Evaluating Cache Coherence
In the DSMIO System *

Carla Osthoff!, Cristiana Seidel®, Ricardo Bianchini?, Marta Mattoso?, and Claudio L. Amorim?

1 Departamento de Computagdo Eletrdnica - LNCC
2 Programa de Engenharia de Sistemas e Computag&o - COPPE/UFR]
3 Departamento de Engenharia de Sistemas e Computago - UERJ
osthoff@lncc.br, seidel@eng.uerj.br, {ricardo, marta, amorim}@cos .ufrj.br

Abstract—

There has been a significant amount of research on object-based
database management systems (ODBMS). In contrast to traditional re-
lational systems, ODBM S use the same data model for the clients and
the server. Thus, parallel ODBMS typically adopt a data-shipping ar-
chitecture, which allows data request processing to be performed at the
clients. Although such a strategy can improve performance by moving
data closer to clients and by alleviating the load on the server, it raises
the issue of cache coherence. Our work is based on the observation
that coherence maintenance techniques developed to improve software-
based distributed shared-memory systems can be exploited to improve
parallel ODBMS. In previous papers we proposed a coherence algo-
rithm, called DSMIO, that uses the Lazy Release Consistency model
and the diffing mechanism to limit the number and size of coherence
messages and save cache space. These papers evaluated DSMIO in the
context of a parallel object-based database system where one machine
acted as a server, accessing stable storage and keeping client caches co-
herent. In this paper we evaluate DSM1O for a system where each ma-
chine can act both asa client and a server. We use the state-of-the-art
CallBack L ocking (CBL) cache coherence algorithm asa basisfor com-
parison. Our results show that DSM 1O significantly outperforms CBL
for workloads with even a moderately high frequency of database up-
dates.

Keywords— Client-Server OODBMS, Parallel Database Systems,
Cache Coherence, Distributed Shared Memory

I. INTRODUCTION

There has been a significant amount of research on object-
based database management systems (ODBMS), e.g. [5,
24], both in their object-oriented and object-relational instan-
tiations. The main goal of the ODBMS is to provide a rich
data type system with high performance. This rich data type
system is fundamental for applications such as CAD/CAM
and CASE, but it is also beneficial for commercial applica-
tions. Regardless of the specific application, performance is
always an issue when large volumes of data are involved. Ad-
vances in the areas of parallel and distributed computing have
led to client/server and parallel ODBMS. Given the represen-
tation characteristics of ODBMS, these systems have gained
popularity in recent years.

In contrast to traditional relational database systems,
ODBMS use the same data model for the clients and the
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server. Thus, parallel ODBMS typically adopt a data-
shipping architecture, which allows data request processing
to be performed at the clients [4, 18]. With data-shipping,
the clients determine which data items are needed to satisfy
a given request and obtain those items from the server. How-
ever, strict data-shipping implementations are susceptible to
network and/or server bottlenecks that can arise when a high
volume of data is requested by clients. The key to avoiding
these bottlenecks is to cache data at the clients. The combi-
nation of data-shipping and client caching can improve per-
formance by moving data closer to clients and by alleviating
the load on the server. Unfortunately, client caching raises
the issue of cache coherence.

Cache coherence issues arise in many types of parallel and
distributed systems, including Distributed Shared-Memory
(DSM) systems (e.g. [2, 22, 10, 13, 21]). In fact, there are
many similarities between the basic coherence maintenance
techniques available in parallel database and DSM systems
[7]. Furthermore, the study of database cache coherence is
very tightly coupled with the study of concurrency control,
since cached data can be concurrently accessed by multiple
clients and locks can be cached along with data at clients.
Our work is based on the observation that the techniques
developed to improve software DSM systems can be ex-
ploited to improve parallel database systems that apply client
caching. In particular, well-established techniques to reduce
false-sharing in page-based software DSM systems, such as
relaxed memory consistency and the diffing mechanism, can
be very useful for parallel database systems.

With these ideas in mind, in a previous paper [17] we pro-
posed a coherence algorithm, called DSMIO, that uses the
Lazy Release Consistency model and the diffing mechanism
to limit the number and size of coherence messages and save
cache space. That paper presents the main principles be-
hind the algorithm and a set of preliminary performance re-
sults. In a more recent paper [15] we presented the current
version of the algorithm and a detailed analysis of its per-
formance in the context of a parallel object-based database
system where one machine acts as a server, accessing sta-



ble storage and keeping client caches coherent. The DSMIO
results were compared to those of the state-of-the-art Call-
Back Locking (CBL) cache coherence algorithm [6]. CBL
has been previously shown to achieve good performance over
a wide range of system configurations and workload charac-
teristics [25, 18, 4].

In this paper we extend our previous works by evaluating
DSMIO for a parallel database system where each machine
can act both as a client and a server, i.e. each machine ac-
cesses stable storage and takes active part in keeping data
caches coherent. Again, we use CBL as a basis for com-
parison. Our results show that DSMIO significantly outper-
forms CBL for workloads with a high frequency of database
updates. These results confirm our intuition that techniques
borrowed from software-based DSM systems can improve
the performance of parallel database systems.

The remainder of this paper is organized as follows. The
next section describes the cache coherence problem con-
centrating on background information about memory con-
sistency models and the description of the CBL algorithm.
Section 111 overviews the DSMIO algorithm by comparing it
against CBL. Section IV presents our methodology and ap-
plication workload. In section V we present the results of our
most important experiments. We relate our work to previous
research in section VI. Finally, in section VII, we present our
conclusions and proposals for future work.

Il. THE CACHE COHERENCE PROBLEM

Caches are used to amortize the high cost of accesses to
lower levels of the memory hierarchy. Caches have been
shown effective for sequential, parallel, and distributed sys-
tems. The utilization of caches in sequential systems is
straightforward. In contrast, caching in a parallel or dis-
tributed system is not as simple, since the system may have
to keep caches coherent to avoid application malfunction.

In the context of parallel database systems, the cache co-
herence problem is inherent to the existence of writable client
caches. Thus, these systems incorporate cache coherence
protocols or algorithms. In addition, these systems must im-
plement a synchronization mechanism to ensure mutual ex-
clusive access to shared data, which is usually implemented
by the well-known lock/unlock primitives. Both the cache
coherence algorithm and the synchronization primitives must
be carefully implemented, as they can cause high communi-
cation and coherence-induced overheads that can potentially
limit performance.

In the DSM world, it is well known that algorithms based
on relaxed memory consistency models can reduce these
overheads by delaying and/or restricting communication and
coherence operations as much as possible. In addition to the
use of relaxed consistency models, multiple-writer systems
attempt to reduce communication and coherence overheads

further by allowing two or more processors to modify their
local copies of shared data concurrently and merging modi-
fications at synchronization operations. Relaxed consistency
and multiple writers alleviate the effect of false sharing in
systems with large coherence units.

A. Relaxed Memory Consistency Models

The memory consistency model provides a formal specifi-
cation of how the memory system appears to the program-
mer. A number of relaxed consistency models have been
proposed in the literature [1] to allow a process to delay the
visibility of its shared data modifications to other processors
until certain synchronization accesses occur. Relaxed consis-
tency models allow views of the memory system to become
inconsistent until subsequent synchronization events.

The most commonly used relaxed consistency models are
the Release Consistency (RC) [8] and Lazy Release Consis-
tency (LRC) models [9]. These two models categorize the
synchronization accesses in acquires and releases. Acquires
are used to gain access to shared data (e.g. lock operation)
and releases are used to give such access away (e.g. unlock
operation).

In simple terms, in RC the modifications made to shared
data by a client C; need to become visible at another client
C; only when a subsequent release executed by C; becomes
visible at C;. LRC, on the other hand, does not require that
modifications be globally visible at the time of a release. In-
stead, LRC only guarantees that the one processor that ac-
quires a lock will see the modifications that precede the lock
acquire. To know which modifications actually precede a
lock acquire, LRC divides the program execution into inter-
vals in such a way that the intervals can be partially ordered
by synchronization accesses. So, on a lock acquire, the ac-
quiring processor asks the last releaser of the lock for the
information about the modifications made to shared data dur-
ing the intervals that precede the acquiring processor’s cur-
rent interval.

LRC has been implemented in several page-based soft-
ware DSM systems, such as [10, 13, 21]. TreadMarks [10] is
one of the most popular page-based software DSM systems
and forms the basis of our DSMIO system. In TreadMarks,
cache coherence is implemented via invalidations, i.e. the in-
formation about modifications to shared data takes the form
of invalidations (write-notices in TreadMarks terminology)
transferred on lock acquire operations. A write-notice in-
forms that a virtual memory page has been modified during
a particular interval, but does not contain the new data writ-
ten to the page. The new data is only requested and later
received by the acquiring processor on a subsequent access
to the page.

TreadMarks and all other page-based systems can poten-
tially suffer from false sharing. False sharing occurs when



multiple processors write to different data structures allo-
cated to the same page. Due to the large size of the virtual
memory page, this problem can cause tremendous perfor-
mance degradation. To counter this problem, TreadMarks
and several other systems allow multiple processors to write
to the same page concurrently. To avoid conflicts, the modifi-
cations made to pages in multiple writer systems are usually
stored in the form of page diffs, which encode the modifica-
tions leaving the unmodified data out.

B. The CBL Cache Coherence Algorithm

In the CallBack Locking (CBL) cache coherence algo-
rithm, clients access a virtual memory page by acquiring a
write or a read lock on the page. When a client C; tries to
acquire a read or a write lock for a page P, it sends a lock
request message to the server of the page and blocks until
it gets a response from the server. If there is no one else
caching page P, the server immediately grants the read or
write lock page P to client C;. If there is another client, C;,
caching page P, the server takes different actions depending
on the type of lock C; is requesting and the type of lock C;
is holding:

(@) If C; requests a read lock and C; holds a read lock, the
server immediately grants the read lock to C;, allowing the
two clients to hold a read lock for the same page;

(b) If C; requests a read lock and C'; holds a write lock, the
server sends a callback message to C;, which responds to the
server indicating whether it is still updating the page or not.
If C; is updating P, C; remains blocked until C; commits.
Otherwise, the lock is granted immediately;

(c) If C; requests a write lock and C'; holds a read lock, the
server sends a callback message to C;. If C; is not reading
page P anymore, it invalidates P from its cache and sends a
callback reply to the server. The server then sends a response
to C; granting it an exclusive lock on page P. Thus, when
a page is cached at different clients, it is necessary to send
callback messages to all other clients that cache the page,
and the initial lock requesting client blocks until all of these
messages are processed.

(d) If C; requests a write lock and C; holds a write lock,
the server sends a callback message to C;. If C; is still up-
dating the page, C; has to wait. Otherwise, C; invalidates P
from its cache and sends a callback reply to the server. The
server then sends a response to C; granting it an exclusive
lock on page P.

In CBL, before a lock is acquired, the previous writes to
the page must be observed at the server and at all the clients
that cache the page, so it follows the Release Consistency
(RC) model.

The CBL algorithm suffers from two main overhead prob-
lems, false sharing and callback delay. As in page-based
DSM systems, false sharing is a problem for CBL as a re-

sult of its use of the page as the coherence unit. A page is
usually much larger than an object, so many objects can fit in
a page. False sharing occurs when two clients write different
objects allocated to the same page. False sharing is partic-
ularly harmful to CBL, since CBL does not allow multiple
concurrent writers to the same page, as described above. The
callback delay is due to the fact that the server has to wait for
a callback reply from each client that has a page copy, before
sending a write lock to a client.

I1l. THE DSMIO CACHE COHERENCE ALGORITHM

The DSMIO algorithm has been described in detail in pre-
vious papers [17, 15], so we will focus this section on the
differences between DSMIO and CBL.

An important difference between the two systems is the
memory consistency model they adopt. CBL is based on
the RC model. DSMIO, on the other hand, is based on the
LRC model and uses the same infra-structure of intervals and
write-notices described in the previous section to keep track
of which modifications have to be seen by other processors.
In addition, DSMIO allows multiple concurrent writers by
using the diff mechanism, while CBL is a single-writer sys-
tem.

Another difference between the systems lies in the pro-
gramming model they support. The CBL algorithm re-
quires the programmer to differentiate between read and
write locks, while DSMIO only implements mutual exclu-
sion locks. The negative impact of relying exclusively on
mutual exclusion locks is limited in DSMIO by its use of
LRC. Nevertheless, we intend to add read and write locks to
DSMIO in order to address this issue.

The read and write operations themselves are also slightly
different in the two systems. On a DSMIQ read operation,
the client requests the page to the server. The server reads
the page from the disk, stores it in the DSMIO shared cache
and sends a copy to the client. When the client receives the
page from the server, it consults its list of write notices to find
out whether it needs diffs from other clients. If so, it requests
the diffs and waits for them to be sent back. After receiving
all the diffs requested, the client can apply them in turn to its
outdated copy of the page.

On a DSM write operation, the client first starts a read
operation to bring the page up-to-date. After that, it creates a
twin copy of the page and copies a private up-to-date version
of the page on top of it. At this point, the DSMIO algorithm
generates a diff for the page, comparing the modified version
with its twin. The diff is stored in the client’s local memory
and a write notice is incorporated to its current interval.



IV. METHODOLOGY AND WORKLOAD
A. Platform

Our experimental environment consists of a completely
dedicated IBM SP2 with sixteen 66MHz Power2 processors
running the AIX operating system. The nodes are connected
by a 40 MBytes/s Omega switch. All our systems communi-
cate using the UDP protocol.

B. Workload

The OO7 benchmark [3] has been developed to study the
performance of ODBMS, so we use the OO7 benchmark
database specification in our performance analysis. The key
component of the OO7 benchmark database is a set of Com-
posite Parts. Each Composite Part has an associated graph
of Atomic Parts. The Atomic Parts are the units out of which
the Composite Part is constructed.

In our experiments we use the medium benchmark
database (100 Mbytes), where each Composite Part contains
200 Atomic Parts. Although Composite and Atomic Parts
comprise the bulk of the OO7 database, there is still a higher
level in the OO7 hierarchy, Assembly Parts. Each Assembly
Part is made up of 3 Composite Parts. The medium base has
a total of 728 Assembly Parts.

Besides the definition of the database, the OO7 bench-
mark also specifies the operations made on the database. We
are interested in a special class of these operations, called
traversals. The OQO7 traversal operations navigate procedu-
rally from object to object, updating objects whenever spec-
ified. However, the broad range of OO7 traversals is under-
specified for our experiments because they do not include
the data sharing patterns. So, in our performance analysis
we use a single kind of OO7 traversal, T3, with and with-
out updates. We refer to these two variations of T3 as the
update and read applications, respectively. We also vary the
percentage of data sharing in each of these applications. We
do so by diving the database into a set of private regions and
a common shared region, and defining three different work-
loads: private, shared, and high contention. In the private
workload, each client reads/writes data from/to its private re-
gion for 80% of the time and reads data from the shared re-
gion for 20% of the time. In the shared workload, each client
reads data from its private region for 80% of the time and
reads/writes data from/to the shared region for 20% of the
time. In the high contention workload, each client reads data
from its private region for 20% of the time and reads/writes
from/to the shared region for 80% of the time. There is no
data contention in the private workload, while the data con-
tention increases when we move from the shared to the high-
contention workload.

The whole database is distributed among the disks of all
processing nodes. The data is distributed in round-robin fash-

ion. We implement a balanced distribution in such a way that
75% of the data is accessed locally and the other 25% is ac-
cessed remotely.

C. ODBMS

To evaluate the performance of DSMIO and CBL we in-
corporated them into an object-based database management
system called GOA, developed at COPPE/UFRJ [12].

GOA implements a client/server architecture. The client
contains the application code, while the server executes the
database persistence services and query processing. The
GOA client requests objects from the GOA server. The GOA
data model is compliant to the ODMG standard, and thus
ODL is used to create a database schema and OQL is used to
query stored collections of objects.

The original implementation of GOA is single user. There-
fore, it lacks concurrency control and transaction manage-
ment. We eliminated this shortcoming by starting a sequen-
tial GOA process on each machine and implementing concur-
rency control and transaction management within the cache
coherence algorithms.

We implemented two parallel GOA systems, CBL and
DSMIO-based systems, which only differ in terms of their
cache architecture. In the CBL-based system (GOA-CBL),
each processor has GOA’s original client cache (4 Mbytes)
and a server cache (36 Mbytes). In this way the clients access
the client cache first and, when there is a cache miss, they re-
quest the data to the server. The server either reads the data
from local disk (in case it has been assigned the correspond-
ing part of the data set) or forwards the request to another
processor (who is the one responsible for storing the cor-
responding data). The system implements concurrency and
transaction management according to the CBL algorithm.

The DSMIO-based parallel GOA system (GOA-DSMIO)
alters the original GOA cache architecture in order for both
the clients and the server to access a single cache (which is
set by default to 40 Mbytes, the same size as the sum of the
client and server caches of each processor in GOA-CBL),
as in any shared-memory system. When a client cache miss
occurs, the client requests the data to the server. The server
either reads the data from local disk or forwards the request to
another processor, again depending on which machine stores
the data locally. The system implements concurrency and
transaction management according to the DSMIO algorithm.

V. EXPERIMENTAL RESULTS

In this section we compare the performance of DSMIO’s
coherence algorithm against that of CBL.
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A. Private Workload

In figure 1 we present the execution times (in seconds) for
the private workload, as a function of the number of proces-
sors. The different curvesin the figure represent the perfor-
mance of the read application under DSMIO and CBL. The
two curves for the read application show that the read per-
formance of DSMIO is better than that of CBL for up to 4
processors. However, from 6 to 16 processors, the CBL read
performance becomes dlightly better than the DSMIO read
performance.

CBL performsworse than DSMIO for read operationsand
small numbers of processors because CBL maintains two
separate caches per node, a client cache and a server cache,
so that every read miss on the client cache requires a page
copy from the server cache. DSMIQ, in contrast, has only
one cache per node and thus does not require such page
copies. However, the DSMIO read performance does not im-
prove as much as CBL’s read performance as we increase
the number of processors. The reason for thisis that, in our
current implementation of DSMIO, the server denies remote
requests while it is modifying the shared cache. Thus, when
thereisahigher demand for server activities, thewaiting time
increases for remote requests. We are currently working on
ways to improve this aspect of DSMIO.

In figure 2 we present the execution times (in seconds) for
the private workload of the update application, as a function
of the number of processors. We can observe from the fig-
ure that DSMIO performs significantly better than CBL for
the update application. This advantage is mainly due to the
different effects of false sharing in the two systems. As CBL
does not allow multiple concurrent writers to the same page,
two clients cannot simultaneously write to different objects
that belong to the same page. In CBL, only one client can
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modify the page at atime. DSMIO, on the other hand, uses
the diffing mechanism and allows multiple concurrent writers
to the page, alleviating the negativeimpact of false sharingon
the system’s performance. Furthermore, DSM10 implements
the LRC model, which generates fewer coherence messages
than the RC model implemented by CBL. Infact, asthe num-
ber of processors increases, the number of coherence mes-
sages sent by DSMIO increases by a factor of 4 (from 800
to 3000 messages), while the number of coherence messages
sent by CBL increases by afactor of 17 (from 1800 messages
on 2 processors to 30000 messages on 16 processors). The
average callback delay of CBL increases only slightly from
22 microseconds on 2 processors to 23 microseconds on 16
processors.

B. Shared Workload

In figure 3 we present the execution times (in seconds) for
the shared workload, as a function of the number of proces-
sors. The different curves in the figure represent the perfor-
mance of update application under DSMIO and CBL. Note
that the execution time behavior of thisworkload issimilar to
that of the private workload. In terms of the performance of
the read application, the two systems exhibit the same perfor-
mance trends and comparein exactly the sameway as before,
see figure 1.

In terms of the performance for the update application,
the two systems again behave in the same way as for the
private workload curves. However, the performance differ-
ence between CBL and DSMIO is explained by other rea-
sons. Although, the shared update workload also exhibits
false sharing, true sharing dominates. Therefore, the per-
formance difference between the two systems comes mainly
from the coherence overhead involved in their different con-
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sistency models. This overhead manifests itself in terms of
coherence messages and the amount of time a processor has
to wait for data to be made coherent. AsDSMIO usesamore
relaxed consistency model than CBL, it sends fewer mes-
sages than its counterpart. More specifically, DSMIO sends
from 600 messages on 2 processors to 1600 messages on 16
processors, while CBL sends from 700 to 30000 coherence
messages. CBL a so involves a higher waiting time per page
access, as a result of its high callback overhead (the server
has to wait for a callback reply from each client that has a
copy of the page).

C. High-Contention Workload

In figure 4 we present the execution times (in seconds) for
the high-contention workload, as a function of the number of
processors. The different curves in the figure represent the
performance of read application under DSMIO and CBL. In
contrast with previous experiments, the curves for the read
application shows that the DSMIO read performance is bet-
ter than that of CBL for all numbers of processors we study.
The reason for this result is that the large number of remote
requests cause more cachemissesin CBL thanin DSMIO. In
CBL, thereply to aremote request made by aclient is stored
in the client cache. As the client cache is small (4 Mbytes)
in our experiments, it incurs a significant number of cache
misses. In DSMIO, on the other hand, the replies are stored
in the shared cache and, thus, generate a smaller number of
cache misses. (Recall that the DSMIO cache size is the same
as the sum of the server and client caches of each processor
in CBL. The performance tradeoff here is that, even though
the integrated cache of DSMIO generates fewer remote re-
guests, a DSMI0 node has to deny remote requests while it
is modifying the shared cache.)

In figure 5 we present the execution times (in seconds)
for the high-contention workload of the update application,
as a function of the number of processors. In terms of the
performance for the update application, DSMIO consistently
and significantly outperforms CBL for this workload. As
explained for the shared workload, the performance differ-
ence between the two systems comes from the coherence
overhead (the number of messages exchanged and the time
a processor has to wait for data to be made coherent). For
the high-contention update workload, this overhead is even
higher, as there is a much larger number of remote requests.
More specifically, CBL sends from 18000 coherence mes-
sages on 2 processors to 37000 messages on 16 processors,
while DSMI0O sends from 2.400 to 12000 messages, respec-
tively. The average callback delay of CBL increases from
23 microseconds on 2 processors to 35 microseconds on 16
processors.

Even though CBL suffers from a large number of coher-
ence messages and a high overhead for making data coherent,
it includes read locks, while DSMIO currently relies exclu-
sively on mutual exclusion locks. In order to estimate the
negative impact of this limitation, we implemented a varia-
tion of the High Contention workload, where data are never
written (so mutual exclusion is not necessary), which repre-
sents the worst case scenario for DSMI10O. On 16 processors,
we find that each mutual exclusion lock operation adds an
additional 490 microseconds of overhead to our system. We
will address this overhead in the next version of DSMI0O by
differentiating between read and write locks.

V1. RELATED WORK

While there has been a considerable amount of general
work on software DSM systems in the recent past and some
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work on database memory performance multiprocessor sys-
tems, not much work has been done on running database sys-
tems or other applications that make intensive use of operat-
ing system functionality on DSM.

The closely related work is athesis from Rice University
[19], in thiswork TreadMarksis used as a platform for sup-
porting the database Postgres[11]. The work is concerned
to research the additional support pieces to handle problems
that arose because of the application characteristics, they
have no concern on altering application design, therefore the
system show slowdown performance.

The work by Scales and Gharachorloo [22] does address
many of the issues we dealt. They implement software DSM
Shasta[23], afine-grained memory consistency, at the cache
block-level, that request to rewrites hardware multiproces-
sors binaries. Their goal was also to run a parallel database
over a cluster with their DSM. They used the commercial
Oracle database to run queries from TPC-D.

An important problem in distributed object and object-
relational DBMSsis client cache consistency. Lots of recent
work have been proposed on this topic [4, 18, 25]. Their
main goa is to decrease false sharing problems throught
changing CBL algorithm cache coherence granularity de-
sign. As these are simulated work we do not know the real
impact on CBL algorithm perfomance, we have plans to add
these algorithm extensions on DSMIO in order to study the
performance impact.

VII. CONCLUSION AND FUTURE WORKS

In this paper we evaluated the DSMI10O system in the con-
text of a parallel object-based database system where each
machine can act both as a client and a server. We used the
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state-of -the-art CallBack Locking (CBL) cache coherenceal -
gorithm as a basis for comparison. Our results show that
DSMIO significantly outperforms CBL for workloads with
even amoderately high frequency of database updates.

Based on these results, we conclude that DSMIO, and in
particular Lazy Release Consistency and multiple writer pro-
tocols, indeed improve the performance of parallel database
systems.

In the near future, we will address the few limitations of
DSMIO that were mentioned throughout the text and will
start more explicitly tackling fault tolerance issues. In this
context, we will be touching on some of the same issues
in Recoverable DSM systems [14]. We will also evaluate
DSMIO for larger databases and with more nodesin order to
evaluate the system’s performance in the face of cache over-
flow and operating system 1/O buffer saturation. Finally, we
will compare the DSMIO results to those of CBL-based sys-
tems that use afiner coherence unit granularity.
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