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A Study on 16/32 bit Bi-length Instruction Set
Computer 32 bit Micro Processor

Gyoung-Youn Cho'

ABSTRACT

The speed of microprocessor getting faster, the data transfer width between the microprocessor and the memory
becomes a critical part to limit the system performance. So the study of the computer architecture with the high code
density is emerged. In this paper, a tentative Bi-Length Instruction Set Computer(BISC) that consists of 16 bit and 32
bit length instructions is proposed as the high code density 32 bit microprocessor architecture. The 32 bit BISC has 16
general purpose registers and two kinds of instructions due to the length of offset and the size of immediate operand.
The proposed 32 bit BISC is implemented by FPGA, and all of its functions are tested and verified at 1.8432MHz. And
the cross assembler, the cross C/C++ compiler and the instruction simulator of the 32 bit BISC are designed and
verified. This paper also proves that the code density of 32 bit BISC is much higher than the one of traditional
architecture, it accounts for 130~220% of RISC and 130~140% of CISC. As a consequence, the BISC is suitable for the
next generation computer architecture because it needs less data transfer width. And its small memory requirement
offers that it could be useful for the embedded microprocessor.
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Instruction Function : Short offset load/store
Instruction Representation :
bit 15 = 0
bit 14-12 = Operation
000 : Sign extend 8 bit load. LDB src, dst
001 : Sign extend 16 bit load. LDS src, dst
010 : 32 bit load. LD src, dst
011 : Zero extend 8 bit load. LDBUsre, dst
100 : 8 bit store. STB src, dst
101 : 16 bit store. STS src, dst
110 : 32 hit store. ST  sre, dst
111 : Zero extend 16 bit load. LDSUsre, dst
bit 11-8 = Source/Destination register. %R0 thru %RI5.
bit 7-4 = Index register. %R0 thru %R15.
bit 3-0 = Offset bit 3-0 if 8 bit load/store
Offset bit 4-1 if 16 bit load/store
Offset bit 5-2 if 32 bit load/store
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Instruction Function : 16 bit offset load/store
Instruction Representation :
bit 15-11 = 1010 0
bit 10-8 = Operation
bit 7-4 = Source/Destination register. %R0 thru %RI15.
bit 3-0 = Index register. %R0 thru %R15.
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Register name Description

RO - R15 32 bit general purpose register

PC 32 bit program counter

USP 32 bit user stack pointer
Co-processor#) R13 at supervisor

sSp 32 bit supervisor stack pointer
Not accessable at user mode

LR 32 bit link register

ML 32 bit multiply result low register
32 bit divide quotient register

MH 32 bit multiply result high register
32 bit divide remainder register

SR 32 bit status register

bit 31 = User/Supervisor# mode
bit 18 = Enable NMI

bit 17 = Auto-vector interrupt if O
bit 16 = Enable maskable interrupt

bit 7 = Carry flag (CY)
bit 6 = Zero flag (Z)
bit 5 = Sign flag (S)
bit 4 = Qverflow flag (V)

*+x If (user_mode && (%SR == source_register))
b31-b16 are always Os.

wxx If (user_mode && (%SR == dest_register))
b31-b16 are unchanged.
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RCD = Code— Density — of — Object— Microprocessor

Program— Size— of — Object — Microprocessor 1)
Program— Size — of — 32bit— BISC
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<E 7ol Belch

(E 7> 324|E BISCof CHEH & 3= 2T

Object file format

ELF

Cross assembler

FSF Binutils-2.9.1

Cross loader

FSF Binutils-29.1

Binary utilities

FSF Binutils-2.9.1

Cross C compiler

Cygnus EGCS-1.1

Cross C++ compiler

Cygnus EGCS-1.1

Relative Relative
Processor Code Density Processor Code Density
32 bit BISC 1.00 MC88000 1.53
MIPS-R3000 1.61 MC5200 1.39
TR4101 1.03 MC68000 1.30
MIPS-R4000 1.41 MC68332 1.28
MIPSTX-39 153 MC68020 1.28
ARM-7 1.59 MN10300 115
ARM-7TDMI 1.10 Pentium 1.3
PowerPC 601 1.85 130960 1.62
SPARC V8 134 ARC 212
SPARCLITE 1.72 SH-3 1.33
PA-RISC 2.25 V&0 117
Alpha-RISC 2.15 M32R 1.40

C library Cygnus NEWLIB-1.8.1
C++ library FSF LIBSTDC++-2.8.1
Cross debugger FSF GDB-4.17
Simulator FSF GDB-4.17

Real Time OS uC/0S-1.5
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Type O : Short ofzbitfset load/store
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bit 15 = 0

bit 14-12 = Operation

bit 11-8 = Source/Destination register
bit 7-4 = Index register

bit 3-0 = Offset

Type 8 : Short index stack area 32 bit load/store
bit 15-12 = 1000
bit 11-8 = Source/Destination register
bit 7 = Operating code
bit 6-0 = Offset

Type 9 : Load 8 bit immediate data
bit 15-12 = 1001
bit 11-8 = Destination register
bit 7-0 = Sign extend 8 bit immediate data bit 7-0

Type 10-0 : 16 bit offset load/store
bit 15-12 = 1010
bit 11 =0
bit 10-8 = Operation
bit 7-4 = Source/Destination register
bit 3-0 = Index register
*+* Second word = Sign extend offset bit 15-0

Type 10-8 : Push/Pop register list
bit 15-12 = 1010
bit 11 = 1
bit 10-9 = Register bank
bit 8 = Operating code
bit 7-0 = Register list

Type 10-14 : Immediate data add/subtract stack pointer
bit 15-12 = 1010
bit 11-9 = 111
bit 8 = Immediate data length
bit 7 = Operating code
bit 6-0 = Immediate data bit 8-2
»x* Second word = Immediate bit 24-9

Type 11-0 : Arithmetic/Logic immediate operation
bit 15-12 = 1011
bit 11 = 0
bit 10-8 = Operating code
bit 7-4 = Source/Destination register
bit 3-0 = 0000
*¥x Second word = Immediate data

Type 11-8 : Arithmetic/Logic register operation
bit 15-12 = 1011
bit 11 =1
bit 10-8 = Operating code
bit 7~4 = Source/Destination register
bit 3-0 = Source register

Type 12 : Short immediate ADD/SUB/CMP
bit 15-12 = 1100
bit 11-8 = Source/Destination register

bit 7-6 = Operation
bit 5-0 = Immediate data

Type 13 : Conditional branch, JUMP and JAL
bit 15-12 = 1101
bit 11-8 = Conditional code
bit 7 = Offset length
bit 6-0 = Offset bit 7-1
*x+ Second word if bit 7 is 1 = Sign extend offset bit 23-8

Type 14-0 : Misc

bit 15-12 = 1110

bit 11-8 = 0000

bit 7-4 = Register or immediate data if needed
bit 3-0 = 0000 == 8 bit sign extend
bit 3-0 = 0001 == 16 bit sign extend
bit 3-0 = 0010 == Software Interrupt
bit 3-0 = 0011 == Test and set
bit 3-0 = 0100 == Register indirect JMP
bit 3-0 = 0101 == Register indirect JAL
bit 3-0 = 0110 == Jump indirect to LR
bit 3-0 = 1000 == Move to %ML
bit 3-0 = 1001 == Move to %MH
bit 3-0 = 1010 == Move from %ML
bit 3-0 = 1011 == Move from %MH
bit 3-0 = 1100 == Set status flag 15 to 0
bit 3-0 = 1101 == Clear status flag 15 to 0

1l

Type 14-2 : Privileged instruction
bit 15-12 = 1110
bit 11-8 = 0010
bit 7-4 = Register or immediate data if needed
bit 3-0 = 0000 == Set status flag 31 to 16 [SET pos]
bit 3-0 = 0001 == Clear status flag 31 to 16 [CLR pos]
bit 3-0 = 0010 == Halt [HALT |

Type 14-3 : Move/LEA from/to stack pointer
bit 15-12 = 1110
bit 11-8 = 0011
bit 7-4 = Source/destination register
bit 3-0 = 0000 == Move to SP
bit 3-0 = 0001 == Move from SP
bit 3-0 = 0010 == LEA to SP
=% Second word = Sign extend immediate
data bit 15-0
bit 3-0 = 0011 == LEA from SP
*++ Second word = Sign extend immediate
data bit 15-0

Type 14-4 : Move
bit 15-12 = 1110
bit 11-8 = 0100
bit 7-4 = Destination register
bit 3-0 = Source register

Type 14-5 : Load effective address
bit 15-12 = 1110
bit 11-8 = 0101
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bit 7-4 = Destination register
bit 3-0_= Source register

% Second word = Sign extend immediate

data bit 15-0

Type 14-8 : Shift operation
bit 15-12 = 1110
bit 11 = 1
bit 10-9 = Operating code
bit 7-4 = Register
bit 8 3-0 = Shift amount

Type 15-0 : Multiply/Divide
bit 15-12 = 1111
bit 11-10 = 00
bit 9-8 = Operation
bit 7-4 = Source 1 register
bit 3-0 = Source 2 register

Type 15-4 : 16 bit offset stack area load/store
bit 15-12 = 1111
bit 11-8 = 0100
bit7=0
bit 6-4 = Operation
bit 3-0 = Source/Destination register

#=x* Second word = Sign extend offset bit 15-0

Type 15-8-0 : Command co—processor
bit 15-12 = 1111

bit 11 = 1
bit 10-8 = Co-processor unit number
bit 7-6 = 00

bit 5-0 = Command bit 5-0
*%*% Second word = Command bit 21 - 6

Type 15-8-8 : Check co-processor status
bit 15-12 = 1111

bit 11 = 1
bit 10-8 = Co-processor unit number
bit 7-5 = 100

bit 4-0 = Status bit number

Type 15-8-12 : Move to/from co-processor register
bit 15-12 = 1111
bit 11 =1
bit 10-8 = Co-processor unit number
bit 7-6 = 11
bit 5 = Operating code
bit 4 =0
bit 3-0 = Co-processor register number
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