Adaptive Batching for Replicated Servers

Roy Friedman Erez Hadad
Computer Science Department Distributed Computing Systems Group
Technion - Israel Institute of Technology IBM Haifa Research Lab
Haifa, 32000 Haifa, 31905
Israel Israel
Email: roy@cs.technion.ac.il Email: erezh@il.ibm.com
Abstract per second (on a single core machine). Similarly, if an

application generates 50 bytes messages and the total
This paper presents two novel generic adaptive headers overhead is 100 bytes, then at least two thirds
batching schemes for replicated servers. Both schemeof the network bandwidth is wasted on headers rather
are oblivious to the underlying communication proto- then on application’s data.
cols. Our novel schemes adapt their batching levels  Batchingseveral small messages into a single larger
automatically and immediately according to the current message reduces the amortized per-message overhead,
communication load. This is done without any explicit thereby boosting the throughput of the system. Con-
monitoring or calibration of the system. Additionally, sequently, this technique has become quite common in
the paper includes a detailed performance evaluation. network-based applications [3, 4, 7, 8, 9, 12, 22, 23].
An important question in applying batching is how to
decide when to generate a batched message. The trade-
1 Introduction offs include balancing the throughput gain with the la-
tency of a single message and obtaining good network
Much of the overhead involved in sending a messageand CPU utilization. That is, in order to increase the
throughput, we may wish to pack a large number of mes-

is unrelated to the message’s size. Examples include, ) h batch. H in order to obtain a |
e.g., the network (and middleware) protocol stack head- >29€s In €ach batch. However, in order to oblain a farge
batch, we need to delay the first message for a consid-

ers, the cost of invoking and handling system calls, and . - . L
erable amount of time. Similarly, if the application gen-

obtaining access to the network at the physical level. . .
g Py erates messages slowly, then while the batching mecha-

Also, there is the computational cost of handling mes- = “ iting f ¢ late. th twork
sages both at the sender and the receiver in each of'SM IS wailing for messages to accumuiate, the networ
and the CPU might remain idle.

the MAC, networking, transport, session, and applica- , -
tion layers. Taken separately, each of these costs may Some batchmg_schemes genericin th_e_ Sense that_
seem minuscule. Yet, together, they amount to a non-they do not take into account the specific characteris-

negligible overhead. Moreover, even when the impact ticS Of the underlying communication protocols nor the
of these overheads on latency seem acceptable, whe@PPlication. Other schemes aspecific meaning that

it comes to throughput, they have a detrimental affect tN€ir decision on when to generate a batched message
on the performance of the system. Specifically, if the depends on having intimate knowledge of their operat-

computational cost of handling a single message is 1 mS’ing environment. Clearly, a benefit of generic schemes is

then the system cannot push more than 1,000 message@at they provide better modularity and better separation

of concerns, as called for by modern design principles.
*This research was partially supported by an IBM Faculty Award. However, for this reason, generic schemes may not be

Most of the hardware used for the performance measurements wasyple to achieve the same results as specific schemes.
donated to our lab by IBM.
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count-based schemes, a batched message is sent only af-

ter a given number of application messages have been code
accumulated (or the total size of accumulated messages exeaution
reaches some limit). On the other hand, in time-based

schemes, a batched message is generated periodically,

packing together all messages that have been accumu-

lated since the previous batch was sent. Doorway

A problem with count-based schemes is that when
the application is generating messages sparsely, they
do not increase the throughput, since the system has
enough CPU and network bandwidth to handle the load.
Worse, since messages are arriving slowly, the latency Figure }' Adaptive Batching
hit caused by such batching becomes very high. In fact,
termination is not guaranteed if an application generates
fewer messages than the counter threshold. quency in which the application generates messages.

Time-based schemes suffer from similar problems. However, both schemes target replicated servers (or sim-
If the batching timeout is too high, then the latency ilar distributed applications) in which each server must_
increase also becomes high, and when the applicationbroadcaSt each request to all other servers in the repli-

communicates sparsely, this does not contribute to theCtion cluster. Moreover, for AB we also assume that
throughput of the system. On the other hand, if the time- overlapping requests are handled by multiple concurrent

out is set too low, then very little batching is done. threads (yet, this is not needed in the case of TAB).
o . . We then present a detailed performance evaluation of
Of course, it is possible to combine a count-based

: . . oth schemes, and compare them to Count-Based and
scheme with a time-based one, by sending a batched.. T :

) . . ime-Based batching, in the context of FTS, areplicated
message either if a given number of messages have ac-

cumulated, or a given timeout has past, whichever hap_server solution we have developed [15]

pens first. However, this still does not entirely solve ) .

the problems discussed above. The obvious remedy is2 Adaptive Batching

therefore, to incorporate some dynamic adaptivity to the

batching parameters based on the actual communica- Our adaptive batching schemes are targeting repli-

tion pattern. Indeed, some works have suggested adapeated servers and similar distributed applications. Gen-

tive batching, by having a component that continuously erally, we assume a model where there are requests that

monitors the communication pattern of the system and need to undergo broadcast. Each request is handled by

adapts the count threshold and batching timer to matcha separate thread. Each thread first executes some code,

the observed behavior using some heuristic [4]. which possibly creates or prepares the request, and then
There are several problems with the monitoring so- invokescast() , which is a primitive that adds the re-

lution: First, monitoring adds an overhead to the sys- questto the current batch. Following the batching mech-

tem. Second, such a monitor sets the batching parameanism specifics, a batch-send event is generated from

ters based on the past, and so there is a delay betweefime to time, which triggers the sending (and resetting)

a change in the communication pattern and the reactionof the current batch. As we later explain, the assump-

of the batching mechanism. This is especially bad if tion of a multi-threaded application is required only for

the communication pattern changes frequently, in which our AB scheme but not for our TAB scheme, which is

case a monitoring based solution will always be running completely generic.

one phase behind the actual communication pattern.

In this work we present two novel generic dy- 2.1 Simple Adaptive Batching
namic adaptive batching mechanisms, nicknaisutap- . . .
tive batching(AB) and timed adaptive batchinGTAB) The adaptivé batching(AB) mechanism, as shown
that automatically and immediately adapt their batching in Figure 1, operates as following: each thread executes
level to the communication pattern, without any moni- @ common code path before invokiogst() . A part
toring of the system. These schemes ?‘re generic in the 1The term “adaptive” has a different meaning when applied to dis-
sensg that they d_o n.ot assume anything about the Unyipyted algorithms in general, such as adaptive mutual exclusion [2].
derlying communication protocols, nor about the fre- We chose to use this term, though, for the literal meaning of the word.
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of this code path ending at the send message primitive  All the above problems are overcome by another AB
is set as aloorway. The entry code in the beginning variant namedimed adaptive batchin¢TAB). The key
of the doorway is used for registering the thread execut- difference between AB and TAB is that TAB employs
ing it as being inside the doorway, e.g., by increment- a timer to serve as a doorway instead of a code-path.
ing the doorway’s counter. Similarly, the exit code un- The timer is reset each time a thread wishes to in-
registers the executing thread, e.g., by decrementing thevokecast()  (recall that the application levehst()
doorway’s counter. AB utilizes a doorway as follow- method is only an indication that a thread wishes to
ing: the doorway entry code is inserted at some point broadcast a message and not the actual sending of the
that precedes theast() invocation. Thecast() message). If the timer reaches a timeout, then the batch
method itself serves as the exit code. If a thread ex- is actually sent (this is analogous in AB to a thread exit-
ecutingcast() , after un-registering itself and adding ing the doorway with no other thread inside).
its request to the current batch, finds that no other thread Interestingly, AB allows an immediate send of batch
is in the doorway, then it triggers the batch send event. after the last thread of the current batch arrives with
The intuition behind AB is that multiple requests no other thread in the doorway. In TAB, on the other
should be included in the same batch only if they arrive hand, the timeout still has to elapse after the last thread,
“close together” to theast()  primitive, in the sense  thereby forcing a minimum non-zero additional latency
that the threads carrying these requests closely followeven in the case of a single request in a batch. However,
each other in invokingast() . The doorway serves as the TAB timer allows to define the doorway length in
a natural proximity sensor: the time required for a thread time units regardless of the implementation. Last, un-
to cross it is a threshold. Should no other threads enterlike AB, a timer-based implementation can also be used
the doorway by that time, the batch is complete and sent,in a single-threaded event-based environment.
since the next threads’ requests are too far behind to join  Notice that TAB is also significantly different from
the requests in the current batch. TB, although both mechanisms use a timer to trigger
The length of the doorway code can be used to con-sending of a batch. TB's timer triggers batch send
trol the sensitivityof the mechanism: longer doorways at fixed intervals, regardless of the arrival rate of the
cause long batches to begin forming at lower client loads batched messages. This guarantees progress of the mes-
than shorter doorways, since it becomes more likely sage delivery but also introduces the aforementioned
that another thread would enter the doorway before therigidity of the batching mechanism. TAB'’s timer, on the
current thread exits it. Note, however, that the adap- other hand, triggers batch send only when messages are
tive nature of the mechanism remains for every doorway spaced sufficiently far apart, according to the doorway

length, as is later demonstrated. length parameter. Thus, TAB adapts its batching behav-
ior to the message rate, but also only provides proba-
2.2 Timed-Adaptive Batching bilistic progress guarantees, as discussed in Section 6.

AB suffers from several shortcomings. First, it is not . .
trivial to find a common code-path to serve as a doorway. 3 Experimental Setting
The absence of a long-enough common code-path can
be overcome by deploying multiple copies of the same 3-1 Replicated Server Implementation
entry/exit mechanisms along different code-paths. How-
ever, AB still requires careful code analysis (to ensure  We have tested all batching schemes on an implemen-
that threads actually pass through the entry/exit codes)tation of a replicated CORBA server called FTS [15].
and code modification. Next, the length of the AB door- FTS is entirely written in Java, and operates according
way is set at coarse instruction granularity, making it to active replication or replicated state machinf25],
hard to clearly evaluate the length since it is both code- with a slight scalability twist: With FTS, a client con-
and platform-dependent. Also, the possible doorway nects to a single server using CORBA's standard 11OP
length is bounded by available code-path lengths. Last,(over TCP/IP) connection. Whenever a server receives a
implementing AB clearly requires a multi-threaded pro- request, it first broadcast the request to all other replicas
cessing model, as the doorway works by detecting ad-in total ordering (ABCAST), by relying on an underly-
vancements of multiple independent execution contexts.ing group communication toolkit [6]. Once the request

2 . . . . is delivered from the group communication toolkit, it is
The term “doorway” is used here in the same meaning as, e.g., in

Lamport's Bakery algorithm [19], as it operates on the same concept |Oca"y. executed b){ ?af:h of the servers (under the as-
of a code segment that registers the threads inside it. sumption of deterministic methods). Only the server that




munication system. Thus, we only measure the perfor-
mance of generic batching schemes. Also, request pro-
cessing in FTS follows the model described in Section 2.
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SETHTIGRE I — [ | o Each GOA is equipped with a pool of threads (called
the foreground pool) for handling client requests. Each
o) [ terceptr [l of these threads processes the request it is assigned to

and invokescast()  for batching-enhanced ABCAST

of the request. Then, the thread waits for the request to
be delivered back and executed, after which it returns
a reply to the client. An additional background thread
Figure 2. FTS Architecture pool executes the requests delivered back from the AB-

CAST transport. In typical scenarios where the execu-

tion time is smaller than the combined latency of AB-
) . . CAST and batching, we set the background pool to a

holds the IIOP connection with the client sends the reply ,.,ch smaller size than the foreground pool in order to

as a standard IIOP reply. All servers, however, keep the 5 qiq jgle processor due to exhausted foreground pool,
reply in a local cache in case the request is later resent,q i< qemonstrated in Section 3.2 below.
by the client, e.qg., if the client timed out on the reply.
FTS is designed to work with any virtually syn- 3.2  Testing Environment
chronous group communication system using a generic
Group Communication Interface layer. In the measure- FTS was tested on an IBM JS20 Blade Center with
ments reported in this paper, we have used Ensem-28 blades (machines). Each blade has two PowerPC 970
ble [16], which runs over UDP and is known to offer processors running at 2.2GHz with 4GByte RAM. The
very good performance in LAN based clusters [10, 16]. blades are divided into two 14-node pools, each inter-
If the connection between a client and a server nally connected with a Gbit Ethernet switch, and both
breaks, or a request is timed out, this is caught by aswitches are connected to each other. Additionally, the
Portable Interceptorat the client side [5, 11, 14, 24], cluster includes an Intel X346 server with dual Pentium
which automatically redirects the request to an available 4 Xeon 3.0GHz (hyper-threaded) with 2GByte RAM,
server. The exact details of such client redirections areused also as an NFS server for the common file system
beyond the scope and interest of this paper (here we areyn which FTS is installed.
interested in the benefit of batching), and can be found  The blades and the server run Suse Linux Enterprise
in [15]. The significant information is that this is done Server 9 (2.6.5 kernel) service pack 3. All FTS compo-
completely transparently to the client's code, which can nents run on IBM JVM v1.4.2 service pack 2 for PPC
be any unmodified CORBA client application. and Intel platforms, respectively. The ORB used is OR-
Due to various CORBA limitations, and in order to Bacus for Java [17] v4.1.3. Ensemble [16] v2.01 is used
remain transparent to the server’s code, the logic for han-for group communication.
dling client requests at the server side is implemented In the tests, clients are running in blade pool 1 and
inside aGroup Object Adapto(GOA), as illustrated  servers in blade pool 2, so that all clients are equally
in Figure 2. Anobject adaptoris the CORBA entity distant from all the servers. Each client blade runs 250
that mediates between the request broker and the acelients sharing a common ORB. Each server blade runs
tual server implementation; it is responsible for locating a single server and a local Ensemble daemon. Last, the
the implementation of a service, loading the object and Intel server runs d@est managerwhose purpose is to
starting it if needed, and for invoking the actual request conduct a single test of clients vs. servers aneéxetu-
on the object’s implementation. In FTS we have ex- tivethat generates sequences of tests, passes each test to
tended the standafebrtable Object Adaptoto include the test manager and collects the results.
the replication and consistency logic, to form a GOA. Each client runs as a separate thread performing a se-
The exact details are very technical, and the reader isquence of simple synchronous invocations on a separate
referred to [15] for more information. server object. The interface of the server object is called
The important aspect of the above design for this pa- HelloObj and consists of two methods callseit()
per is that in all our measurements, the batching mecha-andget() . Theset() method accepts a single string
nisms were implemented inside the GOA, and in partic- parameter and stores its value in the object, while the
ular between the application’s code and the group com-get() method returns the value of the stored string.
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Each server has a 500-thread foreground pool for test manager upon completion, and continues to send
handling requests arriving from clients and a 20-thread “tail” requests, just as in the warm-up phase. Once the
background pool for executing ABCAST-delivered re- |ast client completes the test, the test phase ends. The
quests. The motivation for this allocation policy is test manager notifies all clients and servers to shut down

briefly explained above in Section 3.1. and write the results. Measurements are collected only
during the test phase, assuming that the servers are at a
4 Performance Evaluation constant peak load during that time.

Following [13, 23], we used short requests in our
tests, where the impact of batching should be most ex-

> '
ing amounts of client loads, ranging from 100 clients plicit® . However, since FTS operates at the CORBA
to 2500 clients. The server cluster consists of 4 servers.@Pplication level, we cannot control the exact byte-size

For each test case, results are averaged over 4 runs. Eaclf @ Serialized request buffer. Also, note that the serial-
run consists of 2 phases wfarm-upandtest During ized buffer contains additional FTS data such as the re-

warm-up, each client performs a sequence of 500 re-duestid. So, as a short invocation, we usedsitit)
quests. After finishing warm-up, a client notifies the test Method of the targetelloObj ~ object with a string pa-
manager but continues sending batches of 100 “tail” re- rameter of 15 characters. Such an update request is very

quests, to maintain load on the servers. After the last 3As shown in [13, 23], the effect of batching is smaller for long

Cl?ent is done W"?“jming up, the test phase begins.. _ EaChmessages, since the further reduction of per-message overhead be-
client sends additional 500 requests as a test, notifies theomes marginal. See Section 5.

To simulate varying client request rate, we used vary-




Batch Length vs. Clent Load window size of 30msec. Note that in each Figure, the
‘ ‘ ‘ graphs of the adaptive batching mechanisms are on the
right pane, whereas the rest of the graphs are on the left
pane, in order to avoid a crowded view.

The TB mechanism batches all requests accumu-

HE .ff 777777777 A | lated over a predefined time window size. It is imple-
g wl A ek mented by having a separate timer-thread wake up af-
! s 1 ter each window elapses and send the currently accumu-
] U e L ] lated batch. We tested a wide range of window sizes and
of %é e - o ] present a few of the more characteristic exemplars, large
ol - —+ —— poom ~+ window sizes vs. small window sizes.
o e TBf'l'::‘E:: o 5 oo m The CB mechanism batches requests up to a prede-
atch Longih ve,Clnt Load fined threshold. It is implemented simply by keeping
20 ‘ ‘ ‘ ‘ r count of the requests in the current batch and sending
oo T the batch after the last request is added. The backup
weor .' """" = 1 timeout is implemented using a time-thread that is re-
T ] set when the first request is added. For each of the CB
T M ] thresholds demonstrated, we calibrated the backup time-
3 | out to be the lowest value we found that guarantees that
i Y- = 8 i the resulting batch size is very clos#{ diversion) to
ol -/ B % the threshold at most of the client loads. As with the TB
Wl Q:Q | mechanism, we present the effects of both high and low
L — ey ¢ % counting thresholds.
° 50 000 it 2000 2500 The code-based AB variant was tested with doorway
ABShot —f—  ABlong —X—  TABS K- TABA0 ~-  TAB30 M- lengths that were determined according to the structure
of FTS code. All the threads that handle requests in FTS
Figure 5. Batch Length vs. Client Load execute the same code-path prior to invokiagt()
(non-adaptive schemes on the left, adap- This code-path turns out to be quite short in terms of
tive on the right) execution time. Thus, we defined only two lengths of

doorway. The short doorway is implemented by putting
the entry code just before the exit code, i.e., upon the
invocation of thecast() method. The long doorway
wraps the entire code-path by placing the entry code at
its earliest beginning, which is the point where the client
request first begins processing after being received.
Contrary to AB, the TAB variant’s doorway length
is defined in milliseconds. Note, however, that in the

types. The first two are the classic methods men-f llowing araphs. the val 4 for testing ar it
tioned before, namely Time-based Batching (TB) and oflowing graphs, the values used for testing are quite
small, e.g., compared to the TB window size. This

Count-based Batching (CB). Next are the adaptive vari- s because the doorway lenath determines a maximum
ants, code-oriented Adaptive Batching (AB) and Timed time-distance betweenythe grrivals of two consecutive
Adaptive Batching (TAB). Last, we also tested the case . . T
of No Batching (NB) as a base reference. requests, vyhereas the TB window size sets the entire in-
. . terval required for the batch.

Figure 3 shows a comparison of the throughput of
FTS with the various batching mechanisms, each with . .
multiple values of parameters. Figure 4 compares the4+1 Discussion of the Results
average per-request cast latency imposed by the batch-
ing mechanisms. Figure 5 shows the resulting averageResults Highlights: The bottom line of all our mea-
batch length for each of the mechanisms. Each mech-surements is that TAB obtained good throughput, com-
anism’s graph is marked by the corresponding acronym pared to all other schemes, under all client loads. In con-
followed by the value of its parameter. For example: trast, the non-adaptive schemes either performed well
"TB-30" marks a test of the TB mechanism with a time in high load, or in low load, depending on their thresh-

small in CORBA terms but still translates to a buffer of
280 bytes. As we later show, batching still proves highly
effective for requests of this size.

As for batching mechanisms, we used 5 different



old/timeout. But none of the non-adaptive schemes per- (Bateh Lengih / Cast Latency) vs. Client Load

formed well under all client loads. Yet, as expected,

even the worst batching scheme is tremendously better ™[ ® M ]

than no batching at all. The bad surprise, for us, was 2r Ax wmed i 1

AB, that obtained relatively poor performance. Therea- ¢ @x:’;" g™ *'/’L H s

son is the lack of predictable long enough code paths. : .| /4 / * e %

This indicates that TAB is the preferable scheme, since 3 | & . i

it assumes nothing about the application (other than the : * ’, i o .

fact that the application generates messages), and con-  *| - B

sistently obtains very good results. oz 1
Client Load

Detailed Analysis: Figure 3 clearly demonstrates the NS —f—  TBD > TBI0 K- CBA0 -} CB00 k-

aforementioned rigidity of the classic CB mechanism. 16 | (achienanyCestiaienay) vs, Clent toad

For low client loads, using a low threshold (10 request ol

per batch) for CB yields good throughput in the sense 5

that it is close to the maximum we were able to obtain PR g ‘

for that load using any of the mechanisms and parame- i '[o ' "% g - S ;

ters. However, under high client load, throughput drops :5 I & e o i |

considerably. An opposite effect is seen when using high
thresholds (100 requests per batch). The fixed threshold
behavior is presented in Figure 5, showing the expected
near-constant average batch length in all client loads ex- , N
cept the very smallest. The average cast latency for CB o p P P o o0
tends to start high and decrease with the growing client st oo e w5 e m
load. This should be expected since as the client load
grows, more CB batches are sent because of reaching rigyre 6. (Batch Length / Cast Letency) vs.
the threshold rather than because of the timeout. Client Load

A similar rigid behavior is also seen in TB graphs.
TB with a 100msec window behaves similar to CB with
a threshold of 100. Also, TB with a 3@&sec window ) _
shows good throughput (same as e.g., TAB-5) in small ¢10S€ t0 the window size. _
client load but its throughput is definitely not the best = BOth AB and TAB show the expected adaptive behav-
at higher client loads. Also, TB batch length (Figure 5) 'Of> @S can be seen in Figures 4 and 5. Both batch length
grows with the client load. This is not surprising consid- ar_1d average cas_t Iatenc_y s_,tart low and grow with the
ering that the higher the client load, the more requests ¢li€ntload. Yet, Figure 5 indicates the code-dependency
are likely to arrive during the same time interval. limitation of AB. Profiling shows that the longest code-

Specifically, note that TB, when using small win- path doorway that could be defined is still very short

dows, seems to yield better throughput under high client in terms of computation time (Ie_ss than 1 millisecond).
loads than CB with small thresholds. The explanation Thus, the average batch length is small compared to the

for this lies in the implementation. The code inside other mechanisms under the same load. TAB, on the

cast() that adds a single thread’s request to the cur- gther hand, sf _belng akrn]lebt(:t wotrrl: W'thh ml:Ch (Ijor:ge]r
rent batch is defined as a mutually-exclusive critical sec- oorways, obtains much beter throughput and truly

tion. Under high load, the timer-thread scheduling is proves the advantages of adaptivity, since it constantly

often delayed because of the large number of concurrentma'mams near-maximal throughput at all client loads.
threads. As a result, more requests are added to the batch

than there should have been allowed for the given win- Batch Length / Cast Latency: TAB’s remarkable
dow size. The support for this explanation is given by ability to maintain high (or even peak) throughput at all
Figure 4 showing that the average TB cast latency un-loads compared to the non-adaptive mechanisms can be
der high load is often higher than the window size. If explained through Figure 4.1, which plots the ratio of
the implementation did not suffer from delayed closure batch length over cast latency as a function of client
of batches, the cast latency should have remained veryiload. Note that in this Figure, the behavior of each
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batching mechanism’s graph shows great similarity to first packing variant of Rottoken (Denoted Rotfc) that
the respective throughput graph of the same mechanisntested in [13] simply packs the pending messages to-
in Figure 3. This can be expected by considering the gether upon token reception and piggybacks the token.
cast latency as an indication of the total batching latency, Another semi-packing variant of Rottoken rsgquest-
in the sense that a batch that takes a long time to con-token(Reqtoken) where the token passes upon request
struct, will most likely yield a high cast latency for its only between the actively-sending parties. Reqtoken
requests, and vice-versa. Therefore, a high value of thepacks only messages pending from before the token re-
batch length to cast latency ratio will likely indicate that ception, so (typically few) additional messages will be
more requests are batched together in shorter time intersent unpacked until the token is passed on. Last, the
vals, which results in a higher throughput. Dynseq protocol orders messages by having the senders
As shown in Figure 4.1, all TAB graphs maintain forward them to &equenceprocess. Its packing variant
high ratios at all loads. In contrast, the non-adaptive (Dysfc) consisted of simple time-based accumulation of
graphs tend to oscillate over a wide range of values, andmessages at the sender in aa$ec window.

specifically achieve low ratios at either low loads (for Tests of the protocols in [13] using bursty clients
high thresholds, e.g., CB-100 and TB-100) or at high (single sender and all senders) and very short (1-byte)
loads (for low thresholds, e.g., CB-10 and TB-30). The messages show a dramatic increase, by several orders
TAB graphs behavior results directly from TAB's ten-  of magnitude, of the throughput of the packing variants
dency to batch together only requests that arrive closecompared to all the non-packing protocols. The through-
to each other, thereby achieving a high ratio value. In pyt increase is coupled with a significant decrease in
comparison, non-adaptive mechanisms tend to either in-average message latency, despite the delay imposed by
clude unnecessary delay in low loads or split bursts of the buffering of messages. These effects were attributed
close arrivals at high loads, which results in a low ra- to the amortization of per-message overhead of headers
tio. Therefore, Figure 4.1 presents adaptive behavior asand interrupt processing over multiple messages, as well
a major contributor to obtaining good throughput under as to reduced network contention due to the decreased
various client loads (or dynamic request arrival rates), asnumber of on-the-wire messages.

demonstrated in the TAB mechanism. Further support of the performance improvement of

Totem using message batching is provided in [23]. In
5 Related Work this work, Totem is augmented with a simple count-
based message batching. That is, messages are added
to a buffer until the accumulated buffer size surpasses a

large amounts of information into a single packet can threshold, at which point the .buff'er is sent as a single
be found in the Nagle algorithm of TCP [22], where packet. The resulting mec_h_anlsm is both ana_lyzed using
it is used as a means to improve a protocol’s through- stochastic tools and empirically testgd, proving the in-
put by reducing its framing overhead, i.e., the ratio be- creased throughput. Furthermore, this work checks per-

tween its header size and payload size. More specificformamce under varying message size, concluding that

evidence of the advantages of packing together muilti- Fhe throughput gain of batching decreases when batch-

ple messages into a single packet to significantly in- 'ng Iarge_r messages, up to a no-batching level, i.e., as if
crease the throughput of an ABCAST protocol can be no batching is applied.
found in [13]. This work measured throughput and per- ~ The count-based batching method is also explored
message latency of popular ABCAST protocols includ- in [9], combined with anon-demandprotocol that re-
ing therotating-token(Rottoken) used by the Totem GC sembles the Reqtoken protocol. The tests involved both
toolkit [21, 20] and thedynamic-sequencefDynseq) a single and multiple senders with varying degrees of
used by Amoeba [18]. Additionally, [13] also tested ©Overlapping bursts and a fixed message size of 17 bytes,
three variants of these two protocols, which were aug- resulting in a 3- to 5-fold increase in throughput.
mented with message-packing mechanisms. A recent paper [7] presents a general claim that
The Rottoken protocol allows a process to order and increasing the batching factoy i.e., the number
send its pending messages only when it receives a tokerof messages-per-packet, contributes to increase the
containing the ordering data that is rotated between thethroughput of reliable multicast protocols, regardless
processes in a logical ring order, after which it passes of the batching method being used. The rationale be-
on the token, piggybacked with the last pending mes- hind this claim is that as networks bandwidth grows
sages or explicitly if no messages were pending. The significantly larger (Gbit/sec), the bottlenecks of mes-

An early classic example of batching (or packing)



sage transmission shift from the network to the end- of structured overlay networks. In general terms, this pa-
points processors, i.e., the senders and the receiversper suggests extending the distributed hash table (DHT)
Message batching reduces processing time at the endfunction of the overlay to map both event-publications
points through overhead amortization, thereby increas-and event-subscriptions to partially-overlapping sets of
ing throughput. Using probabilistic analysis with con- overlay nodes so that for each subscriptioand event
servative restraints of loss probability, the claim is ethat matches the subscription, there is at least one node
proved for two simple types of unordered reliable mul- r (designated as eendezvousode) that will matche
ticast, based on positive and negative acknowledgmentsto o and forward a notification by multicast to all the
Further empirical study of both protocols shows that the listed subscribers. By performing time-based batching
throughput indeed improves up to an order of magnitude of event notifications for the same subscription, the av-
as the batching factor grows. erage number of hops required for event notifications is

One key factor that is missing from [7] is the message Significantly reduced.
arrival rate. In other words, the model that is used for an-
alyzing the throughput assumes that no time is wasted ong  Conclusions
waiting for arrivals of new messages to add to the current

h. As we show in our work, the latency im . .
batc S We Sho our work, the latency imposed by Our work is based on the observation that one of the

the batching can actually lead to a much smaller increasek factors for obtaini dth hout under ch
of throughput, especially when the message arrival rate, €y tactors for obtaining good throughput under cnang-
is low. The reason is, of course, the time overhead that'"9 MeSSage rate is how well the batching is suited to the

is the sum of all the inter-batching delays together with message rate so that it does not incur excessive batching

the delay from the batching of the last arriving message !atency. Consequently, we defined two adaptive batch-

to the batch send event. Thus, in order to achieve a larg ing mechanisms, code-based AB and time-based TAB.

throughput increase, batching musttbeedor adapted eWe showed the effectiveness of adapt|V|t_y by compar-

according to the message rate. ing the t_hroughput of these two mechamsmg with the
. ) classic time-based and count-based mechanisms, under

The BFT work has reported an implementation of a 5 yige range of request arrival rates. Furthermore, the

Byzantine tolerant replicated NFS file server that obtains pahavior of both adaptive mechanisms is controlled by

good pe_rformance [8_]' A key optimization used in BFT a single parameter, the doorway length. Yet, adaptivity
is batching requests in the Byzantine consensus protocol, 4 the resulting good throughput are maintained for a

that orders t_he rgquegts. BFT uses a variant of Coum'large range of doorway lengths, making the mechanisms
based batching, in which messages are accumulated Unfelatively easy to configure.
til their combined size reaches some limit. Both AB and TAB can also be combined with other
Afirst-time notion of the need for adaptivity in batch-  patching mechanisms to achieve additional qualities.
ing mechanisms is presented in [4], using the Spread [1] For example, in a model where the number of indepen-
GC toolkit and count-based batching. This work is fo- dent message arrivals is unbounded, neither AB nor TAB
cused on reaching and maintaining maximal through- guarantee progress. In more common scenarios, neither
put in a dynamic environment. First, an observation of the adaptive variants providesedictablebatching
is made that throughput varies when using a constant|atency, so neither can provide bounded overall trans-
batching threshold due to changes resulting both from mjssjon latency even if the transport latency is bounded.
porting the system to various platforms and from run- Both issues stem from the fact that the batching la-
time fluctuations of message rate and size. Next, thiStency depends on the tempora| amount of C|OS€|y fol-
work presents a simple rule of improving the throughput |owing request arrivals. Progress can be guaranteed by
by constantly measuring the throughput and modifying adding a timeout or a threshold limitation, albeit this re-
the threshold accordingly. The result is close to peak introduces rigidity into the algorithms, especially during
throughput but has a tendency to oscillate due to tempo-high message rates.
ral throughput measurement inaccuracy. Furthermore, stjll a timeout would also guarantee predictable
the rule performs little modification steps and is likely batching latency. Furthermore, under high load, an
tolock on to a local maximum of throughput rather than adaptive mechanism combined with TB or CB can also
to advance to the globally-maximal throughput. guarantee predictable minimal throughput. For exam-
Last, the impact of batching is demonstrated in [3] ple, consider TAB with a doorway length eftime units
when applied to a different context of implementing combined with TB with a window size ¢f time units.
content-based publish/subscribe communications on topDuring high load, when the batch grows to cover the en-



tire time-window, the number of messages in each time International Conference on Distributed Computing Sys-

window, W is such thail” > % Thus, the throughput tems (ICDCS)Lisbon, Portugal, July 2006.
is at leasty > L. A similar computation can be done [11] R. Friedman and E. Hadad. Client-side Enhancements
for CB+TAB, yielding the same result. using Portable InterceptorsComputer System Science

The benefit of batching in lossy networks, such as and Engineering17(2):3-9, 2002.
wireless networks, might be reduced. This is because[12] R. Friedman and R. van Renesse. Strong and Weak Vir-
batching may increase both the probability and cost of tual Synchrony in Horus. IRroc. of the 15th Symposium
batched message loss, due to batch messages being typi- on Reliable Distributed Systengages 140-149, 1996.

cally long and contain many messages. This issue is left[13] R. Friedman and R. van Renesse. Packing Messages as

as an open problem. a Tool for Boosting the Performance of Total Ordering
Protocols. InProc. of the Sixth IEEE HPDC1997.
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