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Abstract

ulation in particular. One aspect of performance is
the amount of memory required to complete the simulation. If there is enough memory, then memory is
seldom considered. However, if there is insufficient
memory to complete the simulation, then the performance of the simulation is non-existent.

This paper examines memory management issues
associated with Time Warp synchronized parallel simulation on distributed memory machines. The paper
begins with a summary of the techniques which have
been previously proposed for memory management on
various parallel processor memory structures. It then
concentrates the discussion on parallel simulation executing on a distributed memory computer—a system
comprised of separate computers, interconnected by a
communications network. An important characteristic of the software developed for such systems is the
fact that the dynamic memory is allocated from a pool
of memory that is shared by all of the processes at a
given processor.
This paper presents a new memory management
protocol, pruneback, which recovers space by discarding previous states. This is different from all previous schemes such as artificial rollback and cancelback
which recover memory space by causing one or more
logical processes to roll back to an earlier simulation
time.
The paper includes an empirical study of a parallel simulation of a closed stochastic queueing network
showing the relationship between simulation execution
time and amount of memory available. The results indicate that using pruneback is significantly more effective than artificial rollback (adapted for a distributed
memory computer) for this problem. In the study,
varying the memory limits over a 2:1 range resulted
in a 1:2 change in artificial rollback execution time
and almost no change in pruneback execution time.

1

Introduction

There is always the desire to improve the performance of simulation in general and of parallel sim∗ This work was supported in part by the Information Technology Research Centre (ITRC) of the Province of Ontario
(Canada) and by the Natural Sciences and Engineering Research Council (NSERC) of Canada.

This paper examines the question of memory management in Time Warp simulation. Whereas previously reported techniques have been proposed for various processor structures, this paper concentrates the
discussion on parallel simulation executing on a distributed memory computer. Software developed for
such systems is characterized by the fact that the dynamic memory is allocated from a pool of memory
that is shared by all of the processes at a given processor. In this context, we present a new memory management protocol, pruneback, which recovers space by
discarding previous states and not by changing the local virtual time (LVT) of one or more processes. This
is different from all previous schemes, such as artificial rollback and cancelback, which recover memory
space by causing one or more logical processes to roll
back to an earlier simulation time. We present an empirical study which suggests that using pruneback is
significantly more effective than artificial rollback on
a distributed memory computer.
The rest of the paper is organized as follows. Section 2 briefly addresses the question of memory usage
and memory management in Time Warp simulation.
Section 3 proposes a simple classification scheme for
memory management algorithms which attempt to recover from memory stalls, and categorizes the known
algorithms. In Section 4, algorithms developed specifically for distributed memory machines are discussed,
and the new algorithm, pruneback, is described. Section 5 presents experimental results which show the
performance of pruneback vs. artificial rollback and
Section 6 summarizes the contributions of this work.

2

Memory Usage in Time Warp Simulation

There have been a number of studies which examine the minimum amount of memory required for
various Time Warp implementations[1, ?–3]. Many of
these reports concentrate on parallel execution with
either the same amount of memory as the sequential
simulation or with an amount of memory that is of
the same order as that of sequential simulation. Although these are very important issues from a theoretical point of view, these reports also point out that
the time penalty associated with parallel execution
using the same amount of memory as the sequential
simulation may be extremely high. One recent study
proposes an adaptive memory management technique
which uses dynamically allocated memory constraints
to limit memory usage and to limit optimism in a Time
Warp system[4]. All of these systems concentrate on
guaranteed performance. That is, if the system has an
amount of memory of the same order as that required
by the sequential simulation, then the specified memory control technique will guarantee completion. One
other characteristic shared by these techniques is that
in order to provide this guarantee, the memory must
be managed as one common pool from which any LP
can request memory storage. Although these schemes
can be adapted to execute with other memory models, they can no longer provide a guarantee of memory
usage on the same order as the sequential memory
usage. This difference between a guaranteed completion of the simulation, and a heuristic to improve the
probability of completion is an important difference.
In [?], the ability of a memory management technique
to complete the simulation in an amount of memory
of the same order as that required for sequential is
referred to as a memory optimal technique.
A distributed memory system is doomed to require
significantly more memory than any reasonable sequential implementation. Consider the case with N
processors, each with the same amount of memory
available for dynamic allocation, say M . In a pathological case, N − 1 of the processors are idle at a given
simulation time, τ , and all of the events to be executed reside in a single processor, P . In a Time Warp
system, the entire sequential state (specifically all of
the events on the sequential event list) must be stored
at all times. Thus, if GVT is τ , since all of the sequential state happens to be resident at P , then M
must be (at least) large enough to hold the largest
possible sequential event list, say M 0 . As a result, in
a distributed memory system, when executing a Time
Warp algorithm there may be a need for at least N M 0

total storage capacity in the system.
All of the LPs consume some portion of the available memory. If at any time a process exhausts its
available memory, then it is possible that the simulation will stall and never complete. We refer to this as
a memory stall —the overall simulation is stalled due
to insufficient memory. The objective of the proposed
technique is to delay the onset of a memory stall.

2.1

Memory Objects

The memory used in an optimistically synchronized
simulation, such as the basic Time Warp system described by Jefferson [5], can be classified into the following three categories:
State Storage Used to store some or all of the various states (or state vectors) required by an LP during
execution.
Input Message Storage Used to store the messages that have been received by an LP.
Output Message Storage Used to store copies of
the messages sent by the LP (for cancelation purposes).
Although it is theoretically possible to maintain a
complete set of these objects, this is seldom practical.
As a result the concept of global virtual time (GVT)
has been introduced to Time Warp as a measure of the
smallest virtual time to which a rollback is possible
(at any given execution time) during the course of a
simulation[5].
In some implementations it is difficult to compute
the precise value of GVT without temporarily stopping the progress of the simulation. In these cases a
number of different GVT-like times may be considered. Figure 1 shows the relationship among these
times. Please note that these times are virtual times
and that each varies with execution time.
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Figure 1: Relationships among the Important Simulation Time Values
In Figure 1, LVT is the current local virtual time
of the LP. GVT is the true global virtual time. This is
the value that would be calculated if the simulation
was stopped, all in-transit messages delivered, and
GVT calculated. There will be no rollbacks to a simulation time smaller than GVT. EGVT is the current
estimate for GVT. In a distributed system which does

not calculate a perfect GVT, an estimate that is not
larger than the real GVT is used. Given a value for
EGVT, it may be possible that any given LP will not
have a state corresponding to EGVT. (E.g., this can
arise if sparse checkpointing is used, i.e., the checkpoint interval is greater than one [?].) As a result the
state vector with the largest virtual time, smaller than
(or equal to) EGVT becomes the surrogate GVT state
(SGVT). Since, as far as the LP is concerned, at any
time a message could arrive with a receive timestamp
of EGVT, it must be possible to obtain the state vector for EGVT. Thus, the state vector with timestamp
SGVT and all messages with receive times greater
than or equal to SGVT must be preserved so that the
EGVT can be recomputed, if required. Although it
is logically a separate activity, fossil collection is often
intimately tied to GVT updates. Thus, in this discussion we have assumed that all states and messages
having a timestamps smaller than SGVT are fossils
and have been deleted from storage.
All of the message objects corresponding to a simulation time greater than SGVT must be stored in
dynamically allocated memory. In addition, some of
the state objects must be stored. At least the states
corresponding to SGVT and LVT must be maintained.

2.2

Memory Pool Models

The memory objects described in Section 2.1 are
dynamically allocated, as required. The storage is allocated from a pool of memory. There are many possible memory pool models for parallel algorithms such
as Time Warp. Two perspectives that can be used to
consider the memory alternatives are: the view from
the hardware—i.e., how is the actual machine constructed; and from the software—how is the user interface to the memory structured. Although it is clearly
possible to implement a given software model on a any
hardware model, it is also important to keep in mind
that a particular mapping may introduce large time
penalties. E.g., to treat a set of workstations, communicating using a slow network, as having a single
shared memory space with a uniform access time may
lead to very poor performance.
When a process requests more dynamically allocated memory, that memory can be allocated: from
a pool pre-allocated to that process (process pool );
from a pool pre-allocated to the processor that executes that LP (processor pool ); or from a common
pool of dynamically allocated memory used by all of
the LPs in the simulation (global pool ).
In the case of a distributed memory architecture,
it is possible to implement the global pool scheme. If
the memory access times are non-uniform (as would

likely be the case if some memory is on the local processor and some is on a remote processor), then the
performance penalty associated with storing some of
the states or messages on a remote computer could be
unacceptably large. It has been pointed out that, as
the cost (in execution time) of checkpointing increases,
the execution time generally increases[?].

2.3

Memory Management Techniques

There are many algorithms that address the memory management problem[2]. They are summarized
below.
Algorithms that reclaim memory that is no
longer needed. Each time EGVT is recalculated,
SGVT may be advanced and, thus, there may be some
memory objects that are no longer needed (fossils).
Algorithms which ensure that EGVT is close to GVT
will tend to decrease the onset of a memory stall by
reducing the total memory requirements.
Algorithms that attempt to use less memory.
There are two basic techniques to reduce the memory
requirements of a simulation during execution: reduce
the size of the state that must be saved; and reduce
the number of states that must be saved.
One technique to reduce the size of the state saved
is incremental state saving which saves only a subset
of each LP’s state each time the LP is activated[6].
Two techniques to reduce the number of states that
are saved are: to use a checkpoint interval that is
greater than one[?]; and to constrain optimism in some
manner such as Breathing Time Warp[7].
Algorithms that attempt to recover from a
memory stall. The previous algorithms seek to delay the onset of a memory stall. Although this may
be sufficient in some cases, there will always be those
cases that will eventually stall due to memory starvation. Algorithms which attempt to recover from a
memory stall are all similar in that they select one
or more objects to discard in an effort to free enough
memory to permit the simulation to proceed. Previously proposed algorithms are described in [2]. Section 3 examines the operation of these algorithms with
particular attention to the type of memory pool available.

3

Algorithms that Attempt to Recover
from a Memory Stall

One of the key issues in understanding the various
proposals for memory stall recovery is locality. In the
Time Warp parallel simulation environment there are
two locality issues—how local is the memory exhaustion and how local is the memory that is recovered.

We call the former the memory stall trigger and the
latter the memory recovery target.

3.1

Memory Stall Triggers

The event which triggers a memory stall is an attempt by some LP to allocate extra storage. If this
attempt to allocate fails, then a memory stall recovery scheme must be initiated1 . The question of locality with respect to the memory trigger is a question of
which type of pool has run out of memory.
Self A self-triggered memory stall occurs when an
LP in the process pool memory model runs out of memory.
Local A locally-triggered memory stall occurs in the
processor pool memory model when an LP detects
that there is no more memory for any of the LPs
on the given processor. As a result, several LPs are
stalled and cannot proceed until some remedial action
is taken.
Global A globally-triggered memory stall occurs
when all of the memory in the global pool memory
model has been exhausted.

3.2

Memory Recovery Targets

The target of a memory stall is the LP (or LPs)
which must take remedial action to resolve the memory exhaustion. In many systems such remedial action
involves removing stored object(s), (i.e., messages or
state vectors) and performing any required rollback
operations. For this presentation it is convenient to
maintain the symmetry with the memory stall trigger
discussion and to regard the LP associated with the
memory to be recovered as the memory recovery target. Once an LP has detected the memory stall, there
are three sets of LPs from which the memory target(s)
can be chosen:
Self In a self-target system, the only alternative is
to take remedial action to reduce space usage within
the LP which has detected the memory exhaustion
condition.
Local In a local-target system, any LP (or LPs) resident at the same processor as the LP which has detected the memory exhaustion can be required to take
remedial action in order to reclaim space.
1 In

most implementations, GVT is updated and fossil collection done following a memory stall and before the memory
recovery technique is initiated. In this description, we assume
that GVT has been recalculated and that the fossil collection
has been completed. In the empirical study, EGVT is updated
regularly, however, the simulation is not stopped each time a
processor exhausts its memory pool

Global In the global-target system, any LP (or LPs)
can be required to take remedial action by the memory
recovery technique.
Rollback based schemes recover space by causing
some LP to take remedial action. This action could in
turn trigger secondary rollback operations. In this discussion, the LP(s) chosen by the memory control technique is (are) the primary target(s). Other LPs rolled
back as a result of the primary target’s actions are not
considered as memory targets. Previous schemes have
implemented the remedial action through the use of
Time Warp’s rollback mechanism[2]. In the proposed
scheme, state vectors are removed from memory and if
they are required at some later point, then the coastforward facilities of Time Warp operating with sparse
checkpointing are used to recreate the missing state.

3.3

Combinations of Triggers and Targets

The previous discussion suggests that there are nine
possible systems (three types of triggers for each of
three types of targets). The emphasis of this paper is
on one particular case—local-trigger, local-target. In
order to place that model in context, we summarize
three of the most probable combinations of triggers
and targets.
3.3.1

Self-Trigger, Self-Target Techniques

In this type of system, each process acts as its own
agent. If an LP detects that it has exhausted its memory, then some remedial action is taken. Two schemes,
described in the literature, which use a self-trigger selftarget structure are sendback and Gafni’s Algorithm.
These are summarized below.
Message Sendback This technique was introduced
to provide some flow control in a Time Warp implementation. When a message arrives at a process, i,
which has run out of memory space, some message
(the new one or some other one) is sent back to its
originating process, j. When the originating process
receives the sent back message, it rolls back to the
state when the message was sent. The primary goal
is to return i to a condition where there is room to
process one message[1, 5].
Gafni’s Protocol When an LP runs out of memory,
this protocol selects a memory object and discards it.
If it is an input message, then the sendback scheme
is used. If the object is an output message then the
antimessage is sent to the destination (causing a rollback). If the object is a local state vector, the process
rolls back to a previous state[?, 2, 8].

3.3.2

Global-Trigger,
niques

Global-Target

Tech-

Two global-trigger, global-target techniques have been
described in the literature. They have both been
shown to be memory optimal by Lin[?].
Cancelback Cancelback extends Gafni’s protocol
to select any memory object, with a timestamp greater
than GVT for cancelling[1].
Artificial Rollback Artificial rollback can be
viewed as a simplified implementation of cancelback.
In artificial rollback, once the stall has been detected,
rather than choosing any object (message or state vector) to delete, and possibly dealing with the sendback
mechanism, the LPs themselves release storage by (artificially) forcing a rollback[?, 9].
3.3.3

Local-Trigger, Local-Target Techniques

In this type of system, each processor acts as its own
recovery agent. Although it is a specific LP which
detects the problem, the object to be deleted (and
the LP to be targeted) can be any of those present
at the local processor. An implementation based on
this technique cannot be memory optimal as described
in Section 2. It may be necessary to have the total
memory required for the sequential simulation present
at every processor.
The schemes described under the previous memory trigger, memory target models could be adapted
for application in the local-trigger local-target memory model. However, they would not be memory optimal. In Section 4 we summarize the operation of
two local-trigger, local-target heuristics: local-trigger,
local-target artificial rollback and local-trigger, localtarget pruneback.

4

Local-Trigger,
niques

Local-Target Tech-

In this section we consider local-trigger, local-target
techniques for recovering from memory stalls. The
need for this class of technique arises in distributed
memory, message-passing architectures, in which it is
inefficient to operate using a global memory pool.
We identify two categories of local-trigger,
local-target techniques—the existing rollback-based
schemes discussed in the previous section and a new
non-rollback based scheme called pruneback. Since the
various rollback based recovery schemes described in
the previous section operate on a similar basis, we
have chosen to compare pruneback with the artificial
rollback scheme.

4.1

Artificial
Rollback—A
Rollback-Based Recovery Scheme

Artificial rollback is described in detail in [?]. For
our purposes, the technique is modified in a straightforward way to permit it to work as a local-trigger,
local-target method. The modification is very minor:
the set of LPs impacted by a memory stall is restricted
to those at the local processor. This modification does
mean that the system is no longer memory optimal[?].
This scheme is introduced as a variant of an existing
technique to which pruneback can be compared.
Consider the operation of Processor 2 in the simulation shown in Figure 2. Assume that there is room
in the dynamic storage area (of processor 2) to hold 11
states. In Figure 2(a), a memory stall has occurred.
When this occurs fossil collection reclaims as much
storage as possible. In this example there are two
state vectors that can be reclaimed within processor 2
(marked as F in Figure 2(a)). As a result of this reclaimed storage, two more events may be processed
(labeled F 0 in Figure 2(b)). If we assume that GVT
does not advance as a result of the evaluation of the F 0
states, then once again processor 2 is memory stalled.
At this point artificial rollback is invoked and the most
advanced states are cancelled (the states marked A in
Figure 2(c)). Although it would be possible to cancel
only one state, as pointed out in [2] it also possible to
define a salvage level which attempts to reclaim a given
amount of storage once artificial rollback has been invoked. In the figure 36% of the storage has been reclaimed. In the empirical study, Section 5, 25% of the
storage, at a memory stalled processor, is recovered
during an artificial rollback operation.

4.2

Pruneback—A Non-Rollback-Based
Recovery Scheme

The rollback based recovery schemes differ in how
they select memory objects to remove but, in the final
analysis, they all use the rollback mechanism built into
Time Warp to facilitate memory recovery. The scheme
proposed in this section is not based on the use of
rollback to recover the space. However, it does rely
on the coast-forward component of the usual rollback
scheme to recover should some state information need
to be reconstructed.
The basic operation involves a pruning of the saved
state vectors of all of the local LPs when memory exhaustion is detected. The pruning operation involves
selecting various state vectors for deletion. Which
states, and how many states should be pruned are
implementation dependent2 . However, there are some
2 In the empirical study described in Section 5 one out of
every 4 states at a processor is pruned.
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Figure 2: Snapshot of a Simulation using Artificial
Rollback

constraints that are similar to those involved in the implementation sparse checkpointing (i.e., checkpoint intervals greater than one)[?]. For example, you should
never prune the current state or the SGVT state.
Consider the simulation snapshot shown in Figure 3. The system characteristics are the same as
those in Figure 2, the only difference is that following the second memory stall, pruneback is invoked
rather than artificial rollback. In Figure 3 a num-

ber of states have been pruned prior to the onset of
the first memory stall. This means that the stall occurs at a larger virtual time. As a result of the pruned
states the sequential state, that is the events that must
be preserved (or be able to be recreated) so that the
system state at GVT can be recreated may not be
those closest to GVT for all processes. In fact, LP3
in Figure 3(a) has a state (marked y) which has been
pruned that is part of the sequential state. In this
case a state with a smaller virtual time (marked x)
has been preserved so that the sequential state could
be recreated. In this example there is one state vector
that can be reclaimed within processor 2 (marked as F
in Figure 3(a)). As a result of this reclaimed storage,
one more event may be processed (labeled F 0 in Figure 3(b)). If we assume that GVT does not advance as
a result of the evaluation of the F 0 states, then once
again processor 2 is memory stalled. At this point
the pruneback algorithm is invoked causing the states
marked P in Figure 3(c) to be reclaimed. Note, the
pruned states were used during simulation but are no
longer stored. When pruneback is invoked, states can
be deleted from any of the processes in the processor.
In order to free the same amount of memory in both
artificial rollback and pruneback, pruneback may need
to delete more states. This is because the rollbackbased techniques free both the state vectors and the
input and output message queues, while pruneback
frees only the state vector memory space.

4.3

Memory Optimality

It should be pointed out that neither of these localtrigger, local-target schemes are memory optimal. The
reason for this is rooted in the fact that, it cannot be
guaranteed in either case that the LP critical to the
completion of the simulation (in optimal memory) will
be able to obtain a state buffer.

5

Results

Preliminary versions of the artificial rollback and
pruneback algorithms were added to the Yaddes execution kernel[?]. They have been used to demonstrate
the relative performance of the two memory control
techniques in the presence of more than enough memory to complete the simulation. It should be noted
that the Time Warp implementation used in these
tests is non-preemptive. Thus, once an LP has started
processing an event, the execution of that event is
completed before a subsequent rollback can take place.
Unfortunately, some of the more exciting questions
cannot be answered until a more complete and robust
implementation exists.
A subset of the Nicol suite has been used to test
these algorithms[?, ?, 10, ?, ?]. In particular we have
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5.1

Artificial Rollback Results

Figures 4, 5, and 6 indicate the performance of artificial rollback in the presence of differing memory
limitations.
Figure 4 shows the anticipated result that, as the
amount of memory is decreased, the execution time increases. As expected, and verified by Figures 5 and 6,
the number of states rolled back increases. Presumably the increase in the number of states rolled back
corresponds to the increase in the amount of calculation performed to complete the simulation and, consequently, to the increased total execution time.
Execution time [s]
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The values plotted in the graphs which follow, are
obtained by averaging of the results of three runs and
the error bars indicate the 95% confidence intervals.
In the all of the graphs which follow, the axis labelled
memory limit indicates the size of each per-processor
memory pool. Thus, a memory limit of 150 indicates
that each processor has a processor pool the size of
which is the size of 150 state vectors. This memory is
actually used for both state and message storage.
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Figure 3: Snapshot of a Simulation using Pruneback

used a closed stochastic queueing network consisting
of 64 nodes connected in a (6-dimensional) hypercube.
Each node has six inputs and six outputs and provides
non-preemptive service to arriving customers. Each
customer receives a randomly distributed, biased exponential service time and is then routed to a randomly selected output link. There are (on average)
8 customers at each node. The 64 nodes are evenly
distributed to a set of 8 Transputers, interconnected
in a 3-dimensional cube.
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Figure 4: Artificial rollback—Execution time vs.
memory limit.
Figures 5 and 6 show the differences between the
number of states rolled back (due to natural Time
Warp activity), and the number rolled back as a result of the artificial rollback algorithm. In the case
of aggressive cancellation (Figure 5), as memory is reduced there is an increase in both the number of nor-

mal states rolled back and the number rolled back by
the artificial rollback algorithm. This is not the case
when lazy cancellation is used (Figure 6). When lazy
cancellation is used, the number of normal rollbacks
is relatively constant with decreasing memory, while
the number of artificially rolled back states increases
more dramatically than in the aggressive cancellation
case. This is expected with lazy cancellation since
the correct, but artificially rolled back state, does not
cause secondary rollbacks. In the aggressive cancellation case, secondary rollbacks do happen and are
counted as part of the normal rollback count.
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5.2

Pruneback Results

Figures 7 and 8 illustrate the performance of the
pruneback algorithm on the test case. Figure 7 clearly
indicates, for the range of memory sizes tested, the
memory size can be significantly constrained while
having very little impact on the overall performance.
Although it would be nice to present results for small
memory sizes, it is not possible at this time because
of deficiencies in of our prototype software. For example, only lazy cancellation can complete execution
with a memory size limited to 100 state vector sizes
(Figure 7).
Figure 8 clearly demonstrates that a large number
of states had to be pruned in order to complete the
simulation in memory bounded by 110 state vectors.

0
100 120 140 160 180 200 220 240
Memory limit [state units]
confidence level = 95 %

Legend:
5 aggressive cancellation
4 lazy cancellation
Figure 7: Pruneback—Execution time vs. memory
limit.

However, in this case there was virtually no change in
the number of states rolled back during the simulation,

despite the discarding (or pruning) of nearly 40 000
states out of approximately 60 000 states computed.
In this case, virtually all of the states pruned did not
have to be re-generated to complete the simulation. It
should be pointed out that since the states are small,
and we do our own memory management, the cost of
pruning a state is similar to the cost of fossil collecting
that state.

do they represent erroneous states that must be discarded. The number of states rolled back at a memory size limit of 150 (obtained from from Figures 5, 6,
and 8) are shown in Table 1.
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Figure 8: States rolled back and pruned vs. memory
limit, aggressive cancellation.

5.3

Observations

The results plotted in Figures 4 and 7 show, that
as the space available shrinks to 150 state vectors, the
time required for artificial rollback is twice as large
as it is for pruneback with a processor memory size
of only 100 state vectors. The reason for this difference is clearly indicated in the number of states rolled
back. It should be noted that a rolled back state is:
(i) erroneous or preceded by an erroneous state and
rolled back (by the normal Time Warp synchronization mechanism) to correct the simulation; (ii) erroneous and rolled back by (fortuitous) application of
the artificial rollback mechanism; or (iii) correct and
rolled back by the artificial rollback mechanism. In
this latter case, the rolled back state must recreated
eventually in order to complete the simulation. In the
case of pruneback the pruned states (shown in Figure 8) do not represent states that must be recalculated in order that the simulation can complete. Nor

Cancellation

States Rolled
Back

aggressive
lazy
aggressive

100K
95K
4K+37K pruned

Table 1: Total Number of States Rolled Back or
Pruned During Execution with a Processor Memory
Pool of 150 State Vectors
A final observation is that pruneback seeks to manage memory in an optimistic manner (i.e. the states
that have been calculated may be correct and should
not be ignored until the simulation indicates such action is warranted), while the rollback based techniques
tend to be conservative (i.e. they back up in simulation time at the first sign of memory problems).
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Summary

This paper categorizes Time Warp memory management techniques in terms of the locality of the
memory pool structure used. The trigger of memory stalls as well as their targets can also be viewed in
terms of their locality. We have placed existing techniques in context.
Two heuristic techniques have have been described
for use in a processor pool based, local-trigger, localtarget Time Warp simulation. One of the techniques
is a very minor extension to artificial rollback and the
second technique, pruneback, is novel to this paper.
Pruneback differs from previous techniques in that
it leaves the LVT value for all processes unchanged
while still recovering (some) memory. Neither of these
heuristics are memory optimal. However, no other
technique is known that is memory optimal in a localtrigger, local-target system.
The pruneback memory management heuristic described in this paper can be used to recover memory
space during a Time Warp synchronized parallel simulation. It is clear from the results presented in the
empirical study that, for this particular benchmark executing on this particular system, pruneback is a very
effective memory management technique for parallel
simulation on a distributed memory computer.
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