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Abstract

This thesis describes the design of large scale management systems, which is based on
abstraction that allows optimization for underlying architecture. The importance of the
design was demonstrated by two implementations of different kinds of management
system: a parallel scheduling and OS migration.

Recently, management systems cannot deal with overall configurations and
conditions because size and complexity of hardware and rapid development of software.
The underlying architecture which includes software architecture (e.g., file system,
network protocol) is difficult to see from the management systems. It causes inefficient
execution, implicit security problems, and frequent administration.

The goal of this thesis is to offer efficient and trustworthy management systems,
which balance user requests and current computing resources. The design of
management systems must be abstracted so as to balance the simplicity and
performance, which take account of the underlying system architecture. Following the
design approach, two management systems with different requirement and usage, were
developed. One management systems is a process scheduling on massive parallel
computers, which achieves quick response of each task and high processor utilization.
The other management system deals with migration of operating systems through the
Internet, which copes with the problem of software version management. For the former
approach, I developed a scheduling which combined space sharing and time sharing.
For the latter approach, I developed a framework to distribute bootable disk images
through the Internet.

The scheduling which combines space sharing and time sharing offers abstracted
parallel computers called slices. Tasks are allocated on a slice with a partitioning
algorithm for each architecture. The slices are dispatched to real parallel computers and

tasks are processed. The feature of the scheduling is co-existing of tasks among slices.



When the area of a task on a slice is free on other slices, the task can sit on these slices
in order to attain better processor utilization. Multiple tasks reduce the number of slices
and make quick responses. The scheduling was simulated on mesh-connected parallel
computers (32X 32) with two partitioning algorithms: Adaptive Scan and 2D Buddy. The
simulation showed the increase of processor utilization was 38% and 19% on Adaptive
Scan and 2D Buddy respectively. The scheduling was implemented on AP/Linux: a
parallel operating system for Fujitsu AP1000+. The implementation utilized the Linux
local schedulers which were loosely synchronized by hardware clock, and
communication library which switched from busy wait to signal wait. It offered
moderate co-scheduling and achieved good performance for fine- and coarse-grain
processes. It differs from rigid gang scheduling in that it does not promise strict
synchronization of a parallel process on all processors. Therefore, the scheduling was
supposed to have processor thrashing for fine-grain parallel processes, but it avoided
the thrashing problem by controlling all parallel processes with the organized hardware
clocks. Conversely, it offered effective processing of coarse-grain parallel processes by
overlapping with the communication library which switched from busy wait to signal
wait. The co-scheduling skew of the implementation was 2% in a range of co-scheduling
period 200ms, which was compensated by the high processor utilization of the
scheduling.

The migration of operating system allows us to boot any operating systems without
installation on any machine. It is used for bringing back an old OS image or trying a
new OS function without side effect. The OS migration is called OS Circular and
operating systems are transferred by the network transparent virtual disk called
LBCAS (LoopBack Content Addressable Storage). LBCAS reconstructs a virtual disk
from abstracted block files which are made from split and compressed block device. The
file abstraction make easy to treat. The block file is named by the SHA-1 value of its
contents, and the access to the virtual disk is a redirect addressing based on the SHA-1
block files. The same contents blocks are shared by the same SHA1 value and reduce
the total volume. The update of application on the LBCAS creates new block files with
new SHA-1 file name. The old block files are reserved and make possible to bringing
back an old OS image. The new block files are creased for the updated data only, and the
saver save the total volume of LBCAS. The integrity of block files is verified with the
SHA-1 on a client. The feature makes possible to distribute the block files by un-trusted
servers. The downloaded block files are cached on a local storage in order to eliminate
redundant download.

The performance of LBCAS was affected by underlying software architectures: the



data, access pattern, and the size of block file. The feature was made cleared by the
experiment and the optimizations for quick boot were applied. The target operating
systems were Windows and Linux, and the LBCAS is optimized by reallocation tool of
files system (DiskKeeper and PerfectDisk for Windows and ext2optimizer for Linux).
The latency issues in the Internet were optimized by DLAHEAD and DNS-Balance.
DLAHEAD downloads necessary block files in advance at boot time. DNS-Balance is the
name resolver which uses routing information database and suggests the nearest server
for each client. The techniques hid network latency and made possible to distribute the
disk image worldwide.

The implementation of two management systems showed that the design
compensated the abstraction overhead by allowing optimization for each architecture.
The design balances portability and performance on management systems and offers

the sophisticated computing environment.
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