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Multi-core architecture has been adopted by the chip lem. However, dynamic assignment has the advantage over
manufacturers. Computers with two or four cores are com- static assignment in that the number of cores executing lock
mon. Trends seen from Intel's 80-core [1] processor suggestcode can change according to the program’s synchronization
that cores in a single chip are still increasing. Within ten behaviour. Therefore, the dynamic method is adopted in our
years, each chip will embrace thousands of cores. system. Specifically, core 0 is the only initialized core e¥hi

Commodity operating systems, however, cannot scaleis used to execute lock code. When the dynamic policy de-
well with the number of cores because the lock protect- cides to utilize more cores for lock, cores with ascending
ing the shared data structure in the kernel tends to be time-core id will be added. This method takes the shared last
consuming when the lock contenders increase. This phe-level cache on the multi-core architecture in considenatio
nomenon can be observed easily on the future many cores Another challenge is the overhead of thread migration.
even if only several instructions exist in the critical $ect On the AMD 32-core platform, migrating a thread between
In the past, operating system developers exploit finer graintwo cores takes 9 microseconds at least. The experimental
locks to remove this bottleneck and this method has beenresults on thesingle_ctr micro-benchmark indicate that the
proven to be successful. However, as the cores increase extime of completing 100,000 operations using 32 threads
ponentially, making the critical section finer tends to beha  increases to 33 seconds when migrating threads before and
and error prone [2]. after each critical section (the time is 12.58 seconds kigh t

Different from previous work, we propose to improve original Linux). For this challenge, we propose to migrate
the parallel scalability of operating systems by lock-avar threads according to the hotness of each lock. If the lock
thread migration. The idea is inspired by the insight that hotness is larger than a threshold, threads waiting for this
when the number of cores contend for lock is small, each lock should be migrated. Meanwhile, to adapt the program’s
core can acquire the lock quickly. Therefore, if lock con- dynamic synchronization behaviour, lock contenders on the
tention degrades the performance and scalability, we limit lock cores should be migrated back when the lock hotness is
the number of cores on which the lock code can execute. Insmaller than a threshold.
our system, the limitation is achieved by migrating threads  The third challenge is the cores executing the lock code
between cores. Lock-aware thread migration has three ad-may become a bottleneck. When one or more locks are
vantages at least: 1. For each thread, the time of waiting for highly contended, too many threads are migrated to the lock
lock can be shorten. 2. The shared data in the critical sectio cores. The runqueues of the lock cores become so long
would be fetched in less caches. This may reduce the cachehat each thread cannot be scheduled frequently enough. We
misses introduced by the cache coherence protocol. 3. Wepropose to solve this problem by detecting the average load
implement this method by pure software. Thus, evaluation of the lock cores and increasing the number of lock cores

can be preformed on the real multi-core system. properly. Using the technologies discussed above, we éxpec
We demonstrate the potential of lock-aware thread migra- that the lock-ware thread migration can effectively imgrov
tion by setting the processor affinitgingle_ctr,multiple_ctr the kernel scalability on the multi-cores for a wide range of

anddoubly_linked_list are three micro-benchmarks selected. workloads.
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