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Figure2: Thr eadedserver thr oughput degradation: This benchmarkmea-
suresa simplethreadedserverwhich createsa singlethreadfor each taskin the
pipeline. After receivinga task,each threadperformsan 8 KB readfroma disk
Þle;all threadsreadfromthesameÞle, sothedatais alwaysin thebuffer cache.
Threadsare pre-allocatedin the server to eliminate thread startup overhead
from the measurements,and tasksare generated internally to negatenetwork
effects. Theserveris implementedin C and is running on a 4-way500 MHz
PentiumIII with 2 GB of memoryunderLinux 2.2.14. As the numberof con-
currenttasksincreases,throughputincreasesuntil thenumberof threadsgrows
large, after which throughputdegradessubstantially. Responsetime becomes
unboundedastaskqueuelengthsincrease;for comparison,wehaveshownthe
ideal linear responsetimecurve(notethelog scaleon thex axis).

identify internal performancebottlenecksin order to perform tuning
andloadconditioning.ConsiderasimplethreadedWebserver in which
somerequestsareinexpensive to process(e.g.,cachedstaticpages)and
othersareexpensive (e.g., large pagesnot in the cache). With many
concurrentrequests,it is likely thattheexpensive requestscouldbethe
sourceof aperformancebottleneck,for which it is desirableto perform
load shedding. However, the server is unableto inspectthe internal
requeststreamto implementsuchapolicy; all it knowsis thatthethread
pool is saturated,andmustarbitrarilyrejectwork withoutknowledgeof
thesourceof thebottleneck.

Resourcecontainers[7] andtheconceptof pathsfrom theScoutop-
eratingsystem[41, 49] aretwo techniquesthat canbe usedto bound
the resourceusageof tasksin a server. Thesemechanismsapply ver-
tical resourcemanagementto a setof softwaremodules,allowing the
resourcesfor anentiredataßow throughthesystemto bemanagedasa
unit. In thecaseof thebottleneckdescribedabove,limiting theresource
usageof a givenrequestwould avoid degradationdueto cachemisses,
but allow cachehits to proceedunabated.

2.3 Event-drivenconcurrency
The scalability limits of threadshave led many developersto eschew
themalmostentirely andemploy an event-driven approachto manag-
ing concurrency. In this approach,shown in Figure3, a server consists
of asmallnumberof threads(typically oneperCPU)thatloopcontinu-
ously, processingeventsof differenttypesfrom aqueue.Eventsmaybe
generatedby theoperatingsystemor internallyby theapplication,and
generallycorrespondto network anddisk I/O readinessandcompletion
notiÞcations,timers, or other application-speciÞcevents. The event-
drivenapproachimplementstheprocessingof eachtaskasaÞnitestate
machine,wheretransitionsbetweenstatesin theFSM aretriggeredby
events. In this way theserver maintainsits own continuationstatefor
eachtaskratherthanrelyingupona threadcontext.

Theevent-drivendesignis usedby a numberof systems,including
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Figure3: Event-driven server design: This Þgure showsthe ßowof events
throughanevent-drivenserver. Themainthreadprocessesincomingeventsfrom
the network,disk, and other sources,and usestheseto drive the executionof
manyÞnitestatemachines. Each FSM representsa single requestor ßow of
executionthroughthesystem.Thekey sourceof complexity in this designis the
eventscheduler, which mustcontrol theexecutionof each FSM.

theFlash[44], thttpd [4], Zeus[63], andJAWS [24] Webservers,and
the Harvest [12] Web cache. In Flash,eachcomponentof the server
respondsto particulartypesof events,suchas socket connectionsor
Þlesystemaccesses.Themainserver processis responsiblefor contin-
ually dispatchingeventsto eachof thesecomponents,whichareimple-
mentedas library calls. BecausecertainI/O operations(in this case,
Þlesystemaccess)donothaveasynchronousinterfaces,themainserver
processhandlestheseeventsby dispatchingthemto helperprocesses
via IPC. Helperprocessesissue(blocking) I/O requestsandreturnan
event to themainprocessuponcompletion.HarvestÕs structureis very
similar: it is single-threadedandevent-driven,with theexceptionof the
FTPprotocol,which is implementedby aseparateprocess.

Thetradeoffs betweenthreadedandevent-drivenconcurrency mod-
els have beenstudiedextensively in the JAWS Web server [23, 24].
JAWS providesa framework for Webserver constructionallowing the
concurrency model,protocolprocessingcode,cachedÞlesystem,and
other componentsto be customized.Like SEDA, JAWS emphasizes
theimportanceof adaptivity in servicedesign,by facilitatingbothstatic
anddynamicadaptationsin theserviceframework. To our knowledge,
JAWS hasonly beenevaluatedunderlight loads(lessthan50 concur-
rentclients)andhasnotaddressedtheuseof adaptivity for conditioning
underheavy load.

Event-drivensystemstendto berobust to load,with little degrada-
tion in throughputasofferedloadincreasesbeyondsaturation.Figure4
shows thethroughputachievedwith anevent-drivenimplementationof
theservicefrom Figure2. As thenumberof tasksincreases,theserver
throughputincreasesuntil thepipelineÞllsandthebottleneck(theCPU
in thiscase)becomessaturated.If thenumberof tasksin thepipelineis
increasedfurther, excesstasksareabsorbedin theserverÕseventqueue.
Thethroughputremainsconstantacrossa hugerangein load,with the
latency of eachtaskincreasinglinearly.

An importantlimitation of this modelis that it assumesthatevent-
handling threadsdo not block, and for this reasonnonblockingI/O
mechanismsmust be employed. Although much prior work has in-
vestigatedscalableI/O primitives [8, 9, 33, 46, 48], event-processing
threadscanblock regardlessof theI/O mechanismsused,dueto inter-
rupts,pagefaults,or garbagecollection.

Event-drivendesignraisesanumberof additionalchallengesfor the
applicationdeveloper. Schedulingandorderingof eventsis probably
themostimportantconcern:theapplicationis responsiblefor deciding
whento processeachincomingeventandin whatorderto processthe
FSMsfor multipleßows. In orderto balancefairnesswith low response
time,theapplicationmustcarefullymultiplex theexecutionof multiple
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Figure 4: Event-driven server throughput: This benchmark measures an
event-drivenversion of the serverfrom Figure 2. In this case, the serveruses
a singlethreadto processtasks,where each taskreads8 KB froma singledisk
Þle. Althoughthe Þlesysteminterfaceprovided by the operating systemused
here(Linux2.2.14)is blocking, becausethediskdatais alwaysin thecache, this
benchmarkestimatesthebestpossibleperformancefroma nonblockingdiskI/O
layer. AstheÞgure shows,throughputremainsconstantastheload is increased
to a verylargenumberof tasks(notethechangein thehorizontalaxisscalefrom
Figure2), andresponsetimeis linear (notethelog scaleon thex axis).

FSMs. The choice of an event scheduling algorithm is often tailored

to the specific application, and introduction of new functionality may

require the algorithm to be redesigned. Also, modularity is difficult

to achieve, as the code implementing each state must be trusted not to

block or consume a large number of resources that can stall the event-

handling thread.

2.4 Structured event queues

Several variants on the standard event-driven design have been pro-

posed to counter the problems outlined above. A common aspect of

these designs is to structure an event-driven application using a set of

event queues to improve code modularity and simplify application de-

sign.

The Click modular packet router [40] is one such example. In Click,

packet processing stages are implemented by separate code modules

with their own private state. Click is optimized to improve per-packet

latency through the router, allowing a single thread to call directly

through multiple packet-processing stages. This design is targeted at

a specific application (routing) and a single thread services all event

queues. Click makes the assumption that modules have bounded pro-

cessing times, leading to a relatively static resource-management poli-

cies. Qie et al. [47] also describe techniques for scheduling and load
conditioning in a software-based router; like SEDA, their design makes

use of controllers to adjust runtime parameters dynamically based on

load.

Gribble’s Distributed Data Structures (DDS) [20] layer also makes

use of a structured event-processing framework. In DDS, storage

servers emulate asynchronous network and disk I/O interfaces by mak-

ing use of fixed-size thread pools, and software components are com-

posed using either explicit event queues or implicit upcalls. Work

Crews [56] and the TSS/360 queue scanner [35] are other examples of

systems that make use of structured event queues and limited numbers

of threads to manage concurrency. In each of these systems, the use

of an event queue decouples the execution of two components, which

improves modularity and robustness.

StagedServer [31] is another system that makes use of modules com-

municating using explicit event queues. In this case, the goal is to

maximize processor cache locality by carefully scheduling threads and

events within each module. By aggregating the execution of multiple

similar events within a queue, locality is enhanced, leading to greater

performance.

Lauer and Needham’s classic paper [32] discusses the merits of pro-

cesses communicating via messages and contrasts this approach to that

of “procedures,” closely related to the threaded model described above.

SEDA can be seen as an instance of the message-oriented model dis-

cussed there. The authors claim that the message-based and procedure-

based models are duals of each other, and that any program imple-

mented in one model can just as efficiently be implemented in the other.

While we agree with this basic sentiment, this argument overlooks the

complexity of building scalable general-purpose multithreading, as well

as the inherent difficulties of adapting to load in a thread-based model,

without an explicit request queue.

3 The Staged Event-Driven Architecture

In this section we propose a new software architecture, the stagedevent-
drivenarchitecture (SEDA), which is designed to enable high concur-
rency, load conditioning, and ease of engineering for Internet services.

SEDA decomposes an application into a network of stages separated
by event queuesand introduces the notion of dynamicresource con-
trollers to allow applications to adjust dynamically to changing load.
An overview of the SEDA approach to service design is shown in Fig-

ure 5.

3.1 Goals

The primary goals for SEDA are as follows:

Support massive concurrency: To avoid performance degradation

due to threads, SEDA makes use of event-driven execution wherever

possible. This also requires that the system provide efficient and scal-

able I/O primitives.

Simplify the construction of well-conditioned services: To reduce

the complexity of building Internet services, SEDA shields application

programmers from many of the details of scheduling and resource man-

agement. The design also supports modular construction of these appli-

cations, and provides support for debugging and performance profiling.

Enable introspection: Applications should be able to analyze the re-

quest stream to adapt behavior to changing load conditions. For exam-

ple, the system should be able to prioritize and filter requests to support

degraded service under heavy load.

Support self-tuning resource management: Rather than mandate

a priori knowledge of application resource requirements and client load
characteristics, the system should adjust its resource management pa-

rameters dynamically to meet performance targets. For example, the

number of threads allocated to a stage can be determined automatically

based on perceived concurrency demands, rather than hard-coded by

the programmer or administrator.

3.2 Stages as robust building blocks

The fundamental unit of processing within SEDA is the stage. A stage
is a self-contained application component consisting of an eventhan-
dler, an incomingeventqueue, and a threadpool, as depicted in Fig-
ure 6. Each stage is managed by a controller that affects scheduling
and thread allocation, as described below. Stage threads operate by

pulling a batch of events off of the incoming event queue and invok-

ing the application-supplied event handler. The event handler processes

each batch of events, and dispatches zero or more events by enqueuing

them on the event queues of other stages.
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Figure 2: Threaded server throughput degradation: This benchmarkmea-
suresa simplethreadedserverwhich createsa singlethreadfor each taskin the
pipeline. After receivinga task,each threadperformsan 8 KB readfroma disk
Þle;all threadsreadfromthesameÞle, sothedatais alwaysin thebuffer cache.
Threadsare pre-allocatedin the server to eliminate thread startup overhead
from the measurements,and tasksare generated internally to negatenetwork
effects. Theserveris implementedin C and is running on a 4-way500 MHz
PentiumIII with 2 GB of memoryunderLinux 2.2.14. As the numberof con-
currenttasksincreases,throughputincreasesuntil thenumberof threadsgrows
large, after which throughputdegradessubstantially. Responsetime becomes
unboundedastaskqueuelengthsincrease;for comparison,wehaveshownthe
ideal linear responsetimecurve(notethelog scaleon thex axis).

identify internal performance bottlenecks in order to perform tuning

and load conditioning. Consider a simple threaded Web server in which

some requests are inexpensive to process (e.g., cached static pages) and

others are expensive (e.g., large pages not in the cache). With many

concurrent requests, it is likely that the expensive requests could be the

source of a performance bottleneck, for which it is desirable to perform

load shedding. However, the server is unable to inspect the internal

request stream to implement such a policy; all it knows is that the thread

pool is saturated, and must arbitrarily reject work without knowledge of

the source of the bottleneck.

Resource containers [7] and the concept of pathsfrom the Scout op-
erating system [41, 49] are two techniques that can be used to bound

the resource usage of tasks in a server. These mechanisms apply ver-

tical resource management to a set of software modules, allowing the

resources for an entire data flow through the system to be managed as a

unit. In the case of the bottleneck described above, limiting the resource

usage of a given request would avoid degradation due to cache misses,

but allow cache hits to proceed unabated.

2.3 Event-driven concurrency

The scalability limits of threads have led many developers to eschew

them almost entirely and employ an event-driven approach to manag-

ing concurrency. In this approach, shown in Figure 3, a server consists

of a small number of threads (typically one per CPU) that loop continu-

ously, processing events of different types from a queue. Events may be

generated by the operating system or internally by the application, and

generally correspond to network and disk I/O readiness and completion

notifications, timers, or other application-specific events. The event-

driven approach implements the processing of each task as a finite state

machine, where transitions between states in the FSM are triggered by

events. In this way the server maintains its own continuation state for

each task rather than relying upon a thread context.

The event-driven design is used by a number of systems, including

scheduler
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Figure 3: Event-driven server design: This Þgure showsthe ßowof events
throughanevent-drivenserver. Themainthreadprocessesincomingeventsfrom
the network,disk, and other sources,and usestheseto drive the executionof
manyÞnitestatemachines. Each FSM representsa single requestor ßow of
executionthroughthesystem.Thekey sourceof complexity in this designis the
eventscheduler, which mustcontrol theexecutionof each FSM.

the Flash [44], thttpd [4], Zeus [63], and JAWS [24] Web servers, and

the Harvest [12] Web cache. In Flash, each component of the server

responds to particular types of events, such as socket connections or

filesystem accesses. The main server process is responsible for contin-

ually dispatching events to each of these components, which are imple-

mented as library calls. Because certain I/O operations (in this case,

filesystem access) do not have asynchronous interfaces, the main server

process handles these events by dispatching them to helperprocesses
via IPC. Helper processes issue (blocking) I/O requests and return an

event to the main process upon completion. Harvest’s structure is very

similar: it is single-threaded and event-driven, with the exception of the

FTP protocol, which is implemented by a separate process.

The tradeoffs between threaded and event-driven concurrency mod-

els have been studied extensively in the JAWS Web server [23, 24].

JAWS provides a framework for Web server construction allowing the

concurrency model, protocol processing code, cached filesystem, and

other components to be customized. Like SEDA, JAWS emphasizes

the importance of adaptivity in service design, by facilitating both static

and dynamic adaptations in the service framework. To our knowledge,

JAWS has only been evaluated under light loads (less than 50 concur-

rent clients) and has not addressed the use of adaptivity for conditioning

under heavy load.

Event-driven systems tend to be robust to load, with little degrada-

tion in throughput as offered load increases beyond saturation. Figure 4

shows the throughput achieved with an event-driven implementation of

the service from Figure 2. As the number of tasks increases, the server

throughput increases until the pipeline fills and the bottleneck (the CPU

in this case) becomes saturated. If the number of tasks in the pipeline is

increased further, excess tasks are absorbed in the server’s event queue.

The throughput remains constant across a huge range in load, with the

latency of each task increasing linearly.

An important limitation of this model is that it assumes that event-

handling threads do not block, and for this reason nonblocking I/O

mechanisms must be employed. Although much prior work has in-

vestigated scalable I/O primitives [8, 9, 33, 46, 48], event-processing

threads can block regardless of the I/O mechanisms used, due to inter-

rupts, page faults, or garbage collection.

Event-driven design raises a number of additional challenges for the

application developer. Scheduling and ordering of events is probably

the most important concern: the application is responsible for deciding

when to process each incoming event and in what order to process the

FSMs for multiple flows. In order to balance fairness with low response

time, the application must carefully multiplex the execution of multiple

We propose a new design framework for highly concurrent server

applications, which we call the staged event-driven architecture
(SEDA).1 SEDA combines aspects of threads and event-based program-

ming models to manage the concurrency, I/O, scheduling, and resource

management needs of Internet services. In SEDA, applications are con-

structed as a network of stages, each with an associated incomingevent
queue. Each stage represents a robust building block that may be indi-
vidually conditioned to load by thresholding or filtering its event queue.

In addition, making event queues explicit allows applications to make

informed scheduling and resource-management decisions, such as re-

ordering, filtering, or aggregation of requests. SEDA makes use of dy-
namicresourcethrottling to control the resource allocation and schedul-
ing of application components, allowing the system to adapt to overload

conditions.

This paper describes the design, architecture, and implementation

of a SEDA-based Internet services platform. This platform provides

efficient, scalable I/O interfaces as well as several resource control

mechanisms, including thread pool sizing and dynamic event schedul-

ing. We evaluate the framework through two applications — a high-

performance HTTP server and a packet router for the Gnutella peer-

to-peer file-sharing network. We present performance and scalability

results for these applications, demonstrating that SEDA achieves ro-

bustness over huge variations in load and outperforms other service

designs. Our Java-based SEDA HTTP server outperforms two popu-

lar Web servers implemented in C, as described in Section 5.1. We

argue that using SEDA, highly concurrent applications are easier to

build, more efficient, and more robust to load. With the right set of in-

terfaces, application designers can focus on application-specific logic,

rather than the details of concurrency and resource management.

2 Background and Related Work

SEDA draws together two important lines of research: the use of thread-

based concurrency models for ease of programming and event-based

models for extensive concurrency. This section develops the lineage of

this approach by outlining the key contributions and problems in the

steps leading to the SEDA design.

Intuitively, a service is well-conditionedif it behaves like a sim-
ple pipeline, where the depth of the pipeline is determined by the path

through the network and the processing stages within the service it-

self. As the offered load increases, the delivered throughput increases

proportionally until the pipeline is full and the throughput saturates; ad-

ditional load should not degrade throughput. Similarly, the response

time exhibited by the service is roughly constant at light load, because

it is dominated by the depth of the pipeline. As load approaches satura-

tion, the queueing delay dominates. In the closed-loop scenario typical

of many services, where each client waits for a response before deliv-

ering the next request, response time should increase linearly with the

number of clients.

The key property of a well-conditioned service is gracefuldegra-
dation: as offered load exceeds capacity, the service maintains high
throughput with a linear response-time penalty that impacts all clients

equally, or at least predictably according to some service-specific pol-

icy. Note that this is not the typical Web experience; rather, as load

increases, throughput decreases and response time increases dramati-

cally, creating the impression that the service has crashed.

2.1 Thread-based concurrency

The most commonly used design for server applications is the thread-

per-request model, as embodied in RPC packages [52], Java Remote

Method Invocation [54], and DCOM [37]. This model is well sup-

ported by modern languages and programming environments. In this

1Sedais also the Spanish word for silk.
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Figure 1: Threaded server design: Each incomingrequestis dispatchedto a
separate thread,which processesthe requestand returnsa resultto the client.
Edgesrepresentcontrol ßowbetweencomponents.Notethat other I/O opera-
tions,such as disk access,are not shownhere, but would be incorporatedinto
each threadsÕrequestprocessing.

model, shown in Figure 1, each accepted request consumes a thread to

process it, with synchronization operations protecting shared resources.

The operating system overlaps computation and I/O by transparently

switching among threads.

Although relatively easy to program, the overheads associated with

threading — including cache and TLB misses, scheduling overhead,

and lock contention — can lead to serious performance degradation

when the number of threads is large. As a concrete example, Figure 2

shows the performance of a simple threaded server as the number of

threads increases. Although the effective thread limit would be large

for general-purpose timesharing, it is not adequate for the tremendous

concurrency requirements of an Internet service.

Threads and processes are primarily designed to support multipro-

gramming, and existing OSs strive to virtualize hardware resources in a

way that is transparent to applications. Applications are rarely given the

opportunity to participate in system-wide resource management deci-

sions, or given indication of resource availability in order to adapt their

behavior to changing conditions. Virtualization fundamentally hides

the fact that resources are limited and shared [61].

A number of systems have attempted to remedy this problem by

exposing more control to applications. Scheduler activations [5],

application-specific handlers [59], and operating systems such as

SPIN [11], Exokernel [28], and Nemesis [34] are all attempts to aug-

ment limited operating system interfaces by giving applications the

ability to specialize the policy decisions made by the kernel. However,

the design of these systems is still based on multiprogramming, as the

focus continues to be on safe and efficient resource virtualization, rather

than on graceful management and high concurrency.

2.2 Bounded thread pools

To avoid the overuse of threads, a number of systems adopt a coarse

form of load conditioning that serves to bound the size of the thread

pool associated with a service. When the number of requests in the

server exceeds some fixed limit, additional connections are not ac-

cepted. This approach is used by Web servers such as Apache [6],

IIS [38], and Netscape Enterprise Server [42], as well as application

servers such as BEA Weblogic [10] and IBMWebSphere [25]. By lim-

iting the number of concurrent threads, the server can avoid throughput

degradation, and the overall performance is more robust than the uncon-

strained thread-per-task model. However, this approach can introduce

a great deal of unfairnessto clients: when all server threads are busy or
blocked, client requests queue up in the network for servicing. As we

will show in Section 5.1, this can cause clients to experience arbitrarily

large waiting times.

When each request is handled by a single thread, it is difficult to
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Figure 5: Staged event-driven (SEDA) HTTP server: This is a structural representation of the SEDA-based Web server, described in detail in Section 5.1. The

application is composed as a set of stages separated by queues. Edges represent the flow of events between stages. Each stage can be independently managed, and

stages can be run in sequence or in parallel, or a combination of the two. The use of event queues allows each stage to be individually load-conditioned, for example,

by thresholding its event queue. For simplicity, some event paths and stages have been elided from this figure.
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Figure 6: A SEDA Stage: A stage consists of an incoming event queue, a

thread pool, and an application-supplied event handler. The stage’s operation

is managed by the controller, which adjusts resource allocations and scheduling

dynamically.

Threads are the basic concurrency mechanism within SEDA, yet

their use is limited to a small number of threads per stage, rather than

a single thread per task in the system. Moreover, the use of dynamic

control (see Section 3.4) can automatically tune the number of threads

allocated to each stage based on demand.2 This design allows stages

to run in sequence or in parallel, or a combination of the two, depend-

ing upon the characteristics of the thread system and scheduler. In this

paper we assume preemptive, OS-supported threads in an SMP environ-

ment, although this choice is not fundamental to the SEDA design. For

example, a thread system could be designed which is cognizant of the

staged structure of the application and schedules threads accordingly.

We return to this issue in Section 3.4.

The core logic for each stage is provided by the event handler, the

input to which is a batch of multiple events. Event handlers do not

have direct control over queue operations or threads. By separating core

application logic from thread management and scheduling, the stage is

able to control the execution of the event handler to implement various

resource-management policies. For example, the number and ordering

of events passed to the event handler can be controlled externally by the

runtime environment. However, the application may also implement its

own scheduling policy by filtering or reordering the event batch passed

to it.

3.3 Applications as a network of stages

A SEDA application is constructed as a network of stages, connected by

event queues. Event handlers may enqueue events onto another stage by

2Rather than allocating a separate thread pool per stage, it is possible to have

multiple stages share the same thread pool. To simplify the discussion, we de-

scribe SEDA in terms of a private thread pool per stage. Note also that the

number of stages in an application is typically much smaller than the number

of threads that the system can support, so a separate thread pool per stage is

reasonable.
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Figure 7: SEDA resource controllers: Each stage has an associated controller

that adjusts its resource allocation and behavior to keep the application within

its operating regime. The thread pool controller adjusts the number of threads

executing within the stage, and the batching controller adjusts the number of

events processed by each iteration of the event handler.

first obtaining a handle to that stage’s incoming event queue (through a

system-provided lookup routine), and then invoking an enqueue opera-

tion on that queue.

An important aspect of event queues in SEDA is that they may be fi-

nite: that is, an enqueue operation may fail if the queue wishes to reject

new entries, say, because it has reached a threshold. Applications may

make use of backpressure (by blocking on a full queue) or load shed-

ding (by dropping events) when enqueue operations fail. Alternately,

the application may wish to take some service-specific action, such as

sending an error to the user, or performing an alternate function, such

as providing degraded service.

Figure 5 illustrates the structure of a SEDA-based application, in this

case the Haboob Web server described in Section 5.1. The application

consists of a number of application-specific stages to process HTTP re-

quests, implement a page cache, and so forth, as well as several generic

stages provided by the runtime to support asynchronous I/O. These in-

terfaces are described further in Section 4.

The introduction of a queue between stages decouples their execu-

tion by introducing an explicit control boundary. This model constrains

the execution of a thread to a given stage, as a thread may only pass data

across the control boundary by enqueuing an event. A basic question is

whether two code modules should communicate by means of a queue,

or directly through a subroutine call. Introducing a queue between two

modules provides isolation, modularity, and independent load manage-

ment, but may increase latency. For example, a third-party code module

can be isolated in its own stage, allowing other stages to communicate

with it through its event queue, rather than by calling it directly.

The SEDA design facilitates debugging and performance analysis

of services, which has traditionally been a challenge for complex multi-

threaded servers. The decomposition of application code into stages and

explicit event delivery mechanisms facilitates inspection; for example,

a debugging tool can trace the flow of events through the system and vi-

sualize the interactions between stages. Because stages interact through
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