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Abstract

Twine-RISC is a novel single-chip, low-cost processor architecture which exploits the
instruction-level temporal parallelism by its well engineered RISC pipeline, and spatial
parallelism by allowing multiple threads of computation to co-exist and execute in parallel.
This architecture is a hybrid of Von Neumann and Dataflow architectures. The aim of this
thesis was to develop software support for Twine-RISC.

In this thesis we have developed a Macro-assembler, Linker and a Simulator for this
architecture. The Twine-RISC processor allows execution of multiple instructions per clock
cycle. The number of instructions that can be executed per cycle is equal to the number
of Twine-RISC Streams in that processor. This architecture has been simulated on a Von

Neumann machine, which does not allow simultaneous execution of instructions.



Contents

1 Introduction 1
1.1 Evolution of Twine-RISC . . ... ... ..... ... ............ 1
1.2 Twine-RISC architecture. . . . ... .. ... ... . ... . ... .... 2

1.2.1 Introduction . .. ... .. .. L. e 2
122 Operand Memory . . . . . . . v v it i et e e e 3
123 Code MemoOry . . . . . o i i i i it i i e e e e e e 3
1.24 Token Queundlw.\ M. . A Ju2f = l.. ... . ... .. ... 3
1.25 Sequencer ©..% /. v AN e e e 3
126 DataQueue . .. .. . ... . . it ittt e e 5
1.2.7 Message Processor . . . ... . ... . i e 5
1.2.8 Instruction Fetch Unit . . . .. ... . ... .. ... ... .. ..., 5
129 Operand Fetch Unit . ... ... ... ... .. .. ... .. 0... 5
1.2.10 Execution Unit . . . . ... . .. ... . L 6
1211 Result Store Unit . . . . .. . .. ... .. ... 6
1.3 Motivation . . ... .. . . . ... . . e e 6
14 Conclusion . . . .. .. . . i e e e 7

2 Implementation of the Assembler 8
2.1 Imtroduction. . . .. . . . . .t i i i e e e 8
2.2 MaCroproCessing . - . « . v v v it i e e 8

2.2.1 Macrotable. .. .................. e e e 9
2.22 Locallabelsinmacro .............. ... ... .. ..., 9
2.23 Macrodefinition . . ... . ... ..o e e 10
224 Macrocall. . .. . ... L e -. .. 10



ii

2.2.5 Macro expansion
2.3 Symbol table

.............................
...................................

2.4 Mnemonic table

..................................

2.5 Input

........................................

2.6 Generating code

.................................

2.7 Relocation and line number entries

.......................

2.7.1 Relocation entries

............................

2.7.2 Line number entries

2.8 Backpatching . .. ... ... ... ... ..

2.9 Predefined macro MFORK . . . . . . . . . . . . i i,

2.10 Conclusion . . . . . . .

Implementation of the Linker

3.1 Imtroduction. . . . . .. .. . . ... ... .. e

©3.2 Processing Input . . . ... e e e e e
3.2.1 Relocationentries .. ... ... ... . ... . e e e
322 Linenumberentries . ... ... ... ... ... . ... 0.,
323 Symbol tableentries . . .. . . .. ... ... ...

3.3 Resolvingcrossreferences . . ... .. ... . .. ...t

34 Relocation . .. .. ... ... ... . e e e

3.5 Output . .. e e e e e e e e

3.6 Conclusion .......... e e e e e e e e e e e e

Implementation of the Simulator
4.1 Introduction. . . . . . .. . . . i i i e e e e e
4.2 Executionineach TRS. . ... .. . . ... . . ... ..
43 QueuesinTwineRISC. ... ... ... .. ... ... . ...
431 Token Queue . . . .. .. . . . i it
432 DataQueue. .. . . ... i it e e e e
4.4 MesSSage PrOCESSOT . . v . v v v v v v vt e e e e e e e e e
4.5 Executionunit . . . .. . .. ... .. e
4.6 Measuring the performance . ... .. ... ... ... .. ... .. ...

4.7 Important datastructures . . .. .. ... . . ... ...

10
11
13
13
13
14
14
14
15
15
16

17
17
17
18
18
18
19
19
20
20



iii

4.8
4.9

4.10 Code display
4.11 Breakpoint

4.12 Conclusion

Source line display

Printing and loading of variables . ... ....................

------------------------------------

....................................

5 Conclusion

5.1
5.2

Scope for extensions

...............................

Scope for futurework . .. . ... ... ... .. ...... . L.

Bibliography

A Assembler User Manual

A.l
A2
A3

A4

A5

A6

A7

Description . . 2 /AN = YIN2N .. ... ... ...
Synopsis . . . J. . fed /Y VS LN
Elements of assembly language . . ... ... .................
A3.1 Characterset . . . . . ... i v i i ittt et e
A32 Identifiers . . . . . . .. .. .. e
A33 Labels . . ... .. . e e e
A34 Constants . . ... . i it e e
Expressions . . . .. .. . ... e e e e e
A4.1 Syntaxofexpression . .. . ... ... ...t ittt
Assembly language program layout . . . . . ... ... ... 0.,
Ab5.1 Labelfield. . .. ... ... . ... . ...
A5.2 Operationcodefield ... .... ... ... ... ... ......
A53 Operandfield . . . ... ... ... ... ... . ... . . 0.
A54 Commentfield . ...... ... ... ... i
A.5.5 Direct assignment statements . . . . . ... ... ..o L
Sections in assembly program . . . ... .. .. .. . L.
A.6.1 Statesofassembler . . . . . ... ... ... ... L e
Assembler directives . . . .. .. L L o Lo e
ATl DATA e e e e e e
A2 DEND . . . i e e e e e

24
25
26
26
26

27
27
28 -

29



iv

AT3 MACRO. . ... . 40
AT4 MEND ... ... .. 41
AT75 LOCAL . .. . 41
AT76 EXTERN .. ... . .. .. . .. e 42
ATT ENTRY ... .. 42
A8 Predefinedmacros . . .. ..... ... ... ... ... 42
A81 MFORK. ... .. . ... . . . . .. 42
A.9 Error messagesof assembler . . . . ... ... ... .. ... ......... 43
Instruction Set of Twine-RISC 45
B.1 Arithmeticand logicgroup . ... ... ........ ... .. ....... 45
B.1.1 ADD, SUB, AND, OR, XOR instructions . . . ... ... ...... 45
B.1.2 SFTL, SFTR instructions . . .. . . . oo v v v vt n et e it en 46
B.2 MVlIinstruction .. ... ... ... .. ... 46
B.3 Branchinstructions. . . . . ... . . ... ... e 47
B3.1 JMPinstruction . .. ... ... .o e e 47
B.3.2 JUMPinstruction . .. . . . .. . o ittt 47
B.3.3 JZ,JP,JPZ, INZ instruction . . . . .. . . ..ot i it 47
B.4 Special instructions . . . . . ... .. L e 48
B.4.1 MFORK inmstruction .. .. ..... ... ...t ue.n. 48
Bi4.2 MJOINinstruction . . . . . ... ... . i vt 48
B.4.3 CHFPinstruction .. ... ... ... ... ... iiininn. 48
B.5 Memory based instructions . . . . ... .. .. ... . 49
B.5.1 LOADinstruction .. ... ... ... ... iiinnnnn 49
B.5.2 LOADXinstruction . ... ... ... ... ... 49
B.5.3 RESMinstruction .. ... ... ... ...t 49
B.5.4 STOREinstruction. . .. . ... . ...ttt 50
B.5.5 STOREX imstruction. . .. ... .. ..., 50
B.6 Mnemonictable. . . .. . ... . . . ... e 50



C Linker User Manual
C.1 Description

....................................

C.2 Synopsis

......................................

C.3 Linker options

...................................

C.4 Object file processing

...............................

C.5 Error messages of linker

.............................

D Simulator User Manual

D.1 Introduction

....................................

D.2 Synopsis . . . . L. e
D.3 Options

......................................

D.4 Debugger commands

...............................

D.5 Error messages of simulator

...........................

E Example Program
E.1 Assembly program . . .. .. . . e e e

E.2 Assembly listing
E.3 Code listing

.................................
....................................

E.4 Linking and running on Simulator

.......................

52
52
52
52
53
54

55
59
H1)
56
57
61



List of Figures

1.1  Architecture of Twine-RISC

2.1 Datastructureof symboltable . . ... ... ... ... ... . o0



