 
Single Root Input/Output Virtualization (SR-IOV) feature 
and/or a Virtual Machine Queue (VMQ) feature for the virtual 
switch. With respect to the VMQ feature, the physical switch 
classifies received packets using the destination media access 
control (MAC) address and routes the packets to different 
receive queues according to one example implementation. 
The connection manager 102 may configure a separate path 
and assign a different path identifier (e.g., HopDS) for each 
virtual data network interface. The physical switch may also 
Support otherVMQ networking hardware requirements, such 
as scatter and gather I/O operations. Each receive queue? 
transmit queue pair may represent a single virtual Switch port 
and/or may be processed by a dedicated processor. As an 
alternative, each receive queue?transmit queue pair may rep 
resent a specific communication path or grouping of commu 
nication paths for a particular virtual data network interface. 
Multiple packets in the receive queue may be transferred 
directly to a virtual machine in one function call. For 
example, the emulation mechanism 214 may transfer the 
packets directly to the virtual machine's shared memory. 

With respect to the SR-IOV feature, the emulated data 
network interface 414 includes a PCIe device/interface that 
exposes physical functions and virtual functions through the 
native miniport driver. The emulation mechanism 214 may 
partition the emulated data network interface 414 such that 
the PCIe device is presented to the host operating system or 
the virtualization manager as multiple separate physical PCIe 
devices. For example, a four-port SR-IOV network interface 
controller may be partitioned into four devices in which each 
is assigned a single port. Each of these devices may, for 
example, be further partitioned into two-hundred and fifty-six 
single port NICs (virtual functions) for a theoretical total of 
1,024 single NIC ports. In one example implementation, a set 
of path identifiers associated with a certain destination physi 
cal address may be partitioned into groupings such that each 
grouping may be accessed as a separate PCIe device from 
different virtual machines or physical machines. 
The converged interconnect fabric 406 may provide con 

nection-oriented communication in which each associated 
endpoint data network interface may use a protocol to estab 
lish an end-to-end logical or physical connection before any 
data may be sent. For example, an example pair of data 
network interfaces may utilize a PCIe device to create a 
point-to-point communication channel between two PCIe 
ports, which allows both data network interfaces to send/ 
receive ordinary PCI-requests (e.g., configuration read/write, 
I/O read/write, memory read/write) and PCI-interrupts (e.g., 
INTx., MSI, MSI-X). 

In one example implementation, the plurality of data net 
work interfaces 404 use physical addresses (e.g., data link 
layer address, such as a MAC address) and path identifiers to 
route data along a communication path that may include one 
or more interconnects of the converged interconnect fabric 
406. For example, two or more interconnects may be a chain 
together and enable one endpoint data network interface to 
communicate with another data network interface via one or 
more intermediary data network interfaces (e.g., hops). When 
routing data along the communication path, each intercon 
nect transports the data to an intermediary data network inter 
face, which relays the data to a next intermediary data net 
work interface or ultimately the other data network interface. 

FIG. 4 illustrates an example communication path between 
the data network interface 404 and data network interface 
404. It is appreciated that the example communication path 
may be established for either the data network interface 404 
or the data network interface 404 in order to communicate 
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14 
data, Such as Ethernet frames, to the data network interface 
404. As described herein, the interconnect 410 connects the 
data network interface 404 with the data network interface 
404s. In addition, an example interconnect 416 couples the 
data network interface 404s with the data network interface 
404, which connects with the data network interface 404 
through an example interconnect 418. The data network inter 
face 4049 may use an example interconnect 420 to commu 
nicate with the data network interface 404. A set of these 
example interconnects define the example communication 
path. In one example implementation, the data network inter 
face 404 may also use one or more of the example intercon 
nects to communicate data to any intermediary data network 
interface within the example communication path. 

Starting from each data network interface at a root node of 
the plurality of nodes 408, the connection manager 102 enu 
merates each of the data network interfaces 404 in the 
example configuration and builds a topology graph. The con 
nection manager 102 may notified of topology changes 
caused by hot-plug and hot-unplug events. After an initial 
enumeration, the connection manager 102 configures com 
munication paths to enable data transmission between the 
plurality of data network interfaces 404. 

FIG. 5 is a flow diagram illustrating example steps for 
providing a local area network over a converged interconnect 
fabric between data network interfaces according to one 
example implementation. The example steps may commence 
at step 502 and proceed to step 504 at which the orchestrator 
104 accesses a native communication path associated with an 
interconnect technology. As described herein, the native com 
munication path may be a communication path from a root 
node to a host node that is compatible with an interconnect 
controller (e.g., an electrical or optical interconnect control 
ler). In one example implementation, the orchestrator 104 
may configure the host node with a network address and a 
physical address associated with the root node. 

Step 506 is directed to configuring a data network interface 
on the host node. In one example implementation, the orches 
trator 104 communicates a physical address to the host node, 
which stores these addresses in host configuration informa 
tion. In another example implementation, the orchestrator 
104 communicates a message indicating a physical address 
assignment to each host node, which facilitates a binding 
process between the kernel mode component 304 and over 
laying protocol drivers. If a host node does not acknowledge 
the receipt of the message, the orchestrator 104 resends the 
message at a later point in time. Alternatively, the orchestrator 
104 may instruct the connection manager 102 to program a 
serial number register with a lower portion of a MAC address 
assigned to the host node, which may be combined with a 
predefined MAC prefix to form a locally unique 48-bit MAC 
address. As another alternative, the physical address for the 
host node may be derived from a native, unique identifier 
provided by the interconnect technology. 
Once the orchestrator configures a particular host node 

with the physical address, the particular host node may 
request a network address to complete the host configuration 
process. In one example implementation, the emulation 
mechanism 214 communicates a DHCP request to which the 
orchestrator replies with the network address, such as an IP 
address. The emulation mechanism 214 may store the net 
work address in the host configuration data and proceed to 
handling ARP requests, providing multicast/broadcast Ser 
vices and/or communicating application data. 

Step 508 refers to a determination as to whether one or 
more current packets include a multicast request, a broadcast 
request oran ARP request. If the orchestrator 104 received the 
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broadcast request, step 508 proceeds to step 510 at which the 
orchestrator 104 accesses network configuration information 
and delineates IP addresses for each host node within a same 
Subnet as a source node of the broadcast request. The orches 
trator 104 replies to the broadcast request with an IP address 
associated with the root node Such that Subsequent broadcast 
packets arrive at the root node. Step 512 is directed to com 
municating a copy of the Subsequent broadcast packets to 
each host node with the subnet. Accordingly, the orchestrator 
104 may function as proxy or a gateway for broadcasting the 
application data to these host nodes. 

If the orchestrator 104 received the ARP request, step 508 
proceeds to step 514 at which the orchestrator 104 extracts the 
network address from the ARP request and uses the network 
configuration information to access a mapping between the 
network address and a physical address associated with a 
destination host node. In one example implementation, the 
orchestrator 104 also identifies a mapping between a commu 
nication path identifier and the physical addresses of the 
destination node and the host node. Step 516 is directed to 
communicating the physical address of the destination node 
and the communication path identifier to the host node in 
response to the ARP request. 

If the orchestrator 104 received the multicast request, step 
508 proceeds to step 518 at which the orchestrator 104 uses 
the network configuration information to access a multicast 
group membership associated with the multicast request and 
enumerate IP addresses for each host node within the multi 
cast group membership. The orchestrator 104 replies to the 
multicast request with the IP address associated with the root 
node such that Subsequent multicast packets arrive at the root 
node. Step 520 is directed to communicating a copy of the 
Subsequent multicast packets to each host node with the Sub 
net. If a particular host node is located outside of the same 
Subnet as the source node, the orchestrator 104 uses agateway 
mechanism IP address to route the multicast packets. 

Step 522 is directed to determining whether there are more 
requests from host nodes within the network. If there are more 
requests, step 522 returns to step 508. If there are no more 
requests, step 522 proceeds to step 524. Step 524 represents 
terminating the steps described in FIG. 5. 

FIG. 6 is a flow diagram illustrating example steps for 
emulating a data communication protocol in accordance with 
a networking standard according to one example implemen 
tation. The example steps may commence at step 602 and 
proceed to step 604 at which the emulation mechanism 214 
stores a data communication protocol address in host con 
figuration data. The data communication protocol address 
may be referred to as a physical or hardware address that is 
assigned to an attached Switch. In one example implementa 
tion, the emulation mechanism 214 requests the physical 
address from the orchestrator 104 running within a root node 
within a network, such as a local area network over a con 
Verged interconnect fabric. 

Step 606 is directed to intercepting and redirecting a host 
configuration data request. In one example implementation, 
overlaying protocol layer drivers desire a network layer pro 
tocol address to communicate application data to another 
node in a manner that complies with a networking standard, 
such as Ethernet. The orchestrator 104 may replay with a 
locally unique network layer protocol address assignment. 
Step 608 is directed to processing the network layer protocol 
address (i.e., a network address), which is stored in the host 
configuration data. 

Step 610 represents receiving the application data to be 
communicated to a destination node. Step 612 determines 
whether a physical address that resolves to the network layer 
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protocol address for the destination node is stored in a cache 
(e.g., an ARP cache). If the physical address is not stored in 
the cache, step 612 proceeds to step 614. Step 614 is directed 
to intercepting and redirecting an address resolution data 
request to the orchestrator 104. Step 616 is directed to storing 
the physical address and/or a path identifier in the address 
resolution data. The path identifier may refer to one or more 
intermediary data network interfaces along a communication 
path to the destination node. If the physical address is not 
stored in the cache, step 612 proceeds to step 618. Step 618 
refers to instructing an interconnect controller to route appli 
cation data frames (e.g., Ethernet frames) to the destination 
node via the communication path. Step 620 refers to a termi 
nation of the steps described in FIG. 6. 
Example Networked and Distributed Environments 
One of ordinary skill in the art can appreciate that the 

various embodiments and methods described herein can be 
implemented in connection with any computer or other client 
or server device, which can be deployed as part of a computer 
network or in a distributed computing environment, and can 
be connected to any kind of data store or stores. In this regard, 
the various embodiments described herein can be imple 
mented in any computer system or environment having any 
number of memory or storage units, and any number of appli 
cations and processes occurring across any number of storage 
units. This includes, but is not limited to, an environment with 
server computers and client computers deployed in a network 
environment or a distributed computing environment, having 
remote or local storage. 

Distributed computing provides sharing of computer 
resources and services by communicative exchange among 
computing devices and systems. These resources and services 
include the exchange of information, cache Storage and disk 
storage for objects, such as files. These resources and services 
also include the sharing of processing power across multiple 
processing units for load balancing, expansion of resources, 
specialization of processing, and the like. Distributed com 
puting takes advantage of network connectivity, allowing 
clients to leverage their collective power to benefit the entire 
enterprise. In this regard, a variety of devices may have appli 
cations, objects or resources that may participate in the 
resource management mechanisms as described for various 
embodiments of the subject disclosure. 

FIG. 7 provides a schematic diagram of an example net 
worked or distributed computing environment. The distrib 
uted computing environment comprises computing objects 
710, 712, etc., and computing objects or devices 720, 722, 
724, 726, 728, etc., which may include programs, methods, 
data stores, programmable logic, etc. as represented by 
example applications 730,732,734,736,738. It can be appre 
ciated that computing objects 710, 712, etc. and computing 
objects or devices 720,722,724, 726,728, etc. may comprise 
different devices, such as personal digital assistants (PDAs), 
audio/video devices, mobile phones, MP3 players, personal 
computers, laptops, etc. 

Each computing object 710, 712, etc. and computing 
objects or devices 720, 722, 724, 726,728, etc. can commu 
nicate with one or more other computing objects 710, 712, 
etc. and computing objects or devices 720, 722, 724, 726, 
728, etc. by way of the communications network 740, either 
directly or indirectly. Even though illustrated as a single ele 
ment in FIG.7, communications network 740 may comprise 
other computing objects and computing devices that provide 
services to the system of FIG. 7, and/or may represent mul 
tiple interconnected networks, which are not shown. Each 
computing object 710, 712, etc. or computing object or device 
720, 722, 724, 726, 728, etc. can also contain an application, 
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such as applications 730, 732,734,736,738, that might make 
use of an API, or other object, software, firmware and/or 
hardware, Suitable for communication with or implementa 
tion of the application provided in accordance with various 
embodiments of the subject disclosure. 

There are a variety of systems, components, and network 
configurations that Support distributed computing environ 
ments. For example, computing systems can be connected 
together by wired or wireless systems, by local networks or 
widely distributed networks. Currently, many networks are 
coupled to the Internet, which provides an infrastructure for 
widely distributed computing and encompasses many differ 
ent networks, though any network infrastructure can be used 
for example communications made incident to the systems as 
described in various embodiments. 

Thus, a host of network topologies and network infrastruc 
tures, such as client/server, peer-to-peer, or hybrid architec 
tures, can be utilized. The "client' is a member of a class or 
group that uses the services of another class or group to which 
it is not related. A client can be a process, e.g., roughly a set of 
instructions or tasks, that requests a service provided by 
another program or process. The client process utilizes the 
requested service without having to “know’ any working 
details about the other program or the service itself. 

In a client/server architecture, particularly a networked 
system, a client is usually a computer that accesses shared 
network resources provided by another computer, e.g., a 
server. In the illustration of FIG. 7, as a non-limiting example, 
computing objects or devices 720,722,724, 726,728, etc. can 
be thought of as clients and computing objects 710, 712, etc. 
can be thought of as servers where computing objects 710, 
712, etc., acting as servers provide data services, such as 
receiving data from client computing objects or devices 720, 
722, 724, 726, 728, etc., storing of data, processing of data, 
transmitting data to client computing objects or devices 720, 
722, 724, 726, 728, etc., although any computer can be con 
sidered a client, a server, or both, depending on the circum 
Stances. 

A server is typically a remote computer system accessible 
over a remote or local network, such as the Internet or wire 
less network infrastructures. The client process may be active 
in a first computer system, and the server process may be 
active in a second computer system, communicating with one 
another over a communications medium, thus providing dis 
tributed functionality and allowing multiple clients to take 
advantage of the information-gathering capabilities of the 
SeVe. 

In a network environment in which the communications 
network 740 or bus is the Internet, for example, the comput 
ing objects 710, 712, etc. can be Web servers with which other 
computing objects or devices 720, 722, 724, 726, 728, etc. 
communicate via any of a number of known protocols. Such 
as the hypertext transfer protocol (HTTP). Computing objects 
710, 712, etc. acting as servers may also serve as clients, e.g., 
computing objects or devices 720,722,724, 726,728, etc., as 
may be characteristic of a distributed computing environ 
ment. 
Example Computing Device 
As mentioned, advantageously, the techniques described 

herein can be applied to any device. It can be understood, 
therefore, that handheld, portable and other computing 
devices and computing objects of all kinds are contemplated 
for use in connection with the various embodiments. Accord 
ingly, the below general purpose remote computer described 
below in FIG. 8 is but one example of a computing device. 

Embodiments can partly be implemented via an operating 
system, for use by a developer of services for a device or 
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object, and/or included within application Software that oper 
ates to perform one or more functional aspects of the various 
embodiments described herein. Software may be described in 
the general context of computer executable instructions, such 
as program modules, being executed by one or more comput 
ers. Such as client workstations, servers or other devices. 
Those skilled in the art will appreciate that computer systems 
have a variety of configurations and protocols that can be used 
to communicate data, and thus, no particular configuration or 
protocol is considered limiting. 

FIG. 8 thus illustrates an example of a suitable computing 
system environment 800 in which one or aspects of the 
embodiments described herein can be implemented, although 
as made clear above, the computing system environment 800 
is only one example of a Suitable computing environment and 
is not intended to Suggest any limitation as to scope of use or 
functionality. In addition, the computing system environment 
800 is not intended to be interpreted as having any depen 
dency relating to any one or combination of components 
illustrated in the example computing system environment 
8OO. 

With reference to FIG. 8, an example remote device for 
implementing one or more embodiments includes a general 
purpose computing device in the form of a computer 810. 
Components of computer 810 may include, but are not lim 
ited to, a processing unit 820, a system memory 830, and a 
system bus 822 that couples various system components 
including the system memory to the processing unit 820. 
Computer 810 typically includes a variety of computer 

readable media and can be any available media that can be 
accessed by computer 810. The system memory 830 may 
include computer storage media in the form of volatile and/or 
nonvolatile memory such as read only memory (ROM) and/or 
random access memory (RAM). By way of example, and not 
limitation, system memory 830 may also include an operating 
system, application programs, other program modules, and 
program data. 
A user can enter commands and information into the com 

puter 810 through input devices 840. A monitor or other type 
of display device is also connected to the system bus 822 via 
an interface, such as output interface 850. In addition to a 
monitor, computers can also include other peripheral output 
devices such as speakers and a printer, which may be con 
nected through output interface 850. 
The computer 810 may operate in a networked or distrib 

uted environment using logical connections to one or more 
other remote computers, such as remote computer 870. The 
remote computer 870 may be a personal computer, a server, a 
router, a network PC, a peer device or other common network 
node, or any other remote media consumption or transmission 
device, and may include any or all of the elements described 
above relative to the computer 810. The logical connections 
depicted in FIG. 8 include a network 872, such local area 
network (LAN) or a wide area network (WAN), but may also 
include other networks/buses. Such networking environ 
ments are commonplace in homes, offices, enterprise-wide 
computer networks, intranets and the Internet. 
As mentioned above, while example embodiments have 

been described in connection with various computing devices 
and network architectures, the underlying concepts may be 
applied to any network system and any computing device or 
system in which it is desirable to improve efficiency of 
resource usage. 

Also, there are multiple ways to implement the same or 
similar functionality, e.g., an appropriate API, toolkit, driver 
code, operating system, control, standalone or downloadable 
Software object, etc. which enables applications and services 
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to take advantage of the techniques provided herein. Thus, 
embodiments herein are contemplated from the standpoint of 
an API (or other software object), as well as from a software 
or hardware object that implements one or more embodi 
ments as described herein. Thus, various embodiments 
described herein can have aspects that are wholly in hard 
ware, partly in hardware and partly in Software, as well as in 
software. 
The word “example' is used herein to mean serving as an 

example, instance, or illustration. For the avoidance of doubt, 
the subject matter disclosed herein is not limited by such 
examples. In addition, any aspect or design described herein 
as “example' is not necessarily to be construed as preferred or 
advantageous over other aspects or designs, nor is it meant to 
preclude equivalent example structures and techniques 
known to those of ordinary skill in the art. Furthermore, to the 
extent that the terms “includes, "has,” “contains, and other 
similar words are used, for the avoidance of doubt, such terms 
are intended to be inclusive in a manner similar to the term 
“comprising as an open transition word without precluding 
any additional or other elements when employed in a claim. 
As mentioned, the various techniques described herein 

may be implemented in connection with hardware or soft 
ware or, where appropriate, with a combination of both. As 
used herein, the terms “component,” “module.” “system’’ and 
the like are likewise intended to refer to a computer-related 
entity, either hardware, a combination of hardware and soft 
ware, Software, or Software in execution. For example, a 
component may be, but is not limited to being, a process 
running on a processor, a processor, an object, an executable, 
a thread of execution, a program, and/or a computer. By way 
of illustration, both an application running on computer and 
the computer can be a component. One or more components 
may reside within a process and/or thread of execution and a 
component may be localized on one computer and/or distrib 
uted between two or more computers. 

The aforementioned systems have been described with 
respect to interaction between several components. It can be 
appreciated that such systems and components can include 
those components or specified Sub-components, some of the 
specified components or Sub-components, and/or additional 
components, and according to various permutations and com 
binations of the foregoing. Sub-components can also be 
implemented as components communicatively coupled to 
other components rather than included within parent compo 
nents (hierarchical). Additionally, it can be noted that one or 
more components may be combined into a single component 
providing aggregate functionality or divided into several 
separate Sub-components, and that any one or more middle 
layers, such as a management layer, may be provided to 
communicatively couple to such sub-components in order to 
provide integrated functionality. Any components described 
herein may also interact with one or more other components 
not specifically described herein but generally known by 
those of skill in the art. 

In view of the example systems described herein, method 
ologies that may be implemented in accordance with the 
described subject matter can also be appreciated with refer 
ence to the flowcharts of the various figures. While for pur 
poses of simplicity of explanation, the methodologies are 
shown and described as a series of blocks, it is to be under 
stood and appreciated that the various embodiments are not 
limited by the order of the blocks, as some blocks may occur 
in different orders and/or concurrently with other blocks from 
what is depicted and described herein. Where non-sequential, 
or branched, flow is illustrated via flowchart, it can be appre 
ciated that various other branches, flow paths, and orders of 
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the blocks, may be implemented which achieve the same or a 
similar result. Moreover, some illustrated blocks are optional 
in implementing the methodologies described hereinafter. 

CONCLUSION 

While the invention is susceptible to various modifications 
and alternative constructions, certain illustrated embodi 
ments thereof are shown in the drawings and have been 
described above in detail. It should be understood, however, 
that there is no intention to limit the invention to the specific 
forms disclosed, but on the contrary, the intention is to cover 
all modifications, alternative constructions, and equivalents 
falling within the spirit and scope of the invention. 

In addition to the various embodiments described herein, it 
is to be understood that other similar embodiments can be 
used or modifications and additions can be made to the 
described embodiment(s) for performing the same or equiva 
lent function of the corresponding embodiment(s) without 
deviating therefrom. Still further, multiple processing chips 
or multiple devices can share the performance of one or more 
functions described herein, and similarly, storage can be 
effected across a plurality of devices. Accordingly, the inven 
tion is not to be limited to any single embodiment, but rather 
is to be construed in breadth, spirit and scope in accordance 
with the appended claims. 
What is claimed is: 
1. In a computing environment, a method performed at 

least in part on at least one processor, comprising: 
emulating a data network interface in accordance with a 

native networking standard, the data network interface 
operating with an interconnect controller, including, 
providing address resolution data to identify a commu 
nication path that is compatible with the interconnect 
controller and associated with a destination for applica 
tion data within a converged interconnect fabric, the 
converged interconnect fabric comprising one or more 
optical interconnects; 

providing an intermediate driver implementing a data com 
munication protocol for a native miniport driver associ 
ated with networking hardware components, the inter 
mediate driver providing a miniport to overlaying 
protocol drivers in a protocol stack; and 

using the interconnect controller to route the application 
data through the converged interconnect fabric to the 
destination based on the address resolution data, 
wherein the application data conforms to the native net 
working standard, the native networking standard being 
a different networking standard than a networking stan 
dard associated with the converged interconnect fabric. 

2. The method of claim 1, wherein providing the address 
resolution data further comprises intercepting requests for the 
address resolution data associated with the destination. 

3. The method of claim 2, wherein intercepting the requests 
further comprises redirecting the requests to a root node via 
the interconnect controller. 

4. The method of claim 3, further comprising: 
storing a path identifier representing the communication 

path and a physical address associated with the destina 
tion in the address resolution data. 

5. The method of claim 4, further comprising: 
instructing the interconnect controller to communicate the 

application data to the destination via one or more inter 
COnnectS. 

6. The method of claim 1, wherein providing the address 
resolution data further comprises processing a native com 
munication path from the interconnect controller to a root 
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node, and processing host configuration data that is commu 
nicated via the native communication path and comprises at 
least one of a network address or a physical address associ 
ated with a switch. 

7. The method of claim 1, wherein providing the address 
resolution data further comprises storing a mapping between 
a network address and a physical address in the address reso 
lution data, wherein the mapping is associated with a data 
network interface of the destination. 

8. The method of claim 1, wherein using the interconnect 
controller to route the application data further comprises 
communicating multicast packets that comprises the applica 
tion data to a root node that routes a copy of the multicast 
packets to one or more members of a multicast membership 
group. 

9. The method of claim 1, wherein using the interconnect 
controller to route the application data further comprises 
communicating broadcast packets that comprises the appli 
cation data to a root node, wherein the root node routes a copy 
of the broadcast packets to a host node within a subnet. 

10. The method of claim 1, further comprising: 
a kernel mode component configured to intercept requests 

for address resolution data associated with the destina 
tion; and 

a user mode component configured to redirect the requests 
to a root node via the interconnect controller. 

11. In a computing environment, a system, comprising: 
an orchestrator configured to enable a local area network 

over a converged interconnect fabric between data net 
work interfaces, the converged interconnect fabric com 
prising one or more optical interconnects, wherein the 
orchestrator is further configured to access network con 
figuration information comprising a physical address for 
one or more data network interfaces that is compatible 
with an associated interconnect controller, to use the 
network configuration information to create a mapping 
between a pair of physical addresses and a path identifier 
associated with an accessible communication path from 
a corresponding data network interface, and to commu 
nicate the mapping to a corresponding node within the 
local area network via the converged interconnect fabric; 

an intermediate driver configured to implementadata com 
munication protocol for a native miniport driver, the 
intermediate driver providing a miniport to overlaying 
protocol drivers in a protocol stack; and 

the interconnect controller configured to route application 
data along the accessible communication path to a des 
tination, the application data conforming to a native 
networking standard, the native networking standard 
being a different networking standard than a networking 
standard associated with the converged interconnect 
fabric. 

12. The system of claim 11, wherein the orchestrator is 
further configured to respond to an address resolution data 
request with an address associated with a layer of the protocol 
stack. 

13. The system of claim 11, wherein the orchestrator is 
further configured to respond to a multicast request with an 
orchestrator physical address and route a copy of multicast 
packets to a corresponding network address for one or more 
multicast group members. 

14. The system of claim 11, wherein the orchestrator is 
further configured to respond to a broadcast request with an 
orchestrator physical address and route a copy of application 
data to a corresponding network address for a node within a 
subnet. 
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15. The system of claim 11, wherein the orchestrator is 

further configured to assign the physical addresses to the data 
network interfaces within the local area network within a data 
Center. 

16. The system of claim 11, wherein the system further 
comprises an emulation mechanism configured to implement 
a data communication protocol that routes application data to 
a destination in accordance with a networking standard, 
wherein the emulation mechanism comprises the intermedi 
ate driver with an optical interconnect controller for commu 
nicating the application data via a plurality of optical inter 
connects in the converged interconnect fabric, wherein a 
kernel mode component and a user mode component coop 
erate to provide the intermediate driver implementing the data 
communication protocol for a native miniport driver. 

17. The system of claim 16, wherein the emulation mecha 
nism is further configured to partition an emulated data net 
work interface into virtual data network interfaces, and 
wherein the orchestrator is further configured to assign a 
network address and a physical address to a virtual network 
interface. 

18. One or more computer-readable devices having com 
puter-executable instructions, which when executed perform 
steps, comprising: 

accessing a native communication path with an orchestra 
tor for a local area network, wherein the native commu 
nication path comprises one or more interconnects; 

configuring a node with a physical address that is commu 
nicated by the orchestrator via the native communication 
path; 

providing a data communication protocol to a native 
miniport driver for controlling a switch within the node, 
the Switch corresponds to an interconnect technology, an 
intermediate driver implementing the data communica 
tion protocol for the native miniport driver; 

providing a miniport to overlaying protocol layer drivers in 
accordance with a native networking standard; 

requesting a network address for the node from the orches 
trator via the native communication path; 

requesting a destination physical address for a data net 
work interface from the orchestrator via the native com 
munication path; and 

routing application data frames through a converged inter 
connect fabric to the destination physical address, by a 
protocol-independent interconnect controller, using the 
miniport driver to the data network interface, wherein 
the application data frames conform to the native net 
working standard, the native networking standard being 
a different networking standard than a networking stan 
dard associated with the one or more interconnects. 

19. The one or more computer-readable devices of claim 18 
having further computer-executable instructions comprising: 

providing the intermediate driver implementing the data 
communication protocol for the native miniport driver 
by a kernel mode component and a user mode compo 
nent; and 

partitioning the Switch into one or more virtual data net 
work interfaces for one or more virtual machines. 

20. The one or more computer-readable devices of claim 18 
having further computer-executable instructions comprising: 

instructing the protocol-independent interconnect control 
ler to communicate the application data frames along a 
communication path to the data network interface. 

k k k k k 

Marvell Semiconductor, Inc. - Ex. 1029, Page 000021




