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Abstract

The implementation of operating system functions can significantly affect the perfor-
mance of parallel programs. Our research concerns the customization of operating
system functionality for different target hardware to improve the performance of appli-
cation programs. In this paper, we describe our experience with a reconfigurable, mul-
tiprocessor Mach cthreads package on a 32-node KSR-1 supercomputer. Sample static



and dynamic configurations address the exchange and on-line adaptation of threads
schedulers, and the on-line adaptation of threads synchronization constructs. Experi-
mental results are demonstrated with two different parallel application programs, (1)
a parallel branch-and-bound application and (2) the runtime kernel of a Time Warp
discrete event simulator. The lightweight threads package has been ported to several
target architectures, including Sparcstations, a 32-node GP1000 BBN Butterfly, SGI
multiprocessors, and the 32-node Kendall Square Supercomputer.
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1 Introduction

Lightweight threads packages have been built for a variety of parallel and sequential machines.
Typical arguments for their use include complete user-level control over threads scheduling[BLL88]
and possibilities regarding the customization of threads synchronization[ALL89] or communication
constructs[BALLIO0]. Our research requires user-level lightweight threads for two reasons: (1) to
permit the customization of threads package functions to specific target applications, and (2) to
perform such customization on-line in conjunction with the application’s execution.

This paper describes the basic functionality and performance of a configurable lightweight
threads package on a KSR shared memory supercomputer. Lightweight threads’ performance is
compared to the performance of the kernel-level threads offered by the machine’s manufacturer
(pthreads). Next, the on-line configuration of the threads package’s mutex locks! is shown to
significantly improve the performance of representative parallel application programs on the KSR
machine. Last, we describe a design of a configurable threads scheduler able to improve program
performance by changing selected scheduler attributes during program execution.

2 Previous Results

We have already investigated threads-level configuration for a specific construct — reconfig-
urable locks? — used for the synchronization of multiple processes on the BBN Butterfly NUMA
multiprocessor[MS93a, MS93b]. Using artificial workloads|MS93a] and a representative multi-
processor application — a parallel branch-and-bound program — on a 32 node BBN Butterfly
multiprocessor[Muk91], we have demonstrated that:

o Off-line configuration is important for use of alternative thread schedulers, such as for real-
time vs. mnon-real-time applications[SZG91, GFS93a]. Similarly, multiple thread sched-
ulers may be employed concurrently for performing the scheduling of application threads
vs. threads performing communication processing[CMS93, LKAS93].

e Performance improvements can be attained by adapting the scheduling components of a lock
construct to the application’s dynamically changing locking pattern (e.g., access frequencies,
lengths, and contention on critical sections), ranging from improvements of 3-5% for programs
not exhibiting significant lock contention to 17% for applications making frequent use of single,
shared queues.

e The functionality of the resulting threads package-level “adaptive objects” is comprised of
(1) methods for monitoring object state, (2) methods for changing selected attributes of the
object’s internal representation, including its scheduling component, and (3) methods for the
mutually exclusive acquisition of such attributes by external agents desiring to perform a
change.

These results are evidence of the utility of threads-level configuration, on-line or off-line. In the
remainder of this paper, we first mention a few salient aspects about the operating system on

!The terms ‘mutex lock’ and ‘blocking lock’ have beenjused interchangeably in this paper.
?The terms ‘reconfigurable lock’ and ‘adaptive lock’ have been used interchangeably in this paper.



the KSR machine (OSF’s Mach), and review the basic structure and performance of lightweight
threads on the machine. Next, selected aspects of the internal structure of the threads package
permitting the configuration of selected constructs are reviewed, using the example of scheduler
configuration for real-time applications and for communication processing. Results concerning
runtime configuration of threads library constructs focus on lock reconfiguration for the branch-
and-bound application and the Time Warp kernel. Last, a design and implementation of on-
line scheduler configuration for optimization of optimistic discrete-event-simulation programs is

described.

3 The KSR: Architecture, and Basic Performance Measurements
of Pthreads and Cthreads

To put later performance measurements in perspective, in this section we review the architecture of
the KSR, report the performance of a few commonly used OS and pthread library calls, and then
the timing measurements of some of the most commonly used cthreads calls.

3.1 Architecture

The KSR supercomputer is a shared memory, cache-only architecture with an interconnection
network that consists of hierarchically interconnected rings, each of which can support up to 32
nodes or 34 rings (the largest machine delivered to date consists of 256 processors). Each node
consists of a 64-bit processor, 32 MBytes of main memory used as a local cache, a higher performance
0.5 MBytes sub-cache, and a ring interface. CPU clock speed is 20 MHz, with peak performance
of 40 MFlops per node, an access time to the subcache of 2 processor cycles (with a 64-byte cache
line), an access time of 18 processor cycles to local memory, and an access time of 126 cycles to
remote memory using a 128-byte cache line. Therefore, severe penalties exist concerning accesses
to sub-cache, cache, and remote memory. Such penalties increase when additional rings exist in
the memory access hierarchy.

Programmers do not perceive the memory hierarchy existing in the machine (other than by
potentially observing performance penalties), since access to non-local memory results in the cor-
responding cache line being migrated to the local cache, so that future accesses to that memory
element are relatively cheap. Furthermore, at the lowest level, the parallel programming model
offered by the KSR’s OSF Unix operating system is one of kernel-level threads, called pthreads,
offering constructs for thread fork, thread synchronization, shared memory between threads, etc.
pthread functions are accessed via kernel calls, and much of the operating system kernel’s code,
state, and buffer space is replicated across the different processor caches, thereby resulting in local
access to operating system functionality.



3.2 Measurements of the Basic Functions

The measurements reported below were taken on a 32-node machine®. The numbers quoted here
are the averages over 10,000 to 100,000 repetitions for each primitive.

3.2.1 KSR OS and Pthreads

As in most Unix-like operating systems, the KSR OS provides operations to save and restore the
machine context. A context save operation requires 5.34 microseconds when the signal mask need
not be saved?, and 269.48 microseconds when it is saved®. Restoring context takes an almost
identical amount of time: 6.17 microseconds without signal mask®, and 215.24 microseconds when
the mask is saved”.

A basic atomic instruction (gspnwt:get sub-page without waiting) requires 1.32 microseconds
and a null function call may be performed in 1.78 microseconds.

The graphs below show the performance of dynamic memory allocation on the KSR. Figure 1
shows the timing measurements when memory is allocated from a prepaged pool. This is useful
while allocating stack for threads, e.g., because the performance hit due to the first page fault need
not be incurred. Figure 2 shows the corresponding numbers for non-prepaged memory (which are
much greater than prepaged memory). From the measurements, there appears to be a minimum
chunk size (27 bytes) for memory allocation on the KSR.

Creating a pthread requires 3286.92 microseconds, and a create-and-bind of a pthread to a
processor requires 9984 microseconds. Yielding the processor requires 100.12 microseconds when
there is a single pthread in the run-queue, and 179.56 microseconds when there are two pthreads
(ping-pong). A lock-and-unlock of a pthread mutex requires 10.93 microseconds.

3.2.2 Lightweight Threads on KSR

The lightweight threads package constructed by our group uses a single pthread as a virtual
processor for the execution of multiple user-level threads (we often call these user level threads
‘cthreads’). Essentially, each pthread simply runs any thread it finds in its local ready queue
of user-level cthreads. The basic functions offered by the user-level threads functions are those of
Mach CThreads[CD88], including thread management, synchronization, and memory management.
Thread initialization differs from Mach cthreads in that users can control the total amounts of shared
memory allocated for threads and thread stacks, the number of virtual processors (pthreads) used
for thread execution, etc. Memory management routines are mapped directly to the KSR operating
system’s routines, in contrast to versions of cthreads constructed for other machines (e.g., the BBN
Butterfly or Sparcstations). We are currently experimenting with a buddy allocator, which will
allow applications to vary the minimum chunk of memory allocation for performance improvement.

The cthread implementation has not been optimized for the KSR machine. It is derived from
a similar implementation being used in our research on SUN Sparcstations.

*The measurements were taken when the load on the 32-node KSR was between 15 and 20.
*This is nothing but the _set jmp operation. 3

“This is the setjmp operation.

This is the _longjmp operation.

"This is the longjmp operation.
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Figure 1: Time for malloc using pre-paged memory (microseconds)

Forking a cthread on the local processor takes 71.5 microseconds, and forking on a remote
processor takes 120.58 microseconds. A fork-and-detach of a cthread requires 378.37 microseconds.
It takes 38.69 microseconds to yield the processor when there is one cthread in the run queue,
and 78.09 microseconds when there are two (ping-pong). A spin-lock-and-unlock requires 4.71
microseconds in our cthreads library, and a mutex-lock-and-unlock takes 6.19 microseconds.

The performance measurements that can be compared for pthreads and cthreads are listed in
table 1.

H Operation pthread cthread H
fork 3286.92 71.5
yield 100.12 38.69
ping-pong 179.56 78.09
mutex lock+unlock 10.93 6.19

Table 1: Summary of the performance of pthreads and cthreads on the KSR (microseconds)

There is scope for improvement in some of the functions reported above. Context-switch could,
for example, be configured to the individual needs of the application: all applications might not
use the full set of registers on the KSR (32 CEU, 32 IPU, 64 FPU registers, apart from the XIU
registers). We are going to undertake such investigations in our future work.

Although the measurements shown above do not present all performance advantages afforded
by use of lightweight vs. kernel-level threads on the KSR machine (other performance advantages

4
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Figure 2: Time for malloc using non-pre-paged memory (microseconds)

derive from savings in lock or condition allocation times, etc.), it is apparent that programs wishing
to map multiple user threads to a single processor can derive significant benefits from using cthreads
vs. pthreads.

4 Applications Running with Cthreads on KSR

In this section, we present the salient points about two applications running on cthreads on the
KSR: a Travelling Sales Person application, and the kernel of a Time Warp simulator, thus setting
up a ‘control’ scenario for performance comparison with an implementation using reconfigurable
locks, described later in this paper.

4.1 Time Warp with Pthreads vs. Cthreads on KSR

Time Warp is a discrete-event simulation technique that uses optimistic (rather than conservative)
parallelization techniques [Jef85]. Salient features of the Time Warp testbed that we use for our
research have been treated extensively elsewhere [Fuj89]. Here, we review some of the parts of the
kernel where locking is performed.

e When a logical process (LP) sends a message to another LP (or to itself), the list of free
events, and the list of incoming events of the recipient’s processor are locked. (These lists are
on a per-processor basis. )



e When an event finishes execution, the corresponding processor examines its list of incoming
events; this entails locking that list.

o Before putting an event for cancellation in the list of the appropriate processor, the corre-
sponding cancellation list has to be locked.

o Before cancelling events, the cancellation list on that processor has to be locked to get a
handle on the events to be cancelled.

e When an unprocessed event is cancelled, it is returned to the free list of events; this involves
locking the list of free events.

e When the simulator runs out of free memory for free events, it undertakes garbage collec-
tion. Here, the processors have to examine the event lists, the list of events candidate for
cancellation, the list of messages sent but not yet received, and the list of events candidate
for rollback; all these data structures have to be locked for this purpose (however, garbage
collection is performed relatively infrequently). Further, the list of free events has to be locked
when garbage-collected events are returned to the free list.

In this paper, we report the performance of the kernel in response to a Parallel Hold workload
model, the generality of which has been argued elsewhere [Fuj90]. We use a single cthread on each
processor; all the logical processes (LPs) mapped on that processor are multiplexed by this cthread.

The following graphs show the performance of the kernel using the pthreads library, and our
cthreads library. We used blocking (also called mutex) locks in the cthreads implementation.
When a cthread tries to get a mutex lock and fails, it yields the processor before trying again.
Since there was only one cthread per processor, that thread will start to run again, but there will
be a considerable delay before it tries to get the lock again®.

It should be noted that we started the ‘wall clock’ after forking the pthreads/cthreads on the
different processors. Initializing the cthreads library takes some time, but forking a cthread is so
much cheaper than forking a pthread that the initialization cost is quickly amortized if several
threads are forked on each processor. While the current implementation of the Time Warp kernel
uses one thread per processor, it should be noted that there are several applications that fork
multiple threads on each processor, and even dynamically fork threads. Such applications would
greatly benefit from a cthreads-like library (since forking is much cheaper there than pthreads).
The current implementation of the Time Warp kernel performed better with pthreads than with
cthreads chiefly because locking is cheaper for cthreads.

4.2 Travelling Sales Person with Cthreads on KSR

We have implemented the TSP algorithm as a collection of asynchronous cooperating
threads[CMS93]. The threads cooperate through two shared abstractions: (1) a shared work queue
of subproblems which stores the search-space tree, and (2) a shared value representing the current
best tour found so far. To start a computation, the main thread of the program first enqueues the

#Recall that the time for a mutex lock followed by an yield is about 40 microseconds (38.69 microseconds for yield,
and about 6.19/2 microseconds for mutex lock) for cthreads; compare this with 4.71/2 microseconds required for a spin
lock: the interval between successive attempts to lock woulld be lower had spin locks been used. Spin locks would increase
contention on the slotted ring (connecting the processors) in case of enough contention on the locks.
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Figure 3: Execution time for Time Warp with pthreads, and with cthreads using mutex locks (seconds)

node of the initial problem (the root node) in the work queue, it then forks a number of searcher
threads and finally waits until all of them terminate. A searcher terminates when at least one tour
has been found and there is no unexplored node in the work queue.

The implementation uses four synchronization locks — qlock for mutual exclusion of the shared
queue, glob-act-lock for mutual exclusion of the variable containing the number of active slaves,
glob-low-lock for mutual exclusion of the lowest tour value (for the distributed representation,
each processor keeps its own local copy of the value), and globlock which is a multi-purpose lock
to keep the global data structure consistent.

Figure 4 shows the performance of TSP for varying number of processors. While we did not carry
out a pthreads implementation, the performance of the Time Warp kernel (using cthreads) should

convince the reader that other applications (including TSP) would perform well when compared
with pthreads on the KSR.

However, the object of our research is not simply to gain such performance benefits. We
next motivate the need for off-line threads package configuration, using the example of scheduler
configuration.

5 Configuration of Lightweight Threads — Scheduler Configura-
tion

Any configurable thread scheduler may be described as an object offering certain operations and
attributes that vary due to differences in internal scheduler representation. Such attributes must

7
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capture the following implementation differences:

o (Granularity: Each scheduler schedules a unit of activity at a time. The granularity of schedul-
ing defines the size of such a unit, which may consist of a single or a group of threads.

o Storage/retrieval policies: The scheduler’s repository for schedulable (ready to run) threads
will differ among scheduling policies, ranging from simple FCFS queues to priority- or even
deadline-ordered queues[SZGI1].

o Locality: Scheduler performance is also affected by the distribution of the above-mentioned
thread repository. Especially on the KSR machine, global queue organizations are not suitable
for scalable performance in thread scheduling and thread management, so that queues must
be internally fragmented across different processors{CMS93]. Additional scheduler attributes
must capture whether threads may be migrated across processors, which affects load balancing
and cache performance.

o Preemption: Scheduling policies may be classified as enforcing (1) involuntary preemption,
which means that a scheduler can preempt a thread at any time, (2) voluntary preemption,
which means that threads must release processors voluntarily, and (3) non-preemptive, which
implies that threads are never preempted. Such differences result in major changes in the
implementation of thread context switching (saving or not saving signal masks, for instance);
they occur for real-time vs. non-real-time schedulers.

o Application hints: Schedulers must be able to offer attributes that may be specified by appli-
cation programs, such as handoff hints[Bla90] or real-time parameters like deadlines.

8



We next describe the class definition of a scheduler offering attributes for its static configu-
ration as a preemptive (using signalling) vs. non-preemptive scheduler. These class definitions
are used in the instance of lightweight threads simultaneously using two different schedulers, one
running communication threads, the other running application threads. These schedulers are used
in a distributed implementation of a “work queue” abstraction in a parallel branch-and-bound
code. Significant performance improvements are demonstrated when using a non-preemptive FIFO
scheduler for application threads and simultaneously using a preemptive priority scheduler for asyn-
chronously executable threads implementing the communications among the different fragments of
the work queue abstraction.

CLASS Scheduler 1s

STATE internal_state is
LOCK sched_lock;
int node;
int active_threads;
QUEUE_T free_list;
QUEUE_T *lqueue;
THREAD_T scheduler_thread;
END

ATTRIBUTESET static_scheduler_attributes is
int no_of_readygqs;
int no_of_threads_per_proc
HINT_T hint;
OPERATION global.init (..);
OPERATION vproc_init (..);
OPERATION thread_init (..);
OPERATION get_thread (..);
OPERATION put_thread (..);
OPERATION empty._readyq (..);
OPERATION proc_idle (..);
OPERATION schedule (..);
OPERATION alert_hndlrl (..);

bl

OPERATION alert_hndlrn (..);

BEGIN
END

The above class defines an application-specific scheduler. The internal state of the scheduler
provides data structures to define/implement mgltiple scheduling policies. The attributeset of



a scheduler consists of various levels of initialization operations (global_init initializes at the
processor level, vproc_init initializes at the virtual processor level, and thread_init initializes at
the thread level), different policy operations (get_thread to get the next thread to run, put_thread
to put a thread back to a bank of ready queues, empty readyq to determine if a ready queue is
empty, proc_idle to specify work for an idle processor), and a set of operations to handle various
exceptions/interrupts (primarily used to implement preemptive scheduling based on inter-processor
interrupts, timer interrupts etc.).

Such a scheduler framework can be easily used to define any application specific scheduler
(possibly different schedulers on different processors running an application at the same time?).
An application defines the scheduler(s) at pre-execution time and installs them to the specific
processors at the application-initialization time using a call to install_scheduler(processor
number, scheduler).

A real-time application, e.g., may not want to use the generic function in the cthreads library,
whereby a FCFS policy is used to run threads until they explicitly yield. Real-time systems often
use variations of priority-driven scheduling (for example Earliest Deadline First or multiprocessor
variants thereof [CC89, SZGI1, GFS93al) in the absence of sporadic task arrivals, and perform
schedulability analyses whenever a sporadic arrives (and interrupts the processor). From the afore-
mentioned text, it should be clear that such application-specific schedulers are easy to install in
the cthreads library. This would constitute static scheduler configuration of the library. Dynamic
scheduler reconfiguration is discussed in a later section.

6 Runtime Configuration of Lightweight Threads — Synchroniza-
tion

Any dynamically configurable object defines the abstraction-specific attributes mentioned above.
At runtime, such attributes are altered explicitly or implicitly by a user-provided “adaptation
policy”. We assume that changes in object attributes may be performed both synchronously or
asynchronously with method invocations. This requires the introduction of two additional time-
dependent properties of object attributes: (1) attribute mutability and (2) attribute ownership.
An attribute is mutable whenever its current value may be changed. For example, a lock object’s
attribute specifying its waiting policy (not its scheduling policy) is permanently mutable because
it may be changed at any time. However, its scheduling policy is likely to be immutable when-
ever threads are waiting on the lock, due to the inordinate potential expenses involved with the
reorganization of internal lock data structures like thread waiting.

Since runtime configuration requires state monitoring, the cthreads package provides a set of
functions and facilities for on-line monitoring not described in detail here (see [0SS90] for a dis-
cussion of an earlier implementation of such primitives performed by our group). Such information
(about threads package state) may be used at the application level by “adaptation policies” applied
to multiple threads package components (configurable objects), or it may be used to build single
adaptive components. For example, the adaptive lock object used in the experimentation below
monitors lock contention (in terms of number of waiting threads) periodically at a user-defined

?We call such scheduling schemes “Heterogeneous Sché@uling”.
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Figure 5: Contention patterns for lock on list of events to be cancelled in Time Warp; 10-processor run

rate, and adjusts several of its implementation-specific attributes (i.e., its spin-time, sleep-time,
release-time etc.) according to an adaptation policy. The adaptation policy used in the experi-
ments below is to dynamically change the locks to spin locks when lock contention is low, and to
change them to blocking locks when it is high. The actual attributes varied are the spin-time
and sleep-time. This implies that the lock dynamically changes its waiting policy from pure spin-
waiting, to back-off waiting, to blocking depending on the application’s current locking behavior.

We perform runtime lock configuration on two ‘applications’s a TSP program, and the Time
Warp kernel referred to earlier. The object of these experiments is to demonstrate that the perfor-
mance of a complex parallel program can be improved without changes to the program, but simply
by adapting the locking primitives employed by this program.

We monitor each application to ascertain whether there was any contention on the locks, and
if so, how much of contention there was. As stated earlier, we use the number of threads waiting
on a lock as a metric in this regard. Associated with each reconfigurable lock is a counter. When
a cthread fails to acquire a lock, it increments that counter. The value of the counter and the
corresponding ‘real-time’ together provide a profile of the contention pattern on the lock. The
customized lock monitor for the adaptive locks, used in the experiments, senses the number of
waiting threads (sampled once during every other unlock operation) to be used by the adaptation
module.

Low contention suggests that blocking locks can be changed to spin locks, since that lock is
probably immediately available. This is done by changing the sleep-time of the lock to a very small
value, and the spin-time to a high value. High contention would suggest performance improvement
by changing a spin lock to a blocking lock: its sleep-time increased and its spin-time reduced. Fur-
ther, as the contention on a lock changes over thfllifetime of the application, these two parameters
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Figure 6: Contention patterns for lock on free list of events for Time Warp; 10-processor run

can be continuously changed to provide a spectrum of locks from ‘pure-spin’ to ‘pure-block’.

We monitor three locks in both applications. In the Time Warp kernel, they are the locks on
the cancellation list, the event list, and the lock on the free list of events. The contention patterns
are reproduced for the Time Warp and the TSP applications!®

The Time Warp kernel shows relatively little contention on its locks!! (figures 5, 6, 7). Therefore,
we use spin locks in its ‘reconfigured’ implementation. The TSP application, shows a high degree
of contention (figures 8,9, 10). After studying the locking patterns for all the locks, we found that
glob-low-lock suffers from almost no contention, and globlock and glob-act-lock suffer from
only mild contention. The lock adaptation policy identifies such no-contention locks and configures
them to low-latency spin-locks. qlock, on the other hand, exhibits considerable lock contention.
It is therefore reconfigured into a blocking lock. The improvement in performance of the kernel
and the TSP application on using spin locks and reconfigurable locks appear in figure 11 and 12,
respectively. (For comparison, the performance graphs with pthreads, and cthreads with blocking
locks, have also been included in the figures.) Spinning in Time Warp improves performance
by reducing the intervals of trying for locks on which there is relatively little contention, while
reconfiguration helps in TSP by making processors ‘back off” for appropriate intervals in the face
of a lot of contention (on qlock), thus improving performance.

19For brevity, we show the graphs for 10-processor runs of each application. The contention patterns are largely similar
for runs with different number of processors.

! Although the locks were on a per-processor basis in the Time Warp kernel, (the event lists are distributed across
the processors), we report the contention on only one processor. The behavior on the other processors is expected to be
similar, the application being symmetric.
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7 Runtime Configuration — Scheduling for Real-time Time Warp

We are now investigating the runtime configuration of a single thread scheduler — termed scheduler
configuration — performing real-time scheduling for Time-Warp discrete event simulations| GFS93b].

While Time Warp optimistic simulation can be seen as increasing dynamic parallelism through
speculation, one often needs to get ‘runaway parallelism’ under control through throttling [DeG91].
Dynamic parallelism, by its very nature, cannot be predicted at compile time. The amount of
speculation should be large when there is a high amount of dynamic parallelism, and speculation
should be throttled when such parallelism reduces.

Monitoring the amount of dynamic parallelism is relatively straightforward in non-speculative
execution: the number of busy processors is very often a good enough index in this respect. However,
in Time Warp style of speculative execution, processors may be performing incorrect work rather
than being idle. One way to monitor ‘recent’ dynamic parallelism is to monitor the number of
events committed in some recent past interval of real-time.

We are in the process of implementing a real-time scheduler for speculative computation based
on these ideas. For brevity, the real-time aspects of the scheduler are not included in this paper.
Here, we briefly mention how reconfiguration can be achieved in such a scheduler.

We have a ‘throttling window’ on each processor. This window determines the maximum number
of processed uncommitted events allowable on any processor. When the number of processed
uncommitted events becomes equal to the throttling window, event execution is blocked on that
processor. (Note that this immediately provides us with an upper bound on the time required
for rollback on any processor: processed uncommitted events being the only ones that can roll
back.) The throttling window is maintained at a constant number (say, 1) greater than the ‘recent
parallelism’, as determined above.

If the throttling window is too small, a small number of events tend to get rolled back; the
number of committed events in a ‘recent past interval of real-time’ increases, and the throttling
window is therefore increased the next time around. On the other hand, if the throttling window
becomes too large, processors tend to get far ahead of each other, and the number of rollbacks
increases. This has the effect of reducing the ‘number of committed events in a ‘recent past interval
of real-time’, and the feedback control reduces the throttling window: thus achieving dynamic
reconfiguration in the scheduler of such a system..

8 Conclusions

We have presented the performance of a user-level threads package on the KSR multiprocessor, and
compared its performance with a kernel-level threads package that the multiprocessor provides. The
user-level package performs substantially better.

Further, we have discussed mechanisms for reconfiguring the locks of such a lightweight threads
package, and how that leads to better performance. We have shown the efficacy of our reconfigu-

13



ration mechanisms by improving the performance of two applications: a TSP application, and the

kernel of a Time Warp simulator.

Finally, we have discussed the performance implications of reconfiguring schedulers in lightweight

threads packages statically and dynamically, and presented a scheme to perform such reconfigura-

tion.
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Figure 7: Contention patterns for lock on list of incoming events for Time Warp; 10-processor run
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Figure 8: Contention patterns for globlock in TSP; 10-processor run
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Figure 11: Execution time for Time Warp using cthreads (seconds)
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Figure 12: Execution time for TSP using cthreads with various types of locks (seconds)
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