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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.
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Chapter 1

Introduction

Twine-RISC is a low cost single chip processor architecture which exploits instruction level
parallelism by its well engineered RISC pipeline and spatial parallelism by allowing multiple
threads of computation to co-exist and execute in parallel. It (Twine-RISC) is a novel design
which captures the concept of dataflow and Von Neumann architectures. The concept of
Twine-RISC is still in research stage and hopefully after a through performance study may

become the processor of the future.

1.1 Evolution of Twine-RISC

RISC architectures [PS82] have been derived from the conventional von-Neumann architec-
ture. These architectures are widely used in many of the present day commercial computers.
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 computers has been a major bottleneck in the parallel execution of programs.

Dataflow architectures [AC86) offer a possible solution for efficiently exploiting concur-
rency of computation on a large scale. The computing nodes are fired when data arrives
and the execution of instructions may not be in the sequence in which they are stored in
the memory of a computer [AN89]. However, no existing architecture supports efficient
execution of dataflow programs.

Nikhil and Arvind [NA89] proposed P-RISC, which combines the ideas of both von-

Neumann and dataflow computing. In P-RISC, the program counter(PC), found in von-



Introduction 2

Neumann computers is eliminated and multiple threads of computation is achieved through
the execution of tokens, a concept borrowed from dataflow computing [AC86, AN89]. The
RISC feature of pipelined instruction execution is also effectively utilized. However, in 2
single processor, multiple threads cannot be simultaneously executed.

Moona, Nandy and Rajaraman [MNR] have proposed a novel architecture called Twine-
RISC which supports execution of multiple threads in a single processor. Twine-RISC has
eliminated many drawbacks which are existing in.P-RISC and efficiently exploits the fine-
grain parallelism which is inherent in most programs.

Dhiren Patel [DH92] had developed a simulator from which he was able to propose some
modifications to the original architecture [MNR]. He has also concluded that Twine-RISC is
able to fulfill its goals of executing dataflow graphs efficiently with economical architectural
frame work.

Dinesh Rao [DIN93] had proposed a simple hardware design for Twine-RISC. In the
design proposed by him he had shown two Twine-RISC Streams and had justified it by
mentioning the complexities involved as number of Twine-RISC Streams increased. He had
also suggested as future work to develop software support like Compiler, Assembler, Loader

etc. for the Twine-RISC.

1.2 Twine-RISC architecture

1.2.1 Introduction

In this section, we briefly discuss the processor architecture of Twine-RISC. A detailed
description of Twine-RISC is available in [DIN93, DI192]

Twine-RISC is a processor which combines the advantages of von-Neumann and dataflow
architectures. Multiple threads can be efficiently executed in Twine-RISC. The multiple
RISC pipelines in Twine-RISC facilitate simultaneous execution of multiple threads, thus
effectively exploiting the instruction level parallelism. Twine-RISC supports split-phase
transactions between the global memory and the processor through the message processor.
All the units of the TRS (described later) operate asynchronously and a handshaking unit
is present between each pair of interfaced blocks of a TRS.

Fig. 1.1 illustrates the processor architecture of Twine-RISC. In this figure we have

shown one Twine-RISC Stream (TRS) completely and the block of second one. There can
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be any number of such TRSs as permitted by state of art VLSI Technology.

Now we will describe the functionality of different units of Twine-RISC.

1.2.2 Operand Memory

The Operand Memory (OM) concept in Twine-RISC is similar to the register file of con-
ventional RISC processors. It consists of 64 registers of 32-bits each. The OM is shared by
all TRSs. The OM is a multi-port memory structure to cater to the demand of multiple
TRSs. The read ports are utilized by the OFUs of the TRSs and the write port is used by
the RSUs.

1.2.3 Code Memory

The Coce Memory (CM) is common to all TRSs and is positioned outside the chip. It
holds the instructions and is read-only for the TRSs. A separate host processor is used to
initialize the CM.

1.2.4 Token Queue

The continuation tokens for the TRSs are stored in the Token Queue (TQ). A continuation
token consists of two pointers, namely the frame pointer (FP) and the instruction pointer
(IP). The IP points to the position of the instruction to be executed in the CM and the
FP is 2 base pointer to the data in the OM for a code block. Multiple active invocations
of the same code block are possible by the use of frame-relative addressing. A continuation
token can be utilized by any TRS. The TQ is initially loaded by the host processor through
the Sequencer and subsequently, the continuation tokens are supplied by the TRSs. Host
can also insert tokens later during the program run to make Twine-RISC execute threads

asynchronously and thereby handle asynchronous events.

1.2.5 Sequencer

The sequencer serializes the continuation tokens generated by TRSs, MP and Host proces-
sor. It sends them one after the other to the TQ. All the tokens present in the TQ are

independent of one another and the sequence in which these tokens are stored in the TQ is

irrelevant.
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1.2.8 Data Queue

The Data queue is similar to TQ and is used to store data coming from the global memory
in response to LOAD/LOADX through the Message Processor. These data are written into
the DQ and a thread to execute the instruction RESM is added to the TQ. When RESM

is executed, data is finally moved from the DQ to the OM and the thread is reintiated.

1.2.7 Message Processor

MP takes care of the movement of data between the TRSs and the global memory. In case
of a read request, the MP receives a response from the global memory controller containing
a value, Operand Memory address and continuation token. The MP writes data into DQ
and generates a continuation token (0,0) to be stored in the TQ. The MP also directs the
LOAD/STORE requests to the global memory. The EXU of the RISC pipeline sends 78
bits data to the MP consisting of 1-bit Read, 32-bit address, 32-bit IP, 6-bit Destination
Register (DR) and 1-bit request. The MP receives a similar message (77-bits) from the

global memory controller without the request bit and sends it to the DQ.

1.2.8 Instruction Fetch Unit

The Instruction Fetch Unit (IFU) fetches continuation token from TQ and fetches the
next instruction from CM (using IP). It also partially decodes the fetched instruction to
determine weather the next instruction is to be fetched from the next CM location or not. It
also detects the MJOIN instruction and sets the mjoin-lock to enable the atomic execution

of MJOIN instruction.

1.2.9 Operand Fetch Unit

This TRS block decodes instructions partially by using three bits of opcode and decides the
number of operands to be fetched from the OM. This unit also detects the RESM instruction

and if so, fetches operands from the DQ. It then routes the instruction, operands, FP and

IP to the EXU.
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1.2.10 Execution Unit

It is similar to the ALU of a conventional processor. It also prepares continuation tokens
(FP,IP) for branch and other special instructions for thread initiation and forwards it to the
Sequencer through the buffer B3. After executing the arithmetic and logical instructions,
it sends the result and the address of the destination register to the RSU. Requests for

memory read/write are sent to the MP.

1.2.11 Result Store Unit

This is the only stage that can write to the Operand Memory(OM). It writes the value of
the result generated by the EXU in the destination register . It also releases the MJOIN
lock line set by the IFU. |

1.3 Motivation

An ideal way to evaluate Twine-RISC would be to develop a compiler that identifies the
parallelism in programs and code it using mfork and mjoin instructions. The machine
code thus obtained should thus obtained should be made to run on Twine-RISC and thus
obtain the performance metrics. Another way could be to develop programs using dataflow
language which generates machine code for Twine-RISC. In either case we can think of the
compilers generating an assembly code rather than the machine code directly.

Now is the need of an assembler which generates the object code for Twine-RISC, a
linker which links the object code modules generated by assembler into an executable code.
In order to run the executable code we need a simulator which not only runs the program
but also provides some debugging facilities for program development.

In this thesis we have developed a one-pass macro assembler and a linker using which the
assembly level programs of Twine-RISC can be assembled & linked to obtain an executable
code. We have also developed a simulator which takes the executable code for Twine-RISC
and simulates its execution on the proposed architecture. Apart from this the simulator
also provides debugging tools like step execution, breakpoints, tracing etc. It also provides

some performance metrics related to Twine-RISC architecture.
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1.4 Conclusion

In the previous section we have described Twine RISC, a novel processor architecture. It
has a simple pipeline structure and a modular design, which helps designing each of the
blocks in a systematic way with minimum overheads.

The rest of the thesis is organized as follows: In chapters 2, 3 and 4, we will discuss
implementation details of Assembler, Linker and Simulator respectively. In chapter 5, we
make concluding remarks. Appendix A gives the user manual for Assembler. Appendix B
gives the detailed instruction set of Twine RISC. Appendix C gives the user manual for
Linker. Appendix D gives the user manual for Simulator. In appendix E has an example

program and the corresponding Assembler output.



Chapter 2

Implementation of the Assembler

2.1 Introduction

Assembler takes input from an ASCII file containing the assembly language program for
Twine RISC, the syntax of which is given in Appendix A. The input is parsed and if it
is found to be free of syntax errors then an object file is created (which contains object
code suitable for linking). The format of the output file is “Common Object File Format”
(COFF) [FFM8s).

We used lez and yacc [UUTS88] tools for parsing of input file. Ours is a single pass
assembler, and we resolve forward references by backpatching the generated code [DHM84].
The assembler is developed in C and tested on Sun machines.

In this chapter we discuss the implementation of assembler. Our assembler is a macro
assembler and does macro expansion with resolution of local variables. To simplify the

assembly programming, some macros are predefined and discussed in this chapter.

2.2 Macro processing

We could not use standard macro processors like ¢pp because they do not allow the local la-
bels in macro, which we needed. Our macro processor allows local labels in macros which are
mapped to a unique label, each time the macro is expanded. We do not permit hierarchical

macro definition wherein, a macro can be defined within another macro definition.
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2.2.1 Macro table

Macro table is used to store the information pertaining to a macro definition. It is organized

as a tree. Its definition is given below.

Macro table node definition

typa%ef struct macro_table
struct macro_table *lptr,*rptr;
char name [MAX_VAR_LEN] ;
int no_of_parms;
int count;

char *macro_str;
} macro_table_node;

“Iptr” and “rptr” are two pointers to the sub-trees of the node. “name” is used to store
the name of the macro, its length should be less than 50 (MAX_VAR_LEN). “no_of parms”
is the number of parameters this macro has. “count” is used to store a unique number
for the macro which will be useful for generating unique names for local labels (explained
later). “macro.str” is to store the processed body (explained later) of the macro. During
processing the body of the macro is written in an array (of size 4000), and at the end it is
copied into “macro.str” by allocating the required memory. So the limit on the maximum

length of the macro definition is 4000 bytes.

2.2.2 Local labels in macro

Local labels are declared by using local directive in the variable declaration (see appendix
A). All other labels are assumed to be global. Whenever a macro is expanded global
labels are reproduced without any modifications. However the local names are prefixed and
suffixed to generate unique names every time. This way, the name clash is avoided across
macro expansions.

The method we chose to generate unique label names is as follows. During macro defini-
tion all instances (usages and definitions), of local labels are prefixed with a ‘#’ character,
followed by the name of the macro and ‘.’ character. If a label starts with ‘#’ (which will
be the case if a macro is called in another macro) then an extra ‘4’ character is not prefixed

and only the name of the current macro followed by ‘.’ character is added.
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During macro expansion all the local labels (i.e. all the words which start with ‘#’
character) are suffixed with ‘. followed by a unique count in the macro table entry of that

macro. This count is incremented after each macro expansion.

Thus if a local label is redefined in a macro, its name after the expansion will also be

same and will lead to error.

2.2.3 Macro definition

If the assembler sees MACRO or macro (see appendix A), then it assumes that as start of the
Macro definition. The information about the macro is stored in the macro table and the
body of the macro is processed as follows. Formal parameters in the body of the macro
are replaced by ‘& character followed by number of the parameter (for example third
parameter will be replaced with “&3”). Local labels are processed as explained earlier. The

body processed this way is stored in the macro table to be used at the macro expansion

time.

2.2.4 Macro call

When a macro call is detected the assembler needs to get the actual paramecters of the
call before its expansion. These parameters should be replaced verbatim for the formal
parameters. However, the specifications of the assembler cause reduction of the expressions.
To disallow this we take the input directly and store the actual parameters. The actual
parameters thus obtained are stored in an array and they will be used for expansion of the

macro. After the actual parameters have been stored in an array the control is passed to

macro expansion routine.

2.2.5 Macro expansion

While expanding the macro we take the body of the macro from the macro table, and the
actual parameters which have been stored in an array (when a macro call is found) as said
earlier. The body of the macro is scanned for parameter replacement. As said earlier, the
formal parameters of the macro are replaced by their number prefixed by ‘&, it is easy to
find these strings and replace with corresponding actual parameters. For example, if “83”

is found then it is replaced with the third actual parameter. The local variables are suffixed
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by a unique integer as described earlier. The macro expansion takes place in a buffer which

is passed to the assembler.

2.3 Symbol table

Symbol table is used to store identifiers and labels. It is organized as a hash table [ASU86].
The Hash function [ASU86] which we used is as follows (in C language),

hashpjw(s)
char *s;

char *p;
unsigned int h=0,g;

for( p = s; *p != '\0’; p = p+1 )

h = (h << 4) + (*p);
if ( g = h & 0xf0000000)

Faon )

{
h=h" (g> 24);
h=h"g;
|
return( h % HASH_TABLE_LENGTH) ;
}/* end hashpjw() */

In the above function the HASH.TABLE_LENGTH is the size of the hash table. It is
defined as constant (211). If it is prime number then the performance of this algorithm will

be good. The data structure for symbol table is shown in Fig. 2.1 and explained below.

o Hash table is a fixed size array of buckets [ASU86]. Each bucket is a doubly linked
list. Elements in the bucket are symbol table entries. Some of the buckets may be

empty.

e Each entry in the symbol table appears on exactly one of these buckets. Storage for
the entries is drawn from an array of structures of type Symbol table node (whose

declaration is given below).

Symbol table node declaration
type%ef struct symbol_table

struct syment sym_ent;
struct symbol_table *1lptr,*rptr;
int sym_index;

} symbol_table_node;
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Hash Table
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Figure 2.1: Data structure of symbol table
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The declaration for a symbol entry struct syment is the one given in syms.h, the symbol
entry declaration file of COFF{FFMS88]. “Iptr” and “rptr” are used to store the pointers to
nodes to the left and right of this node in the doubly linked list. “sym_index” is used to

store the symbol table index of the node.

2.4 Mnemonic table

Mnemonic table is used to store mnemonic, its opcode and the number of operands required
(definition of its node is given below). It is organized as a tree. Whenever an instruction
mnemonic is found in the input, this table is accessed to get the associated information

needed for generating machine code.

Mnemonic Table Node Definition
typedef struct mnemonic_table
struct mnemonic_table *1ptr,*rptr;
char name [MAX_MNE_LEN] ;
int code;
int max_ops;
} mnemonic_table_node;
“Iptr” and “rptr” are used to store the sub-trees of the node. “name” is to store the name
of the instruction mnemonic. “code” is to store the opcode of the instruction. “max.ops”

is the number of operands expected for this instruction.

2.5 Input

As said earlier we used lez and yace for input parsing. lez automatically generates a proce-
dure called input(), for getting input. Controlling the source of input is necessary when a
macro call is given. It has to be changed from the input file to internal buffer (containing

the expanded macro). For this we have to define our own input function.

2.6 Generating code

During parsing, the operands of the instruction are stored in an array. On reaching the
new line character the assembler will generate code for the instruction using information in

operand array and mnemonic table. A relocation entry will be added if the instruction has
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a forward reference (for backpaching), or an external reference (for linker processing), or an
absolute address reference (for example, unconditional jumps, to be processed by linker).
If -1 option (for listing) is given to the assembler then listing of the instruction is written
(see Appendix A). If -g option (for debugger information) is given then line number entry

is made to the instruction.

2.7 Relocation and line number entries

2.7.1 Relocation entries

Relocation entries are stored in an array. Each element of this array is a structure of type
reloc entry as defined in COFF [FFM88] format and given in “reloc.h”.

The definition of structure is reproduced here.

struct reloc {

long r_vaddr; /* (virtual) address of reference */
lon r_symndx; /* index into symbol table */
unsigned short r_type; /* relocation type */

“r.vaddr” is to store the address of the instruction for which that relocation entry is
written. “rsymndx” is to store the symbol Table index af the identifier which has to be

used for relocation. “r_type” is to store the type of the relocation that needs to be done.

2.7.2 Line number entries

Line number entries are added to the object file if -g option is given to the assembler. These
entries are used by debuggers. Line number entries are stored in an array. Each element of

this array is of the following type (also given in “linenum.h” of COFF [FFM8S)).

struct lineno

union
long l_symndx ; /* sym. table index of function name
iff 1_lnno == x/
long 1l _paddr ; /¥ (physical) address of line number */
1_addr ;

unsigned short 1_lnno ; /* line number */
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If the value of “11nno” is zero then the field in union “l_addr” is taken to be “lsymndx”
which contains the Symbol Table index of the “.file” entry [FFM88] of the file whose line
number entries follow. If “l1nno” is not zero, the value in it is taken to be line number of

the.instruction which is located at address “l_paddr”.

2.8 Backpatching

In a single pass assembler if forward references are made then relocation entries are made
for these, and zeros are filled for addresses/offsets in the code. At the end of parsing these
holes are filled and corresponding relocation entries are removed. This process is called
Backpatching [DHM84].

Since ours is a single pass assembler we nced to do backpatching to resolve forward refer-
ences. All the relocation entries for conditional jumps instructions for which backpatching
is done (those for which jump address is defined in the same file), are removed. After

backpatching relocation entries are removed except those which have external references.

2.9 Predefined macro MFORK

Twine RISC provides an instruction called mfork [DIN93] which can generate multiple
threads (maximum five). This instruction takes two register operands one of which is be
used for generating threads, and other is used to return the number of threads generated.
The first register contains offsets (relative to mfork. instruction) of the start of the threads
which have to be generated. For loading this value into register the programmer has to
use several assembler instructions. To help such a coding we provide a predefined macro
MFORK to do the job of calculating offsets and initializing registers.

The MFORK macro takes two register operands and label (maximum four) operands.
The label operands are the ones from which the new threads are to be started. When
assembler comes across an MFORK macro it stores all these operands, current location
counter value and current line number in an array. N ow‘the location counter is incremented,
to leave space for six instructions, which are going to be generated for each MFORK. After
all the input has been parsed and no errors has been found then assembler expands the

MFORK. Assembler calculates the offsets (relative to mfork instruction) of all the labels.

The offset of each one is put into one byte, and if any of them overflows then an error
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message is generated. The four offset bytes are packed into one four byte word. If less than
four labels are given then most significant bytes of the word will be zeros.

For example, MFORK r6,r7,start where ofﬂ:set between mfork instruction and label
“start” is 75 (0x4b) the following instructions are generated. be produced are as follows.

mvi r6 , 0x0
sftl 12 , 6 ,r6
mvi r6 , Ox0
sftl 12 , r6 ,r6
mnvi 16 , Ox4b
mfork 6 , r7

O W~

2.10 Conclusion

Our assembler supports all the standard features of an assembler. It is a single pass back-
patching macro assembler and supports some predefined macros to simplify coding.
The user manual for the assembler is given in Appendix A. The instruction set of the

Twine RISC is given in Appendix B.



Chapter 3

Implementation of the Linker

3.1 Introduction

Linker accepts object files and prepares an executable file for the Twine-RISC architecture
or another object file suitable for further Linker processing (with -r option). The object
modules on which link operates are specified on the command line. The Linker input files
(object files) are expected to be in “Common Object File Format” (COFF) [FFM88], and
the output of the linker (executable file) is also in COFF format. '

In this chapter, we discuss the implementation of the Linker. The processing that needs
to be done to combine multiple object files (cach of which is in COFF format) is also

discussed.

3.2 Processing input

All the input files of the linker are processed in the order they are given. Information is
extracted from each file, and concatenated to the respective sections, i.e text sections of all
the files are concatenated, and similarly data sections, relocation entries, symbol tables etc
are concatenated. As a result of this concatenation the absolute addresses of instructions
change. Therefore, we have to do relocate addresses in the locations where these absolute
values have been changed. This we will discuss in section 3.4. We also have to update
information in symbol table entries, relocation entries, etc. These are discussed in the

following section.
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3.2.1 Relocation entries

Relocation entries contain the information about those locations in the program, whose
contents depend on the address at which the program is placed, or those which use symbols
defined in other files. Relocation information is provided by the Assembler or Compiler.
The Linker uses relocation information to correct these locations. This process is called
Relocation. For each relocation that needs to be done in the object code, one Relocation
entry is required.

In the previous chapter we have discussed the declaration of the relocation entry, and
the information stored by fields in it. As said earlier the r_vaddr field is to store the address
of the instruction for which that relocation entry is written, Since the address changes (after
concatenation of files) we have to update it. The text offset (size of the text section before
loading the current object file) is to be added to r_vaddr. Similarly the symbol table offset
(number of entries in the symbol table before loading the current object file) is added to

r_symndz field, which stores the symbol on basis of which this location has to be relocated.

3.2.2 Line number entries

Line Number Entries contain the information about the line number of the source code and
the location of the corresponding instruction. This information is required for debuggers.
In the previous chapter we have seen the declaration of the Line Number Entry. The
value in llnno is used as a flag for the union of the line number entry. If Linno field is
zero then l_symndz field ( in union Laddr) will contain the symbol table index of the “.file”
entry of the file to which the following line number entries belong. If Linno is not zero
then l_paddr field (in union Laddr) will contain the location (address) of the instruction

generated from the source code line whose line number is contained in I_Inno.

3.2.3 Symbol table entries

The Symbol Table is used to store the information abéut the variables, constants and labels
used in the assembly program. In the previous chapter we discussed the declaration of
the Symbol Table Entry. In COFF [FFM88] format the symbol table is situated after the
line number entries. Processing that needs to be done to the Symbol Table Entry due to

concatenation is as follows.



Implementation of the Linker 19

If name of the symbol is stored in String Table (which is contained at the end of the
file in COFF [FFM88] format), then the String Table offset (size of the String Table before
loading the currént object file) is added to the n_offset field of the entry. Now the storage
cla.;s of the entry is tested, if it found to be External Declaration then it is stored in an
array (later used for resolving cross references). If it is label then text offset is added to
its n_value field. If it is any of the data types then data offset is added to that field. If
the symbol is “_start” entry or the one given at -e option (and if it is of type label) then
the value in its n_value field is taken as entry point for (the execution of) the resulting file.
The “.file” entries in the Symbol Table are arranged as a linked list. All the symbols of
an input file (object file) are stored in a separate subtree. This helps in resolving the cross

references.

3.3 Resolving cross references

As said earlier while reading the Symbol Table all the symbols which are declared externally
are stored in an array to be used for resolving cross references. For each of these symbols
we search the symbol subtrees (as said earlier) to find if that symbol is defined in any of the
subtrees other than the one to which that symbol belongs. if it is found we store a pointer
to the defined symbol in symbol entry of the external symbol. If it is not found in any file

then an error message is given, if -r option is not given.

3.4 Relocation

If all the cross references have been resolved successfully then the linker performs relocation
addresses. For relocation entries corresponding to unconditional jumps the location of the
instruction may get changed. Therefore, this will be relocated using the value of the symbol
(whose index is stored in r_symndz). These relocation entries will be added to the output
file because the loader might need them later. The relocation entries of conditional jumps
will be of those which use labels defined in other files. These will be relocated and their

relocation entries will be removed.
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3.5 Output

After doing relocation the complete information is written to the specified (with -o option)
file. This file is the executable file of the Twine RISC (if -r option not given). The output
file will be in COFF [FFMS88] format and can be executed on a Twine-RISC machine.

3.6 Conclusion

The linker for the Twine RISC is similar to the other linkers. It does not have any special
features like in the assembler where we had to handle some special features (like special
instructions) which can be found only in Twine RISC.

User manual of the Linker is given in Appendix C.



Chapter 4

Implementation of the Simulator

4.1 Introduction

Simulator takes input from an executable file of Twine-RISC machine, produced by the
linker. It expects the file in COFF [FFM88] format and simulates the Twine-RISC [DIN93]
architecture. The Simulator is written in C language, and runs under Sun OS.

Twine-RISC can execute more than one instruction in every cycle. The number of
instructions it can execute is equal to the number of Twine RISC Streams (TRS) on the
machine. Since the simulator itself runs on a Von Neumann machine we can not perform
thhe simultaneous execution. However it can be simulated.

The number of TRSs present in the architecture being simulated can be specified with

-t option of the simulator. The default number of streams is two.

4.2 Execution in each TRS

All Twine RISC Streams (TRS) fetch instructions from a common Code Memory (CM).
Each TRS has its own Instruction Pointer (IP) and Frame Pointer (FP). Initially the IP of
all the TRS is made to -10 and Frame Pointer to zero.

4.3 Queues in Twine RISC

There are two queues in the Twine RISC architecture [DIN93, DH92] Token Queue and

Data Queue. I
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