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Rapid progress in distributed computing have provided collab-
orative studies and essential compute power for science, and made
data administration a critical challenge in this area. Scientific applica-
tions have become more data intensive; moreover, data management
happens to be more demanding than computational requirements in
terms of needed resources. There have been many recent studies
investigating new approaches for data management and data transfer
in distributed systems. On the other hand, data management has been
one of the crucial problems in every stage of computer engineering.
Accessing data in a transparent and efficient manner is also a major
issue both in operating system design and in microprocessor archi-
tecture. Data management and data access approaches in operating
system level and processor design can be applicable to distributed
systems.

We analyze data access and data management issues in differ-
ent layers of computer systems starting from microprocessor level,
extending to operating system level, and then, investigating data
handling in distributed systems. We define characteristics of each
layer in terms of similarities and differences in storage operations. We
study problems and challenges in data access and data storage, and
we investigate applied techniques in small and large scale systems.
Studying and analyzing in different scales will enable us to better
understand the data management problem in distributed systems.

In distributed systems, different service layers have been defined
and overall load is shared between separate components. Therefore,
there are different software and hardware elements serving for
specific purposes to maintain the overall system. Basic components
of a distributed system are computing and storage resources which
are reachable to each other over network connections. Specialized
data servers and data storage sites have been formed due to storage
requirements of today’s applications. Necessitated input data is either
transferred and stored in a temporary space or accessed remotely over
the network. Due to the nature of interconnects between distributed
elements there are many factors affecting performance such as latency
and bandwidth. This leads to staging and caching services in order
to make data easily and quickly accessible.

In recent past, microprocessors have been one of the fastest
growing technologies. In the early models, accessing data was one of
the major problems as it is still a crucial issue today; such that, data
retrieval from memory to execution unit is slow due to the speed of
memory and also the latency in the bus between memory and CPU.
In order to overcome the speed gap between arithmetic operations
and memory access operations, many techniques have been applied.
Scheduling the execution of instructions starts with out-of-order
execution technique used in early x86 designs and extends to dynamic
scheduling algorithms in which operations are buffered in the issue
phase before they are sent to execution units. Moreover, pre-fetch
registers, multi-level caches, complex branch prediction algorithms
are some of the methodologies used in processor design. Execution
stages are split into execution units and also into multiple pipelines
in order to enhance performance using pipelining and superscalar
design. Load-store operations are separated from other execution units

and I/O instructions are scheduled and executed by specialized units
in microprocessors.

Besides, many approaches have been used in operating system
level to access data in an efficient manner. DMA, I/O scheduling, file
systems, disk management, simultaneous resource sharing, and low-
level parallelism such as disk striping are some common examples.
The I/O bottleneck has also been studied in parallel computer systems
and many interesting techniques have been proposed and applied
successfully. Data handling has been dealt with separate components
and special action has been required throughout the evolution of
computer systems.

We first start with microprocessors, the basic component of com-
puter systems, and study data management in processor architecture.
We focus on problems on accessing and storing data that have been
encountered in the early phases of processor design, and also analyze
how those issues have been resolved to enable today’s fast and
efficient microprocessors. Then, we study disk scheduling and I/O
scheduling techniques in operating systems for single or multipro-
cessor environments. We mainly concentrate on mapping traditional
operating system concepts to widely distributed environments in
terms of scheduling and I/O management. Since small and large scale
systems have similar problems, we are planning to utilize approaches
in computer and operating system kernel architecture to come up with
a broader perspective in which we can extend known methodologies
to be used in distributed systems.
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