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Abstract

The data transfer width between the microprocessor and the memory comes to a critical part that
limits system performance since the data transfer width has been as it was while the performance of
a microprocessor is getting higher due to its continucus development in speed. And it is important that
the memory should be in small size for the reduction of embedded microprocessor’'s price which is
integrated on a single chip with the memory and IO circuit. In this paper, a microprocessor tentatively
named as Extendable Instruction Set Computer(EISC) is proposed as the high code density 32 bit
microprocessor architecture. The 32 bit EISC has 16 general purpose registers and 16 bit fixed length
instruction which has the short length offset and small immediate operand. By using an extend register
and extend flag, the offset and immediate operand could be extended. The proposed 32 bit EISC is
implemented with an FPGA and all of its functions have been tested and verified at 1.8432MHz. And
the cross assembler, the cross C/C++ compiler and the instruction simulator of the 32 bit EISC have
been designed and verified. This paper also proves that the code density of 32 bit EISC shows
140~220% and 120-140% higher code density than RISC and CISC respectively, which is much higher
than any other traditional architectures. As a consequence, the EISC is suitable for the next generation
computer architecture since it requires less data transfer width compared to any other ones. And its
lower memory requirement will make embedded microprocessor more useful.
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Table 1. Program characteristics according to
various number of registers of
MIPS-R3000.

Rl\elz‘is(t)ir Program size| Load/Store| Move
27 100.00 27.90% 22.58%
24 100.35 28.21% 22.31%
22 100.51 28.34% 22.27%
20 100.56 28.38% 22.24%
18 100.97 28.80% 21.93%
16 101.62 30.22% 20.47%
14 103.49 31.84% 19.28%
12 104.45 34.31% 16.39%
10 109.41 41.02% 10.96%
8 114.76 /44.45% 8.46%
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Table 2. Instruction frequency of MIPS-R3000
with 16 general purpose registers.

Instruction Frequency
move 20.27%
Iw, sw 28.27%
nop 7.26%
addiu 7.53%
li 2.93%
lui 3.76%
sh, sb, 1h, Ib, lhu, Ibu 1.98%
bnez, bne, beqz, beq, bltz, ... 6.69%
j, jal 10.36%
jr 1.79%
addu, subu, and, or, Xor, nor, negu 3.33%
andi, ori, xori 2.17%
jalr 0.17%
slt, sltu, slti, sltiu 1.70%
sll, srl, sra, sllv, srlv, srav 1.40%
mult, multu, div, divu 0.09%
break, mfhi, mflo 0.12%
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Table 3. Characteristics of ‘lw, sw' instruction.

Offset length Sta(céagg/(i)r)lter Ind%g(g.rl%ii)ster
3 bit 43.2% 77.0%
4 bit 72.6% 31.6%
5 bit 88.1% 89.6%
6 bit 90.5% 91.5%
7 bit 95.7% 93.5%
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Table 4. Frequency by constant size of ‘I’
instruction.
Constant range Frequency
-32 — +31 72.4%
-64 -- +63 86.9%
-128 -- +127 93.6%
256 -- +255 95.2%
others 100%
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Instruction Mnemonics @ LERI
: LERI constant
Instruction Representation :

Instruction Format

bit 15-14 = 01
bit 13-0 = Constant data bit 13-0
Operation :

If ( E flagis 0 ) Load %ER with sign
extend constant
ELSE %ER = %ER << 14 + Constant

Set E flag
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Instruction Function : Load/Store
Instruction Representation :

bit 15-14 = 00

bit 13-12, 7 = Operation

000 : Sign extend 8 bit load.
001 : Sign extend 16 bit load.
010 : 32 bit load.
011 : Zero extend 8 bit load.
100 : 8 bit store.
101 : 16 bit store.
110 : 32 bit store.
111 : Zero extend 16 bit load.

bit 11-8 = Source/Destination register.
%R0 thru %RI15.

bit 6-4 = Offset bit 2-0 if 8 bit load/store
Offset bit 3-1 if 16 bit load/store
Offset bit 4-2 if 32 bit load/store

bit 3-0 = Index register. %R0 thru %R15.

Effective operand address : EA
If ( E flag is 0 )
EA =Zero extend offset + Index Register
If (E flagis 1)
if ( 32/16 bit load/store)
EA = %ER <<4 + Offset + Index Register
if (8 bit load/store)
EA = %ER << 3 + Offset + Index Register

olsh o] e el osled 1 emAst 2]
Ao esflleg Sl 7S S LE W
012 16 W= 1 AolZ HWSE Zol bssteh

4, 29 o]

£ 3914 lw, sw' el o34l oy} A
Zoeje} qldx FHR2etE A3l el 43
o2 Rolw girk ¥ 3o8¥E ~d IHE A}
431 A9 w, sw 23S 5 H|E oJile] TG
3jc} 32 H|E EISCelME oleidt 548 ksl 7
H|E 2 uAS JIXE A8 E3JE 1w, sw HHAE

(395)

®36% DR BO5K 15
e 2 Ageofgt

Eg Iw, sw @EofellA] 2ule] FA] Hshe |l
57} 158%2 A en 8 HR|2EE shie
greg sl FFE FA # dA e = 430
2 2AEYek elmg 32 wlE EISCellxs 874 #
A2ebE shte] BlaER Fold Zdshs FA #
HejolS AeofRich ol2dF FA| F HA| e 2AE
= oy e dme F=g ATl HEeR
RISC FZxolAEe ARgEA ¢ton} CISC FFe\M+e
wo] ARk slch
¥ 2004 ‘addiu(add immediate) HHle] &3
£ 753%00th o]FelA 2 ElEE AR
E& 3B%old, o|F 7 v|E Aol Hlxr}t 99.1%
olt}. z=rE 32 H|E EISColXle 7 H|E A¢E
29 FEjol| tela, wie WIS it

[

5. 71et

E 2004 2 ¥7] el Hl=rt 6.69%0]th
o]% mgAoZ W3] $lsix 32 HIE EISCelAM
e, ARl AR ewERSe 4 FHaE AH
& o] 23] 14742 271 ¥7] R 1t
Eol 24 #7) wEele exye 9 wlEg AA3}
o, 7} ) 2etE o]8sto] 32 BMIEAR] HAghet

2] Ak il wRels 485%7) 2 edle W
#olo|7 514%7F 3 2¥jie wEolz zalEych
3 25@ls WEole ‘move’ WY 2 v ey
ole] xez RPY  glonz 32 H|E EISCH
el Ak odil WEdels 2 e 3AS 7RxIch

T4, v e 23 REE o ey
to] 5 54 -8 ol AR lE} B3 w2
o, 7 el wet 53 el Aoyt At ol
g AR gbsl] FA, vl AFE ARERe 2
7he] 32 WlE Hx2el%ML, %MH)E A3k

AL A e A+ 9dew, e
FE2AMNE 16709 W4 dAA2HE 7AES
FIZAN 0 Axag] ZEAMEA AMA A,
slol el Alel, wime] 2] Fof A8 FHE 5
Yok BEeags i) 2 v 7]
o Wy I A ofsle] FHPcE FEZAA
HHe G} dA|2elE ol8sled 20 H|E == 34
H|E ol & 7[xick

T o
=2 2

-
Lo

3]

H

>
S




16 :‘g]-zoL

. st=so] & AzZeqio] 78
X 5ol 32 H|E EISCY] #R|xe} 7PAS welch

H# 5. 32 H|E EISCY| #x|2Ef A4
Table 5. 32 bit EISC register.
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Register L A& ZAEsisdeh
Description
name E 6ol 2Es AzEge] A 83e wal)
RO - R15]| 32 bit general purpose register
PC 32 bit program counter # 6.32 H]E EISC 222~ '/’\TE‘I‘E%M
- - Table 6. Cross software of 32 bit EISC.
. 32 hit user stack pointer
LSk Co- #0 R13 i
0~Processor; at supervisor Host olatt Window-95, Window-NT,
ssp 32 bit supervisor stack pointer ost platiorm Linux, SUN
Not accessable at user mode : -
LR 32 bit link register Object file format | ELF
ER 32 bit extension register Cross assembler FSF Binutils-2.9.1
ML 32 bit multiply result low register Cross loader FSF Binutils-2.9.1
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MH 32 bit rultiply result high register -
32 bit divide remainder register Cross C compiler Cygnus EGCS-11
SR 32 bit status register Cross C++ compiler | Cygnus EGCS-1.1
bit 31 = User/Supervisor# mode C library Cygnus NEWLIB-1.81
bit 19 = Extension flag (E) C++ library FSF LIBSTDC++-2.8.1
bit 18 = Enable NMI
bit 17 = Auto-vector interrupt if 0O Cross debugger FSF GDB-4.17
b¥t 16 = Enable maskable interrupt Simulator FSF GDB-4.17
bit 7 = Carry flag (CY)
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Table 7. Relative code density with 32 bit
EISC.
Processor Relative. Processor Relative.
Code Density Code Density
32 bit EISC 1.00 MC88000 1.59
MIPS-R3000 1.66 MC5200 143
TR4101 1.07 MC68000 1.3
MIPS-R4000 1.46 MC68332 1.32
MIPSTX-39 158 MOCB8020 1.32
ARM-7 164 MN10300 1.17
ARM-7TDM 1.13 Pentium 1.39
PowerPC 601 1.92 180960 1.68
SPARC V8 1.38 ARC 219
SPARCLITE 1.78 SH-3 133
PA-RISC 2.22 V80 121
Alpha-RISC 2.23 M32R 144
E  8.32 ¥|E EISCS 16 ¥|E Fof B3

RISCS] v}
Table 8. Comparition table between 32 bit
EISC and 16 bit compressed RISC.

32 bit EISC | TR4101 | ARM-7TDMI
Relative
Code Density 1.00 1.07 113
Load/Store 30.2% 48.3% 46.5%
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Type 0 : Load/store
bit 15-14 = 00
bit 13-12, 7 = Operation
bit 11-8 = Source/Destination register
bit 6-4 = Offset
bit 3-0 = Index register

Type 4 : Load extension register and set E
bit 15-14 = 01
bit 13-0 = Immediate data bit 13-0

Type 8 : Stack area 32 bit load/store
bit 15-12 = 1000
bit 11-8 = Source/Destination register
bit 7 = Operating code
bit 6-0 = Offset bit 8-2

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

Type 10 : Load effective address
bit 15-12 = 1010
bit 11-8 = Destination register
bit 7-4 = Immediate data bit 3-0
bit 3-0 = Source register

Type 11-0 : Push/Pop register list
bit 15-12 = 1011
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bit 11 = 0

bit 10-9 = Register bank
bit 8 = Operating code
bit 7-0 = Register list

Type 11-6 : Add/subtract stack pointer
bit 15-12 = 1011
bit 11-8 = 0110
bit 7 = Operating code
bit 6-0 = Immediate data bit 8-2

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

bit 3-0 = Source register/Immediate data bit 3-0

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 7-0 = PC relative offset

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 hit 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 %6MH

=+
T
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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

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
bit 3-0 = 0001 == Clear status flag 31 to 16
bit 3-0 = 0010 == Halt

Type 14-4 : Load effective address from/to SP
bit 15-12 = 1110
bit 11-9 = 010
bit 8 = Operation
bit 7-4 = Source/Destination register
bit 3-0 = Immediate data bit 3-0

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 : Stack area load/store
bit 15-12 = 1111
bit 11-10 = 00
bit 9-7 = Operation
bit 6-4 = Offset

bit 3-0 = Source/Destination register

Type 15-4 : Multiply/Divide
bit 15-12 = 1111
bit 11-10 = 01
bit 9-8 = Operation
bit 7-4 = Source 1 register
bit 3-0 = Source 2 register/immediate data

Type 15-8-0 : Command co-processor
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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

Type 15-8-8 : Check co-processor status

bit 15-12 = 1111

o] 32 H|E who]mz T2 A A AT A3
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bit 11 = 1
bit 10-8 = Co-processor unit number
bit 7-5 = 100 [6]
bit 4-0 = Status bit number
Type 15-8-12 : Move to/from co-processor register
bit 15-12 = 1111 (7]
bit 11 = 1
bit 10-8 = Co-processor unit number [8]
bit 7-6 = 11
bit 5 = Operating code
bit 4 = 0 [9]
bit 3-0 = Co-processor register number
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