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A b s t r a c t .  This paper describes a performance t u n i n g  too l  for DSM- 
based parallel computers. SVMview is a tool for post-mortem analysis 
of page m o v e m e n t s  caused  by the execution of Fortran-S programs. This 
too l  is able to analyze particular phenomena such as false-sharing which 
occurs when several processors write into the same page simultaneously. 

1 Introduction 

Since 1985, the design of High Performance Parallel Processing Systems (HPPPS) 
is mainly based on distributed memory parallel computers (DMPCs). Exploit- 
ing the performance of such computers is not an easy task since the program- 
ming model is often seen as a break through process as compared to the one 
associated with sequential computers. Programmers have to manage explicitly 
message-passing between processors as well as da ta  distribution over the local 
memories which is considered as some sort of low level programming. Several al- 
ternatives have already been investigated to program DMPCs using a high level 
programming model. Most of them aim at providing a global address space im- 
plemented either by a compiler (HPF-like approach) or by an operating system 
layer (Distributed Shared Memory) 

This latter idea arose from the K. Li's PhD thesis [11]. Since then, a great 
deal of work has been carried out in that  area for both distributed systems 
(networks of workstations) and parallel computers (DMPCs). However, at the 
present time, none of the existing DMPCs provides a shared virtual memory 
layer although the usefulness of such a concept has clearly been demonstrated 
for some applications [2]. There are various reasons to explain such limited im- 
pact of innovating technology. Among them, the availability of a shared memory 
abstraction makes the programmer not pay at tent ion to da ta  locality thus en- 
tailing bad performance. Contrary to the message passing, communications are 
implicit through page movements. Therefore, a programmer does not easily fig- 
ure out where communications occur in his program. Two other reasons have 
been recently pointed out by J. Carter in [6]. The first one is that  "existing DSM 
systems are not well integrated with ~he rest of the software environment such as 
the compile#'. The second one is because '%here is a dearth of tools for debugging 
and tuning the performance of DSM programs". These two reasons are closely 
related since tools for tuning performance of DSM systems often depend oil the 
availability of programming environments. However, there are several on-going 
research efforts dealing with the design of programming environments for DSM 
systems: among them Fortran-S [4] and SVM-Fortran [7]. 

* This work is supported by the Esprit BRA APPARC and an Intel ERDP 
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This paper describes a performance tuning tool for DSM systems called 
SVMview [3]. SVMview has been designed to analyze page movements caused 
by the execution of Fortran-S programs. It has been targeted to various parallel 
computers such as the iPSC/2 running KOAN DSM [10] and the Paragon XP/S 
running either ASVM [14] or MYOAN[5]. 

2 A D S M - b a s e d  P r o g r a m m i n g  E n v i r o n m e n t  

This section gives an overview of a programming environment we designed for 
the Paragon XP/S. It consists of a DSM system (MYOAN) for the OSF/1 MK-AD 
operating system and a parallel Fortran code generator (Fortran-S). 

MYOAN [5] is a shared virtual memory system designed for the Intel Paragon 
supercomputer that is implemented as an external pager of the MACH micro- 
kernel. It provides the same functionalities as KOAN which was originally de- 
signed for the Intel iPSC/2 [10]. MYOAN offers several consistency protocols: 
strong (atomic) consistency and a relaxed form of consistency, that allows mul- 
tiple writers into the same page. In addition, MYOAN provides a page broadcast 
mechanism to avoid contention when several processors request the same pages 
(producer-consumer scheme). A monitoring support has been added to provide 
the user with a detailed feedback (counters and events) of the execution of par- 
allel programs. Counters give a global view of the DSM activity while not con- 
suming too much memory. However, such information is inadequate whenever a 
detailed analysis is required. In this case, it is better to gather DSM events for 
further processing. Unfortunately, storing all events that occur during a parallel 
execution is a highly memory demanding operation. Nevertheless, MYOAN is able 
to trace events related to page management, like the activation of the page fault 
handler and servers that process incoming page requests and page invalidations. 
These events are stored in a temporary user buffer on each node. 

Fortran-S [4] is a parallel extension to Fortran targeted for DSM parallel 
architectures. A set of directives provides the programmer with a simple pro- 
gramming model based on shared array variables and  parallel loops. Shared 
variables are mapped into distributed shared memory regions provided by a 
DSM system. Parallel loops can be distributed among the available processors 
using several predefined scheduling policies. In addition, Fortran-S features di- 
rectives to handle specific behavior such as false-sharing or producer-consumer 
scheme. Similarly to other control-oriented parallel fortran languages, Fortran-S 
offers several directives to specify reduction operations or synchronization such 
as critical section, atomic update and user events signals. Some other directives 
in Fortran-S are meant for execution monitoring. Among them, a pair of direc- 
tives define a code section where a detailed analysis is in order. 

3 A n a l y z i n g  P a r a l l e l  P r o g r a m s  R u n n i n g  o n  a D S M  

The combination of a DSM system with a "high-level" programming model, such 
as MYOAN and Fortran-S, allows an incremental approach to parallelization. 
Since the parallel programming model is based on the use of directives, the 
programmer can simply modify or insert directives either to parallelize a new 
part of the code or to optimize a part which has already been parallelized. The 
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optimization is a loop-based analysis process: the programmer modifies his source 
code, runs it on a parallel computer, and then pinpoints the bottlenecks using 
a performance tuning tool. During program execution, events are gathered in 
order to be visualized using a dedicated tool in a post-mortem process. To make 
program optimization easier, a performance tuning tool has to deal with three 
aspects: communication, load balancing and synchronization. 

C o m m u n i c a t i o n  Bo t t l enecks  in DSM Sys tems  Several data access pat- 
terns may increase the amount of communication generated by the DSM system. 
Memory management may decide to remove a copy of a page that is still needed 
for further computations. This well-known problem in virtual memory manage- 
ment is called page thrashing. Another phenomenon is false-sharing. It occurs 
when several processors are writing simultaneously to the same page. Due to the 
strong cache coherence protocol, such a page will move back and forth between 
processors. Several solutions can be applied to solve this problem such as array 
padding, specific loop scheduling strategy, compiler optimizations or the use of 
specific cache coherence protocols. Depending on the degree of false-sharing and 
the way the program has been parallelized, one of these optimizations is proba- 
bly better than the others. In order to decide which of these optimizations has 
to be used, a fine-grained analysis of this phenomenon is necessary. 

Another severe drawback of a DSM system is its lack of support for efficient 
management of a producer-consumer scheme. Our experiments have shown that 
such data access patterns can entail very bad performance when the number 
of processors crosses over a given threshold. The actual threshold depends on 
both the target architecture and the implementation of the DSM system. A 
performance tuning tool has to offer a way to monitor such a problem. 

Load  Ba lanc ing  Some of the loop scheduling strategies may cause a heavier 
communication traffic than others. For instance, a scheduling strategy based 
on cyclic distribution of the iteration space, is sometimes well suited to dis- 
tribute the load when the amount of computations depends on the iteration 
value. On the other hand, such a strategy may have the drawback of increasing 
the false-sharing effect. A block distribution strategy may badly distribute the 
load whereas it allows keeping the amount of false-sharing low. Another strat- 
egy based on affinity scheduling may have the advantage of reducing the page 
movements by exploiting the underlying temporal locality of the code. However, 
it may lead to a poor load balance. A trade-off has often to be found by users 
to select the scheduling strategy offering the maximum performance (i.e. a few 
page movements with a good balance of the load). A performance tuning tool 
has to provide the programmer with the possibility to analyze page movements 
and load balance in connection with a scheduling strategy. 

Synchron iza t ion  When a SPMD execution model is considered, barrier syn- 
chronizations play an important role in synchronizing processor activities. The 
Fortran-S compiler automatically inserts barrier synchronizations before and af- 
ter a parallel loop to ensure the correctness of the program execution. Removing 
useless barrier synchronizations is part of the optimization process since some of 



101 

them are not really needed depending on da ta  dependencies. Therefore,  a perfor- 
mance tuning tool must inform the programmer about  the synchronization cost. 
The programmer may then take the decision to remove some barriers. For this 
purpose, Fortran-S provides several directives to inform the compiler to suppress 
barrier synchronization before or after a parallel loop or both. 

3 E v e n t  D a t a  C o l l e c t i o n  

In our programming environment,  three software components are involved during 
the execution of a parallel program: MYOAN, a runtime library which implements 
some services for the SPMD code generated by Fortran-S and the SPMD code 
itself. Each one of these software components has to be instrumented to log 
specific events. Such events provide their contribution to the analysis of com- 
munication bottlenecks, load balancing or synchronization issues as discussed in 
the previous sections. 

D S M  E v e n t s  Among the different software components, the DSM system is the 
one that  wilI generate most of the communication during the execution of the 
program to be analyzed. Our approach focuses on the logging of events which are 
meaningful for the programmer.  Such events correspond either to a page fault 
when reading from or writing into a page or to a modification of the access 

right. As for the page fault event, several pieces of information are recorded: the 
identifier of the processor on which the event occurs, the identifier of the shared 
memory region that  contains the faulting address, two time stamps to specify 
when the page fault occurs and when it is processed, the faulting address, the 
faulting page number and the identifier of the processor tha t  sends the page. 

To make the analysis of any section of the program possible, it is necessary 
to take a snapshot of the page distribution right before the execution of that  
code section. A specific event is generated on request on every processor to know 
exactly the page distribution for a particular shared memory region. 

Despite the fact that  we decided not to generate an event for every commu- 
nication, the execution of a parallel program may generate a huge number of 
events. This is especially true when an inexperienced programmer is paralleliz- 
ing his sequential code for the first time. Events have to be managed carefully 
in order not to alter the program behavior and not to lose the collected events. 
Our design choice consists in letting the programmer allocate a buffer in the user 
space of the local memory associated with each processor. Buffer address is then 
communicated to the DSM to store in the events. Buffers are managed using a 
round-robin strategy. In case of a buffer overflow, a specific event is generated. 

R u n t i m e  L i b r a r y  E v e n t s  The SPMD code generated by Fortran-S calls a 
runtime library for several services such as shared memory allocation, message- 
passing communication, synchronization, loop distribution, etc... The  runtime 
library has been instrumented to collect information needed to know the mapping 
of Fortran shared variables to shared memory regions, to est imate the cost of 
synchronization as well as to provide information about  load balancing. One 
of the main motivations in designing a performance tuning tool for DSM was 
to integrate it to a programming environment. In other words, a relationship 
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between DSM events and program elements (shared variable, parallel loop) has 
to be highlighted to the programmer. Considering this objective, we included 
in the trace an event which specifies the memory mapping of a shared variable 
to a shared memory region managed by the DSM. Such event has the following 
parameters: variable name, variable type, virtual address, number of dimensions 
and the parameters for each dimension. With such information, a DSM event, 
like a page fault, can be linked to the access to an element of the shared variable 
that caused the page fault. Moreover, events are generated when entering/leaving 
a sequential code section or a parallel loop. As for the MYOAN events, they are 
stored into buffers which are managed using a round-robin strategy. In case of 
buffer overflow, a special event is stored in the buffer. 

S P M D  code i n s t r u m e n t a t i o n  The compiler makes very few modifications to 
the SPMD code. It basically inserts function calls to open and close trace files, 
and instruct both the runtime and the DSM system to start or quit logging 
events. Since only the compiler is able to provide variable names and types, 
several function calls are also inserted at each shared variable allocation. A 
function call is also inserted before the code section to be analyzed, to take a 
snapshot of the DSM status. An event is generated in the trace indicating, for 
each shared memory region, the access rights for every page. 

4 S V M v i e w :  a n  D S M - b a s e d  p e r f o r m a n c e  t u n i n g  t o o l  

Tuning the performance of a parallel code requires a precise knowledge of its 
execution. Such knowledge can be extracted from the trace files which contain 
specific events like the ones described in the previous section. Unfortunately, 
the number of events is so large that the user is usually not able to extract 
useful information from the traces and to take proper actions. Visualization 
techniques can help the programmer better understanding his code by mapping 
the events into graphical views. To be pertinent, suck graphical views cannot be 
independent from the programming model. 

Several performance tuning tools have been designed in the past, but most of 
them focused mainly on performance tuning for message-passing parallel codes 
like Paragraph [9] or AIMS [13]. None of these tools can provide graphical views 
adapted to our requirements (i.e. able to show the DSM activity with a link to 
the high-level programming source code). Moreover, few of them are actually 
available. Instead of modifying an existing tool, another approach consists in 
usir~g a generic tool which can be targeted for u specific need. Pabto [12] is one 
of these tools. Contrary to other tools, Pablo is easily extensible. It provides a 
set of standard graphical views whicl~ can be used through a graphical language 
This language describes the processing of the trace file through a graph where 
each node represents a specific operation or visualization to be applied to the 
input data coming from ancestors in the graph. Pablo reads trace files using the 
Self-Defining Data Format (SDDF) [11 which is a trace description language. 
Despite its programmability, we found Pahlo difficult to use since the processing 
of our trace files require often comp]ex computations which cannot be easily 
described with its graphical language. For these reasons, we decided to build 

new tool, called SVMview. 
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Fig. 1. SVMview and some of its graphical views 

O v e r v i e w  o f  S V M v i e w  SVMview has been designed as a platform to ex- 
periment with post-mortem visualization tools for DSM-based architectures. 
SVMview takes as input SDDF trace files. Events taken out from the traces 
are passed to several graphical displays according to their types. SVMview al- 
lows the programmer to analyze DSM events linked to Fortran-S programming 
objects such as shared variables, sequential code section and parallel loops. As 
for instance, at any time, SVMview is able to inform the programmer that  an 
event related to a DSM activity is related to a shared variable and where these 
events occurred in the code. 

Figure 1 shows different graphical views from SVMview. A monitor window 
(at the upper left) allows to play back the execution and dispatches the events 
to the graphical views. SVMview has a specific graphical view to display the 
Fortran-S source code. This graphical view (at the upper right) links execution 
steps to Fortran-S source code. It allows the programmer to know exactly from 
what part  of the Fortran-S source code the events, which are displayed in other 
graphical views, have been generated. Within the editor window, several areas 
are active, which means that  the programmer can select a directive specifying a 
shared variable or a parallel loop to get some detailed information such as, for 
instance, the number of pages to map a given shared variable. 

The pages state window shows the access rights (read-write, read-only, in- 
valid) of every pages in the local memory of each processor using specific col- 
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ors. During the execution playback, the programmer can see the access right 
modifications and page movements in an animated way. Several communication 
bottleneck patterns can be discovered using this view. However, specific bottle- 
necks such as false-sharing or producer-consumer can be identified using proper 
graphical views which are described in the following sections. 

Many other possible views exist. Generally, the views are  based on clas- 
sical graphical displays such as bar-graphs (to display information related to  
synchronization and load balancing issues), Gantt charts, Kiviat diagrams and 
spreadsheet tables. Most of the graphical components we used in SVMview come 
from the Pablo environment [12] or from the Xbae toolkit. SVMview is also able 
to supply data to external applications such as MAPLE for specific processing. 

Fa lse-shar ing  de tec t ion  SVMview can both quantify and graphically exhibit 
the false-sharing phenomenon [3]. The graphical views correspond to different 
levels of interpretation to analyze traces related to a parallel loop: 

1. a low-level view selectively highlights code sections where the number of 
pages exchanged between nodes is important; 

2. another view allows to tell which pages are particularly involved in the traffic; 
3. finally, a third view quantifies the false sharing effect for a given page. 

The false sharing effect is measured by means of a two-dimensional array of 
counters. These counters are updated within a parallel loop to record the num- 
ber of write page faults for a given page and for every processor involved in the 
communication. Each row corresponds to the number of times the selected page 
was sent; each column corresponds to the number of times the selected page 
was received. Due to the Fortran-S programming model, the write page faults, 
occuring during the execution of a parallel loop, are mostly due to write oper- 
ations into different locations within a page. For this reason, these counters are 
well-suited to characterize false-sharing effects. 

P r o d u c e r - c o n s u m e r  phase  de t ec t ion  The producer-consumer effect is a dif- 
ferent phenomenon characterized by two phases separated by a barrier synchro- 
nization. During the production phase (a sequential code section), one particular 
processor produces values by means of one or more write operations. During the 
consumption phase (in a parallel loop), several processors attempt to read the 
produced value(s). As a result, several messages are sent requesting a copy of a 
particular page to the producer processor. The intensity of the phenomenon can 
be characterized by the number of page replicas produced during the consump- 
tion phase. SVMview offers a graphical view to show the producer-consumer 
effect on a variable [3]. SVMview characterizes a producer-consumer effect by 
counting for each page the number of consumers. This is done by counting the 
read requests for each page when stepping into a parallel loop. 

5 R e l a t e d  w o r k s  

There is few works dealing with the design of performance tuning tools for DSM 
systems. Another similar project to our own is currently in progress at KFA in 
Juelich. They designed a programming environment based on the ASVM DSM 
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sys tem [14] designe d at  Intel ESDC in Munich. One  component  of this environ- 
ment  is the SVM-Fort ran  language which has some similarities with Fortran-S. 
A source-code-based optimizer and a locality analyzer  tool, called OPAL [8], 
have been designed. Trace files can be visualized using the ParVIS tool. 

6 C o n c l u s i o n  

SVMview has been developed to allow the analysis of Fortran-S codes. It  fo- 
cuses mainly  on da ta  locality management  to provide useful information to the 
p rog rammer  to optimize his parallel code. When programming  with a DSM ar- 
chitecture, the main objective is to prevent page movements  by exploiting the 
underlying locality. SVMview is also a tes tbed to carry out experiments  on the 
usefulness of graphical displays in monitor ing the behavior  of parallel codes. 
Most of the displays we used came from existing tools such as Pablo or Maple. 
Adding new graphical displays is very easy as they can be either internal or 
external  to SVMview. 
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