Towards Predictable Real-time Java Object Request Brokers

Arvind S. Krishna, Raymond Klefstad Douglas C. Schmidt Angelo Corsaro
Electrical Engineering & Computer Science  Electrical Engineering & Computer Science Computer Science
University of California, Irvine Vanderbilt University Washington University
{krishnaa,klefstap@uci.edu douglas.c.schmidt@vanderbilt.edu corsaro@cs.wustl.edu

This paper was published in the Proceedings of the 9thCORBA (RT-CORBA) specification [11] is rapidly matur-
Real-time/Embedded Technology and Applications Sympo- ing technology standardized by the OMG that can simplify
sium. many challenges present in developing middleware for DRE

Abstract applications. It allows DRE applications to configure and
control processor resourcegia thread pools and priority

Distributed real-time and embedded (DRE) applications mechanisms;ommunication resourcesa protocol proper-
often possess stringent quality of service (QoS) require-ties, andnemory resourceia request buffering and bound-
ments. Designing middleware for DRE applications posesing size of thread pools.

several challenges to object request broker (ORB) develop-oyerview of ZEN.  ZEN [10] is open-source RT-CORBA
ers. This paper provides the following contributions to the middleware inspired by many of the patterns, techniques,
study of middleware for DRE applications. First, we outline anq |essons learned in The ACE ORB (TAO) [15]. In ZEN,
the challenges present in one of the principal ORB compo-ihe challenge of implementing RT-CORBA using RTSJ to
nents —the portable object adapter (POA) —focusing on pre-achieve the predictability required for DRE applications is
dictable and scalable demultiplexing. Second, we describegjyided into two levels: (L)Applying optimization prin-
how these challenges are addressed in ZEN, which is an imgjples at the algorithmic and data structure level to en-
plementation of Real-time CORBA that runs atop jRate, an gyre predictability These optimizations are independent
ahead-of-time compiler that implements most of the Real- of the virtual machine. (2ppplying RTSJ features effec-
Time Specification for Java (RTSJ). Third, we qualitatively tjyely within an RT-CORBA ORBrhis paper focuses on
and quantitatively compare ZEN's demultiplexing strategies optimizing a key element of the first levéke., the CORBA
with those of other popular Java ORBs, including JacORB, pqrtaple Object Adapter (POA). In addition, this paper
Sun JDK ORB, and ORBacus. Our results show that ZEN ghows that optimizations at only the first level are insuf-

a'nde'a}te inqorporate the strategies'necessary to enable preicient to achieve necessary real-time predictability; some
d}ctablllty using standards-based mlddlleware and alsq Pro-real-time features of RTSJ must also be used.
vide a baseline for what can be achieved by combining oy earlier work on ZEN focused on the extensible com-
Real-time CORBA and RTSJ. ponent architecture of its POA [9]. This paper extends our
earlier work on ZEN, as well as predictable demultiplex-
ing techniques [13], by (1) adding real-time capabilities to
1. Introduction the ZEN POA, (2) comparing the performance of ZEN’s
Emerging trends in DRE middleware. Distributed, real- ~ POA with other Java ORBs to show the predictability en-
time, and embedded (DRE) applications and middleware @bled by its demultiplexing strgtegles, gnd (3) illustrating
have been traditionally developed in C and C++. Conven- oW ZEN behaves when combined with jRate [3], an open-
tional Java middleware has historically been unsuitable for SOUrce ahead-of-time compiler that supports most of the
DRE applications due to the under-specified scheduling se-RTSJ. jRate extends the open-source GNU Compiler for
mantics of Java threads and the ability of the Java Garbage/@va (GCJ) runtime system [4] to provide an ahead-of-time
Collector (GC) to preempt any other Java thread, leading tocompiled platform. The Java and RTSJ services, such as
unbounded preemption latency. To address these problemgJarbage collection, real-time threads, and scheduling, are
the Real-time Java Experts Group has defined the RTSJ [1]@ccessible via the GCJ ajféiate runtime systems, respec-
which extends Java by providing new memory managementtiVely:
models that allow access to physical memory and can bePaper organization. The remainder of this paper is or-
used in lieu of garbage collection, and stronger guaranteegjanized as follows: Section 2 describes the RT-CORBA
on thread semantics than in regular Java. The Real-timechallenge of ensuring predictable and scalable demultiplex-



ing and explains optimizations applied in ZEN to addresses
these challenges; Section 3 qualitatively and quantitatively
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The POA is the CORBA component that enables server
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developers to manage object implementations (known as VO nanoLe 0s
“servants”) portably across ORB implementations [7]. Al- I e
though the POA provides many powerful and flexible fea- PROTOCOL STACK

tures, its richness complicates the request demultiplexing
path through a real-time server ORB. Naive implemen-
tations of POA request demultiplexing can increase non-
determinism and priority inversions [13], which are prob-
lematic for DRE applications. This section therefore de-
scribes solutions to key challenges in optimizing POA im- as defined by their IDL interface. A naive demultiplexing
plementations to support real-time features. We focus onimplementation of the layered steps shown in Figure 1 may
achieving predictability in ZEN, through scalable and pre- cause a variable number of iterations over the POA hierar-
dictable demultiplexing strategies. Section 3 then quanti- chy to locate the POA, locate the servant, and then locate the
tatively and qualitatively compares the approaches used inappropriate method to perform the upcall. Since predictable
ZEN with those in other Java ORBs. and scalable demultiplexing is necessary for real-time appli-
Context. A CORBA-compliant ORB endsystem must cations that possess stringent QoS guarantees, the algorithm
perform the demultiplexing steps shown in Figure 1 and de- Used to locate a specific method in a specific servant within
scribed below: a specific POA must be predictable and efficient.

* (Steps 1-2) OS kernel demultiplexing. The OS pro- An additional problem, in a layered demultiplexing im-
tocol stack demultiplexes the request from the network in- Plementation, is that servant-level QoS information is not
terface through the data link, network, and transport layers,available to the lower layers present in an ORB endsys-
and up to the user/kernel boundary. Itis here that the data i§&M- An object adapter demultiplexing requests in FIFO or-
passed to the ORB core running in a server process. der can inadvertently allow higher priority requests to wait

« (Steps 3-4) ORB demultiplexing. The ORB core while lower priority requests are serviced.
uses the addressing information in an object key of the client ~ Solution — Active demultiplexing with perfect hash-
request to locate the appropriate POA. Since a POA hieraring. A variety of strategies can be applied to implement
chy may be nested, locating the POA that contains the serdemultiplexing in an ORB, including linear search, binary
vant can involve several demultiplexing steps. The targetsearch, perfect hashing [14], and active demultiplexing [5].
POA then uses thebject id which is part of thebject key A comprehensive discussion of the implementation and
to locate the associated servant. measurements of each of these strategies used in TAO can

e (Steps 5-6) Operation demultiplexing. The POA be found in [6]. Building on these strategies, we outline
uses the operation name to locate the appropriate IDL skeleDelow good solutions for ORB request demultiplexing, ref-
ton, which (1) demarshals the request for the operation pa-erencing the steps shown in Figure 1:

rameters, and (2) performs the upcall to the method imple- o (Step 3)— Active demultiplexing. The number of
menting the object’s operations. POAs in a CORBA server application can change with time,
Problem. Conventional ORBs spend a significant — and since POAs can be activated/deactivated dynamically. An
unpredictable — amount of the total server time demulti- efficient way to find the POA corresponding to a request is
plexing requests [5]. Request demultiplexing becomes un-to apply anactive demultiplexingtrategy, which uses the
predictable because of these three server properties: 1) th@OA ID stored in a request’s object key to index directly
POA hierarchy can have any number of levels, 2) an indi- into a table managed by the object adapter. The index itself
vidual POA may have a large number of servants to managejs encoded into the object key as asynchronous comple-
and 3) each servant may have a large number of operationsion token(ACT) [16] and then passed to clients as part of

Figure 1. Demultiplexing Steps in CORBA Re-
quest Processing



the object reference. When a server ORB receives a request In addition to the qualitative comparisons, we also

from a client, the ORB uses the ACT encoded in the object present experimental results of quantitative comparisons
key to access the corresponding POA in a siiig&) table of POA-related demultiplexing. In these experiments, a
lookup. single-threaded client issues IDL operations at the fastest

o (Step 4)— Active demultiplexing. Servants within ~ Possible rate using a flooding model. For each client re-
a POA can also be activated/deactivated dynamically. Asduest, high-resolution timers used within the ORB measure
with POA lookup, active demultiplexing can be used to lo- thedispatchtimewhich is the request processing time start-
cate a servant efficiently. In this case, the object id storeding when the appropriate POA was found until the the re-
within the object key can be used as an ACT to index di- duest was delivered to the servant. We present a two-fold
rectly into a table managed by its enclosing POA. A POA predictability analysis using the results obtained as follows:
servicing a client request uses the ACT to locate the servant
in a singleO(1) table lookup. e Inter-ORB analysis, where we compare ZEN's de-

« (Step 5)— Perfect hashing. Unlike POAs and ser- multiplexing schemes with those of the other three ORBs.
vants, the names of operations in the IDL interface are |€Se measurements were performed on a dual-CPU In-
knowna priori and do not change dynamically. A perfect €l Xeon 1,700 Mhz processor with 1GB of main memory.
hash function [14] can therefore be computed by the IDL A.II tests were conducted on JVM version 1.4.0 running on
compiler. A demultiplexing strategy based on perfect hash- Linux OS 2.4.18. ZEN version 0.8, JacORB version 1.4.1,
ing executes in constant time and space, regardless of thde Sun ORB in J2SE" v1.4.101, and ORBacus version
number of operations in an IDL interface. 4.1.2 were used for the experiments. 'F.or.each condition,

ZEN implements the optimal active demultiplexing and 2:000 samples were collected. To minimize the number
perfect hashing strategies discussed above. Not only ardf GC runs during ORB execution, the initial heap size of
these strategies optimal, they are also compliant with thet® Java Virtual Machine (JVM) was set to 600M using the
CORBA specification. Section 3 presents a qualitative and~XMS 0ption, and the maximum heap size was set to 800M

quantitative comparison of ZEN's demultiplexing strategies USing the-Xmx option.
with those of other popular Java ORBs. ¢ jRate analysis, where we compare the improvementin

predictability by compiling ZEN using jRate [3], an ahead-
. , . . of-time compiler that supports most of the RTSJ. These ex-
3. Cf)mp?“”g ZEN's Demultiplexing Strate- periments show that combining jRate and ZEN'’s demul-
gies with Other CORBA ORBs tiplexing strategies can enhance the the predictability of
middleware for DRE applications. Experiments were per-
This section quantitatively and qualitatively compares formed on an Intel Pentium Il 864 Mhz processor with
the approaches used in ZEN for the ORB-level demulti- 256 MB of main memory. For these experiments, ZEN
plexing (steps 3-5 in Figure 1) with those in other ORBs, was compiled using the GNcj [4] compiler version
including JacORB [2], the Sun JDK 1.4.1 ORB [17], and 3.2.1and executed using jRate 0.3a on Linux 2.4.7-timesys-
ORBacus [12]. Although each ORB supports a variety of 3.1.214 kernel.
options, we make the following assumptions for this analy-

sis: 3.1. POA Demultiplexing Comparisons
1. The child POAs have the same policies as the Root
POA. Both JacORB and the Sun ORB uskn@ar searchstrat-
2. Portable interceptors are not considered in request pro€9Y.i-€. iterate through each layer in the POA hierarchy to
cessing. find the target POA. Each POA, in both the ORBs, is asso-

3. The sequence of steps analyzed is for a remote clienciated with a POA id, which is initialized to the complete
request, not a collocated request. POA path name starting from the RootPOA. This POA id

4. All POAs are created during initialization. The com- fﬁencodeq n the ?bjetct key p?r:;:)nlggaAllidCQ%BA ObJECtls'd
plexity of dynamic activations of POAs using adapter erreceving a chient request, the 1015 demarshale
. . : and parsed to obtain the names of the intermediate POAs
activators is not considered. ;
5 Servants are normal CORBA servants that inherit from between the Root and the target POA. A sequential traver-
' or \c/)m PortableServer Ser antv IWe (Ijo sal of the POA hierarchy starting at the Root POA leads to
no%.conil'der DIl and I\DISI. v ' the target POA being found. Since JacORB and Sun ORB’s
', o ) ) POAs use a linear search algorithm, their demultiplexing
6. No proprietary policies are used in the ORBSs. incurs a worst case time bound 6fn). This strategy is
These assumptions are representative of the way in whichhon-scalable and unpredictable for DRE applications when
DRE applications commonly apply ORB middleware. the depth of the POA hierarchy is not knoamriori.



In ORBacus, every POA created is registered with two Empirical results: Inter-ORB analysis. For each of the
entities: 1) its POA Manager and 2) the POALocator class. four Java ORBs (ORBacus, JacORB, Sun, and ZEN), we
Both the entities usdynamic hashing, i.ejava.util. measured the POA demultiplexing time as the depth of the
Hashtable, toassociate the POA id with the correspond- POA hierarchy was varied. POA hierarchy depth was varied
ing POA reference. During object creation, the POA id is from 1to 150 in increments of 25, for a total of 7 conditions.
embedded in the object key portion of the CORBA object. For each condition, the time to reach the leaf POA was mea-
On receipt of a client request, the POA id present in the re-sured. Four different dependent measures of demultiplexing
guest is demarshalled. The internal hashtable is consultedime were analyzed: 1) latency for the average case; 2) la-
to locate the target POA. ORBacus's use of dynamic hash-tency for the 99% case; 3) latency for the worst case; and
ing providesO(1) lookup time only when there are no col- 4) dispersion (standard deviation). A sample size of 5,000
lisions; performance degrades as the number of collisionsdata points was used for each condition.
increase. The number of collisions can be controlled to o Average measures. Figure 4 illustrates that ZEN's

a certain extent by setting thava.util. Hashtable active demultiplexing is highly efficient; the average latency
load factor , though this strategy also increases the is ~8usecs. Furthermore, ZEN's performance is scalable;
amount of space used by the hashtable, which may not beaverage latency remains invariant across all conditions of

appropriate for DRE applications where both predictability hjerarchy levels. In contrast, the performance of dynamic
and memory footprint are important.

In ZEN, we use active demultiplexing. With _ Average . _ 99%
active demultiplexing, the overhead of Java's 625 1 )
hashtable and automatic hashtable resizing is elim- :12///* T e i
inated. The POAServerRequestHandler £ N *zs//”/'
class maintains an ActiveDemuxPOATable 4 o
Every POA created in ZEN registers with the | b
POAServerRequestHandler . During this registra- B Moy 10 1T B Moy 10 1T
tion, the ActiveDemuxPOATable.bind() operation L, Standard Deviation i Max
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Figure 2. POA Demux: Static Structure

hashing (ORBacus) degrades rapidly as the nesting of the
POA hierarchy increases and number of collisions in the
hashtable increase. Moreover, linear search (Sun ORB and
JacORB) degrades rapidly with increase in depth of POA

| rootPOA:POA | | hdIr:POAServerRequestHandler || table:ActiveDemuxTable |

: : : hierarchy.
create PQA addPOA [] bind D ¢ Dispersion measures. ZEN’s performance shows
destroy 1! ﬂ _ H high predictability; the dispersion in ZEN is smaller than
D [emovePOl . [ niind a] that of other ORBs. Furthermore, the dispersion for ZEN
? ‘ ‘ is independent of POA hierarchy depth. Conversely, the
Figure 3. POA Demux: Sequence Diagram dispersions for ORBacus, Sun ORB, and JacORB increase

with the depth of the POA hierarchy, indicating a reduction
Figure 2 shows the class diagram, and Figure 3 shows thdn predictability with the depth of hierarchy.
sequence of steps leading to the creation of an entry for the e Worst Case Measures. The 99% bounds for all
POA in ZEN's demultiplexing table. When an object is ex- ORBs follow a trend similar to that of their average cases.
ternalized é.g, via the ORB::object_to_string() ZEN's bound is smaller than those of the other three ORBs
operation), the index into the POA demultiplexing table and does not vary with the depth of POA hierarchy. Sim-
is added to the object key as a hint. Any request for this ilarly, the worst case measures for ZEN are smaller than
object then contains this index in its object key portion. those of the other ORBs. In contrast to the 99% bound,
The POASeverRequestHandler  uses this information  which is close to the average case, the worst case measures
to locate the POA that services the request in a siogle are high. The high maximum (max) values correlate with
table lookup.



the GC in Java. Table 1 shows that the more the GC runs,POA have the object id embedded within the object key. Af-

the worse performance becomesy, Sun ORB’s GC runs ter receiving a client request, the object id embedded within
54 times, whereas ZEN's GC runs 10 times). A second the request is demarshaled. The AOM uses the object id
within the client request to consult its internal hashtable to

ORB GCruns | Avg Mem Collected/run | Avg Time/run obtain the Corresponding servant.
ZEN 10 609728K 2.67000ms . S .
ORBacis| 26 609728K 5 74590ms ZEN uses Active Demultiplexing for this stage
JacORB 34 609728K 2.82470ms of demultiplexing. ZEN's RetainStrategy
Sun 54 609728K 2.16120ms (corresponding to the ACTIVE_OBJECT.MAP_ONLY
) value of the servant retention policy) maintains an
Table 1. GC Stats:POA Hierarchy depth=150 ActiveDemuxServantTable  , as shown in Figure 6.

|- ZEN assigns every active object in the POA a location
in this table. The POAservant_to_reference()

and id_to_reference() operations assign the ser-
vant a slot in the demux table using the internal ZEN
|_bindServant() method. The servant location in the
table is added as an ACT to the object key corresponding
to the externalized CORBA object. Any client requests for

factor is the use of JDK 1.4, which does not support Real
time Java. Our analysis below shows how the use of jRate
alleviates the high worst case values.

Empirical results: jRate Analysis. Figure 5 shows that
the use of jRate increases the predictability of the demu
tiplexing strategy used in ZEN. The dispersion when using

Average 99% this object thus contain this index in the object key. By
. 1 E ] using the information identified by the ACT, the servant

O ek [AARaE E corresponding to the object key can be found in a single

g 125} g 125¢ @@ jdkig ] ) ; H

I H 1 O(1) table lookup. The POAdeactivate_object()

3 e e—e 1 X € operation invokes ZEN's internalinbindServant()
ka2 o a4 4 ] [ ] method on thé\ctiveDemuxServantTable , which in
TR Ty S TR T ETOETEE turn recycles the demultiplexing slots in the table, as shown

Depth of POA Hierarchy Depth of POA Hierarchy in F|gure 7
- Standard Deviation Max
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Figure 5. jRate POA Demux Analysis Figure 6. Servant Demux: Static Structure
jRate is smaller than when using JDK 1.4 by a factor of
5. Similarly, the worst case latencies with jRate are sig-
. . 0a:POA retain:RetainStrat able:ActiveDemuxservantTable
nificantly smaller than with JDK 1.4; the worst case la- [meror | [Lomnnamnsiaen - | [otenotopenrsonencane = —
. . . servant_to_reference | in
tency with jRate is~60usecs, more than a factor of 7 bet- _>EM.D+D
. v B i
ter than~450 usecs with JDK 1.4. Moreover, the average M‘ unbindServant g ]
latency with jRate {14usecs) is less than with JDK 1.4 | T ;
(~20usecs).

Figure 7. Servant Demux: Sequence Diagram
3.2. Servant Demultiplexing Comparisons

ORBacus, JacORB, and Sun ORB use dynamic hash-Empirical results: Inter-ORB analysis. For each of the
ing for Step 4 of demultiplexing. Every POA in the ORBs  four Java ORBs (ORBacus, JacORB, Sun, and ZEN), we
is associated with an Active Object Map entity (AOM). measured the servant demultiplexing time as the number of
The AOM maintains an internal Hashtablef typejava. active servants was varied. The number of active servants
util.Hashtable to register the association between the registered with the POA was varied from 1 to 1,500 in incre-
object id of the CORBA object being activated and its cor- ments of 250, for a total of 7 conditions. For each condition,
responding servant. All object references generated by thehe time to reach the last servant registered and externalized

Lin JacORB, using the jacorb.hashtalolass property, the end user can Was measured. The same four dependent measures used in
specify the exact hashtable class to be used. the POA hierarchy tests were used here. A sample size of

5,000 data points was used for each condition.




e Average measures. Figure 8 illustrates that ZEN's  the greater the worst case latencies become. (Table 2 shows
active demultiplexing is highly efficient; the average latency that JacORB’s GC runs 47 times, whereas ZEN’'s GC runs
is ~8 usecs. Furthermore, ZEN's performance is indepen- 12 times). The high worst case latencies are also due to Sun
dent of the number of active servants. In contrast, the per-

ORB GCruns | Avg Mem Collected/run | Avg Time/run

Average 99% ZEN 12 609728K 2.4560ms
3 E 3 ORBacus 29 609728K 2.7459ms

JacORB 47 609728K 3.8247ms

Sun 37 609728K 2.5612ms

Latency (us)

Table 2. GC Stats: Number of Servants=1,500

Y S Y I R B Y S Y I T B
B bt sanams 0 1T 2 O o Saams 0T JDK 1.4, which does not guarantee real-time behavior. The
Standard Deviation use of jRate, discussed below, ameliorates this shortcoming.
Empirical results: jRate Analysis. The results presented

in Figure 9 show a pattern similar to the POA demultiplex-

ing results. The use of jRate not only ensures better pre-

.
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formance of dynamic hashing used by ORBacus, JacORB,

and Sun ORB degrades with the number of servants. Inter- L. 1.1 1.1 .1, N B A
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estingly, the graph reveals that JacORB and ORBacus out- Number of Servants Number of Servants
perform ZEN for a small number of servants. The reason , Standard Deviation Max

for this behavior is that after ZEN locates the target servant s ] T
using the ACT in the object key, a check is necessary to g2t -\_/’/' 125f

520 L

1) compare generation coufig the object key and in the
active demux table to determine if the target servant is the ~ .|
same, and 2) check if the target servant is still active. In 5k A

the other ORBs, however, deactivation of servants causes 20’ s‘og‘ isd}g‘oo‘l‘zso‘ im0 ° %0 5‘03‘ isdflg‘odl[z‘so‘ 1500 1750
entries to be removed from the AOM, thus avoiding these C S

extra comparisons.

di ° D|§per§|on meaﬁures. Ilzllgurﬁ 8 srr:owsfthe;‘t Z%NI;SB dictability but also leads to a lower latency for this stage of
Ispersion is generally smaller than that of other S demultiplexing. The dispersion measures indicate that the

Furtrl;er, ZfEN’§ dispersion d_?ﬁs &Ot mcrealse re“?bl{] W']Eh use of jRate ensures a tighter bound than JDK 1.4; the dis-
nhumber of active servants. The Max panel reveals that for o i, ith jRate is lower by a factor of 5, and does not

the condition of 1,000 servants,. an anoma}lous Worst_cas%jary with number of active servants. Moreover, the worst
sample_megsurement at. Juséc.s |s.reSponS|bIe fgr the in- case results for jRate display a trend similar to the disper-
crease in dispersion. Dispersion is decreased in the OtheEion measures. The maximum worst case measurements for
conditions, indicating that the increase did not stem from ZEN with JDK 1.4 (~48Qusecs) are greater than with jRate
the increase in the number of servants. Conversely, the(~65usecs) by a factor of 7.
dispersions for ORBacus, Sun ORB, and JacORB increase
with the number of active servants, indicating decreased
predictability with increase in number of servants.

e Worst Case Measures. The 99% bound for ZEN is _— . e
small, very close to its average latency. Unlike the other . The ZEN IDL compiler invokegperf , which is a Java

ORBSs, ZEN's 99% bound does not vary with the number |mplementation of the GN\gperf perfect hash function
of acti,ve servants. ZEN's worst case latencies are high generator [14]jperf  runs as a child process to generate

however. Once again, similar to the POA demultiplexing scalable, efficient, and predictable collision-free tokens for

results from Section 3.1, the more frequently the GC runs, Iook.up methods based on the op_eratlon hames defined inan
IDL interface. After receiving a client request, the operation

2Generation counts help to recycle slots in the active demux table. ~ name is demarshaled and then used to perform the upcall.

w

Latency(us)

»
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a

Figure 9. jRate Servant Demux Analysis

3.3. Operation Demultiplexing Comparisons




For each operation name in the IDL interface, JacORB and JacORB are larger and increase with the number of op-

and Sun’s IDL compiler create a uniqy&va.lang. erations, indicating decreased predictability as the number
Integer index and store the association injava. of operations increases.
util.Hashtable . After receiving a client request, the e Worst Case Measures. ZEN’s 99% bound and worst

operation name is used as a key into the hashtable to obtaitase measures are tighter compared to the other ORBs. As
its index. Using a switch on the index, the code performing in previous tests, the worst case measures for all ORBs are
the upcall is reached. We were unable to runjitiie 1DL high compared to the average and 99% bound. The GC
compiler provided by ORBacus. Hence, it is not possible analysis in Table 3 (with 50 methods) shows that the high-
for us to discuss the demultiplexing strategy used. We haveest worst case latency (the Sun ORB) coincides with the
reported this as a bug. maximum number of GC runs. In contrast, ZEN has the

Empirical results: Inter-ORB analysis. For each of the lowest worst case latency and fewest GC runs. The high

three Java ORBs (‘JaCORB’ Sun, and ZEN)’ We measure ORB GCruns | Avg Mem collected/run | Avg Time/run
the operation demultiplexing time as the number of opera- [ ZEN 5 609728K 1.156ms
tions in an IDL interface was varied. Number of operations | JacORB 7 609728K 1.238ms
was varied from 1 to 50 in increments of 10, for a total of 6 Sun 14 609728K 1.345ms
conditions. The same four different dependent measures of ) _
demultiplexing time used previously were analyzed here as Table 3. GC Stats:Number of Methods=50
well. A sample size of 5,000 data points was used for eachworst case latency indicates that ZEN has predictable de-
condition. multiplexing most of the time but not all the time when run

« Average measures. Figure 10 illustrates that ZEN's on JDK 1.4. The use of jRate, discussed below, addresses

LT . . this issue.
perfect hashing is highly efficient; the average latency is o . . .
~1pusec, and does not vary with the the number of ac- Empirical results: jRate Analysis. Figure 11 shows that

tive servants. In contrast, both JacORB and Sun exhibitjRate improves the predictability of ZEN's perfect hashing
' ' strategy. Overall performance is faster, as shown by the av-
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slower performance. The dynamic hashing strategies userage latencies which differ by a factor of four. The dis-
by JacORB and Sun ORB both incur a higher overhead topersion with jRate is tighter than with JDK 1.4, less by a
compute the hash function. Latency for both ORBs, how- factor of 5. The worst case measures for jRate show a trend
ever, is almost constant until the number of methods reachessimilar to the dispersion measures; the maximum worst case
30, at which point the latency increases hys8c for each  |atency with jRate is-30usecs while that of JDK 1.4 is60
condition. J1SECS.

e Dispersion measures. Figure 10 illustrates that
ZEN's predictability is better than that of the other ORBs; 4. Related Work
ZEN’s dispersion is smaller than that of the other ORBs
for all cases, and does not reliably vary with the number In recent years, a considerable amount of research has
of methods. In contrast, the dispersions for the Sun ORBfocused on enhancing the predictability of middleware for



DRE applications. We summarize key related efforts here. O’Ryan and Ossama Othman for contributing to ZEN’s ini-
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