












































the object sim exists between its definition and the 
close of scope symbol. } . Tbe purpose of this 
construct is to c al l  the constructor for 
Simulation_,mvironment objects. which does some 
global initialization. Tbe destructor-automatically 
generated by the compiler--ensures termination 
code is called. which is useful to ensure that calling 
the terminating code is not forgotten by the 
programmer. A similar approach is used for 
implementing locks (though these are not expected 
to be used by simulation programmers). 

Each class may contain static data members 
(class variables. in Smalltalk terminology). This is a 
useful feature for avoiding the use of global 
variables. In the design. this feature is used in two 
contexts : memory management and maintaining 
global state . Tbe low-level memory management 
routines, defined in the kernel, have the option of 
taking a free space list as an argument. Where this 
feature is used. the free space list is stored as static 
data member in the class defining the specific 
allocator and deallocator. 

Optional parameters make it possible to use the 
same low-level allocators, whether the programmer­
. supplied free space list is to be used or not 

Another useful feature is capability of  
overloading of  the array index operator, [ ] . This 
makes it possible to a variable-sized 3-dimensional 
array, with same syntax as a statically declared one. 
The first two indexing operations return slices of the 
space directory, with decreasing dimensionality 
each time. and the third indexing operation returns 
the element desired. This capability would be usefJJl 
in simulations where spatial relationships between 
LPs are a simple function of their positions in space, 
as in MP3D. 

4.4 some C++ classes 
This section presents an outline of the external 
interfaces of the classes. 

1be kernel defines the following classes: 
• Object--defines low-level memory 

management. including alignment and 
padding to fit cache blocks. 

• Lock_data--defines data structures to 
implement locks. 

• Lock-the constructor for this class sets a 
lock (identified by an object of class 
Lock_data). and the destructor releases the 
lock at the close of the cmrent scope. A 
typical example looks like this: 

{ Lock output (output_lock ) ; 
/ /  code t o  do some output 

} / /lock released here 
• Process-its constructor launches a thread. 

calling the function passed to it as a 
parameter, and its destructor cleans up after 
process termination. 

• list manipulation and other generic data 
structure primitives, such as dynamically 
resizeable 3-dimensional arrays. 

The low _level_simulator level defines the following 
classes : 
• Precinct-a pre�inct contains a list of LPs, 

and a scheduler to decide which to execute 
next- It also knows which other precincts are 
its neighbours, and manages message 
exchange between itself and them. 

• LP-a logical process; this relies on the 
semantics of Message and State to implement 
a specific simulation, and Precinct defines 
communication with LPs on other processors. 

• Saved_state--contains list of changes to state, 
including identities of messages that caused 
the changes, stored as anti.messages; the 
rollback controller is contained in this class, 
as is the fossil collector. 

• Anti_message--contains a copy of the original 
message, plus its own timestamp. 

Oasscs defined in user _level_simulator include : 
• State-includes state change primitives and 

recording changes for rollback. The 
programmer will have to derive a new class 
from this one to incorporate the semantics of 
the state for the actual simulation problem. 

• Simulation_environment--one object of this 
type is defined at the start of the program; As 
with Lock, its constructor and destructor 
respectively initialize the program for 
simulation, and clean up at the end. 

• Message--contains a timestamp and 
identification of its originating LP. Uses 
member functions (methods in conventional 
object-oriented terminology) in State to make 
changes to the state when its own execute() 
member function is called. 

• NRE_message-a nonretractable event 
message : may make arbitrary state changes, 
including doing input and ou1put; not 
scheduled until the precinct detects GVT has 
passed its timestamp. 
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Figure 3. The class hierarchy 

5. Related Work 
A number of object-oriented threads packages have 
been implemented for shared-memory parallel 
machines. An example is Presto which bas been 
implemented and evaluated · on a 20-processor 
Sequent Symmetry [8) . Work in this category has 
mostly aimed at efficiency of low-level primitives, 
such as locks and launching threads. In this work. 
the emphasis is more on suppon ,for application 
structuring to achieve good caching behaviour. 

Other work in implementation of optimistic 
parallel simulators on shared-memory parallel 
machines has not addressed the locality and caching 
issues raised here. Examples include BBN Butterfly 
implementations of optimistic simulations [ 1 1 ] .  In 
terms of its programming model , the Synapse 
simulation toolkit has similar higher-level goals to 
the design presented here, except it supports the 
conservative model [26) . Synapse is built on Presto, 
and therefore does not address new implementation 
issues at the lower level. 

In other work on structuring simulators, attention 
has been paid to the difficulties of efficiently 

vectorizing object-oriented code in C++ [10) .  This is 
in contrast to the results on which this work is based, 
in whic-b. object-oriented programming is shown to be 
suited to cache-based architectures [ 4) . 

6. Conclusions 
The design as presented here has been partially 
implemented (mainly the kernel level). 

The goal of showing that C++ is a sufficiently 
powerful language for such a package has been 
partially met. All the required features are possible 
to implement, some conveniently and reasonably 
simply. For example, the inheritance mechanism 
makes it possible to hide the antimessage 
mechanism from the programmer, while allowing 
antimessages to use new classes derived from the 
standard Message class. 

There are however some problems. The most 
serious is that the requirement that messages should 
not make state changes except through the State 
class, to make rolling back manageable. There is no 
way this rule can be enforced through the language; 
a preprocessor or modifications to the compiler 
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would appear to be the only sure ways of  
enforcement. Since there is a convenient mechanism 
for implementing general side-effects through NREs, 
it is possible this limitation will not cause major 
problems in practice. 

Another deficiency is that the class hierarchy 
does not exactly match the logical breakdown of the 
problem, because some features which are logically 
low-level (such as antimessages) need information 
from higher-level constructs (messages .  in this 
case ). Although the language makes such an 
implementation possible, this situation makes it 
more difficult to describe the logical hierarchy than 
is desirable. 

The next phase of this research is the 
implementation of the simulation framework 
described here. Experience with using it to 
implement simulations will be the basis for 
evaluating how serious these problems are. 

In addition. performance measurements on both 
standard benchmarks and real problems will be 
made investigate validity of the overall program 
structure , especially the aspects which were 
successful in the MP3D exercise. 

C++ has been successful as a basis for one 
parallel simulation exercise. The design presented 
here indicates that it is a promising basis for a more 
general package . In particular. the potential for 
designing a parallel simulation package that is 
usable without deep knowledge o.f the underlying 
technology, including parallel programming and the 
�echanisms of optimistic simulation, is attractive. 
This design is support for the view that such' a 
framework is feasible. 
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