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1. INTRODUCTION

This paper deals with architectures that expose novel con-
currency models by using light-weight multithreading and
support high computation to memory ratio by leveraging
technologies such as Processing-In-Memory (PIM), Embed-
ded DRAM, or Stacked Memory [1, 2]. In this paper we ex-
plore the idea of implementing key parallel processing func-
tions such as synchronization locks and barriers for one such
architecture, namely the Light- Weight Processing (LWP) ar-
chitecture (Figure 1).

Each LWP core is highly multithreaded, allowing a large
number of hardware threads (order of 16-32 threads per
core) to be concurrently in execution within both the LWP
and the larger Light-Weight Processing Chip (LPC). The
minimal state of these Light-Weight Threads (LWTs) make
it possible to efficiently manage them in hardware. Support
for large number of hardware threads needs to be backed
by low overhead synchronization capability. The LWP ar-
chitecture uses Full/Empty Bits (FEB) [1, 2] in memory to
support fast producer-consumer communication.

FEB append an extra bit to each word in memory and can
exist in either Full or Empty state. This bit can be (re-)set
atomically when performing a load/store instruction hence
providing conditional access to the memory work depending
on the state of the bit. This allows threads to block on mem-
ory words when the FEB status is not the same as expected.
Unlike atomic memory operations, FEBs do not lock the en-
tire memory bank but instead only lock the memory location
under consideration. Multiple producer-consumer synchro-
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Figure 1: Single LWP core and 4—core LPC

nization on a single memory location is currently handled by
a hardware mechanism that maintains a queue of threads.

2. METHODOLOGY

The synchronization algorithms used in this paper were
originally mentioned in [3]. These algorithms were designed
to spin-wait on local/remote variables to check the status
of pending synchronization operations. We have modified
these algorithms appropriately to use FEBs to block threads
that are waiting for pending synchronization events.

We used the Structural Simulator Toolkit (SST) which
supports a modified version on the C library (LibC). We in-
strumented the Pthreads synchronization routines (pthread-
_barrier_* pthread mutex_* and pthread_cond_*) to use
scalable mutex and barrier algorithms based on FEBs. Sig-
nificant care has been taken to implement the synchroniza-
tion algorithms to use single producer-consumer semantics
instead of invoking the queuing mechanism required by mul-
tiple producers/consumers.

We assume that each Pthread thread gets directly mapped
to a hardware LWT. The “main” thread executes on a “mas-
ter” LWP and assigns child threads to the other LWP cores
in a round-robin fashion. After thread assignment is com-
plete, the main thread waits for the child threads to com-
plete. Pthread threads have large stacks and are persistent,
making LWTs have large execution state and run for longer
time periods. This model does not reflect the actual hard-
ware specification where LWT have minimal state. We are
currently working on making this model better reflect the
correct specification.

We developed seven microbenchmarks [2] that test syn-
chronization mechanisms and implemented them in C lan-
guage using Pthreads. The seven microbenchmarks differ
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Figure 2: Lock Microbenchmarks: 8—core LPC. The z-azis represents the number of threads ranging from 4
to 2048 and the y-axis represents the total execution time (in billions of clock cycles).

Synchronization Algorithm | SMP | LWP (LLSC/FEB)
Central Barrier LLSC Both
Dissemination Barrier LLSC Both
Tournament Barrier LLSC Both
Tree Barrier LLSC Both
Test—&—Set (TS) LLSC LLSC
Ticket Lock LLSC LLSC
FEB Lock n/a FEB
Queue Lock n/a FEB

Table 1: Synchronization algorithms evaluated

on a wide range of characteristics including the number of
locks, the access patterns of shared data structures with the
critical section, the complexity of the critical section code.
All microbenchmarks perform significant amounts of ran-
dom work outside the critical section code. This is to ensure
fairness in acquiring the lock and performing critical section
operations.

3. EXPERIMENTAL RESULTS

Table 1 lists the various synchronization algorithms we
tested. The table also lists whether FEB (blocking) or LLSC
(spin-wait) was used to implement the algorithm. We com-
pared the LWP implementations using FEB against LWP
or SMP implementations using LLSC instructions. For the
SMP/CMP configurations tested (4 to 16 processors), Ticket
locks (with proportional back-off) had the best overall per-
formance (in terms of clock cycles). We present only a subset
of the results in this paper.

Figure 2 shows the performance of the lock algorithms
(FEB Lock, Queue FEB lock and LLSC Ticket Lock) on one
LPC with 8 LWP cores. In general, the FEB lock is compa-
rable to LLSC Ticket lock for small number of threads, but
greatly outperforms the LLSC Ticket lock for larger number
of threads. Some of the graphs for 128 threads and above
do not show the LLSC based ticket lock for this reason. We
measure speedup as the improvement of the FEB implemen-
tations over the LLSC implementation for the same number
of threads.

FEB based techniques scale better as we increase the num-
ber of threads to large values like 2048. On average, we get
a speedup of around 5X for 512 threads or more and a best
case speed of 13X for the doubly_list benchmark. For small
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numbers of threads both FEB and LLSC-Ticket locks out-
perform the FEB Queue locks. However this trend changes
as we increase the number of threads as the overheads of the
queuing algorithm is less than the contention for the lock.
This is clearly visible for the Nuca (1024 threads and above)
and Doubly_list (128 threads and above) microbenchmarks.

4. CONCLUSIONS AND FUTURE WORK

This paper evaluates FEB implementation of scalable lock
and barrier algorithms for the LWP architecture, through
a traditional synchronization API necessary for supporting
legacy applications. In general, the scalable FEB algorithms
were useful and provided significant performance improve-
ments over conventional spin-wait mechanisms.

This work opens a lot of opportunities for exploring light-
weight multithreading and scalable synchronization mecha-
nisms. Though not discussed in this paper, our simulation
infrastructure already supports both SPLASH2 and NAS-
OpenMP benchmarks [1, 2]. We are currently investigating
these benchmarks and trying to characterize their behavior
in terms of synchronization overheads. A number of possible
enhancements to SST will make it more useful for investigat-
ing large scale LWP architectures. This includes support-
ing a more classical definition of light weight multithread-
ing, migration capabilities for threads and data distribution
schemes.
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