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Abstract

This paper proposed the conceptual design of a 32-bit stack processor for embedded systems. Its advantage is resource
efficiency. Because of the stack processing, the design is simple and the programs used in this processor is small. This processor uses
a stack-based instruction set called bytecode, so this research has proposed a technique of instruction packing which packs several
instructions into a 32-bit instruction unit. According to the result of this research, it showed that the execution of packing instruction
on VY has improved its performance up to 2.12 times of executing on bytecode directly, while the size of benchmark programs is still

small, though the size of VY’s bytecode was bigger than the normal bytecode.
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(1) SMC Instruction Format (2) VY Instruction Format

Zero Operand i S-Format
8 bit 8 bit
OPCODE : OPCODE
8-bit Operand : M-Format
8 bit 8 bit : 8 bit 8 bit
| oPCoDE  |Operandsbit ; | opcoDE | AResBIT
16-bit Operand : L-Format
8 bit 16 bit : 8 bit 24 bit
| opcopE | Operand16bit | | opcopE | ARG24BIT
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Old sequence New bytecode Description Size changed
1. | LIT abs-addr LDA abs-addr Load data from absolute
LD address to top of stack
GET n-local GET n-local Store top of stack to 5 byte to 4 byte
LIT abs-addr STA abs-addr absolute address
ST
2. | GET n-local GET n-local Load data from memory by
LIT base-addr | LIT base-addr using local variable index
GET n-local LDX n-local
LD
GET n-local GET n-local Store data to memory using 8 byte to 2 byte
LIT base-addr | LIT base-addr local variable index
GET n-local LDX n-local
ST
3. | JWP rel-24bit | JWP rel-8bit Unconditional jump
JT rel-24bit | JT rel-8bit Jump if true 4 byte to 2 byte
JF rel-24bit | JF rel-8bit Jump if false
4. | GET n-local GET n-local Add 2 local variable
GET n-local ADDV n-local together 3 byte to 2 byte
ADD
5 LIT 0 LITO Convert M-format to S-format
LIT 1 LIT1
GET 1 GET1
GET > GET2 2 byte to 1 byte
GET 3 GET3
GET 4 GET4
6. LE JLE rel-8bit Jump if less than or equal
JT rel-sbit 5 byte to 2 byte
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entry type «<—— instruction sequence——>

b1l b2 b3 b4
I I I I |

L| L-OPCODE | ARG24BIT |

M | ENTRY-TYPE

M-OPCODE | ARGSBIT | - |

S | ENTRY-TYPE | S-OPCODE | - | - |

M-S | ENTRY-TYPE | M-OPCODE | ARGSBIT | S—OPCODE |

S-M | ENTRY-TYPE | S-OPCODE | M—OPCODE | ARGSBIT |

S-S | ENTRY-TYPE | S-OPCODE | S-OPCODE | - |

S-S-S | ENTRY-TYPE | S-OPCODE | S-OPCODE | Ss-OPCODE |
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1: [e6:e0] is OPCODE of Long-Format
0: [e6:e0]

000_0001: M

000_0010: S

000_0100: M/S

000_1000: S/M

001_0000: S/S

010_0000: S/S/S

000_0000: Reserved
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1. PC > \MAR, PC + 1 > \PC, memory read
2. data bus (read) - Z/IR
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Benchmark Description

bubble Sort 20 numbers using bubble sort algorithm
hanoi Find a solution to move 6 disks in “Tower of Hanoi”
matmul Multiply matrix 4x4
perm Permute 4 digits of {0, 1, 2, 3}

8-queen Find a number of solution in “8-queen” problem
quick Sort 20 numbers using quick sort algorithm
sieve Find all prime numbers less than 500
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Benchmarks SMC %fetch VY %fetch
bubble 55% 32%
hanoi 54% 31%
matmul 56% 32%

perm 56% 33%
queen 55% 34%
quick 56% 33%
sieve 55% 32%

Average 55% 32%
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Benchmarks (byie) (B’\ig:Pe) %NOP

bubble 272 34 12.5%
hanoi 180 15 8.33%
matmul 560 61 10.89%
perm 252 32 12.70%
queen 548 75 13.69%
quick 348 40 11.49%
sieve 272 36 13.24%
NOP Byte Average 11.83%
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