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Abstract.  This paper presents a description of the concepts and func- 
tionalities of the DOSMOS-Trace monitoring tool. The designing choices 
lead us to introduce the concepts of Event Manager Processes and Meta- 
Objects. It allows to keep a good scalability of the system but also to 
get a low intrusive monitoring tool. 

1 In troduct ion  

By gathering the advantages of shared memory systems and distributed mem- 
ory systems, Distributed Shared Memory (DSM) systems offer an intuitive and 
easy-to-use programming environment and therefore receive increasing atten- 
tion. The total transparency of shared data accesses hides the behaviour of its 
application (and of the system) to the programmer. A monitoring tool would 
be a great help for him to better understand how the whole system (i.e. the 
application plus the DSM system) reacts. There are many monitoring tools but 
are essentially designed for message passing systems. In that framework, the 
relevant information is related to the sequence of "send" and "receive", but for 
DSM systems, it concerns the operations performed on shared data. Thus, this 
paper presents the concepts and the functionalities of our DSM monitoring tool, 
DOSMOS-Trace (section 3). This tool was developed to monitor the DOSMOS 
DSM system which is quickly described in section 2. Section 4 concludes this 
paper by giving the main direction of our future work. 

2 T h e  D S M  Sys tem Mode l  

Developed on top of PVM, DOSMOS (Distributed Objects Shared MemOry 
System) [1] already benefits from the portability property. 

The four main features of DOSMOS are: 

Variable shar ing:  The system allows the sharing of user defined variables in 
a totally transparent way. Basic types of data (i.e. integers, reals) but also 

static arrays can be declared. 
The array splitt ing up: This feature is provided in order to reduce the con- 

tention on variable accesses in case of false-sharing. 
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Fig. 1. DOSMOS system : an example of software configuration 

Weak  m e m o r y  cons is tency  model :  The system allows variable replication. 
Thus, to ensure a consistency between the variable copies, we have imple- 
mented a weak consistency model (the release consistency) which permits to 
avoid expensive synchronizations and useless communications. 

Hie ra rch ic  groups:  The idea is to gather the processes that access regularly 
to a common set of variables. Only processes belonging to the group of a 
variable are allowed to get a copy. Due to the process clustering, the number 
of variable copies is limited and the cost of the consistency maintenance is 
bounded. This allows a good system scalability. 

Figure 1 presents the software configuration of a DOSMOS application. It is 
composed by three types of processes: 

Appl ica t ion  Processes  (AP)  which contain the code of the user application 
(in C) plus code for communications with the Memory Processes. 

M e m o r y  Processes  (M P)  which are in charge of the management of the 
shared objects. It answers the access requests sent by the AppIication Pro- 
cesses. 

Link Processes  (LP)  are gateways for a Memory Process which wants to 
access a variable not present in the same group. 

3 The Monitoring Tool: DOSMOS-Trace 

3.1 T h e  Concep t s  

In order to provide a low intrusive and scalable monitoring tool, we choose to 
add a new kind of process in the system called Event Manager Processes (EMP). 
These processes receive information from the Memory Processes about variable 
accesses. Depending on the further use of the received trace data, they can be 
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stored in two ways. Firstly, to use them in a post-mortem manner,  they are stored 
i n  a t race file on disk. Since each EMP generates its own trace file, the whole 
trace data  can be distributed on several disks. By this way, DOSMOS-Trace is 
designed to work in a scalable and little intrusive way. Secondly, if the data  are 
used during the execution, we use a Meta-Object structure. Such a structure 
is associated to each variable and contains only useful information to perform 
on-line analysis and optimization. A complete description of the monitoring tool 
including the detailed concepts and protocols can be found in [2]. 

Processor I (group l) Processor 2 (group 2) 

Fig. 2. DOSMOS-Trace: example of a monitoring environment architecture 

3.2 The Functionalities 

V i s u a l i z a t i o n  The user needs to see how its application runs by displaying 
various views of the trace data. Our tool provides two kinds of views. The first 
one displays access statistics on a variable (c]. fig 3). The second one displays 
an "history" of the operations performed either on a shared variable or by an 
Application Process. For instance, figure 4 shows the variable activity versus the 
execution time. One can see that  the variable is shared by three processes. 

A n a l y s i s  a n d  O p t i m i z a t i o n  The trace information can also be analysed to 
detect some critical situations (i.e. bottlenecks, ping-pong effect, etc. . . )  or a 
bad group structure which lead a performance lowering. Such analysis can as 
easily be done in a post-mortem way as on-line [3]. 

The result of the trace analysis can be used to .optimize the application 
execution. By an on-line analysis, the system would be able to automatically 
modify some application parameters (i.e. the group structure).  Nevertheless, it 
could also restrict its work to just give the programmer some advice. 

D e b u g g i n g  We already have developed an extension to the system tha t  allows 
us to retrieve the state of each shared variable in the system when the application 

is hanging. 
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Fig. 3. Number and origin of the read ac- Fig. 4. Variable's activity vs execution 
cesses performed on an object vs execu- time 
tion time 

4 Conclus ion and Future Work 

This paper  has presented the concepts of the DOSMOS DSM system and its 
monitor ing tool DOSMOS-Trace.  The implementation and our experiments  have 
proved their scalability, efficiency and robustness. The introduction of Event 
Manager  Processes and Meta-Object  allows to get a small monitor ing overhead 
and a da ta  storage structure suited for an on-line use. Further  developments 
are mainly focus on the definition and the implementat ion of an analysis and 
optimizat ion tool. Moreover, we currently have a project with people developing 
OMIS [4] to extend their tool in order to be able to debug DSM applications 
and especially DOSMOS ones. 
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