
INCREMENTAL HIGH RADIX NETWORK SCALING 

BACKGROUND 

[0001] As an increasing number of applications and services are being made avai lable 

5 networks such as the Internet, and increasingly utilizing sources such as networked data 

centers, an increasing number of content, application, and/or service providers are turning to 

technologies such as cloud computing and Web sendees. In such environments, the hardware 

and/or software used to provide access to data and/or electronic resources typically needs to 

be scalable to meet the needs of various users at any given time. A user or customer typically 

10 will rent, lease, or otherwise pay for access to resources, and thus does not have to purchase 

and maintain the hardware and/or software to provide access to these resources. 

[00021 Various approaches exist that enable resources such as data centers and Internet-

Protocol (IP)-based networks to scale as the needs of the various users and applications 

increase. In some cases, this requires the purchase of large, expensive hardware that typically 

15 provides more capacity than is immediately necessary, in other cases, less expensive 

hardware devices can be used, but in order to handle conventional routing protocols the 

number of devices needed to scale can be quite large and complex to install. For a large 

number of resources to be provided, this can provide a significant expenditure and overhead, 

which can be undesirable in many instances. 

20 SUMMARY 

[0002a| According to a first aspect, there is provided a method of incremental scaling 

switches in a data center, comprising: providing a first set of one or more switches; providing 

a second set of one or more switches; providing a third set of one or more switches; 

connecting two or more ports of each switch of the first set with two or more ports of each 

25 switch of the second set using two or more connections; connecting each switch of the first set 

with each switch of the third set using one or more connections; providing a fourth set of 

switches equal in number to the second set; for each of the one or more switches of the second 

set, disconnecting one of the two or more connections to the first set; for each of the 

disconnected connections from the switches of the second set, reconnecting the disconnected 

30 connection with a respective switch of the fourth set; providing a fifth set of one or more 

switches; and connecting a respective port of each switch of the fifth set to a respective port 

of each switch of the second set, each switch of the third set, and each switch of the fourth set 

wherein connecting each switch of the fifth set with each switch of the second set, each 

switch of the third set, and each switch of the fourth set results in a formation of one at least 

35 one of i) a high radix network or ii) a fat tree network topology. 
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[0002b| According to a second aspect, there is provided a switch network in a data center 

comprising: a first set of one or more switches, wherein each switch in the first set of one or 

more switches includes two or more ports; a second set of one or more switches, wherein each 

switch in the second set of one or more switches includes two or more ports, and wherein two 

or more ports of each switch in the second set of one or more switches are connected with at 

least two or more ports of each switch of the first set of one or more switches; a third set of 

one or more switches connected with each switch of the first set of one or more switches 

utilizing one of the two or more connections between a respective switch of the first set of 

switches and a respective switch of the second set of switches, wherein the one of the two or 

more connections is disconnected from the respective switch of the second set of switches and 

reconnected with the respective switch of the third set of switches; and a fourth set of one or 

more switches connected with each switch of the second set of switches and the third set of 

switches , wherein connecting the first set, second set, third set, and fourth set of switches 

results in the formation of at least one of i) a high radix network or ii) fat tree topology. 

BRIEF DESCRIPTION OF THE DRAWINGS 

I0003{ Various embodiments in accordance with the present disclosure will be described 

with reference to the drawings, in which: 

100041 FIG. 1 illustrates an environment in which various embodiments can be 

implemented; 

10005] FIG. 2 illustrates an example of a highly connected network design that can be used 

in accordance with various embodiments; 

100061 FIGS. 3(a) and 3(b) illustrate views of a Clos-network style that can be utilized in 

accordance with various embodiments; 
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[0007] FIGS. 4(a) and 4(b) illustrate Clos-based network groups with different levels of 

oversubscription that can be used in accordance with various embodiments; 

(0008] FIGS. 5(a) and 5(b) illustrate switch networks configured for incremental scaling in 

accordancc with various embodiments: 

5 [0009] FIGS. 6(a), 6(b), and 6(c) illustrate switch networks configured for incremental 

scaling in accordance with various embodiments; 

[0010] FIGS. 7(a), 7(b). and 7(c) illustrate switch networks configured for incremental 

scaling in accordance with various embodiments; 

[0011] FIGS. 8(a), 8(b), 8(c), arid 8(d) illustrate switch networks configured for 

10 incremental scaling in accordance with various embodiments; 

[0012] FIG. 9 illustrates an example process for implementing incremental scaling in 

accordancc with various embodiments; and 

[0013] FIG. 10 illustrates an example process for implementing incremental scaling in 

accordance with various embodiments. 

1.5 [0014] FIG. 11 illustrates an example process for implementing incremental scaling in 

accordance with various embodiments. 

DETAILED DESCRIPTION 

[0015] Systems and methods in accordance with various embodiments of the present 

20 disclosure may overcome one or more of the aforementioned and other deficiencies 

experienced in conventional approaches to connecting resources in an environment such as a 

data center, compute cloud, or Internet Protocol (IP)-based network. In particular, various 

embodiments utilize groups or tiers of network switches and/or other networking devices that 

can be incrementally scaled up over time based on capacity needs for the network or data 

25 center. The network can include multiple tiers of switches. Adjacent tiers of switches can be 

initially connected using redundant connections between respective switches in the adjacent 

tiers. As additional capacity is needed, additional switches may be added to the tiers of 

switches. The redundant connections may be disconnected from switches In one of the tiers 

and reconnected to the additional switches in that tier. By performing this process one switch 

30 or port at a time, the impact on link bandwidth in the network can be minimized. The process 

also can open up ports on the switches that have had a connection disconnected from a 
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respective switch; these ports may be utilized in part to connect the additional switches in the 

adjacent tier of switches. The tiers of switches can be based on a Clos network topology, 

where the tiers of switches are fully connected. Other high radix or fat tree network 

topologies will also find application herein. 

5 [0016] Various other advantages and implementations are possible as discussed and 

suggested below with respect to the various embodiments. 

[Q017j FIG. 1 illustrates an example of an environment 100 for implementing aspects in 

accordance with various embodiments. As will be appreciated, although a "Web-based 

environment is used for purposes of explanation, different environments may be used, as 

10 appropriate, to implement various embodiments. The environment 100 shown includes both 

a testing or development portion (or side) and a production portion. The production portion 

includes an electronic client device IQ2, which can include any appropriate device operable 

to send and receive requests, messages, or information over an appropriate network 104 and 

convey information back to a user of the device. Examples of such client devices include 

15 data center servers, workstations, personal computers, cell phones, handheld messaging 

devices, laptop computers, set-top boxes, personal data assistants, electronic book readers, 

and the like. The network can include any appropriate network, including an intranet, the 

Internet, a cellular network, a local area network, or any other such network or combination 

thereof. Components used for such a system can depend at least in part upon the type of 

20 network and/or environment selected. Protocols and components for communicating via such 

a network are well known and will not be discussed herein in detail. Communication.over the 

network can be enabled by wired or wireless connections, and combinations thereof. In this 

example, the network includes the Internet, as the environment includes a Web server 106 for 

receiving requests and serving content in response thereto, although for other networks an 

25 alternative device serving a similar purpose could, be used as would be apparent to one of 

ordinary skill in the art. 

[0018] The illustrative environment includes at least one application server 108 and a data 

store 110. It should be understood that there can be several application servers, layers, or 

other elements, processes, or components, which may be chained or otherwise configured, 

30 which can interact to perform tasks such as obtaining data from an appropriate data store. As 

used herein the term "data store" refers to any devicc or combination of devices capable of 

storing, accessing, and retrieving data, which may include any combination and number of 

data servers, databases, data storage devices, and data storage media, in any standard, 

n 
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distributed, or clustered, environment. The application server can include any appropriate 

hardware and software for integrating with the data store as needed to execute aspects of one 

or more applications for the client device, handling a majority of the data access and. business 

logic for an application. The application server provides access control services in 

5 cooperation with the data store, and is able to generate content such as text, graphics, audio, 

and/or video to be transferred to the user, which may be served, to the user by the Web server 

in the form of HTML, XML, or another appropriate structured language in this example. The 

handling of all requests and responses, as well as the delivery of content between the client 

device 102 and the application, server 108, can be handled by the Web server. St should be 

10 understood that the Web and application servers are not required, and are merely example 

components, as structured code discussed herein can be executed on any appropriate device 

or computing device as discussed elsewhere herein. Further, the environment can be 

architected in such a way that a test automation framework can be provided as a service to 

which a user or application can subscribe. A test automation framework can be provided as 

15 an implementation of any of the various testing patterns discussed herein, although various 

other implementations can be used as well, as discussed or suggested, herein, 

[0019] The environment also includes a development and/or testing side, which includes a 

user device 118 allowing a user such as a developer, data administrator, or tester to access the 

system. The user device 118 can be any appropriate device or machine, such as is described 

20 above with respect to the clicnt device 102, The environment also includes a development 

server 120, which functions similar to the application server 108 but typically runs code 

during development and testing before the code is deployed and executed on the production 

side and is accessible to outside users, for example. In some embodiments, an application 

server can function as a development server, and separate production and testing storage may 

25 not be used. 

[0020] The data store 1.10 can include several separate data tables, databases, or other data 

storage mechanisms and media for storing data relating to a particular aspect. For example, 

the data store illustrated includes mechanisms for storing production data 1.12 and user 

information 116, which can be used to serve content for the production side. The data store 

30 also is shown to include a mechanism for storing testing data 114, which can be used with the 

user information for the testing side. It should be understood that there can be many other 

aspects that may need to be stored in the data store, such as for page image information and 

access right information, which can be stored in any of the above iisted mechanisms as 

appropriate or in additional mechanisms in the data store 110. The data store 110 is operable, 
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through logic associated therewith, to receive instructions from the application server 108 or 

development server 120, and obtain, update, or otherwise process data in response thereto. In 

one example, a user might submit a search request for a certain type of item. In this case, the 

data store might access the user information to verify the identity of the user, and can access 

5 the catalog detail information to obtain information about items of that type. The information 

then can be returned to the user, such as in a results listing on a Web page that the user is able 

to view via a browser on the user device 102. Information for a particular item of interest can 

be viewed in a dedicated page or window of the browser. 

[0021 j Each server typically will include an operating system that provides executable 

10 program instructions for the general administration and operation of that server, and typically 

will include a computer-readable medium storing instructions that, when executed by a 

processor of the server, allow the server to perform its intended functions. Suitable 

implementations for the operating system and general functionality of the servers are known 

or commercially available, and are readily implemented by persons having ordinary skill in 

15 the art, particularly in light of the disclosure herein. 

[0022] The environment in one embodiment is a distributed computing environment 

utilizing several computer systems and components that are interconnected via 

communication links, using one or more computer networks or direct connections. However, 

it will be appreciated by those of ordinary skill in the art that such a system could, operate 

20 equally well in a system having fewer or a greater number of components than are illustrated 

in FIG. 1. Thus, the depiction of the system 100 in FIG. 1 should betaken as being 

illustrative in nature, and not limiting to the scope of the disclosure. 

[0023] An environment such as that illustrated in FIG. I can be useful for an eiectronic 

marketplace or compute cloud, for example, wherein multiple hosts might be used to perform 

25 tasks such as serving content, executing large-scale computations, or performing any of a 

number of other such tasks. Some of these hosts may be configured to offer the same 

functionality, while other servers might be configured to perform at least some different 

functions. The hosts can be grouped together into clusters or other functional groups for the 

performance of specific tasks, such as may be provided as part of a data center, cloud 

30 computing offering, or processing service. The electronic environment in such cases might 

include additional components and/or other arrangements, such as those illustrated in the 

configuration 200 of FIG. 2, discussed in detail below. 
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[0024] For example, FIG. 2 illustrates an example configuration 200 that represents a 

traditional hierarchical network design that can be used to route requests to specific host 

machines or other such devices, in order to provide users or applications with access to a 

variety of distributed resources. This example shows a typical design that can be used for a 

5 data center, wherein a source such as an end user device 202 or application 204 is able to 

send requests across a network 206, such as the Internet, to be received by one or more 

components of the data center. Properties of various components of the network, such as 

provisioned instances, etc., can be managed using at least one management system, 

component, or service 220. In this example, the requests are received over the network to 

10 one of a plurality of core switches 208, but it should be understood that there can be any of a 

number of other components between the network and the core switches as known in the art. 

As traditional differentiators have substantially disappeared, the terms "switch" and "router" 

can be used interchangeably. For purposes of clarity and explanation this document 

standardizes on the term "switch," but it should be understood this term as used also 

15 encompasses routers and other devices or components used for such purposes. Further, the 

switches can include any appropriate switch, such as a multilayer switch that operates at 

different levels in an OSI (Open System Interconnection) reference model. 

[0025] As illustrated, each core switch 208 is able to communicate with each of a plurality 

of aggregation switches 210, 212, which in at least some embodiments are utilized in pairs. 

20 Utilizing aggregation switches in pairs provides a redundant capability in case one or the 

switches experiences a failure or is otherwise unavailable, such that the other device can 

route traffic for the connected devices. Each pair of aggregation switches 210, 212 is linked 

to a plurality of physical racks 214, each of which typically contains a top of rack (TOR) or 

"access" switch 216 and a plurality of physical host machines 218, such as data servers and 

25 other processing devices. As shown, each aggregation switch can be connected to a number 

of different racks, each with a number of host machines. The links between the layers can 

each comprise redundant links, or link pairs, with separate links for inbound and outbound 

traffic. If the network utilizes redundant 1 Gigabit Ethernet (GbE) links, for example, the 

total bandwidth per redundant link is 2GbE. 

30 [0026] As an additional benefit, the use of aggregation switch pairs enables the capability 

of a link to be exceeded during peak periods, for example, wherein both aggregation switches 

can concurrently handle and route traffic. Each pair of aggregation switches can service a 

dedicated number of racks, such as 120 racks, based on factors such as capacity, number of 

ports, etc. There can be any appropriate number of aggregation switches in a data center, 
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such as six aggregation pairs. The traffic from the aggregation pairs can be aggregated by the 

core switches, which can pass the traffic "up and out" of the data center, such as back across 

the network 206. in some embodiments, the core switch.cs arc provided in pairs as wel!, for 
purposes including redundancy. 

5 |0027j In some embodiments, such as high radix interconnection networks utilized for 

high-performance computing (HPC) or other such purposes, each physical rack can contain 

multiple switches. Instead of a single physical TOR switch connecting thirty-six hosts in a 

physical rack, for example, each of three s witches in the rack can act as a local TOR switch 

for a "logical" rack (a sub-rack of a physical rack or logical grouping of devices (hosts and/or 

10 switches) from multiple racks), with each local TOR switch connecting twelve of the host 

machines. The logical racks can be implemented using physical or wireless switches in 

different embodiments. In some embodiments each of these switches within a high 

performance computing rack manages up to twelve servers, but the number can vary 

depending on factors such as the number of ports on each switch. For example, if a switch 

15 contains twenty-four ports, half of those ports typically will be host-facing and the other half 

will face the external network. A design in accordance with one embodiment couid utilize 

seven racks with three switches in each, with each local TOR switch communicating 

(redundantly) with twelve servers, which would generally be equivalent to twenty-one 

separate racks each with a single TOR switch communicating with twelve servers, for 

20 example. In subsequent figures and description, it should be understood that physical or 

logical racks can be used within the scope of the various embodiments. 

[0028] The connectivity approach used for such a network can vary between embodiments. 

For example, FIGS. 3(a) and 3(b) illustrate a design based on a. Clos network topology 

approach, wherein there arc twenty-one racks each with at least one TOR switch, and each of 

25 the TOR switches is connectcd to an array of twelve spine switches, which typically will be 

located in another physical rack. The array of spine switches corresponds to a "center' stage 

in a traditional Clos network design. Since there are twelve hosts, there are twelve "up" 

connections and twelve "down" connections to the spine switches. The design thus provides 

a high radix network based on a re-arrangeably non-blocking Clos network. 

30 [0029] The design presented illustrates a two-tier folded Clos network. As seen in the 

configuration 300 of FIG, 3(a), there are effectively two layers of switches: a layer of spine 

switches and a layer of edge switches. Three of the edge switches, however, can be utilized 

as egress switches which pass data on to the network. FIG. 3(b) thus illustrates a logical 
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arrangement 350 of the switches, which may be referred to as a deployment unit showing the 

three edge switches as egress switches which sit at the "top" of the group of switches and 

pass data "up and out" of the deployment unit. Each of the twelve spine switches can be 

thought of as having a port out the logical "back" side to one of the three egress switches, but 

5 the three switches are simply one of the twenty-four edge servers illustrated in a folded 

representation. The egress switches simply have the only connections out of the deployment 

unit, while the remaining edge switches have connections to underlying devices. All traffic 

into and out of the deployment unit thus is routed through one of the three egress switches, 

although different numbers of switches can be used in different embodiments. 

] 0 [0030] Even though the network may appear similar to the traditional core switch-based 

design of FIG. 2, the spine switches in this design function as core switches, but do not have 

any outbound connectivity. The layers of the deployment unit have fully meshed 

connectivity, however, provided by the spine switches. The deployment unit without the 

egress switches would function as a standalone network without any external connectivity. 

] 5 Thus, some of the edge switches can be utilized as egress switches as illustrated. Otherwise, 

the fact that some of the edge switches are illustrated on the top layer and some on the bottom 

layer is meaningless from a network connectivity perspective with respect to the spine 

switches and the other edge switches, and there is very symmetric behavior. The data within 

the deployment unit can be pushed through a number of equidistant, fault-tolerant paths, 

20 providing the re-arrangably non-blocking behavior. With the paths being symmetric and 

equidistant, ail the switches can follow the same routing protocol and spread the traffic 

evenly without a lot of overhead or additional logic. Further, the deployment units can be 

replicated multiple times within a data center, for example, wherein a Clos-style network 

effectively manages traffic across ail of the deployment units in the data ccnter. 

25 [0031 j An advantage of a high radix network or similar fat tree design is that the network 

can easily be scaled by adding additional deployment units, each connected using an 

aggregation fabric such as is described with respect to FIG. 2. A potential downside, 

however, is that the number of devices needed to scale the deployment units can increase 

very quickly, which can significantly increase the cost of the network. In an example where 

30 large data switches in a network are replaced with a design utilizing commodity switches in a 

high radix, or other such implementation, the number of devices increases from around fifteen 

switches to on the order of seven hundred to eight hundred switches. Commodity switches as 

used herein generally refer not only to mass-produced, off-the-shelf switches, but also refer to 

switches built by low cost Just-In-Time (JTT) or on-demand manufacturers, typically using 
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"merchant silicon" or other relatively low-cost materials. Commodity switches typically are 

relatively simple, although more complex proprietary switches can be included as well. 

[0032] Replacing the large switches with a number of smaller commodity switches in this 

example, however, increases the number of Layer 3 switches that speak the appropriate 

5 routing protocol on the order of about fifty times in one embodiment. Further, each of the 

switches will have to obtain information about all the other switches in the data center, as 

well as information about all the host devices cormccted to those switches, such that the 

amount of information that each switch needs to obtain and process is much higher than in 

certain conventional designs. Thus, while a high radix interconnection network provides 

10 advantages such as ease of scalability and high bandwidth capability, as well as a chance for 

significant cost savings, the complexity of the routing protocol grows on the order of n2 for a 

two-tier Clos-based network design, and on the order of n for a three-tier Clos-based 

network, where n is the number of ports on the devices used, in each tier. For a large number 

of hosts, this can provide a significant expenditure and overhead, which can be undesirable in 

15 many instances. 

[0033] FIG. 4(a) illustrates a traditional three-stage, two-tier Clos network configuration 

400 in an "unfolded" view, similar to that shown in FIG. 3(b), here based on six-port 

switches wherein there are half the number of spine switches 402 as there are edge 404 or 

"leaf switches, and wherein half of the edge switches function as egress switches 406. The 

20 Clos network is highly connected, as each device in each stage is connected to each device in 

an adjacent stage. The devices of both tiers thus are fully connected, with no intra-tier 

connections within a stage (or tier). If all the available ports on ail the edge switches were 

used to make host connections, there would be no connection out of the Clos network. Thus, 

as discusscd previously, connections to an external network 408 typically would be made 

25 using the available ports of the egress switches 406. In some cases, at least some of the 

egress switches are used to connect to devices that sit between the Clos network and the 

external network, such as a set of core routers and/or an aggregation fabric. As can be seen, 

however, the tier 2 devices (here spine switches) never make connections to anything but tier 

1 devices (here edge or egress switches). Thus, in order to route host traffic out to the 

30 external network, the host would communicate with an edge switch, which would 

communicate to a spine switch, which would communicate with an egress switch, which 

would pass the communication to the external network. The three communications 

correspond to the three stages of the Clos network. As should be understood, there can be 

any appropriate number of tiers in a Clos network using any appropriate type of switches, 
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such as twelve, twenty-four, or forty-eight port switches. The number of deviccs in each tier 

can depend at least in part upon the number of ports, as a traditional Clos is fully connected 

and non-blocking, and does not have oversubscription at any tier. While figures with limited 

numbers of devices are shown for purposes of simplicity and explanation, it should be 

5 understood that the basic concepts apply and scale accordingly. 

f0034] A potential downside to conventional Clos networks is that the networks can be 

very expensive to scale due to factors such as full connectivity and 1:1 oversubscription. For 

deviccs with many ports, there will be many more spine switches that must connect to each of 

the edge and egress devices. By not having any oversubscription at any level, the overhead 

10 based on the number of switches) per host device can be prohibitively large. The 

efficiency of a data center can be measured in one respect by comparing the number of 

available host connections to the number of devices used to provide the networking fabric. 

Another efficiency measurement looks at the network costs (e.g., based on the number of 

cables and switches) per number of host connections available. 

15 [0035] An approach in accordance with various embodiments can improve the efficiency of 

Clos-based data centers, making the networks more realistic in scale. The approach 

introduces oversubscription between the spine switches and the egress switches, such as is 

shown in the configuration 450 of FIG. 4(b). In this example, the number of "up" 

connections between the tier 2 spine switches 402 and the tier 1 egress switches 406 is 

20 reduced, with each spine switch 402 only being connected to one respective egress switch 

406. In other embodiments, each spine switch can be connected to less than the total number 

of egress switches, etc. By reducing the number of connections up to the egress switches, 

each spine switch will have one or more open ports (two available ports in this example) that 

can be used to make "down'" connections to additional tier 1 edge switches 404, each of 

25 which will have additional host connections 452 available for connecting additional host 

machines or other such devices. By introducing 5:1. oversubscription in the example (with 

each spine switch having one connection to the egress switch stage and five connections to 

the edge switch stage) the number of host connections has increased on the order of 60% 

while only increasing the cost of the network by about 10% due to the cost for additional 

30 devices. The efficiency of the network thus has increased accordingly. Such a design also 

can be recursed to develop larger networks, such as a four-tier network with the same or 

similar design principles. 

10 
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[0036] An approach in accordance with various embodiments can provide for incremental 

scaling of switch networks in a network environment such as a data center, which can utilize 

a configuration 200 as illustrated in FIG. 2, for example. This approach can be tier-

independent. For example, consider a network such as can be seen in configuration 300 of 

5 FIG. 3. Each switch may have a number of ports, such as 24 ports. The number of ports a 

switch may have can vary. Some switches may have 48 ports for example. These 

approaches will generally scale mathematically based on the number of ports. Configuration 

300 shows an example where these tiers of switches are fully connected. Configuration 300 

may be described as two tier Clos network, with 24 port switches in this example, which has 

10 12 spine switches and 24 edge switches with one connection between each spine switch and 

each edge switch. In some cases, configuration 300 may be deployed as shown. However, as 

discussed below, embodiments may include approaches for incrementally deploying and 

connecting the switches in accordance with various embodiments. 

[0037] Similarly, configuration 350 shows an example that has 21 edge switches connected 

15 to hosts, and 12 spine switches connected with the 21 edge switches, hi this example, 

connections that are not made between edge and spine switches may be used to make 

connections up to, for example, a crossbar architecture. As in a Clos network design, tier 1 

switches, the edge switches in this example, can be fully connected to all tier 2 switches, the 

spine switches in this example. Configuration 350 shows an example where each spine 

20 switch is connected with each egress switch. In some cases, spine switches may be 

connected with cross bar switches using triple connections (not shown), where each spine 

switch makes three connections to the corresponding switch in the crossbar. 

[0038] Normally in a Clos network topology, all the switches in a tier 2, for example, 

would be acquired up front in order to be prepared for the expected growth. For example, in 

25 configuration 300 and 350. the twelve switches in a tier would be acquired at one time. High 

radix networks, in general, design for the maximum capacity, and ail the equipment such as 

the switches for different tiers is bought up front. And while only a few hosts may be 

connected with the edge or leaf layer at a time, extra switches are typically purchased and 

integrated up front even if they are not necessary at the time of installation. At the data 

30 center level, this can involve thousands of devices and connections along with their 

associated cost. 

[0039] An approach in accordance with various embodiments may result in configurations 

such as configuration 300 and/or 350. Other configurations such as configuration 400 of 

II 
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FIG. 4(a) arid/or configuration 450 of FIG. 4(b) could also be realized in some 

embodiments, for example. The switches for one or more of the tiers may be incrementally 

scaled up to result in such configurations. Embodiments may utilize approaches that connect 

initial sets of switches between two tiers using two or more connections between each of the 

5 switches in the different tiers or sets. As additional switches may be added to different tiers 

or sets of switches, the extra connections betweens switches may be disconnected and 

reconnected to the incrementally added switches. This approach can be applied recursively. 

For example, at first, a small capacity at each tier may be built, and at some later point, the 

size or number of devices at the next tier may be increased. The incremental scaling can 

10 happen for different tiers also. For example, incremental scaling may occur between tiers I 

and 2. When capacity is reached in tier 2, a similar approach between tier 2 and 3 and even 

other tiers may be employed, for example. 

[0040] This process of setting up multiple connections between respective switches in 

different tiers may be referred to as making redundant connections between tiers where the 

15 extra capacity resides. For example, when there are two tiers or sets of switches, each switch 

in one tier may have redundant connections made with each switch m the other tier. At some 

point, there may be no more capacity because all the ports of one of the tiers may be in use, 

such as the second tier. If there are redundant connections between tiers, the network may be 

expanded to accommodate additional switches to provide more ports. 

20 [0041] FIGS. 5(a) and 5(b) illustrate an approach for incremental scaling in accordance 

with various embodiments. For this example, each switch has four ports, though the switches 

may have additional ports in. some cases. FIG. 5A shows a configuration 500, with one 

switch in a second tier 502 and wo switches in a first tier 501. For this example, the first tier 

501 is not oversubscribed, where two ports from each switch may be used to connect with 

25 other devices below 530, and two connections (510-a/'520-a from switch I. of the first tier 

501; 5I0-b/520-b from switch 2 of the first tier 501) may be connected up to the switches of 

the second tier 502. In order to add more capacity in the first tier, additional capacity can be 

added in the second tier 502. FIG 5(b) shows a configuration 550 with additional switches 

added to each tier and then connected utilizing the redundant connections set up in 

30 configuration 500. A switch 2 has been added to the second tier 502 and a switch 3 and 

switch 4 have been added to the first tier 501. In order to get full connectivity, one of the 

connections 520-a from switch 1 of the first tier 501 to switch 1 of the second tier 502 can be 

disconnected and reconnected to switch 2 of the second tier 502. Similarly, from switch 2 of 

the first tier 501, connection 520-b can be disconnected and then reconnected with switch 2 
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of the second tier 502. In this example, 1:1 subscription at the first tier 501 is maintained. In 

disconnecting and reconnecting the connections 520-a and 520-b, ports become available on 

switch 1. of the second tier 502, such that additional switches 3 and 4 may be added to the 

first tier 501, and then connected 540 with both switch I and switch 2 of the second tier 502. 

5 In this case, the maximum-sized Clos network using 4-port switches is reached. The number 

of switches in each tier ends up being doubled, which is made possible in part because 

configuration 500 was set up with two connections between each switch of the first tier 501 

and each switch of the second tier 502. 

[0042] FIGs. 6(a), 6(b). 6(c), and 6(d) show a similar approach for incremental scaling 

10 utilizing 6-port switches that can be used in. accordance with at least one embodiment. FIG, 

6(a) shows an example configuration 600 with a second tier 602 initially with a switch 1 and 

a first tier 601 with a switch 1 and switch 2. Each switch of the second tier 602 can be 

connected with the switch of the second tier 602 utilizing 3 connections (6l0-a/620-a/625-a 

from switch I of the first tier 601; 610-b/620-h/625-b from switch 2 of the first tier 601). 

15 FIGs. 6(b), 6(c), and 6(d) show several stages of incrementally increasing the number of 

switches in the tiers and an approach for connecting the additional switches. FIG. 6(b) 

shows a configuration 660 with an additional switch 2 that is added to the second tier 602. 

The two original switches of the first tier 60.1 can then be connected to the additional switch 2 

of the second, tier 602 utilizing one of the additional connections each switch had with switch 

20 I. of the second tier 602, connections 620-a and 620-b for example. In addition. FIG. 6(b) 

shows an additional switch 3 added to the first tier 601. which may be connected 640 with 

both switches in second tier 602. In this case, connecting switch 3 of the first tier 601 to 

switch I of the second tier 602 can utilize a port that has been opened up because of the 

connection that has between switched over to switch 2 of the second tier 602. FIG. 6(c) then 

25 shows a configuration 670 with the additional of a switch 4 to the first tier 601 and it being 

connected 642 to the two switches of the second tier 602, which again may can utilize ports 

opened up on switch 1 of the second tier 602 from the processing of disconnecting one of the 

connections between a switch of first tier 601 and switch 1 of the second tier 602 and then 

reconnecting the connection with switch 2 of the second tier 602. FIG. 6(d) ends up showing 

30 the additional of a third, switch to the second tier 602, with the remaining additional 

connections between the original switches of the first tier 601 and switch I of the second tier 

602 being moved over to the additional switch 3 of the second tier 602. connections 625-a 

and 625-b in this case. Again, with ports opening up on switch 1 of the second tier 602, 

additional switches 5 and 6 may be added to the first tier 601 and connected 644 with each of 
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the 3 switches of the second tier 602. In this example, the number of switches has 

incrementally been tripled from the original set of switches as seen in FIG. 6(a). 

[0043] FIGS. 5 and FIGS, 6, along with FIGS. 7 and FIGS. 8 below, provide examples of 

incremental scaling in accordance with various embodiments. The number of ports on any 

5 given switch and the number of multiple connections made between switches in different 

tiers may vary, in some cases, switches may be oversubscribed or undersubscribed. In 

addition, while these examples show connections between a first tier and a second tier, some 

embodiments may include additional tiers that may be connected with either the first and/or 

second tiers. Incremental scaling may be utilized to connect these additional tiers of switches 

10 to the other tiers of switches also. In some cases, these connections may utilize available 

ports from switches in a given a tier. In some embodiments, switches between tiers may be 

connected with multiple connections, while other switches may be connected utilizing 

individual connections. 

[0044] FIGS. 7(a), 7(b) and 7(c) show another similar approach for incremental scaling 

15 utilizing 24-port switches in accordance with various embodiments. FIG. 7(a) illustrates a 

configuration 700 with a second tier 702 initially with 6 switches and a first tier 701 also with 

six switches. Each switch of the first tier 701 is connected with each switch of the second tier 

702 utilizing 2 connections, the two connections between each switch represented by a solid 

line and a dashed line. Each switch of both the first tier 701 and the second tier 702 each 

20 have twelve additional ports. The switches of the first tier in this case may be connected 730 

with twelve other devices, such as host dcvices. In some cases, these ports may be coupled 

with another tier of switches. FIGS. 7(b) and 7 (c) then show several stages of incrementally 

increasing the number of switches in the tiers and an approach for connecting the additional 

switches. FIG. 7(b) illustrates a configuration 750 with additional switches added to the first 

25 tier 701, in this case, six switches. Because the switches in the second tier still have open 

ports, each additional switch in the first tier 701 may be connected 742 with each switch in of 

the second tier 702 utilizing two connections between each switch. At this point, there may 

be no more ports available with the switches of the second tier 702, thus no additional 

connections may be made. FIG. 7(c) shows a configuration 760 where additional switches 

30 may be added to the first tier 701 and the second tier 702 at this point utilizing the fact that 

switches between the two tiers have been doubly connected. For example, a switch may be 

added to the second tier 702, where the switch is labeled switch 7 in this case. One of the 

connections between each switch in the first tier 701 may be disconnected from a 

corresponding switch in the second tier 702 and reconnected to the added switch 7 of the 
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second tier 702; these connections are represented by the dashed connections connected with 

switch 7 of the second tier 702. This may be done sequentially to minimize the bandwidth 

impact during this scaling process. As a result of shifting these connections, ports have been 

made available for switches 1 to 6 in the second tier 702. Additional switches, such as switch 

5 13 in the first tier 701 may thus be added and connected 744 with each switch 1 to 7 in of the 

second tier 702. 

[0045] FIGS. 8(a), 8(b), 8(c), and 8(d) provide another example of incremental scaling in 

accordance with various embodiments. For this example, again 24 port switches are being 

utilized. FIG. 8(a) illustrates a configuration 800 with a first tier of switches 801 with twel ve 

10 switches and a second tier 802 with 6 switches, where switches between each tier have been 

connected utilizing double connections. This is similar to what is seen in FIG. 7(b). FIG. 

8(b) shows a configuration 850 with the addition of a switch 1' into the second tier 801. 

Switch 1' of the second tier 801 can be connected 842 to each switch of the first tier 801. 

utilizing one of the extra connections between each switch 1 to switch 6 of the second tier 

1 5 802 and switch 1 to switch 12 of the first tier 801. FIG. 8(c) shows a configuration 860 that 

illustrates this process of adding switches to the tiers and disconnecting extra connections 

between the original switches of the first tier 801 and second tier 802 and reconnecting 844 to 

the added switches in the second tier 802. In addition, additional switches V to switch 12' 

may be added to the first tier 801 and connected with the switches of the second tier 802, in 

20 part utilizing the ports that have been opened on switches 1 to switch 6 of the second tier 802. 

FIG. 8(d) shows a configuration 870 that is similar to configuration 860 seen in FIG. 8(c), 

merely with some of the switches being renumbered to represent some of the unrepresented 

switches from the earlier FIGS. 8. 

[0046] The above configurations generally involve redundant connections between 

25 respective switches in different tiers. The redundant connections from a given switch in a 

second tier, for example, can generally be moved to an added switch in that same tier, in 

some embodiments, each redundant cable or connection can moved to a respective one of the 

added switches, such that only every other cable needs to be moved, while allowing for the 

additional bandwidth when there are less than all dcvices. This process of disconnecting and 

30 reconnecting, or moving connections, can be replicated for each redundant connection, such 

that each switch of a tier such as the first tier can still be connected to each switch of a sccond 

tier. 

15 
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[0047] The process of incremental scaling can be done while the network is still actively 

serving network traffic if there is still at least one connection between each of the relevant 

switches when a redundant connection is moved to another switch. The switch network can 

dynamically route traffic around temporarily disconnected cables to accommodate this 

5 process of incremental scaling, The network can figure out that the interface is dead when a 

redundant cable is disconnected; the network can avoid routing any traffic through that 

interface while the redundant cable is disconnected. As new switches are added, the same 

thing happens and the network dynamically can pick up the additional interfaces. This 

provides an easy incremental strategy, which can be done several times. 

10 [0048] The properties of incremental scaling in accordance with various embodiments 

allow for a variety of advantages. For example, embodiments may utilize switches with a 

fixed size or number of ports, along with being small component switches. These 

components may not be expensive or difficult to configure. In addition, moving one 

connection at a time can be on the level of noise for a large data center regarding temporary 

15 unavailability in a network still serving traffic. In some cases, the configuration can be static 

and the topology can be regular. 

[0049] Incremental scaling may provide additional advantages. Switch networks in a data 

center may start small and allow for expansion, which may be planned in some cases. By 

planning for incremental scaling, infrastructure may be planned out ahead of time without 

20 necessarily having to provide all the network switches initially. In addition, trunk lines may 

be precabled for maximum capacity. Furthermore, trunk lines do not have to patch into each 

network switch. Incremental scaling may also avoid needing to reconfigure a network's 

configuration, code, and/or policy. 

[0050] Switch networks built from the incremental scaling process in accordance with 

25 various embodiments can allow for regular" network topology with well-defined tiers and 

well-defined interfaces between the various tiers, incremental scaling can also utilize fixed, 

physical configurations. Embodiments may also utilize numerous smaller switches as 

opposed to a few large devices. 

[0051] In some cases, the process of incremental scaling may allow for recabling while 

30 maximizing bandwidth for available capacily. In some cases, it also may be possible to 

calculate how much it will cost to recable for adding each switch. Capacity can be increased 

using incremental scaling based on when the increased capacity is needed. This can 

significantly reduce the cost impact of using Clos-based, high radix or other fat tree networks. 

16 
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Further, incremental scaling can help avoid the purchasing of expensive, rapidly depreciating 

assets thai will not be well utilized. 

[00521 In some cases, doubling capacity during a given stage of scaling up a data center 

might make sense for purposes of efficiency. However, when the number of devices may 

5 increase significantly, it may make sense to only add the necessary number of devices at that 

time. Furthermore, with incremental scaling, it may not matter how many tiers exist in a 

system; thus the processes discussed can be applied to all tiers. Tiers may also be added, 

incrementally in some embodiments. 

[0053] Some embodiments may also utilize IP-unnumbered configurations or interfaces, 

10 where none of those links have static addresses. IP-unnumbered interfaces may prevent the 

need to re-address the connections when moving cablcs. So when a cable connection is 

disconnected from one switch and reconnected to anther switch, the address of where the 

cable is reconnected may be automatically provided. There may be no need for someone to 

log in and reconfigure the switch or port as a result. This may also help avoid potential errors 

15 when humans reconfigure manually. 

[00541 FIG. 9 illustrates another example process 900 for incremental scaling switches in a 

data center in accordance with one embodiment. In this example, a first set of edge switches 

are provided 902, where each edge switch is capable of being connected to a respective set of 

host machines. A first set of spine switches are also provided 904, where each spine switch is 

20 capable of being connected to each of the first tier of edge switches. Each edge switch of the 

first set of edge switches is connected 906 with each spine switch of the first set of spine 

switches with two or more connections. Each connection utilizes one or more cables to 

couple a respective port of a respective edge switch with a respective port of a respective 

spine switch. A second set of edge switches is provided 908, where the second set of edge 

25 switches equal in number to the first set of edge switches. A second set of spine switches is 

provided 910, where the second set of spine switches equal in number to the first set of spine 

switches. For each of the two or more connections connecting each edge switch from the 

first set of edge switches with each spine switch of the first set of spine switches, one of the 

two or more connections is disconnected from each spine switch from the first set of spine 

30 switches 912. For each of the disconnected connections from each spine switch from the first 

set of spine switches, each respective disconnected connection from each spine switch is 

reconnected from the first set of spine switches with a respective spine switch from the 

second set of spine switches 914. Each edge switch of the second set of edge switches is 

17 
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connected with each spine switch of the first set of spine switches and the second set of spine 
switches 916. 

[0055] In some embodiments, connecting each edge switch of the second set of edge 

switches with each spine switch of the first set of spine switches and the second set of spine 

5 switches results in a formation of a fully connected fat tree or Clos topology between the first 

set and die second set of edge switches and the first set and the second set of spine switches. 

[0056] FIG. 10 illustrates another example process 1000 for incremental scaling switches 

in a data center in accordance with one embodiment. In this example, a first set of one or 

more switches is provided 1002. A second set of one or more switches is also provided 1004. 

1.0 Each, of these sets of switches may be tiers of switches in some cases. In one embodiment, 

the first set of switches are edge switches and (he second, set of switches are spine switches. 

Each switch of the first set of one or more switches is connected with each switch of the 

second set of one or more switches using two or more connections 1006. A third set of one 

or more switches are provided 1008. For each of the one or more switches of the first set, 

15 one of the two of more connections is disconnected 1010 from a number of switches of the 

second set equal to the number of switches of the third set. For each of the disconnected 

connections from the switches of the sccond set. the disconnected connection is reconnected 

1012 with a respective switch of the third set. 

[0057] In some embodiments, a fourth set of one or more switches is provided. Each 

20 switch of the fourth set is connected with each switch of the second set of switches and the 

third set of switches. Connecting each switch of the fourth set with each switch of the second 

set and third set may form a Clos. fat tree or other high radix network topology. 

[0058] The two or more connections between each switch of the first set and each switch of 

the second set may be configured with an IP-unnumbered configuration or interface in some 

25 cases. Disconnecting and. reconnecting switches may be sequential in some cases, such that 

one connection is disconnected and then reconnected with another switch before the next 

connection is disconnected and then reconnected with another switch. In some cases, 

connecting each switch of the fourth set with each switch of the second set and the third set 

may involve connecting to a respective port of a respective switch of the second set made 

30 available when one of the two or more connections from each switch of the second set was 

disconnected. 

[0059] Switches that may be utilized for any of the sets of switches may include 

commodity network switches and/or application-specific integrated circuits (ASIC). In some 
13 
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eases, the first set of switches may include top of rack (TOR) switches connected to multiple 

computing servers. In some cases, switches from the first and/or forth set may include spine 

switches; switches from the second and third sets may include cross-bar switches. In other 

cases, switches from the first and/or forth set may include edge switches; switches from the 

5 second and third sets may include spine switches. In some cases, the number of switches in 

the first and forth set may be equal to each other. The number of switches in the second set 

and third set may be equal to each other some cases. 

[0060] FIG. 11, illustrates another example process 1100 for incremental scaling switches 

in a data center in accordance with one embodiment. In this example, a first set of one or 

10 more switches is provided 1102. A second set of one or more switches 1104 and a third set 

of one or more switches are also provided 1.106. Each switch of the first set is connected 

with each switch of the second set using two or more connections 1.1.08. Each switch of the 

first set is connected with each switch of the third set using one or more connections 1110. A 

fourth set of switches equal in number to the second set is provided 1112. For each of the 

15 one or more switches of the second set, one of the two of more connections is disconnected to 

the first set 1114. For each of the disconnected connections from the switches of the second 

set, the disconnected connection is reconnected with a respective switch of the fourth set 

1116. 

[0061] In some embodiments, a fifth set of one or more switches are provided. Each switch 

20 of the Mh set may be connected with each switch of the second set, the third set, and the 

fourth set. Connecting each switch of the fifth set with each switch of the second set, third 

set, and fourth set can form a fat tree network topology with or without oversubscription 

between tiers. Thee fat tree network topology may be a re-arrangeably non-blocking network 

topology, The re-arrangeably non-blocking network may be a Clos network topology. 

25 [0062] In some embodiments, the two or more connections between each switch of the first 

set and each switch of the second set are configured with an IP-unnumbered configuration. 

In some cases, one of the two of more connections may be disconnected from the second set 

sequentially and reconnecting with a respective switch of the fourth set occurs sequentially. 

One of the two of more connections from the number of switches of the second set may be 

30 disconnected from numbered port locations and reconnected with a respective switch of the 

fourth set occurs in an equivalent numbered port location. 

[0063] In some embodiments, connecting each switch of the fifth set with each switch of 

the second set and the third set and the fourth set may include connecting to a respective port 
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of a respective switch of the second set made avaiiabie when one of the two or more 

connections from cach switch of the second set was disconncctcd. Each of the switch of at 

least the first set, the second set third set fourth .set, or fifth set may include a commodity 

network switch or application-specific integrated circuit (ASIC). 

[0064] At least a portion of the first set of switches may be top of rack (TOR) switches 

connected to a multiple host computing devices in a server rack. The number of switches of 

the first set of switches may equal the number of switches in the fifth set in some cases. At 

least a portion of the second set of switches, the third set of switches, or the fourth set of 

switches may be spine switches in some embodiments. At least a portion of the first set or 

the fifth set of switches may be edge switches in some cases. 

[0065] Example embodiments of the disclosure can be described in view of the following 

clauses: 

1. A method of incremental scaling network switches in a data center, comprising: 

providing a first set of edge switches, each edge switch capable of being connected to 

a respective set of host servers; 

providing a first set of spine switches, each spine switch capable of being connected 

to each of the first set of edge switches; 

connecting each edge switch of the first set of edge switches with each spine switch of 

the first set of spine switches with two or more connections, each connection utilizing one or 

more cables to couple a respective port of a respective edge switch with a respective port of a 

respective spine switch; 

providing a second set of edge switches, the second set of edge switches equal in 

number to the first set of edge switches; 

providing a second set of spine swi tches, the second set of spine switches equal in 

number to the first set of spine switches; 

for each of the two or more connections connecting each edge switch from the first set 

of edge switches with each spine switch of the first set of spine switches, disconnecting one 

of the two or more connections from each spine switch from the first set of spine switches; 

for each of the disconnected connections from each spine switch from the first set of 

spine switches, reconnecting each respective disconnected connection from each spine switch 

20 
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from the first set of spine switches with a respective spine switch from the second set of spine 
switches; and 

connecting each edge switch of the second set of edge switches with each spine 

switch of the first set of spine switches and the second set of spine switches. 

5 2. The method of clause 1, wherein connecting each edge switch of the second set of edge 

switches with cach spine switch of the first set of spine switches and the second set of spine 

switches results in a formation of a Clos network topology. 

3. A method of incremental scaling switches in a data, ccnter, comprising: 

providing a first set of one or more switches; 

10 providing a second set of one or more switches; 

providing a third set of one or more switches; 

connecting each switch of the first set with each switch of the second set using two or 

more connections; 

connecting each switch of the first set with each switch of the third set using one or 

15 more connections; 

providing a fourth set of switches equal in number to the second set; 

for each of the one or more switches of the second set, disconnecting one of the two of more 

connections to the first set; and 

for each of the disconnected connections from the switches of the second set. reconnecting 

20 the disconnected conncction with a respective switch of the fourth set. 

4. The method of clause 3, further comprising: 

providing a fifth set of one or more switches; 

connecting each switch of the fifth set with each switch of the second set, the third 

set, and the fourth set. 

25 5. The method of clause 4, wherein connecting each switch of the fifth set with each switch 

of the second set, third set and fourth set forms a fat tree network topology with or without 

oversubscription between tiers. 
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6 The method of clause 5, wherein the fat tree network topology is a re-arrangeably non-

blocking network topology. 

7. The method of clause 6, wherein the re-arrangeably non-blocking network is a Clos 

network topology. 

5 8. The method of clause 3, wherein disconnecting one of the two of more connections from 

the number of switches of the second set sequentially and reconnecting the disconnected 

connections with a respective switch of the fourth set occurs sequentially, 

9. The method of clause 3. wherein disconnecting one of the two of more connections from 

the number of switches of the second, set from numbered port locations and reconnecting the 

10 disconnected connections with, a respective switch of the fourth set occurs in an equivalent 

numbered port location. 

I.0. The method of clause 4, wherein connecting each switch of the fifth set with each switch 

of the second set and the third set and the fourth set comprises connecting to a respective port 

of a respective switch of the second set made available when one of the two or more 

15 connections from each switch of the second set was disconnected. 

II, The method of clause 4, wherein each of the switch of at least the first set, the second set, 

third set. fourth set, or fifth set comprises a commodity network switch or application-

specific integrated circuit (ASIC). 

12. The method of clause 3, wherein at least a portion of the first set of switches are top of 

20 rack (TOR) switches connected to a plurality of host computing devices in a server rack. 

13. The method of clause 3. wherein the number of switches of the first set of switches 

equals the number of switches in the fifth set. 

14. The method of clause 3. wherein at least a portion of the second set of switches are spine 

switches. 

25 15, The method of clausc 3. wherein at least a portion of the third set of switches are spine 

switches. 

16. The method of clausc 3, wherein at least a portion of the fourth set of switches are spine 

switches. 

17. The method of clause 3, wherein at least a portion of the first set of switches are edge 

30 switches. 
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18. The method of clause 3, wherein at least a portion of the fifth set of switches are edge 

switches. 

19. A switch network in a data center comprising: 

a first set of one or more switches; 

5 a second set of one or more switches connected with at least one switch of the first set 

with two or more connections; and. 

a third set of one or more switches connected with each switch of the first set of one 

or more switches utilizing one of the two or more connections between a respective switch of 

the first set of switches and a respective switch of the second set of switches, wherein the one 

10 of the two or more connections is disconnected from the respective switch of the second set 

of switches and reconnected with the respective switch of the third set of switches. 

20. The switch network system of clausc 19, further comprising: 

a fourth set of one or more switches connected with each switch of the second set of 

switches and the third set of switches. 

15 21. The method of clausc 20, wherein connecting the connected first set .second set, third 

set, and fourth set of switches comprise a fat tree network topology with or without 

oversubscription between tiers. 

22. The method of clause 21, wherein the fat tree network topology- is a re-arrangeably non-

blocking network topology. 

20 23. The switch network of clause 22, wherein the rearrangeably non-blocking network 

topology is a Clos network topology. 

24. The switch network of clause 19. wherein the one of the two of more connections is 

disconnected from the respective switch of the sccond set and reconnected, with the respective 

switch of the third set sequentially. 

25 25. The switch network of clause 19, wherein the one of the two of more connections is 

disconnected from the respective switch of the second set and reconnected with the respcctivc 

switch of the third set in an equivalent number port location. 

26, The switch network of clause 19, wherein each of the switch of at least the first set, the 

second, set or the third set comprises a commodity network switch or application-specific 

30 integrated circuit (ASIC). 
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[0066] As discussed above, the various embodiments can be implemented in a wide variety 

of operating environments, which in some cases can include one or more user computers, 

computing devices, or processing devices which can be used to operate any of a number of 

applications. User or client devices can include any of a number of general purpose data 

center servers, workstations, personal computers, such as desktop or laptop computers 

running a standard operating system, as well as cellular, wireless, and handheld devices 

running mobile software and capable of supporting a number of networking and messaging 

protocols. Such a system also can include a number of workstations running any of a variety 

of commercially-available operating systems and other known applications for purposes such 

as development and database management. These deviccs also can include other electronic 

devices, such as dummy terminals, thin-clients, gaming systems, and other devices capable of 

communicating via a network. 

[0067] Various aspects also can be implemented as part of at least one service or Web 

service, such as may be part of a service-oriented architecture. Services such as Web services 

can communicate using any appropriate type of messaging, such as by using messages in 

extensible markup language (XML) format and exchanged using an appropriate protocol such 

as SOAP (derived from the "Simple Object Access Protocol"). Processes provided or 

executed by such services can be written in any appropriate language, such as the Web 

Services Description Language (WSDL). Using a language such as WSDL allows tor 

functionality such as the automated generation of client-side code in various SOAP 

frameworks. 

[0068] Most embodiments utilize at least one network that would be familiar to those 

skilled in the art for supporting communications using any of a variety of commercially-

available protocols, such as TCP/IP, OSI, FTP, UPnP, NFS, CIPS, and AppleTalk. The 

network, can be, for example, a local area network, a wide-area network, a virtual private-

network. the Internet, an. intranet, an extranet, a public switched telephone network, an 

infrared network, a wireless network, and any combination thereof. 

[0069] In embodiments utilizing a Web server, the Web server can run any of a variety of 

server or mid-tier applications, including HTTP servers. FTP servers, CGI servers, data 

servers, Java servers, and business application servers. The server(s) also may be capable of 

executing programs or scripts in response requests from user devices, such as by executing 

one or more Web applications that may be implemented as one or more scripts or programs 

written in any programming language, such as Java'®, C, C# or C-H-, or any scripting 
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language, such as Perl, Python, or TCL, as weii as combinations thereof. The server(s) may 

also include database servers, including without limitation those commercially available from 
Oracle^, Microsoft®, Sybase**, and IBM®, 

[0070} The environment can include- a variety of data stores and other memory and storage 

5 media as discussed above. These can reside in a variety of locations, such as on a storage 

medium local to (and/or resident in) one or more of the computers or remote from any or ail 

of the computers across the network. In a particular set of embodiments, the information may 

reside in a storage-area network ("SAN") familiar to those skilled in the art. Similarly, any 

necessary files for performing the functions attributed to the computers, servers, or other 

10 network devices may be stored local iy and/or remotely, as appropriate. Where a system 

includes computerized devices, each such device can include hardware elements that may be 

electrically coupled via a bus, the elements including, for example, at least one central 

processing unit (CPU), at least one input device (e.g., a mouse, keyboard, controller, touch 

screen, or keypad), and at least one output device (e.g., a display device, printer, or speaker). 

1.5 Such a system may also include one or more storage devices, such as disk drives, optical 

storage devices, and solid-state storage devices such as random access memory ("RAM") or 

read-only memory ("ROM"), as well as removable media devices, memory cards, Hash cards, 

etc. 

100711 Such devices also can include a computer-readable storage media reader, a 

20 communications device (e.g., a modem, a network card (wireless or wired), an infrared 

communication device, etc.). and working memory as described above. The computer-

readable storage media reader can be connected with, or configured to receive, a computer-

readable storage medium, representing remote, local, fixed, and/or removable storage devices 

as well as storage media for temporarily and/or more permanently containing, storing, 

25 transmitting, and retrieving computcr-readable information. The system and various devices 

also typically will include a number of software applications, modules, services, or other 

elements located within at least one working memory device, including an operating system 

and application programs, such as a client application or Web browser. It should be 

appreciated that alternate embodiments may have numerous variations from that described 

30 above. For example, customized hardware might also be used and/or particular elements 

might be implemented in hardware, software (including portable software, such as applets), 

or both. Further, connection to other computing devices such as network input/output 

devices may be employed. 
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[0072] Storage media and computer readable media for containing code, or portions of 

code, can include any appropriate media known or used in the art, including storage media 

and communication media, such as but not limited to volatile and non-volatile, removable 

and non-removable media implemented in any method or technology for storage and/or 

5 transmission of information such as computer readable instructions, data structures, program 

modules, or other data, including RAM, ROM, EEPROM, flash memory or other memory 

technology, CD-ROM, digital versatile disk (DVD) or other optical storage, magnetic 

cassettes, magnetic tape, magnetic disk storage or other magnetic storage devices, or any 

other medium which can be used to store the desired information and which can be accesscd 

10 by the a system dcvice. Based on the disclosure and teachings provided herein, a person of 

ordinary skill in the art will appreciate other ways and/or methods to implement the various 

embodiments. 

[0073] The specification and drawings are, accordingly, to be regarded in an illustrative 

rather than, a restrictive sense. It will, however, be evident that various modifications and 

15 changes may be made thereunto without departing from the broader spirit and scope of the 

invention as set forth in the claims. 
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WHAT IS CLAIMED IS: 

1. A method of incremental scaling switches in a data center, comprising: 
providing a first set of one or more switches; 
providing a second set of one or more switches; 
providing a third set of one or more switches; 
connecting two or more ports of each switch of the first set with two or more ports of 

each switch of the second set using two or more connections; 
connecting each switch of the first set with each switch of the third set using one or more 

connections; 
providing a fourth set of switches equal in number to the second set; 
for each of the one or more switches of the second set, disconnecting one of the two or 

more connections to the first set; 
for each of the disconnected connections from the switches of the second set, 

reconnecting the disconnected connection with a respective switch of the fourth set; 
providing a fifth set of one or more switches; and 

connecting a respective port of each switch of the fifth set to a respective port of each switch of 
the second set, each switch of the third set, and each switch of the fourth set wherein 
connecting each switch of the fifth set with each switch of the second set, each switch of the 
third set, and each switch of the fourth set results in a formation of one at least one of i) a high 
radix network or ii) a fat tree network topology. 

2. The method of claim 1, wherein the fat tree network topology is with or without 
oversubscription between tiers. 

3. The method of claim 1, wherein disconnecting one of the two or more connections from the 
number of switches of the second set sequentially and reconnecting the disconnected 
connections with a respective switch of the fourth set occurs sequentially. 

4. The method of claim 1, wherein disconnecting one of the two of more connections from the 
number of switches of the second set from numbered port locations and reconnecting the 
disconnected connections with a respective switch of the fourth set occurs in an equivalent 
numbered port location. 
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5. The method of claim 1, wherein connecting each switch of the fifth set with each switch of the 
second set and the third set and the fourth set comprises connecting to a respective port of a 
respective switch of the second set made available when one of the two or more connections 
from each switch of the second set was disconnected. 

6. The method of claim 1, wherein at least a portion of the first set of switches are top of rack 
(TOR) switches connected to a plurality of host computing devices in a server rack. 

7. The method of claim 1, wherein the number of switches of the first set of switches equals the 
number of switches in the fifth set. 

8. The method of claim 1, wherein at least a portion of the second set of switches are spine 
switches. 

9. The method of claim 1, wherein at least a portion of the fifth set of switches are edge 
switches. 

10. A switch network in a data center comprising: 
a first set of one or more switches, wherein each switch in the first set of one or more 

switches includes two or more ports; 
a second set of one or more switches, wherein each switch in the second set of one or 

more switches includes two or more ports, and wherein two or more ports of each switch in the 
second set of one or more switches are connected with at least two or more ports of each 
switch of the first set of one or more switches; 

a third set of one or more switches connected with each switch of the first set of one or 
more switches utilizing one of the two or more connections between a respective switch of the 
first set of switches and a respective switch of the second set of switches, wherein the one of 
the two or more connections Is disconnected from the respective switch of the second set of 
switches and reconnected with the respective switch of the third set of switches; and 

a fourth set of one or more switches connected with each switch of the second set of 
switches and the third set of switches, wherein connecting the first set, second set, third set, 
and fourth set of switches results in the formation of at least one of i) a high radix network or ii) 
fat tree topology. 

11. The method of claim 10, wherein the fat tree network topology is with or without 
oversubscription between tiers. 
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12. The method of ciaim 11, wherein the fat tree network topology is a re-arrangeably non-
blocking network topology. 

13. The switch network of ciaim 12, wherein the rearrangeably non-blocking network topology is 
a Cios network topology. 
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