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Abstract—With the data growing explosively, data center
networks (DCN) have to possess the characteristics of incre-
mentally scalable, cost-efficient, high network capacity and
fault tolerance. However, the widely used DCNs can not meet
the demands above. In this paper, we propose a new type
of data center topology named Criso to settle the challenges.
Different from the existed works, Criso has the advantages of
both switch-centric topologies (servers do not participate in
routing) and the server-centric topologies (the scalability is not
limited by the ports of switches). It is constructed based on
pods, The internal structure of each pod is the same and there
are only four external interfaces. By applying such structure,
a pod-based and fault-tolerant routing algorithm is designed
to handle multiple types of failures. Criso is hierarchically,
recursively defined and high-network capacity which can scale
up to millions of nodes. The analysis results demonstrate
that the Criso model is significantly superior to four state-
of-the-art data center structures in terms of the network
capacity, scalability, cost, power consumption and other static
characteristics. Criso achieves the target of low-cost, low-energy
consumption and highly-scalability simultaneously.

Keywords-Data center network; Scalability; Cost efficiency;
Incremental scalability.

I. INTRODUCTION

As a service-oriented platform, data centers form the
core of cloud computing over the Internet. Data center net-
working designs both the network structure and associated
protocols to interconnect thousands of or even hundreds
of thousands of servers [1], [2], [3], [4], [5], [6]. Data
centers are essential to offer numerous on-line applications,
such as search, gaming, and Web mail. They also provide
infrastructure services, such as GFS [7], Map-reduce [8],
and Dryad [9]. Meanwhile, the cost and energy consumption
have become the most important challenges of building
data centers [10], [11], [12], [13], [14], [15], [16], [17],
[18]. Therefore, data centers today normally use commodity
computers and switches instead of high-end servers and
interconnections to achieve cost-effectiveness. It is well
understood that tree-vase solution in current practice can
not meet the requirements [19], [20], [21], [22]. Therefore,
many novel data center topologies are proposed and studied
to meet different services.

The novel data center topologies can be divided into
two categories: switch-centric and server-centric [3], [23].
A switch-centric network typically consists of multi-level
trees of switches to connect the servers[24], [25]. However,
data centers are growing large and the number of servers
is increasing at an exponential rate. In order to cope with
these challenges, the bandwidth of switches in the core
level is increasing, and their cost is also getting higher and
higher. Then the server-centric data center network models
were proposed to reduce the cost and improve the network
bandwidth [26]. In server-centric designs, interconnection
intelligence is integrated into servers so that they can act
as both computing nodes and routing nodes. These designs
generate extra routing overhead on the servers. Many widely
studied Researches of data center networks (DCN) fall
into this category [20], [27], [28]. Hence, one data center
topology with low-end switches and the servers which have
a very low routing overhead is necessary.

In this paper, we propose Criso, a scalable data center
topology that works with servers with 2-port only and
low-end commodity switches. Criso defines a recursive
network structure in dimensions. A high-dimension Criso
is constructed by two low-dimension Criso. In this way, the
number of servers in Criso, denoted as n, grows more than
two times with Criso dimensions.

The major contributions of this paper include:
1) We propose a new type of data center network topol-

ogy model, namely Criso. This model possesses lots
of attractive characteristics. For example, the switches
used in this model are low-end switches, the servers
used require only two NICs, it is incrementally scal-
able and supports for massive servers. Besides, we
study the fault-tolerant Criso routing algorithm (CRA)
within this model. The CRA is self-adaption and it can
handle multi-type faults.

2) We analyze the static characteristics including diame-
ter, bisection width, the number of switches, ports, and
wires against other five outstanding datacenter models
including Fat-Tree, BCube, DCell and Ficonn. Further-
more, the cost and power consumption of the models
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(a) Fat-Tree structure with n=4.
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Figure 1. Comparison of cost and energy consumption

are also investigated. The analysis results demonstrate
that Criso is a superior candidate for building large-
scale data centers.

The remainder of this paper is organized as follows.
Section II introduces the related work. The definition and
routing algorithm of Criso datacenter topology is introduced
in Section III. Section IV compare the Criso topology with
other four excellent structures. Section V presents the cost
and energy consumption of Criso and other topologies.
Section VI concludes this paper.

II. RELATED WORK

This section introduces four important data center network
structures including Fat-Tree [19], DCell [20], BCube [27]
and FiConn [28]. The Fat-Tree topology is a switch-centric
structure. It has been widely used in practice by companies
like Google, HP, SGI, Microsoft, IBM, SUN [7], [29].
Different from Fat-Tree topology, the other three structures
belong to server-centric.

Fat-Tree: Fat-Tree [19], [30], [31] normally has three
levels of switches. It consists of n pods, and each pod
contains two levels (i.e., the edge level and the aggregation
level) of n/2 switches. Each n-port switch at the edge
level uses n/2 ports to connect n/2 servers, while using the
remaining n/2 ports to connect the n/2 aggregation level
switches in the pod. There are n2/4 n-port switches at
the core level. Each switch at the core level has one port
connecting to one pod. Fig. 1(a) illustrates the topology of

a Fat-Tree structure with n=4. However, The scalability of
Fat-tree is limited by the ports of switches fundamentally.

DCell: Dcell [20], [32] is a level-based and recursively
defined network structure. In DCell0, n servers are con-
nected to an n-port commodity switch. Given t servers in
a DCellk, t+1 DCellks are used to build a DCellk+1.
The t servers in a DCellk connect to the other t DCellks,
respectively. DCell has a high bisection width. Fig. 1(b)
shows the topology of a DCell1. The DCell structure uses
dual-port NICs servers that increase the cost and deployment
overhead.

FiConn: Ficonn [28], [33], [34] uses a recursive scheme
that is similar to DCell to construct a data center network
structure. FiConn0 is composed of multiple servers and
an n-port commodity switch connecting the servers. Every
server in FiConn0 has one port connected to the switch
in FiConn0. FiConnk is constructed by using b/2+1
FiConnk−1, where b is the total number of available backup
ports in FiConnk−1. Fig. 1(c) depicts a FiConn1 with n=4.
However, its incremental scalability is not good.

BCube: BCube [27], [35] is also a server-centric inter-
connection topology. However, it is targeted for shipping-
container-sized data centers containing 1-2K servers. It is
also a level-based network structure. A BCube0 is composed
of n servers connecting to an n-port switch. A BCube1 is
constructed by employing n BCube0 and n-port switches.
By analogy, a BCubek is constructed by using n BCubek−1
and nk n-port switches. Each server in a BCubek has k+1
ports. Fig. 1(d) illustrates a BCube1 with n=4. Like DCell,
this structure uses dual-port NICs, leading a increase of cost.

III. CRISO DATA CENTER NETWORK
A. Definition of Criso

The Criso is defined recursively. It is composed of a
series of low-end switches and 2-port commodity servers.
In the Criso0, we connect 8 switches as a cycle, and we
connect k-3 servers in each switch while k is number of
ports of switches adopted in such data center. This structure
forms the 0 dimension Criso, denoted by Criso0. We
divide Criso0 into 4 pods, each pod contains 2 switches
and the correspondent servers. Each pod is labeled as
(0,0),(0,1),(1,0),(1,1) in sequence according to its position
(row and line) as shown in (Fig. 2). For example, the pod
(0,1) means this pod is in the 0 row and 1 line. Both row and
line are coded start from 0. Switches are labeled according
to the pod they belong and the position of this pod as
show in Fig. 3(a). For example, the switch (0,0,1) means
it is in the (0,0) pod and the 1 position. Each position also
represents for the way out of pod. Like switch in position 0
is responsible for the top exit of this pod, it links to the pod
in above position, the switch in position 1 links to the pod
in right position, and so on. It should be noted that if one
pod has no neighbor pod in one position, the corresponding
switch of this position is nonexistent. But when Crison
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Figure 3. The example of Criso

expands to Crison+1, the switch may be added. Let n
denotes the dimension of Criso, for n ≥ 0, Crison contains
the pods (a0, a1) from Crison−1 will maintain its value
while the pods (a0, a1) from another Crison−1 changed
according to the following rule:

1) If n is an odd, a0 is maintained while a1 = a1+2
n+1
2 .

2) If n is even, a1 is maintained while a0 = a0 + 2
n
2 .

Its worth noting that if n is an odd means this data center
model is expanded crosswise (the row is maintained but line
double), and the situation of n is even yield to the line is
maintained but row double. For each pod, it can contain 2,3
or 4 switches according its position. The pods can on the
corner, on the edge or inside Criso, and they contain 2,3
and 4 switches accordingly. For example, the four pods in
Criso0 are corner-pods (fig. 2). For each switch, there are
always k-3 servers link with it. Hence, when one Crison

Algorithm 1 Criso0 building algorithm
Input: switches, servers, k
Output: Criso0

Define pod(a1, a0)|ai ∈ (0, 1)
if (a1 = a′1 and a0 =!a′0) or (a0 = a′0 and a1 =!a′1) then

connect pod(a1, a0) and pod(a′1, a
′
0)

end if
Define switch(a1, a0, a2)|ai ∈ (0, 1) and a2 ∈ (0, ..., 3)
connect switch(a1, a0, a2) to switch(a1, a0, a2 + 1 mod 4)
and switch(a1, a0, a2 − 1 mod 4) for all switches
Define server(a1, a0, a2, b)|ai ∈ (0, 1) and a2 ∈ (0, ..., 3)
and b ∈ (0, ..., k − 3)
connect each server(a1, a0, a2, b) into switch (a1, a0, a2)
return Criso0

expanded to Crison+1, the amount of servers and switches
is double. Servers are labeled according to the connected
switch. We use a sequential number, a0, a1, a2.b, to identify
a server in Criso. Label (a0, a1, a2) represents the connected
switch of this server and b stand for the identity of this
server (from 1 to k-3). From the definition of Criso, it can
be obtained that each k-port switch connects k-3 servers
and at most 3 switches. The servers used in Criso are 2-port
servers, hence there is 1 back-up port available for each
server in Criso.

Utilizing the definition above, it can be obtained that
there are always 4 corner-pods in each Crison (one in
each corner), and two of they change into edge-pods when
Crison expand to Crison+1. In addition, when we use two
Crison to construct one Crison+1, the 1/4 of the edge-pods
of Crison will be chose to change into intra-pods according
to the building rules.

At the structure of Crison, there are abundant switches
between any two servers all the time. It means one server
can access another server with multiple paths. For instance,
in Fig .3, if servers in (0,0) pod wants access to (2,1)
pod, under normal circumstances, we can choose the path
(0, 0) → (1, 0) → (2, 0) → (2, 1) to route. Assume that
the link between (1,0) and (2,0) fails, it means this link is
unavailable. Under this circumstance, we can choose another
path (0, 0) → (1, 0) → (1, 1) → (2, 1) to route. Therefore,
it is still the communication between these servers even
with faults appeared in some links. It also means any link
will not be the bottleneck of the Criso. In addition, within
applying low-end switches and 2-port servers, Crison has
high network capacity. Various paths make the routing
protocol fault tolerant.

In our philosophy design, this structure is constructed
and expanded according to pods. Thus, our Crison is open
and convenient to be expanded. Crison also can scale
exponentially and possess lots of advantages without high-
end devices, we will discuss this below.



Algorithm 2 Crison building algorithm
Input: Crison−1, k
Output: Crison
1: if n mod 2 =1 then
2: Define pod(a1, a2)=pod(a1, a0 + 2

n+1
2 )

3: for i = 0, i ≤ max(a1), i++ do
4: Connect pod(a1, 2

n+1
2 ),pod(a1, 2

n+1
2 + 1)

5: end for
6: else n mod 2 =0
7: Define pod(a2, a0)=pod(a1 + 2

n
2 , a0)

8: for i = 0, i ≤ max(a0), i++ do
9: Connect pod(2

n
2 , a0),pod(2

n
2 + 1, a0)

10: end for
11: end if
12: return Crison

B. Criso Building Algorithm

Algorithm 1 shows the construction of a Criso0 and
Algorithm 2 describes the way to construct Crison based
on Crison−1. Because the position of servers is easy to
determined once the closest switch is located, and the
corresponding switch is effortless to find if the pod is
located. Thus, this Algorithm 2 is mainly about the coding
and sorting order of pods. Connect pod means connect the
corresponding switches. Criso is one neat data center and
all of the pods are drawn up in orderly ranks. We use
the two-dimensional array to identify the position of pods.
Thus, if using the building algorithm to construct Criso, two-
dimensional array of any one pod is given explicitly, and the
clear position of this pod is obvious. It is also beneficial for
the routing algorithm discussed below. We can recursively
use Algorithm 2 to construct a large dimension Crison. For
example, if we execute Algorithm 2 thrice based on Criso0,
one Criso3 can be produced.

C. Criso Routing Algorithm

Criso routing algorithm (CRA) is efficient and simple by
using switches represents the direction. According to the
definition of Criso above, it is apt to get the pod of one
server. Hence, the CRA mainly route among two pods. One
server can be found easily if the switch it connected is sought
out. Because the switches we use are low-end switches,
and only at most 3 ports connected to switches while other
ports connected to servers. We assign the position 0 switch
connects the upside side pod, and position 1 links to the
right side pod, position 2 switch connects to below side pod
while position 4 switch connect pod in below side. Thus, if
we want to route between pod j to pod k, we only need to
know the position of k pod is by which side of j, and then
we can choose the relevant port of each pod in the path to
route. We use src to denote the source pod and dst denotes
the destination pod. For example, assume that we want to
work out the path from src j=(0,1) to dst k=(3,3), from the
code of j and k can we know j is on the 0-row and 1-line

Algorithm 3 Criso routing algorithm
Input: src(a1, a0), dst(a3, a2)
Output: Path
1: if src==dst then
2: Return NULL
3: else Define j = a3 − a1, k = a2 − a0

4: if j ≥ 0 and k > 0 then
5: Chose the switch in position 1 or position 3 randomly

for routing
6: if chose the switch in position 1 then
7: Record this path and jump to next pod
8: j=j-1
9: Path=CRA(src(a1, a0 + 1), dst(a3, a2))

10: else chose the switch in position 3
11: Record the path and jump to next pod
12: k=k-1
13: Path=CRA(src(a1 + 1, a0), dst(a3, a2))
14: end if
15: end if
16: end if

while k on the 3-row and 3-line (as shown in fig. 3). Thus
the routing between j and k needs to go downward 3-0=3
steps and go right 3-1=2 steps. It is noteworthy that it does
not have certain direction about each step, but the sum of
direction steps is decided. Hence, it can first go downward 3
steps and then go right, or first go right 2 steps and then go
downward, or go cross-linked of downward and right (this
three paths is shown in fig. 3 ). So it is not only convenient
for routing but also facility for avoiding congestion. If any
link is blocked of package or even breakdown, the routing
algorithm can select another one path fast. The Algorithm
3 (src(a1, a0) to dst(a3, a2)) only showed the situation of
a3¿a1 and a2¿a0 for convenient, other situations is similar.

IV. COMPARISON WITH OTHER DC TOPOLOGY MODELS

Table I compares Criso with other five significant data
center networks including Fat-Tree, DCell, BCube, and
Ficonn in terms of scalability, diameter, and the number
of switches, where the parameter N stands for the number
of servers in a Criso data center network, and k represents
the number of switch ports. Because DCell, BCube, Ficonn,
and Criso are all structures that recursively defined, the level
of network structure is defined as n. All the characteristics
have a significant effect the performance of one data center
network structure.

A. Diameter

On the basis of the building scheme, we can calculate
the diameter of the Criso. Let Diam denote the diameter of
network. Because the Criso is building based on pods, we
first calculate the diameter of any two pods.

Case 1. n is an odd

Diam(pod) = 6× 2
n−1
2 − 2

Case 2. n is an even



Table I
THE CHARACTERISTICS OF DATA CENTER TOPOLOGIES

Fat-Tree DCell BCube FiConn Criso
Diameter 2logN2 ≤ 2n+1 − 1 n+ 1 ≤ 2n+1 − 1 ≤ 3× 2

n+3
2

Bisection Width N/2 > N/(4× logNk ) N/2 > N
4∗2k > 2d

n+1
2
e

Scalability limited by server ports No Yes Yes No No
Scalability limited by switch ports Yes No No No No

Number of switches 5N/k N/k (n+ 1)N/k N/k N/(k − 3)
Number of server ports ≤ 2 n+ 1 n+ 1 ≤ 2 2
Number of switch ports k k k k k

Diam(pod) = 4× 2
n
2 − 2

In each pod, the packet transmission goes through two
routers at most. And the distance of one server to the
associated switch is 1. Thus, the diameter of Criso can be
denoted as:

Case 1. n is an odd

Diam(pod) ≤ (6× 2
n−1
2 − 2)× 2 + 4 = 3× 2

n+3
2

Case 2. n is an even

Diam(pod) ≤ (4× 2
n
2 − 2)× 2 + 4 = 2

n+6
2

Theoretically, communication delay grows with the
growth of the network diameter. As Table I shows, the
diameter of Criso is ordinary.

B. Bisection width

Large bisection width means a high data center capacity
and stronger ability against failure. Based on the definition
of Criso, the bisection of it is large than 2d

n+1
2 e. As shown in

Table I, the bisection widths of Ficonn and Criso are lower
than Fat-Tree, DCell and BCube. This situation is mainly
because these three data centers above use a large number of
switches and links to build one data center. Unfortunately,
this approach will increase energy consumption and cost.
Hence, FiConn and Criso are more suitable for constructing
one data center.

C. Scalability

A typical way to expand one data center is adding more
servers and switches to such system rather than replacing old
ones. Therefore, the scalability of one data center network
is crucial to the overall system performance.

All the five data center networks shown in Table I can
expand to an extremely large scale. However, the scalability
of DCell and BCube is limited by the server ports, and the
scalability of Fat-Tree is limited by the switch ports. This
means, once a data center is constructed by certain servers
and switches, the scalability of it is extremely restricted. If

more switches and servers are needed, few additional ports
have to be added to the original switches and servers. In
contrast to DCell, BCube and Fat-tree, Criso and FiConn can
be expanded without adding additional server ports or switch
ports. Thus, this two data centers show better scalability than
other three models.

V. COST AND ENERGY CONSUMPTION

Both FiConn and Criso are kinds of recursively defined
network structure models, it also means that the n-level (or
dimension) structure is constructed by using more (n-1)-level
structures. In Criso, one n+1 dimension Criso build based
on two n dimension Crisos. But in FiConn, more k level
structure will be used to construct one (k+1) level structure.
This feature leads to a sharp increase in system scale.

The scalability of Criso is much better than FiConn.
An incomplete Criso network can be constructed firstly. It
means we do not add parallel-edges which contain servers
for some circle-edges. And when the Criso is required to
expand for more servers, we can dynamically add those
parallel edges into the incomplete Criso network and servers
are linking on it to increase the system scale. Additionally,
the routing algorithm of the incomplete Criso network is the
same as routing algorithm developed above.

Table II
PRICE AND POWER CONSUMPTION OF SWITCH AND NICS

Product Ports Price($) Power(W)

Switch

D-Link DES-1008A 8 12 4.3
D-Link DES-1016A 16 39 6
D-Link DES-1024R 24 76 6.4
D-Link DES-1048 48 208 10

NIC

Intel EXPI9400PT 1 75 5
Intel EXPI9402PT 2 130 7
Intel EXPI9404PT 4 285 10

This section compares the energy consumption and cost
of Criso against Fat-Tree, DCell, FiConn and BCube. In
order to study the impact of different system scales on the
cost and energy consumption, we simulate two different
data centers that contain 2048 servers and 24640 servers,
respectively. Since the number of servers in the five differ
data center networks is identical (2048 servers or 24640
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Figure 4. Comparison of cost and energy consumption

Table III
COST, POWER AND WIRING COMPARISON OF A DATA CENTER WITH

2048 SERVERS.

Cost(k$) Power(kw) WiresSwitch NIC Total Switch NIC Total
FC 3.3 307.2 310.5 0.56 20.5 21.06 2805
FT 54.7 153.6 208.3 4.6 10.2 14.8 8960
BC 6.1 419.8 425.9 2.2 24.6 26.8 8704
DC 9.9 532.8 542.7 0.48 28.7 29.18 3384
Cr 6.1 266.2 272.3 2.2 14.3 16.5 7424

Table IV
COST, POWER AND WIRING COMPARISON OF A DATA CENTER WITH

24640 SERVERS.

Cost(k$) Power(kw) WiresSwitch NIC Total Switch NIC Total
FC 121.3 3203.2 3324.5 10.2 172.5 182.7 48279
FT 600 1848 2448 28.8 123.2 152 79963
BC 178 7022.4 7200.4 27.3 246.4 273.7 85683
DC 99.9 7022.4 7122.3 15.4 246.4 261.8 62279
Cr 24.6 3203.2 3227.8 8.8 172.5 181.3 35840

servers), the summation of cost and energy consumption
of servers are the same. Therefore, we only evaluate and
analyze the cost and energy consumption occurred by the
switches and NICs of the data centers. Table II shows the
basic price and power consumption of switch and NICs may
use in the data centers. Owing to the data center networks
must be laid out with wires and cables, the number of
links used in different networks is also presented. Table III
shows the cost, power consumption and the number of links
used in the five different network structures to construct
one data center which containing 2048 servers. For con-
venience, FC denotes the Ficonn topology, FT denotes Fat-
tree, BC denotes BCube, DC denotes DCell, and Cr denotes
Criso topology. Table IV describes the same statistics when
the data center is expanded to 24640 servers. Both tables
demonstrate that the costs and power consumption of DCell,
BCube and Ficonn are much higher than that of Fat-Tree
and Criso. Additionally, the cost and the power consumption
of Fat-Tree is the lowest among the above five data center

structures. But, in fact, the scalability of Fat-Tree is limited
by the number of switch ports. Therefore, it is not suitable
for large-scale data centers constructed. Neither BCube nor
DCell is suitable for constructing large-scale data centers
with respect to cost and energy consumption according to
the statistics in Table III and Table IV. Fig. 4 confirm this
conclusion. In spite of the prices vary in the market, it will
not affect the results summarized in Table III, Table IV, and
Fig. 4. When different components are used to build data
centers, once the number of servers is identified then both
the number of switches and NICs are determined. Hence
the prices of switches and NICs will affect the total cost
and energy consumption of the data center network, but
will not impact the comparison results. The analysis above
indicated that both FiConn and Criso have the advantage in
building reality data centers. But, in general, Criso is the
most appropriate one to build one large-scale data centers
in all respects.

Table III and Table IV also list the number of links (or
wires) used in topologies. Table III indicates that the number
of wires used in FiConn and DCell is smaller than other
three data centers. But if the data center scales up from 2048
servers to 24640 servers, Criso takes the minimal number
of links. Above all, Criso is a better candidate for building
large-scale data centers.

VI. CONCLUSIONS

In this paper, we present Criso, a pod-based data center
structure (or model) that utilizes the 2-port servers and low-
end switches. The Criso is a low-cost and scalable structure
with low diameter. The routing algorithm in Criso is also
presented.

We compare Criso against other four typical new pattern
data center network structures including Fat-Tree, DCell,
BCube and FiConn. Criso structure shows great performance
in all aspects. The cost, energy consumption and the number
of wires are evaluated in the last. The results demonstrate
that Criso is the best candidate for building large-scale data
centers.
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