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1 Background 

Shared-memory multiprocessing is emerging as a pop- 
ular approach to increase computing power, over 
that of sequential computing, while maintaining pro- 
grammability. What makes the base shared-memory 
paradigm attractive is the simplicity of the program- 
ming model: all memory is in a pool and is globally 
shared. Furthermore, architectures that do not require 
a broadcast channel for interprocessor communication 
can pot,ent,ially scale to many processors and therefore 
provide large-scale computing power. Such systems 
are loosely termed “scalable”. 

There are many hardware and software research is- 
sues in scalable shared-memory multiprocessors. One 
of the most important ones is how to handle the in- 
creasing speed mismat,ch between fast processors and 
slow, far-off memory systems. Indeed, data needs 
to be fetched and returned to memory, and the pro- 
cessor may have to remain idle during this transfer. 
This problem is partially eliminated with the pres- 
ence of caches or local memories, which try to keep 
the working set close to the processor. Alternative 
or complementary approaches to caches are prefetch- 
ing [5, !$I and multithreading [a]. Prefetching consists 
of fetching inst,ructions or data before they are needed 
while overlapping the accesses with other computa- 
tion. Bot,h hardware and software approaches are pos- 
sible. Multithreading consists of switching processes 
when an instruction or memory access by a process 
would stall the processor. When the process is finally 
re-scheduled, the offending condition that forced the 
switch is likely to have disappeared. For example: if 
the offending condition is a remote memory read, the 
data is likely to be in the cache when the process is 
rescheduled. 

Unfortunately, not only do processors want to ac- 
cess memory, they want to communicate with each 
other as well. This gives rise to the synchronization 
problem [S]. Furthermore, given that, for performance 
reasons, data is usually allowed to replicate in the 

memory hierarchy, the popular problems of data co- 
herence and memory consistency appear. Data co- 
herence has been studied from many different angles. 
There are many hardware solutions [3] (variations of 
directory-based schemes), compiler solutions [6], and 
operating system-based approaches [4]. Memory con- 
sistency models focus on how the overlapping of mem- 
ory accesses from different processors to the same set, 
of variables affects the sequence of operations seen by 
the program [7, 11. 

While communication resulting from the sharing of 
data (also called true sharing) is unavoidable, other 
non-essential sources of communication slow the ma- 
chine further. Such sources are false sharing [lo] and 
process migration [ll]. The former can appear when 
the unit of coherence is larger than a single word; the 
latter is often necessary if we want to keep the machine 
load-balanced. These are also active areas of research. 

Another active area of research focuses on the chan- 
nels used by the processors to communicate, namely 
the interconnection networks. Many network configu- 
rations exist. The reason is that each of them satisfies 
different cost/performance requirements, which range 
from those of busses to crossbars. 

In addition to the mostly hardware research issues 
that we mentioned, there are countless software is- 
sues that need to be explored in these architectures. 
Examples are task scheduling issues, operating sys- 
tems issues, and many compiler/language issues. The 
shared-memory paradigm is attractive because it sim- 
plifies the development of complex software systems. 
For instance, there are several robust commercial mul- 
tiprocessor operating systems and parailehzing com- 
pilers. 

Last, but not least, there is the active field of appli- 
cation design for these machines. Many of the efforts 
done by developers of applications for these machines 
result in feedback for the architecture and system de- 
signers. Overall, the field of scalable shared-memory 
architectures is one of the most exciting and vast areas 
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of research in computer systems nowadays. 

2 Scope of the Minitrack 

The papers that have been accepted for this mini- 
t,rack are good examples of the variety of research 
tropics involved in building scalable shared-memory ar- 
chitect,ures. The first paper, “Using Hints to Reduce 
the Read Miss Penalty for Flat (TOMA Protocols”, 
discusses a hardware optimization for the cache co- 
herence protocol of cache-only memory architectures. 
Examples of such machines are the Kendall Square 
Research KSR-1 and t,he DDM-1 from the Swedish 
Institute of Computer Science. The second paper, 
“Decoupled Pre-Fetching for Distrzbuted Shared Mem- 
or’y”, discusses hardware support for data prefrtch- 
ing. The third paper, “Modeling Load Imbalance and 
Fuzzy Barriers for Scalable Shared-Memory Multipro- 
cessors”, focuses on the synchronization and load im- 
balance problems. It uses an analyt,ical model to es- 
t.imate the impact of these issues. Finally, “A Survey 
of Software Solutions for Maintenance of Cache Con- 
sistency in Shared Mem,ory Multiprocessors” discusses 
schemes that use the compiler t,o kc,ep data coherent. 
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