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Abstract 

In this paper, we describe three 
Client-Server DBMS architectures. 
We discuss their functional compo- 
nents and provide an overview of 
their performance characteristics. 

1 Introduction 

In the eighties, a lot of research was 
geared towards the design and realization of 
database machines. Special purpose, expen- 
sive hardware and software were designed 
and attempted to provide high transaction 
throughput rates utilizing parallel processing 
and accessing of multiple disks. However, in 
a world of continuously evolving hardware 
technology, designing and prototyping such 
systems proved to be extremely difficult. 

In recent years, we have observed different 
trends. Research and technology in local 
area networks have matured, and worksta- 
tions have become very fast and inexpensive 
while data volume requirements continue to 
grow rapidly [1]. In light of these develop- 
ments, computer systems--and DBMSs in 
particular--in order to overcome long la- 
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tencies have adopted software client-server 
architectures to improve their performance. 
These software solutions are not only less 
costly, but also much more durable as the 
hardware evolves. 

Client-Server architectures originated in en- 
gineering application environments where 
data is mostly processed in powerful work- 
stations with CAD/CAM or other special 
purpose software, while centralized reposi- 
tories with check in and check out protocols 
are predominantly used for maintaining data 
consistency. However, many more applica- 
tions demand exactly the same or very sim- 
ilar access and process patterns, including 
those dealing with large scientific databases 
and archival databases. 

The following are the basic database capa- 
bilities needed today: 

1. data staging: The volume of opera- 
tional databases keeps growing and, in 
several applications, has already passed 
well beyond the effective range of query 
optimization and processing. Therefore, 
data caching mechanisms are necessary 
for extracting chunks from these "mas- 
sive" databases and using them in a 
user-tailored operational region. 

2. database interoperability: Multiple al- 
ready deployed databases must be made 
accessible through a cooperative envi- 
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ronment for exchanging data, bindings, 
and control on a continuous basis. This 
will allow invaluable data correlation 
and smooth update propagation. 

The purpose of this short paper is to 
present three Client-Server DBMS architec- 
tures and provide an overview of their per- 
formance characteristics. The three DBMS 
configurations are: the standard Client-  
Server (CS) [3, 10], the RAD-Unify type of 
DBMS (av)[8],  and the ADMS::I:: Enhanced 
Workstation-Server architecture (EWS)[5, 
7]. These three Client-Server architectures 
cover the whole spectrum of query process- 
ing and data distribution; from no query 
processing on the clients and no data dis- 
tribution (CS), to only some query process- 
ing on the clients but still no data distri- 
bution (RU), all the way to most of the 
query processing on the clients with almost 
all page access from downloaded and cached 
data (EWS). 1 

In order to evaluate the performance char- 
acteristics of these three architectures under 
a wide variety of parameters, we developed 
three closed queuing network models and im- 
plemented a simulation package for each of 
the architectures. Our experiments included 
several different workloads expressed in the 
context of continuous transaction streams[2] 
in which we varied query-update mix and 
the selectivity of update transactions from 
0%-8% of the tuples of the base relations. 
We measured several key parameters includ- 
ing I /O and query processing distribution, 
parallelism achieved, network overhead, and 
total transaction throughput. The last one 
captures the real power of each architecture 
because it combines all other measurements. 
Finally, we measured the scale up behavior 
of each architecture as the number of work- 

1 Note that although a Client-Server architecture can 
distribute both query processing and data, it is not a 
distributed DBMS architecture because the server acts 
as the primary data and control site. 

stations increased. 

In section 2, we describe the three Client- 
Server DBMS architectures and identify 
their specific functional components. In sec- 
tion 3, we discuss the method of evaluation 
and their performance. Conclusions can be 
found in section 4. 

2 M o d e r n  C l i e n t - S e r v e r  D B M S  
Archi tec tures  

Although the architectures are general 
enough to be applicable for many data mod- 
els, they are described here for the relational 
model only. 

2.1 T h e  S t a n d a r d  C l l e n t - S e r v e r  
A r c h i t e c t u r e  ( C S )  

In the CS architecture [3, 10], each client 
runs an application on a workstation but 
does database access from the server. This 
process is depicted in Figure l(a). Only 
one client is shown for the sake of presen- 
tation. The communication between server 
and clients is done through remote calls over 
a local area network (LAN). Applications 
processing is carried out at the client sites, 
leaving the server free to carry out database 
work only. The same model is also applica- 
ble for a single machine in which one process 
runs the server and others run the clients. 
This configuration avoids the transmission of 
data over the network but obviously puts the 
burden on the system's load. In this paper, 
we assume that  server and client processes 
run on different hardware. 

Despite the distributed fashion of the ap- 
plications, this architecture retains most of 
the main resource bottlenecks of a central- 
ized DBMS, e.g., blocking, I /O, and CPU. 
Furthermore, application programs, despite 
the fact that  they are distributed, are totally 
dependent on a typically overloaded process. 
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Figure 1: CS, RU, and EWS architectures 

2 . 2  R A D - U n i f y  T y p e  o f  D B M S  
A r c h i t e c t u r e ( R U )  

The broad availability of high speed net- 
works and fast processing diskless worksta- 
tions were the principal reasons for the in- 
troduction of the RAD-Unify type of DBMS 
architecture(RU) presented by Rubinstein et 
al. in [8]. The main objective of this con- 
figuration is to improve the response time 
by utilizing both the workstation processing 
capability and its virtual memory. This ar- 
chitecture is depicted in Figure l(b). The 
role of the Server DBMS is to execute low 
level operations such as locking and page 
reads/writes. The workstation performs 
query optimization, i.e., for each query it se- 
lects the plan of execution, and then carries 
it out. As data pages are needed during the 
query processing, they are requested from 
the server. The server's data manager re- 
trieves and sends data pages to the diskless 
workstation virtual memory for carrying out 

the rest of the processing. 

This architecture was shown to perform well 
for mostly look-up operations, much better 
than the traditional client server configura- 
tions [8]. However, the authors acknowledge 
that the architecture may perform well only 
under the assumption of light update load. 
More specifically in the system's prototype, 
it is required that only one server database 
writer is permitted at a time. The novel fea- 
ture of this architecture is that unlike dis- 
tributed systems it does not have to support 
a front end/back split at the query level, and 
that the transfer of pages to the appropriate 
workstation memory improves response time 
at least in the case of small to medium-sized 
retrieval operations. 

Although this architecture extends distribu- 
tion with query and application processing 
performed on the workstations, it is still 
very dependent on the server's I /O band- 
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width and the load of the data manager. In 
other words, it does not improve the biggest 
bottleneck in DBMSs. Furthermore, it de- 
creases the autonomy of the workstations 
which have to make a huge number of I /O 
requests to the server, while at the same time 
causing a much higher network load than the 
CS architecture. 

2.3 The  A D M S ±  Extended  Workstat ion 
Server Archi tecture  (EWS)  

The ADMS± Extended Workstation Server 
Architecture (EWS) distributes most of the 
query processing and the I /O load to the 
workstation clients by incorporating in each 
workstation a full-fledged DBMS which co- 
operates with the server DBMS, and by 
downloading and caching query results in 
the workstations' databases. [5, 7]. The 
workstation and the server DBMSs process 
queries in synergy utilizing as much as pos- 
sible downloaded and cached data which is 
maintained using incremental access meth- 
ods [4]. Figure 1(c) depicts the EWS archi- 
tecture. 

Initially, the workstations start off with an 
empty database. Caching query results 
over time permits a user to create a local 
database subset which is pertinent to the 
user's application. Furthermore, a user can 
integrate into her/his local database private 
data for added-value. The caching of query 
results offers two major advantages: it elim- 
inates requests for the same data from the 
server and boosts overall performance be- 
cause workstation DBMSs access in parallel 
local data copies. In the presence of updates, 
the system needs to ensure that,  before a 
workstation DBMS uses one or more cached 
results derived from some global relation(s), 
relevant updated tuples of these relations are 
propagated and incorporated into the locally 
cached results. 

Updates are transmitted to the server be- 

fore they are performed on the local copies 
Thus, the server acts as the the primary dat 
site. Logs are utilized as the recording mech 
anism of committed updates. Every serve 
relation is associated with an update log an, 
every tuple in it is t imestamped with a u/~ 
date operation number. During a query o 
an update request from a workstation, th 
server, along with the query result or incr¢ 
mental update of one, also returns to th 
workstation DBMS the last update time~ 
tamp for each of the deriving relations. Thi 
information is stored on the workstation 
and relieves the server from keeping trac 
of the timestamps whose number can be ai 
bitrarily large; there can be a large numbe 
of cached data subsets with independent Ul: 
date timestamps which multiply very quickl 
with the number of workstations. 

Query transactions involving server relation 
are transmitted to and processed by th 
server. When the result of a query is cache 
into a local relation for the first time, thi 
local relation gets bound to the server rele 
tions used in extracting the result. Quer 
processing against bound data is precede 
by a request for an incremental update ( 
the cached data. The server is required t 
look up the portion of the log that  maintain 
timestamps greater than the one seen by th 
submitting workstation. Only relevant fra( 
tions (increments) of the modifications ar 
propagated to the workstation's site. The a 
gorithms that carry out these tasks are base 
on the Incremental Access Methods for rel~ 
tional operators described in [4] and invoL 
looking at the update logs of the server an 
transmitt ing differential files [9]. This si t 
nificantly reduces data transmission over tl~ 
network as it only transmits the incremen 
affecting the bound object, unlike the trad 
tional CS architectures, in which query r, 
sults are continuously transmitted in the 
entirety. 
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It is important to point out some of the char- 
acteristics of the concurrency control mech- 
anism assumed. First, since in each of these 
three architectures, updates are done on the 
server, a 2-phase locking protocol is assumed 
to be run by the server DBMS. Second, we 
assume that  the update logs on the servers 
are not locked and, therefore, the server can 
process multiple concurrent workstation re- 
quests for incremental updates. 

There are two major advantages of the EWS 
architecture over the other two architectures. 
The first is its ability to perform concur- 
rent and parallel access of cached data from 
multiple disks of workstations. This brings 
a significant reduction of the load on the 
server I /O manager and the blocking fac- 
tor. The net result is much higher trans- 
action throughput. The second advantage is 
the increase of the autonomy of the work- 
stations. Lazy or periodic update propaga- 
tion even allows the workstations to discon- 
nect themselves temporarily, and work with 
cached data; even when the server is down. 
Furthermore, the incremental (lazy or peri- 
odic) update strategy avoids the enormous 
network traffic and workstation data filter- 
ing caused by broadcasting, i.e., transmis- 
sion of all (relevant and irrelevant) updates 
to all workstations. 

3 S i m u l a t i o n  E x p e r i m e n t s  

In this section, we give a small set of simu- 
iation experiments comparing the three ar- 
chitectures. The main performance criteria 
for our evaluation are the average transac- 
tion throughput and extensibility. A more 
thorough evaluation of the three architec- 
tures can be found in [2]. 

The database for our experiments consists 
of eight base relations. Every relation has 
cardinality of 10000 and maintains two in- 
dexes (one is clustered). The database is res- 

ident on the server's disk. Before running the 
experiments in the case of the EWS archi- 
tecture, we let the system run for some ini- 
tial period so that  all the workstations cache 
the data of their interest (locale). Once 
this initial phase has ended, identical query 
streams are submitted to each of the archi- 
tectures. The average page disk access time 
is set to 15msec for the server and 20msec 
for the clients. The server CPU rate is set 
to l lMIPS and to 20MIPS for the worksta- 
tions. 

A Query-Update Stream(QUS) is a se- 
quence of query and update transactions 
mixed in a predefined ratio. In this pa- 
per's experiments, the mix ratio is 1:10 that 
is each QUS includes one update for ev- 
ery ten query transactions. QUS transac- 
tions are randomly selected from a predeter- 
mined set of operations which characterizes 
the workload. Every client/workstation sub- 
mits for execution its QUS (one transaction 
at a time) and terminates when all its trans- 
actions have completed successfully. 

The used QUSs for the experiment are made 
up by the following transactions: eight se- 
lections with tuple selectivity of 5% (one per 
relation-two of them are done on clustered 
attributes), four 2-way join operations with 
join selectivity 0.4, and finally eight modifi- 
cations to the base relations with varying up- 
date selectivity rates (two use clustered at- 
tributes). The update selectivity rates give 
the percentage of tuples changed in a rela- 
tion during an update transaction. For our 
experiments, update selectivity rates are set 
to the following values: 0% (no modifica- 
tions), 2%, 4% and 8%. Other experiments 
designed around the Wisconsin benchmark 
can be found in [5]. 

In Figure 2, the throughput rates for both 
CS and RU architectures are presented. The 
number of clients varies from 4 to 56. There 
are clearly two groups of curves: those of the 
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CS (located in the lower part of the chart) 
and those of the RU (located in the upper 
part of the chart). In general, we could 
say that  the throughput averages at about 
9.5 transactions per minute for the CS and 
10.1 for the RU case. From 4 to 24 clients, 
throughput increases as the configurations 
capitalize upon their resources. It is evident 
from the figure that  since RU utilizes the 
CPU of its workstations for DBMS page pro- 
cessing, it performs slightly better than its 
CS counterpart. The average RU through- 
put improvement for this experiment is 5.4% 
higher than that  of CS. For more than 48 
clients, we observe a throughput decline at- 
tributed to high contention and the higher 
number of aborted and restarted transac- 
tions. 

Figure 3 shows the EWS throughput for the 
very same streams. The 0% update selec- 
tivity curve shows that  the throughput of 
the system increases almost linearly with the 
number of workstations. As the update se- 

lectivity rate increases (2%, 4%) the level o 
the achieved throughput rates remains higt 
and increases almost linearly with the num 
ber of workstations. This holds up to 32 sta 
tions. After that,  we observe a small declin 
that  is due to higher conflict rate caused b: 
the increased number of updates. Similar de 
clines are observed by all others (except th, 
0% update curve). From Figures 2 and 3 
we see that  the performance of EWS is sig 
nificantly higher than those of CS and RU 
For EWS the maximum transaction process 
ing rate is 392 jobs/min (all 56 workstation 
attached to a single server with 0% updates 
while the maximum throughput value of th 
CS is about 10.01 jobs/rain and of the RI 
10.42 jobs/min. This increased performanc 
is attributed to three reasons: 1) the client 
use their local disks and achieve maxim~ 
parallel access to already cached data, 2) th 
server carries out less disk operations (onl 
updates) and handles only short message 
and acknowledgments routed through th 
network, and 3) significantly less data mow 
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ment across the network is observed. The 
number of workstations after which EWS 
observes a decline in transaction through- 
put is termed "maximum throughput thresh- 
old" (mtt) and varies with the update rate. 
For instance, for the 2% curve it comes to 
about 40 workstations and for the 4% and 
8% curves about 24 workstations. We be- 
lieve t ha tm t t  greatly depends on the server 
concurrency control manager, and a more so- 
phisticated manager (such as that  in [11]) 
than the one used in our simulation package 
would further increase the rntt values. 

Figure 4 depicts the throughput speedup of 
RU and EWS architectures over CS (y axis is 
depicted in logarithmic scale). At the lower 
part of Figure 4, the RU over CS speedup is 
shown. Although RU performs better than 
CS under the current workload for the rea- 
sons given earlier, its corresponding speedup 
is bearly noticeable. Thus, only the 0% up- 
date selectivity rate experiment is shown in 
Figure 4. The rest of the curves map very 

closely to the 0% curve. The speedup for 
EWS is almost proportional to the number 
of workstations at least for the light update 
streams (0%, 2%, and 4%) in the range of 4 
to 32 stations. For the 4% update stream, 
the relative throughput for EWS is 15 times 
better than its CS-RU counterparts (at 56 
workstations). It is worth noting that  even 
for the worst case (8% updates), the EWS 
system performance remains 7 times higher 
than that  of CS. 

We were also interested in the scale-up be- 
havior of all architectures under the presence 
of a large number of workstations. For this 
purpose, we ran experiments where the num- 
ber of clients/workstations ranged from 4 to 
200 per server. Figure 5 depicts the result- 
ing curves for the CS and RU experiments 
and indicates that  both curve groups (for 
CS and RU) beyond 32 clients give approx- 
imately stable throughput rates as it is ex- 
pected. Figure 6 shows the curves for the 
EWS experiment. The graph indicates that 
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beyond the m t t s  region the throughput of 
the EWS is almost "stabilized" (beyond 100 
workstations) regardless of the update inten- 
sity. This stability is due to the saturation 
of the server's concurrency control manager. 
Note however, that even after the satura- 
tion point, the EWS architecture can pro- 
cess many more jobs than the CS and RU 
architectures. The 0% update curve shows 
no saturation and continues to increase al- 
most linearly. 

4 S u m m a r y  

The simulation experiments comparing the 
three Client-Server architectures showed 
that the RAD-Unify performs almost always 
slightly better than the standard Client- 
Server architecture. However, the improve- 
ment is rather negligible because the exper- 
iments that we ran--continuous streams of 
relational queries and updates, were mostly 
I/O bound. On the other hand, the ADMS~ 
Enhanced Workstation-Server architecture 

offers performance which is at least an or- 
der of magnitude higher than that of RAD- 
Unify architecture. Most of this improve- 
ment is attributed to the parallel access of 
the staged data cached on the local disks. 

It should be pointed out that a limited num- 
ber of our simulations for the ADMS± EWS 
architecture were verified by real experimen- 
tal runs on our prototype [6]. These runs 
covered the lower end of our graphs, up to 10 
workstations, and displayed behavior identi- 
cal to the simulations. These experimental 
runs are reassuring about the correctness of 
the assumptions of the simulation models. 
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