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Abstract

This  paper presents the architectural and
implementation details of multithreading in kylin
operating system. This system provides a foundation for
efficient and flexible threads on both uniprocessor and
multiprocessor machines .The work is based on the
scheduler activations kernel interface proposed by
Anderson et al. [1] for user-level control of parallelism in
the presence of multiprogramming and multiprocessing .
Preliminary vesults on a SMP enterprise server
demonstrate that the implementation is very efficient.

1. Introduction

The need for high-end systems has led to new interest
in high-end computing research, development, and
procurement. The current trend in large-scale HEC
systems is to leverage operating systems developed for
other areas of computing. An informal survey of the most
powerful HEC systems currently deployed
(http://www.top500.org) reveals that all but a few of these
machines run commodity operating systems that were not
specifically designed for large scale, parallel computing
platforms. However, we note that the Sandia's ASCI/Red
and the Cray T3E have demonstrated the highest level of
scaling efficiency for several complex scientific
applications and that both of these platforms employed
specialized operating systems on their compute nodes. It
is therefore important that research in the development of
specialized operating systems be augmented by research
that seeks to consolidate key features of specialized

operating systems with main-stream, commodity
operating systems.
Kylin operating system is focused on high

performance, availability and security, and was funded by
a Chinese government-sponsored 863 High-Tech R&D
program. It has been organized in a hierarchy model,
including the basic kernel layer which is similar to Mach,
the system service layer which is similar to BSD and the
desktop environment which is similar to Windows. It has
been designed to comply with the UNIX standards and is

compatible with Linux binaries. In order to support
parallel applications efficiently, we have emphasized on
the multithreading mechanism.

The purpose of this paper is to describe the design and
implementation of multithreading in kylin. First , as
motivation , Section 2 describes traditional thread
implementations .In Section 3 we discuss the architectural
and implementation details of the multithreading in kylin.
Section 5 presents performance results and Section 6
concludes the paper.

2. Background and Related Work

Multithreading is a popular programming and
execution model that allows multiple threads to exist
within the context of a single process, sharing the
process’s resources but able to execute independently.
The threaded programming model provides developers
with a wuseful abstraction of concurrent execution.
Threading implementations typically have components in
both user and kernel space. It is possible to do everything
from the one side or the other, but each approach has
problems. With everything on the user side, all related
threads are part of one single process (which can only run
on one CPU at a time), and multi-processor systems are
underutilized. With everything on the kernel side, the
kernel scheduler must bear a heavy load. Approaches
have ranged from the 1:1 pure kernel thread model in
which each user thread has its own kernel thread, to the
M:1 model in which the kernel sees only one normal
process, with an arbitrary number of threads with which
to schedule in user space. The M:N model falls in
between, associating M user threads with each of N kernel
threads.

2.1 M:1 model (ala FreeBSD's libc r)

In M:1 model ,which is also called useland
threading ,userland threads are implemented entirely in an
application program, with no explicit support from the
kernel. In most cases, a threading library is linked in to
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the application, though it is also possible to hand code
user threading within an application.

The libc r use a combination of a timer signal
(SIGALARM for libe r) to allows the userland threads
scheduler (UTS) to run, and setjmp()/longjmp() calls to
switch between threads. For avoiding blocking in a
system call. ,libc_r converting potentially blocking system
calls to non-blocking. This works well in all cases except
for operations on so-called fast devices such as local
filesystems, where it is not possible to convert to a
non-blocking system call. libc r handles non-blocking and
incomplete system calls by converting file descriptors to
non-blocking, issuing I/O requests, then adding the
descriptors to a central poll()-based event loop.

Userland threads have the advantage of being very fast
in the simple case, though the complexities of call
conversion eats into this performance advantage for
applications that make many system calls.

2.2 1:1 model (ala Linux's LinuxThreads)

The 1:1 model is confusingly referred to as
Process-based threading much of the time. Process-based
threads are threads that are based on some number of
processes that share their address space, and are scheduled
as normal processes by the kernel. LinuxThreads
implements process-based threading.

The Linux kernel uses the clone() function to create
new processes such that they share the address space of
the existing processes. Flags control parent/child resource
sharing, where resources range from everything (memory,
signal handlers, file descriptors, etc.) to nothing. While
the usual fork() inherits resources from the parent, it may
share nothing. Copy-on-write techniques ensure each
process gets its own copy as soon as either one tries to
modify a shared resource.

Programs can call the clone() function as a system call,
using it directly to produce multithreaded programs.
However, it is completely Linux-specific and
non-portable. Since there is no external standard, there is
no guarantee that its interface will be stable. Threading
library implementations do in fact use the clone() system
call, and it is the job of library maintainers to keep up
with kernel changes.

Process-based threading also has some inherent
performance and scalability issues that cannot be
overcome: Switching between threads is a very expensive
operation and Each thread (process) requires all the kernel
resources typically associated with a process.

2.3 M:N model (ala Solaris Multithreading)

The M:N model ,which is also called Multi-level
threading , is a hybrid of user-level and process-based
threading. The idea of multi-level threading is to achieve
the performance of userland threading and the SMP
scalability of process-based threading. Ideally, most
thread scheduling is done by a UTS to avoid the context
switch overhead of kernel calls, but multiple threads can
run concurrently by running on more than one process at
the same time.

In practice, multi-level threading' s main shortcoming
is its complexity. Just as Solaris uses LWPs to address the
POSIX compliance issues mentioned above for purely
process-based threading. And, in theory, LWPs are
light-weight, though Solaris's LWPs no longer generally
meet this criterion.

The overhead of the multi-level scheduling is also
worse than excepted.

2.4 Scheduler Activations

The scheduler activations (SAs) as presented in
Scheduler Activations: Effective Kernel Support for the
User-Level Management of Parallelism[1], and is meant
only as a basis for the more complete treatment of
multithreading in kylin .

SAs differ from multi-level scheduling in that
additional kernel facilities are added in order to provide
the UTS with exactly the information and support it needs
in order to control scheduling. Simply put, SAs allow the
kernel and the UTS to do their jobs without any guess
work as to what the other is doing.

A process that is using SAs does not have a kernel
stack or PCB. Instead, every time a process is run, a SA is
created that contains a kernel stack and thread control
block (TCB), and the process runs in the context of the
SA. When the SA is preempted or blocked, machine state
is stored in the SA's TCB, and the kernel stack is
optionally used for completion of a pending system call.

3 Multithreading in Kylin

3.1 Kjylin threads Architecture

The multithreading mechanism in kylin implemented
in M:N model strives to merge the advantages of userland
and process based threading while avoiding the
disadvantages of both approaches .The following figure
shows the architecture:
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