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Abstract

RISC machines,derived from the conventional von Neumann architecture
are easy to design and have tremendous computing power. However. the
stored program concept and the centralized control of these computers have
led to inter-dependence of instructions. This leads to inefficient execution
of parallel programs.

Twine-RISC combines the ideas of von Neumann and Dataflow architec-
tures and eliminates the drawhacks of RISC machines in paralle] execution
of programs. In this thesis, we have proposed a simple design for Twine-
RISC. The proposed design of two stream Twine-RISC processor consists
of less than 40k transistors. A novel design for a queue has also been im-
plemented in VLSI. In our qucuec, Read and Write operations take less than
1ns.
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Chapter 1

Introduction

RISC architectures[3] have been derived from the conventional von-Neumann
architecture. This architecture is widely used in modern commercial com-
puters of these days. The RISC instructions are simple, regular and are
usually based on three operands. However. in RISC', the inter-dependence
of instructions due to the stored program concept of von Neumann comput-
ers have proved to be a major bottleneck in parallel execution of programs.

Dataflow architectures[4] offer a possible solution for efficiently exploiting
concurrency of computation on a large scale. The computing nodes are fired
when the data arrives and the execution of instructions may not be in the
sequence in which they are stored in the memory of a computer[6]. However,
no architecture supports efficient execution of dataflow programs.

Nikhil and Arvind[1] proposed P-RISC. which combines the ideas of both
von-Neumann and dataflow computing. In P-RISC. the program counter(PC),
found in von-Neumanu computers is eliminated and multiple threads of com-
putation is achieved through the exccution of tokens. a concept borrowed
from dataflow computing[4.6.1-]. The RISC feature of pipelined instruction
execution is also effectively utilized. However. in a single processor, multiple
threads cannot be simultaneously executed.

Moona, Nandy and Rajaraman [2] have proposed a novel architecture
called Twine-RISC which supports multiple threads execution in a single
processor. Twine-RISC' has eliminated many drawbacks which are existing
in P-RISC and efficiently exploits (fine- grain) parallelism which is inherent
in most programs. In this thesis. we propose a simple design for Twine-
RISC.



The two stream Twine-R15C consists of less than 40K transistors. The
details of the transistor count has been given in chapter 4. The design can
be easily modified to accommodate more Twine-RISC streams. All blocks
in Twine-RISC pipeline operate asynchronously with handshaking modules
between each pair of blocks taking care of data overruns. A novel design for
queuecell has also been implemented in VLSI.

The rest of the chapters are organized as follows. In chapter 2, we survey
RISC, dataflow and a combination of RISC and dataflow architectures. In
chapter 3, we elaborate on Twine-RISC architecture. In chapter 4. we pro-
pose the hardware realization of Twinc-RI1SC and in chapter 5. we conclude
with the results and a brief note on the future work to be done in this field.
Appendix A explains the detailed instruction set of Twine-RISC. Appendix
B gives the coding of the Twine-RISC instruction set.



Chapter 2

RISC and Dataflow

Computers

In this chapter we discuss the origin and the development of the RISC and
dataflow machines. We also discuss about the attempts towards fusion of
dataflow and von-Neumann ideas to develop hybrid processors for parallel
execution. Section 2.1 discusses the evolution of RISC from CISC. Section
2.2 describes the common RISC' features found in many machines. In section
2.3, we discuss variations in the RISC designs. Memory latency is an impor-
tant factor which determines the maximum speed of instruction execution in
any RISC machine. We discuss about the effects of Memory latency on the
processor performance in section 2.4. In section 2.5, we discuss the dataflow
architecture and in section 2.6, we discuss the attempts made to synthe-
size a new architecture by fusing the ideas of von Neumann and dataflow
architectures. We discuss about P-RISC[1] and Twine-RISC in section 2.7.

2.1 Introduction to RISC

RISC (Reduced Instruction Set Computer) designers advocate a simple set of
instructions which can be easilv executed in pipelines. Before the advent of
RISC, there was a notion that smaller code size, more number of instructions
and more addressing nodes would improve the performance of the computer.
However, researchers of RISC-1{3] observed that in majority of applications,
a very small set of instructions(30-40) were frequently used out of a large
set of instructions (about 250-300) in a CISC (Complete Instruction Set
Computer). Also, the large number could be implemented from this basic

set of instructions.



