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Abstract—Memcached is a key-value distributed memory ob-
ject caching system. It is used widely in the data-center environ-
ment for caching results of database calls, API calls or any other
data. Using Memcached, spare memory in data-center servers
can be aggregated to speed up lookups of frequently accessed
information. The performance of Memcached is directly related
to the underlying networking technology, as workloads are often
latency sensitive. The existing Memcached implementation is built
upon BSD Sockets interface. Sockets offers byte-stream oriented
semantics. Therefore, using Sockets, there is a conversion between
Memcached’s memory-object semantics and Socket’s byte-stream
semantics, imposing an overhead. This is in addition to any extra
memory copies in the Sockets implementation within the OS.

Over the past decade, high performance interconnects have
employed Remote Direct Memory Access (RDMA) technology
to provide excellent performance for the scientific computation
domain. In addition to its high raw performance, the memory-
based semantics of RDMA fits very well with Memcached’s
memory-object model. While the Sockets interface can be ported
to use RDMA, it is not very efficient when compared with low-
level RDMA APIs. In this paper, we describe a novel design of
Memcached for RDMA capable networks. Our design extends
the existing open-source Memcached software and makes it
RDMA capable. We provide a detailed performance comparison
of our Memcached design compared to unmodified Memcached
using Sockets over RDMA and 10 Gigabit Ethernet network
with hardware-accelerated TCP/IP. Our performance evaluation
reveals that latency of Memcached Get of 4KB size can be
brought down to 12μs using ConnectX InfiniBand QDR adapters.
Latency of the same operation using older generation DDR
adapters is about 20μs. These numbers are about a factor of
four better than the performance obtained by using 10 GigE
with TCP Offload. In addition, these latencies of Get requests
over a range of message sizes are better by a factor of five to
ten compared to IP over InfiniBand and Sockets Direct Protocol
over InfiniBand. Further, throughput of small Get operations can
be improved by a factor of six when compared to Sockets over
10 Gigabit Ethernet network. Similar factor of six improvement
in throughput is observed over Sockets Direct Protocol using
ConnectX QDR adapters. To the best of our knowledge, this is
the first such memcached design on high performance RDMA
capable interconnects.

Index Terms—Memcached, RDMA, Infiniband, INCR, UCR

I. INTRODUCTION

There has been a tremendous increase in interest in inter-

active web sites that offer social networking, and e-commerce

during the last several years. Social networks and financial

markets have led the way in generating a lot of dynamic data.

Typically, such dynamic data is stored in databases for future

retrieval and analysis. Database lookups using languages such

as SQL are very expensive. Data-centers that host popular

web sites must be prepared to serve millions of visitors to the

web site. Due to the dynamic nature of data, it is inevitable

that data that is stored in database will need to be accessed.

It is hard to improve the rate of response of each database

query while keeping ACID (Atomicity, Consistency, Isolation

and Durability) guarantees, especially when reads are mixed

with writes. A new memory caching layer, memcached was

proposed to cache the results of previous database queries. In

an environment dominated by read operations, such caching

can prevent expensive database queries in the critical path.

Memcached has quickly gained popularity for a diverse set

of applications, including distributed file systems, such as

memcachefs [1]. The extremely popular social networking

web site Facebook is a heavy user and frequent contributor to

Memcached. It was reported in 2008 that Facebook has 800

Memcached servers with up to 28 Terabytes of data in their

cache [2]. It can be expected that since 2008, these numbers

have gone up. The reasons behind the popularity of Mem-

cached is its generic nature and its open-source distribution [3].

The existing open-source Memcached implementation is

designed using the traditional BSD Sockets interface. While

the Sockets interface provides a great degree of portability, the

byte-stream model within Sockets interface entails additional

processing to be able to incorporate Memcached’s memory-

object model. This can impose overheads. In addition, Sockets

implementations internally can copy messages, resulting in

further loss of performance. High performance networks and

their software APIs, such as OpenFabrics [4], provide RDMA

capability with memory-based semantics that fits very well

with the Memcached model.

Scientific and parallel computing domains use the Message

Passing Interface (MPI) as the underlying basis for most

applications. Implementations of MPI, such as MVAPICH

and MVAPICH2 [5] can achieve very low one-way latencies

in the range of 1-2μs. Whereas, even the best implemen-

tation of Sockets on InfiniBand achieve 20-25μs one-way

latency. MVAPICH and MVAPICH2 are specifically designed

for leveraging RDMA for InfiniBand and 10 Gigabit Ether-

net/iWARP networks using the OpenFabcrics APIs.

In this paper, we propose a novel design of Memcached

for RDMA capable networks. Our design extends the exist-

ing open-source Memcached software and makes it RDMA

capable. We provide a detailed performance comparison of

our Memcached design compared to unmodified Memcached

using Sockets over RDMA and 10 Gigabit Ethernet network
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with hardware-accelerated TCP/IP.

A. Motivation
During the last decade, commodity High-performance

RDMA capable interconnects have emerged in the scientific

computation domain. InfiniBand [6] and 10 Gigabit Ethernet

have led the resurgence of commodity interconnects. MPI

software already utilizes the strengths of RDMA to a great

extent. At the same time, applications using Memcached

are still relying on Sockets. Performance of Memcached is

critical to most of its deployments. For example, there has

been significant work by Facebook engineers to improve its

performance [7].

A question that naturally arises is: Can Memcached be
re-designed from the ground up to utilize RDMA capable
networks?

As data-center middle-ware and runtimes become widely

used, there is a considerable amount of standardization in the

industry. For example, the Apache Hadoop project [8] is an

outstanding example of a software stack that is standardized

and widely used by many applications. In the past, there

was no such standardized software. Leveraging RDMA in

data-center middle-ware meant that every application needed

to be re-designed to use new networking APIs instead of

Sockets (and lose portability). This was prohibitive to the

adoption of RDMA. However, the adoption of standardized

software such as Memcached has opened new doors for

RDMA to be adopted in the data-center environment. Most

applications now depend on standardized middle-ware APIs

such as Memcached, Hadoop etc., not Sockets API directly.

If key performance critical run-times can be re-designed to

leverage RDMA internally, while keeping the same external

APIs; then many applications can immediately benefit from it

without requiring any modifications. We believe that this is a

strong motivation to re-design Memcached to leverage RDMA

and pass on the benefit to latency critical applications.

B. Contributions
There are several contributions of this work:

1) A thorough performance evaluation of existing Mem-

cached software on High Performance networks, such

as InfiniBand and 10 Gigabit Ethernet using IP-layer

over InfiniBand, Sockets on InfiniBand, and TCP-offload

engine (TOE) for 10 Gigabit Ethernet.

2) A novel communication library called Unified Commu-

nication Runtime (UCR) to enable data-center middle-

ware to effectively use features of High performance

RDMA capable networks.

3) A new design of Memcached using UCR to dramati-

cally improve performance when using RDMA capable

networks. This new design of Memcached is based

on existing open-source distribution, and extends it

for commodity high performance networks. We believe

that this is the first known design of Memcached that

leverages RDMA from high performance commodity

interconnects.

Our work is based on the Unified Communication Runtime

(UCR). UCR was first proposed in [9], (previously called

INCR). The goal of the UCR project is to design a communi-

cation runtime that can support parallel programming models

such as MPI, Partitioned Global Address Space (PGAS) lan-

guages such as Unified Parallel C (UPC), in addition with

distributed communication models, such as Memcached. We

believe that there is significant overlap between the high

performance computing domain and distributed data-center

runtime requirements when it comes to leveraging RDMA

technologies.

The UCR project draws from the design of MVAPICH

and MVAPICH2 software. MVAPICH and MVAPICH2 [5]

are very popular implementations of the MPI-1 and MPI-

2 specifications. They are being used by more than 1,580

organizations in 61 countries. In addition, they are distributed

by popular InfiniBand software stacks, such as OpenFabrics

Enterprise Distribution (OFED) as well as Linux distributions

like RedHat and SuSE. It is used on top InfiniBand clusters,

such as 7th ranked NASA Pleiades (111,104 cores) and 17th

ranked TACC Ranger (62,976 cores). The design of UCR re-

uses previous research findings from [10], [11] among many

others. These are the same scalability enhancements that have

enabled MVAPICH and MVAPICH2 to scale to very large

InfiniBand clusters by reducing buffer consumption.

UCR exposes an easy to use Active Message based API that

can be used by Memcached, without re-implementing perfor-

mance critical logic (like buffer management, flow control,

etc.). These are shared with other high-performance runtimes,

such as those of MPI or PGAS.

We provide a detailed performance comparison of our

Memcached design compared to unmodified Memcached us-

ing Sockets over RDMA and 10 Gigabit Ethernet network

with hardware-accelerated TCP/IP. Our performance evalua-

tion reveals that latency of Memcached Get of 4KB size can

be brought down to 12μs using ConnectX InfiniBand QDR

adapters. Latency of the same operation using older generation

DDR adapters is about 20μs. These numbers are about a factor

of four better than the performance obtained by using 10 GigE

with TCP Offload. In addition, these latencies of Get requests

over a range of message sizes are better by a factor of five
to ten compared to IP over InfiniBand and Sockets Direct

Protocol over InfiniBand. Further, throughput of small Get

operations can be improved by a factor of six when compared

to Sockets over 10 Gigabit Ethernet network. Similar factor of

six improvement in throughput is observed over Sockets Direct

Protocol using ConnectX QDR adapters.

The rest of the paper is organized as follows. In Section II,

we provide the necessary background for this work. Section III

describes previous work in this domain and distinguishes

contributions of our work. The design of UCR is presented

in Section IV and the new design of Memcached using UCR

are described in Section V. Performance results are presented

in Section VI. The paper concludes in Section VII.
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II. BACKGROUND

In this Section, we provide a “bottom-up” overview of

networking technologies that can be utilized in a data-center

for high-performance communication. We also provide back-

ground on Memcached.

A. InfiniBand Overview
InfiniBand [6] is an open industry standard switched fabric

that is designed for interconnecting nodes in HEC clusters. It

is a high-speed, general purpose I/O interconnect that is widely

used by scientific computing centers world-wide. The recently

released TOP500 rankings in June 2011 indicate that more

than 41% of the computing systems use InfiniBand as their

primary interconnect. One of the main features of InfiniBand is

Remote Direct Memory Access (RDMA). This feature allows

software to remotely read memory contents of another remote

process without any software involvement at the remote side.

This feature is very powerful and can be used to implement

high-performance communication protocols. InfiniBand has

started making inroads into the commercial domain with the

recent convergence around RDMA over Converged Enhanced

Ethernet (RoCE) [13]. InfiniBand offers various software

layers through which it can be accessed. They are described

below:
1) InfiniBand Verbs Layer: The verbs layer is the lowest

access layer to InfiniBand. It is illustrated in the Figure 1(a)

(extreme right). Verbs are used to transfer data and are

completely OS-bypassed, i.e. there are no intermediate copies

in the OS. The verbs interface follows the Queue Pair (or

communication end-points) model. Each queue pair has a

certain number of work queue elements. Upper-level software

using verbs can place a work request on a queue pair. The

work request is then processed by the Host Channel Adapter

(HCA). When work is completed, a completion notification

is placed on the completion queue. Upper level software

can detect completion by polling the completion queue or

by asynchronous events (interrupts). Polling often results in

the lowest latency. The OpenFabrics interface [4] is the most

popular verbs access layer due to its applicability to various

InfiniBand vendors.

2) InfiniBand IP Layer: InfiniBand software stacks, such

as OpenFabrics, provide a driver for implementing the IP

layer. This exposes the InfiniBand device as just another

network interface available from the system with an IP address.

Typically, Ethernet interfaces are presented as eth0, eth1,
etc. Similarly, IB devices are presented as ib0, ib1 and so

on. This interface is presented in Figure 1(a) (second from the

left, named IPoIB). It does not provide OS-bypass. This layer

is often called “IP-over-IB” or IPoIB for short. We will use

this terminology in the paper. There are two modes available

for IPoIB. One is the datagram mode, implemented over

Unreliable Datagram (UD), and the other is connected mode,

implemented over Reliable Connection (RC). The connected

mode offers better performance since it leverages reliability

from the hardware. In this paper, we have used connected

mode IPoIB, which has better point-to-point performance.

3) InfiniBand Sockets Direct Protocol: Sockets Direct Pro-

tocol (SDP) is a byte-stream transport protocol that closely

mimics TCP sockets stream semantics. It is illustrated in

Figure 1(a) (second from the right, named SDP). It is an

industry-standard specification that utilizes advanced capabili-

ties provided by the network stacks to achieve high perfor-

mance without requiring modifications to existing sockets-

based applications. SDP is layered on top of IB message-

oriented transfer model. The mapping of the byte-stream

protocol to the underlying message-oriented semantics was

designed to transfer application data by one of two methods:

through intermediate private buffers (using buffer copy) or

directly between application buffers (zero-copy) using RDMA.

Typically, there is a threshold of message size above which

zero-copy is used. Using SDP, complete OS-bypass can be

achieved. For the sake of simplicity, the figure only shows

the RDMA implementation of SDP. SDP can also be used in

buffered mode for small messages. While SDP offers better

performance than IPoIB due to its capability to leverage

RDMA, it still does not match the performance of verbs.

This is due to the mismatch of semantics between the sockets

interface and the much lower-level, but higher performance

verbs.
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B. 10 Gigabit Ethernet Overview

10 Gigabit Ethernet was standardized in an effort to im-

prove bandwidth in data-center environments. It was also

realized that traditional sockets interface may not be able to

support high communication rates [14]. Towards that effort,

iWARP standard was introduced for performing RDMA over

TCP/IP [15]. iWARP is very similar to the verbs layer used

by InfiniBand, with the exception of requiring a connection

manager. In fact, the OpenFabrics [4] network stack provides

a unified interface for both iWARP and InfiniBand. In addition

to iWARP, there are also hardware accelerated versions of

TCP/IP available. These are called TCP Offload Engines

(TOE), which use hardware offload. Figure 1(a) shows this

option (in the middle, named 10 GigE-TOE). The benefits

of TOE are to maintain full socket streaming semantics and

implement that efficiently in hardware. We used 10 Gigabit

Ethernet adapters (T3) from Chelsio Communications for this

study.

Convergence of Fabrics: Recently, 10 Gigabit Ethernet and

InfiniBand are witnessing a convergence. In particular, In-

finiBand adapters from Mellanox can be configured to run

on Ethernet networks. The software stack by OpenFabrics

also provides a unified environment for both networks to

support same applications without any code changes. Protocols

focusing on this convergence will be part of our future study.

C. Memcached Overview

During the past several years, there has been a tremendous

increase in Internet traffic that relates to dynamic data. Social

networks and financial markets have led the way in generating

this kind of dynamic data. Typically, such dynamic data is

stored in databases for future retrieval and analysis. It is

hard to scale databases while keeping ACID guarantees. A

new memory caching layer, memcached was proposed by

Fitzpatrick [16] to cache database request results. Memcached

was primarily designed to improve performance of the web

site LiveJournal. However, due to its generic nature and open-

source distribution [3], it was quickly adopted in a wide

variety of environments. Using Memcached, spare memory

in data-center servers can be aggregated to speed up lookups

of frequently accessed information, be it database queries,

results of API calls or web page rendering elements. A

typical deployment of Memcached is shown in Figure 1(b).

Generally, the system area network used in current-generation

Memcached deployments is Ethernet. However, using either

IPoIB or Sockets Direct Protocol (described in Section II-A2

and II-A3), it can be used over InfiniBand without any

modifications.

Memcached is a key-value distributed memory store. Mem-

cached clients can store and retrieve items from servers

using “keys.” These keys can be any character strings. Typ-

ically, keys are MD5 sums or hashes of the objects being

stored/fetched. The identification of the destination server is

done at the client side using a hash function on the key.

Therefore, the architecture is inherently scalable as there is

no “central server” to consult while trying to locate values

from keys.

The performance of Memcached is directly related to that of

the underlying networking technology. Workloads that depend

on Memcached are extremely latency sensitive and need to

serve many clients simultaneously. Even though the underlying

architecture of Memcached is scalable, the implementation

needs careful attention to be able to scale to thousands of

clients accessing data simultaneously (i.e. data that is hot).

Previous work relating to scaling up Memcached is described

in Section III.

III. RELATION TO PREVIOUS WORK

In this Section, we compare our work with previous work

on this topic. Facebook has been a very important user of

Memcached software for its back-end services. As Facebook

is an extremely popular web site, the traffic handled by its data-

centers is very high. In particular, the ability of Memcached

servers to handle large numbers of clients is critical. In order

to scale up the number of clients and performance of Mem-

cached, Facebook proposed a UDP version of Memcached [7].

Using their changes, Memcached was able to handle up to

200,000 UDP requests per second with an average latency

of 173μs. The maximum throughput can be up to 300,000

UDP requests/s, but the latency at that request rate is too

high to be useful in their system. No details as to request size

were released. In this work, we show that using our version

of Memcached on RDMA capable networks, the latency is

around 12μs and request rates are in Millions per second.

Appavoo et. al. have presented their work on provid-

ing cloud computing services on the Blue Gene supercom-

puter [17]. In their work, they have re-designed memcached

to use RDMA features from the Blue Gene network. Our work

differs significantly from their effort. First, our work is based

on the open-source version of Memcached and can work on

cheap commodity data-centers exploiting RDMA. Secondly,

their work assumes that Memcached clients know the virtual

address of data on the server and can use RDMA to fetch

it. They accomplish this by splitting the server’s hash table

and storing it in the client. However, in a real deployment,

it is not possible to do this even when memory consistency

models allow it. This is due to the fact that the server can

consolidate data into memory slabs to avoid fragmentation

(without informing clients). Also, items in Memcached servers

have expiration time limits. Directly reading data may result

in corrupt data. Finally, and most importantly, there may be

billions of items in the aggregate Memcached store. Clients

are typically run on low-end commodity machines with low

amount of memory available. Memory is one of the most ex-

pensive resources in a data-center environment. It is impossible

to meaningfully cache all the item addresses without wasting a

lot of memory. We believe that our design of Memcached using

UCR is a generalized extension of the Memcached software

that is designed to work on commodity platforms across a

wide range of workloads.

Balaji et. al. have worked on improving the performance

of SDP on InfiniBand [18]. They report that the latency
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and bandwidth benefits of InfiniBand are beneficial in the

data-center environment. At the same time, Dror et. al. from

Mellanox have proposed asynchronous zero-copy SDP [19].

The software from this work is distributed in the OpenFabrics

stack. We use this software as a part of our evaluation. We

have in the past explored the benefits of SDP on Hadoop

software [12]. Hadoop is an open-source implementation [8]

of the very popular Map-reduce programming model proposed

by Dean et. al. of Google Inc. [20].

Even though SDP provides some degree of higher perfor-

mance to Memcached, the fundamental limitation is that of the

mismatch of Sockets interface and the underlying hardware

for high performance RDMA capable networks. Our work

not only presents a native verbs based design of Memcached,

but through our evaluations, we prove that using verbs, much

better performance can be achieved through Sockets over

InfiniBand.

Vaidynathan et. al. have proposed various high-performance

distributed computing substrates [21]. They concluded that

using verbs, data-center middle-ware can more effectively

leverage RDMA capable network architectures. However, their

work did not target Memcached, and designed low-level sub-

strates, like caching and distributed lock management.

IV. DESIGNING UNIFIED COMMUNICATION RUNTIME

(UCR) FOR DATA-CENTER ENVIRONMENTS

The Unified Communication Runtime (UCR) aims to unify

the communication runtime requirements of scientific parallel

programming models, such as MPI and Partitioned Global Ad-

dress Space (PGAS) along with those of data-center middle-

ware, such as Memcached. Our approach is to re-use the best

communication runtime designs across these domains.

The requirements imposed by these disparate models are

quite challenging. For example, in the parallel computing do-

main, there is a notion of a parallel “job.” Processes belonging

to a job may communicate with others using a rank or a

thread id (in case of PGAS). This is quite different from the

Memcached model, where clients maintain a list, or pool, of

available Memcached servers. Based on the data they want to

access, keys are assigned to the data and a server is chosen

using a hash function. Another important distinction is that of

fault tolerance. In MPI or PGAS, when a process belonging

to a job unexpectedly fails, the entire job fails. However, in

the data-center domain, failure of one Memcached server or

client must be tolerated.

There are several new contributions to UCR made as a

part of this work. They include a fault-tolerant model (one

failing process doesn’t fail others), a revamped active message

API, and active message counters. They are described in detail

below:

A. Communication Model and Connection Establishment
As discussed above, the communication model for Mem-

cached does not allow for one failing process to impact

others. Based on this requirement, we have re-designed the

connection establishment process in UCR. Previously, UCR

only accepted destination ids (such as ranks in MPI or thread

ids in PGAS). The new version of UCR follows an end-point

model. The client must establish an end-point with the server

before communication begins. Each end-point is bi-directional,

i.e. the server can talk back to the client using the same

end-point. The client has a choice of the type of end-point

that can be used (reliable vs. unreliable). This is similar to

either TCP or UDP sockets. For the purposes of this paper,

we restrict our discussion to reliable connections only due to

space constraints.

Another addition to the UCR API is that of synchronization

with timeouts. In MPI or PGAS, an erroneous process (either

software or hardware failure) can result in the job hanging.

This is not permitted in the data-center environment. Accord-

ingly, we have introduced UCR methods to wait for events,

but with specified timeout values. If events do not occur within

that time limit, then Memcached can choose to take corrective

action. For example, a client may decide that a server has

gone down. While this is possible in the UCR model, in

this paper, however, we do not evaluate such situations due

to space constraints. This paper focuses on the core issue of

performance improvements in Memcached using UCR.

B. Active Messaging in UCR

Active messages were first introduced by Von Eicken et.

al. [22]. They have proven to be very useful in many envi-

ronments, such as PGAS library design, e.g. GASNet project

from U. C. Berkeley [23] and MPI design using the Low-Level

API (LAPI) from IBM [24]. They were never considered in

the data-center environment in the past. To the best of our

knowledge, this is the first application of Active Messaging

in commodity RDMA capable networks in the data-center

domain.

UCR provides interfaces for Active Messages as well as

one-sided put/get operations. The basic operation of Active

Messages in UCR is illustrated in Figure 2. The process that

initiates communication, is called the Origin, the destination

is called the Target. An example of the general working of

active messages in UCR is shown in Figure 2(a). An active

message consists of two parts: header and data. When an

active message arrives at the target, a ‘header handler’ is run.

The header handler is a short function that can perform some

limited logic and identify the destination buffer of the data.

Then, UCR can transfer the data to the identified location

using RDMA operations. Once the data has been put, a

‘completion handler’ is run at the target, which can perform

any operation on the data. It should be noted that the choice

to run completion handler is also optional and depends on

the logic in the header handler. The associated counters and

‘optional messages’ are explained in the following section.

As an optimization for short messages, header and data

may be combined into one network transaction. In that

case, instead of RDMA operation, the data can be simply

copied off the network buffer into destination location. An

example of the active Message API in UCR is as shown below:
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(a) General Active Message Functionality
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Copy Data to
destination

Local Completion

(b) Optimized Short Active Message Functionality

Fig. 2. Active Messaging in UCR

int ucr send message( ucr ep t *ep, int msg id, void *hdr,
size t hdr len, void *data, size t data len, ucr cntr t *ori-
gin counter, ucr cntr t *target counter, ucr cntr t *comple-
tion counter )

Arguments:ep identifies the target, msg_id identifies the

header handler to be run on the target, hdr, hdr_len,
data, data_len indicate the header and data to be sent.

The counters are explained in the following section.

C. Active Message Counters
Counters provide a generalized and clean way to track

progress of active messages. Counters are objects with

monotonically increasing values. There are three types

of counters: origin_counter, target_counter and

completion_counter. The origin_counter and

completion_counter belong to the origin, whereas the

target_counter belongs to the target.

Origin counter: It is incremented at the origin when the

memory containing header and data can be re-used by the

application (e.g. Memcached). In the case of large active

messages, once the RDMA of the data is complete, a message

is sent to the initiator side that results in the counter being

updated. This is shown in Figure 2(a). If the origin counter

supplied to ucr send message is NULL, then this extra mes-

sage is not issued by UCR. For short messages, UCR can

just look for local completion and update the counter. Local

completion here means, when the network layers indicate

that buffer can be safely re-used. This may mean that the

message is internally copied into a buffer. However, it is safe

to re-use the application level buffer. Target counter: It is

incremented at the target when the data has completely arrived

and completion handlers have run. Completion counter: It

is incremented at the origin when the completion handler at

the target side is complete. Note that if the supplied value

of completion counter is NULL, then UCR will not issue the

optional internal message.

V. DESIGNING MEMCACHED USING UCR
In this section, we describe our design of Memcached

using the UCR active message APIs in detail. The active

message concepts in UCR were explained in the previous

section. In this section, we use the active message concepts

to illustrate the design of Memcached. We focus on the set
and get operations. These are the fundamental operations

included in Memcached APIs. Other operations such as: mget,

increment, decrement and delete can be implemented using

these principles. We used Memcached server version 1.4.5 [3]

and client C library (libmemcached) version 0.45 [25].

A. Connection Establishment
Memcached relies on libevent for detecting sockets

which have become ready for communication. Based on which

socket is ready for communication, it is handed over to a

server thread. We maintain this overall model with some

modifications. The goal of our design is to maintain com-

patibility of the existing Memcached server to work with both

Sockets based clients and UCR based clients. In our version of

Memcached, the connection establishment process begins as

normal. However, the UCR clients indicate UCR compatibility.

UCR client request causes a libevent notification at the server

side and a worker thread is assigned (in a round-robin manner)

for this client. Client and worker thread both create end points

and start communication using active messages over UCR.

All further requests from client will be served by this worker

thread. Note that a worker thread can handle several clients

at a time. The number of worker threads can be set using

a runtime parameter. The underlying UCR calls are always

non-blocking and asynchronous.

B. Set Operations
Using the set operation, a Memcached client can put an

object (item) in Memcached server memory. Each item is

assigned a key, which can be a hash value computed from

its contents. However, there is no restriction on how the key

is chosen: it is up to the client. Once the key is computed,

using another hash operation, a target server is chosen from

the pool of available servers. Then, the set operation is issued.

First, the client issues an active message to the server with

the set request (AM 1). The basic operation of active messages

in UCR was described in Section IV. This active message

can be large (depending on size of item being stored). The
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client also indicates a counter C. After the server parses the

command from the client, it identifies where it wants to store

the item. Then, it issues an RDMA Read to that destination

memory location. When the store is complete, it indicates

the status of the completion back to the client using another

active message (AM 2). Meanwhile, the client is waiting on

counter C to be incremented. This is a blocking call with

client specified timeout. The server indicates this counter C

as the “target counter” in AM 2. AM 2 is typically a short

message, as it only contains the status. When it completes

at the target (which is the Memcached client), counter C is

incremented. The Memcached client then knows that the server

has responded with an answer. It then inspects the contents of

the message received and takes appropriate actions.

C. Get Operations
Using the get operation, a Memcached client can get an

object (item) from a Memcached server. The key of the item

indicates which server it may be stored in (through a hash

function). Once the server is identified, the get operation is

issued.

As with the case in set, the client indicates the counter C

it is waiting on in the first active message (AM 1). Once the

server gets the command from the client, it finds the requested

item. In standard Memcached API, the length of the item is

not known by the client before-hand. It is known only at the

server. The server then responds with active message AM 2

with the Memcached client as the target and counter C as the

“target counter.” Once the client learns the size of the item

being sent by the server, it allocates required memory (it may

implement a local buffer pool). Then, the item is read into the

destination buffer. When data is available, UCR increments the

target counter, C. The client then knows that the get operation

is complete.

Note on Small Set/Get operations: As described in Sec-

tion IV, UCR is optimized for small data. In the case the

amount of data being set or get fits into one network buffer

(8 KB), it is packaged within one transaction. In this case, no

RDMA calls are used, and memcpy is used at the target to

copy data into destination buffers.

VI. PERFORMANCE EVALUATION

We describe the experimental setup and the results of

our performance analysis of Memcached in this section. Our

benchmarks are inspired by the popular memslap bench-

mark that is distributed along with the Memcached client

library. This benchmark measures latency and operations

per second for varying mixes of Set and Get operations.

Unfortunately, this benchmark does not utilize the libmem-

cached API itself. Rather, it directly sends messages using

Sockets. Therefore, we created our suite of benchmarks that

perform similar evaluation, but use the standard libmem-

cached C API. We used Memcached server version 1.4.5

and client (libmemcached) version 0.45. The client behav-

ior was set using: memcached_behavior_set(memc,
MEMCACHED_BEHAVIOR_TCP_NODELAY, 1). This re-

sulted in better and more predictable latency performance.

A. Experimental Setup
We used two different clusters for our evaluation.

Intel Clovertown Cluster(A): This cluster consists of 64 com-

pute nodes with Intel Xeon Dual quad-core processor nodes

operating at 2.33 GHz with 6 GB RAM, a PCIe 1.1 interface.

The nodes are equipped with a ConnectX DDR IB HCA

(16 Gbps data rate) as well as a Chelsio T320 10GbE Dual Port

Adapter with TCP Offload capabilities. The operating system

used is Red Hat Enterprise Linux Server release 5.5 (Tikanga),

with kernel version 2.6.30.10 and OpenFabrics version 1.5.1.

The IB cards on the nodes are interconnected using a 144

port Silverstorm IB DDR switch, while the 10 GigE cards are

connected using a Fulcrum Focalpoint 10 GigE switch.
Intel Westmere Cluster(B): This cluster consists of 144

compute nodes with Intel Westmere series of processors using

Xeon Dual quad-core processor nodes operating at 2.67 GHz

with 12 GB RAM. Each node is equipped with MT26428 QDR

ConnectX HCAs (36 Gbps data rate) with PCI-Ex Gen2 inter-

faces. The nodes are interconnected using 171-port Mellanox

QDR switch. The operating system used is Red Hat Enterprise

Linux Server release 5.4 (Tikanga), with kernel version 2.6.18-

164.el5 and OpenFabrics version 1.5.1.
Note Regarding Interpreting Results: It is to be noted that

the performance improvements in Memcached performance

seen with our UCR based design are mainly due to OS-bypass

and the match in memory-oriented nature of RDMA semantics

as opposed to stream oriented socket semantics. UCR provides

a good design of active messaging on top of OpenFabrics

verbs. We may expect to see good gains in performance with

the iWARP/RoCE implementations of UCR that will run over a

10 GigE network. We are currently in the process of designing

the iWARP and RoCE versions of UCR.
For all SDP related experiments zero-copy was turned

off as the existing sockets based Memcached code requires

sockets to be in non-blocking mode while the default SDP

implementation shipped with OFED does not work in non-

blocking mode with zero copy [19]. Without turning off zero

copy, Memcached with SDP crashes with an error.

B. Performance of Memcached with Single Client
In this section, we look at the single client performance

with Memcached for various operations over different network

interconnects.
1) Performance of Set and Get: The first set of experiments

measure the performance for set and get operations. In these

experiments, the Memcached client repeatedly sets (or gets)

a particular size of item from the cache. i.e. the Memcached

instruction mix is either 100% Set or 100% Get.
Performance on Cluster A: Data for Set and Get operations

are shown in Figure 3. We observe that UCR based design

outperforms 10 GigE with TCP offload by at least a factor

of four for all message sizes. We can also see that the UCR

based design outperforms SDP and IPoIB by a factor of eight
or more for small to medium message sizes and by a factor

of five for large message sizes.
Performance on Cluster B: Performance of Set and Get

operations are shown in Figure 4. We observe that, the UCR
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Fig. 3. Latency of Set and Get Operations on Cluster A

based design outperforms SDP and IPoIB based options by

at least a factor of ten for all small message sizes and up

to a factor of four for large message sizes. Due to lack of

10 GigE cards on this cluster, we were not able to present the

corresponding 10 GigE numbers. We observed that the SDP

results on this cluster were noisy. We made several attempts

to reduce the jitter by increasing the number of samples taken

in the experiments (up to 10,000). However, the jitter did not

subside. We conclude that this must be an implementation

artifact of SDP on QDR adapters. The fact that IPoIB and

UCR results are jitter free indicates that it is not a problem of

the underlying network itself.

These results clearly underline the performance benefits

that we can gain through OS-bypass and memory-oriented

communication offered by RDMA semantics.

C. Performance of Mixed Set and Get
The second set of experiments mix the instruction set of

Memcached operations. We use a mix of 10% Set operations

and 90% Get operations. The pattern of access is 10 Sets

followed by 90 Gets. We call this pattern non-interleaved. We

also evaluate an interleaved pattern in which the instruction

mix is 50% Set operations and 50% Gets. In this pattern, 1

Set is followed by 1 Get. We restrict the presented data to

small messages due to space limitations.

Performance on Cluster A: Data for mixed operations is

shown in Figures 5(a) and 5(c) for the non-interleaved and

interleaved instruction mix described above. We can see that

these mixed operations follow the same trends as the basic

Set and Get operations. We see that the UCR based design

outperforms 10 GigE with TCP offload by at least a factor

of four for all message sizes. We can also see that the UCR

based design outperforms SDP and IPoIB by a factor of seven
or more for small to medium message sizes and by a factor

of four for large message sizes.

Performance on Cluster B: Data is shown in Figures 5(b)

and 5(d). We can see that these mixed operations follow the

same trends as the Set and Get operations seen above. We see

that the UCR based design outperforms the SDP and IPoIB

based designs by a factor of 10 or more for small to medium

message sizes and by a factor of four for large message sizes.

D. Performance of Memcached with Multiple Clients
In this section, we look at the performance of Memcached

with multiple clients over different network interconnects.

We restrict our evaluation to Get operations due to space

limitations. The multi-client benchmark is an extension of

the single client benchmark discussed in Section VI-B. All

the clients are started simultaneously. Instead of latency, we

report the total number of transactions that were executed per

second. The number reported is the aggregate transactions

per second observed by all the clients. This benchmark is

expected to simulate the case where many clients access the

same Memcached server simultaneously.

We vary the clients from eight to sixteen. The clients are

all located on different nodes than the Memcached server.

The results for two message sizes (4 Byte and 4KB) are

presented in Figure 6. On Cluster A, we observe that the

transactions per second achieved by Memcached over UCR

is a factor of six better than that of 10 Gigabit Ethernet with

TCP acceleration for small transactions. The 10 Gigabit TOE

outperforms SDP over InfiniBand. On Cluster B, we can

observe that the improvements in transactions per second is

quite significant, a factor of six over the corresponding SDP

version for 4 byte messages. The transactions per second is

around 1.8 Million operations/sec with UCR on QDR adapters.

We observe that the SDP performance is lower than that of

IPoIB. This is similar to our latency observations in Figure 4.

We believe that this could be a software issue with SDP.

VII. CONCLUSION AND FUTURE WORK

In this paper, we have described a novel design of Mem-

cached for RDMA capable networks. Our design extends

the existing open-source Memcached software and makes it

RDMA capable.

We provided design details of our Memcached implemen-

tations underlying communication layer – Unified Communi-

cation Runtime (UCR). UCR provides an easy to use Active

Message API that matches very well with requirements of

Memcached. We have significantly enhanced our UCR design

to suit a wide range of needs from high performance commu-

nication runtimes.

We have provided a detailed performance comparison of

our Memcached design compared to unmodified Memcached

using Sockets over RDMA and 10 Gigabit Ethernet networks

with hardware-accelerated TCP/IP. Our performance evalua-

tion shows that latency of Memcached Get of 4KB size can

be brought down to 12 μs using ConnectX InfiniBand QDR

adapters. Latency of the same operation using older generation

DDR adapters is about 20 μs. These numbers are about a factor

of four better than the performance obtained by using 10 GigE

with TCP Offload. In addition, these latencies of Get requests

over a range of message sizes are better by a factor of five
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Fig. 4. Latency of Get and Set Operations on Cluster B
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Fig. 6. Number of Transactions per Second for Get Operation

to ten compared to IP over InfiniBand and Sockets Direct

Protocol over InfiniBand. Further, throughput of small Get

operations can be improved by a factor of six when compared

to Sockets over 10 Gigabit Ethernet network. Similar factor of

six improvement in throughput is observed over Sockets Direct

Protocol using ConnectX QDR adapters.

We plan to continue working along this line in the future.

Our plans are to improve the UCR runtime further by taking

into account the many features provided by OpenFabrics API,

especially for InfiniBand. For example, we aim to leverage the

Unreliable Datagram transport to scale up the total number of

clients that can be handled by a single server. Apart from this,

we are currently in the process of designing the iWARP and

RoCE versions of UCR.
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