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Abstract

In this paper, we proposed a new instruction set(X32V ISA) with 3 different types of instruction mode. The proposed
instruction set organizes 32-bit, 24-bit, 16-bit instruction in order to solves a problem of memory size limitation in an
embedded microprocessor. We designed a 32-bit 5 stage pipeline RISC microprocessor based on the X32V ISA. To verify
the proposed the X32V ISA and a microprocessor, we estimated a program code size of muitimedia application programs
using a X32V simulator. In result, we verified that the Light mode and the Ultra Light mode obtains 8%, 27% reduction
of a program code size through comparison with the Default mode. The proposed microprocessor was verified all X32V
instructions execution at Xilinx FPGA with 33MHz operating frequency.

Keywords : X32V ISA, RISC microprocessor, program code size
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2ol AgdE Ultra light 2=E = X32V
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Load/Store
Immediate
Branch
4 4 4 4 4 4 4 4
Jump/Call
@
4 4 4 4 8
Load/Store
Immediate
Branch
4 4 4 4 4 4
Register
4 4 16
Jump/call [
(b)
Load/Store none
Immediate none
Branch none
4 4 4 4
4 4 8
Jump/Call B
()

a3 1. MoHE X32V ISA EAl (a) 32-bit WA Al
' (b) 24-bit WOl 4 (c) 16-bit WHO| &4l
Fig. 1. The proposed X32V ISA format.: (a) 32-bit
instruction format; (b) 24-bit instruction format;
(c) 16-bit instruction format;
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Fig. 2. Instruction memory composition.:

(a) Light mode: (b) Ultra light mode:
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E 1. X32V ISA HHo| B
Table 1. X32V ISA instruction group.

Wza | LW, LB LBU LH,
A4 | LHU, SW, S.B, S_H

Load/Store

LG_AND, LG_OR,
LG_XOR, ADD, ADD_U,
SUB, SUB_U, SFT_LL,
SFT_RL, SFT_RA,
SET.LT, SET_LTU,
gojg | MUL MUL_U, MOV

A7 LG_ANDi, LG_ORi,
LG_XORi, ADDi, ADD_U%i,
SUBI, SUB_Ui, SFT_LLi,
SFT_RLi, SFT_RAi,
SET LTi, SET_LTUI,
MOV_UPi

Register

Immediate

B_EQ, B_NE, B_EQZ,
B_NEZ, B_LTZ, B_.GTZ,
B_LTEZ, B_GTEZ

J_AR, J_PR
JA JP JR

Branch

o]

Register
Jump/Call

59 Ao} gHo 1348 23 k. vy HE g
o] 87% Signed/Unsigned BEIZ byte, half word,
word ©$1¢] do|€ & dlolE] wzadl| HFo] 753}
thoE 12 X2V HEHolE veHEE BRI,
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B9 S A9sha 32-bit, 24-bit, 16-bit B Euo]
A BF ALgo] 7hssid

2. 718 2ol BFO ANz

A erE X32V ISAE Default 25, Light 2=, Ultra
light REZ 37kA9 wHEo] 3 R:=g zteth
Light 2=¢} Ultra light 2=+ 32bit, 24bit, 16bit &
Holg EF Ao R o|& AT AA ol
o] <& dAA desith 1y 3& W 2
gAle] 7 Zo| HEo] A fFulS vehdn,
of mpolZz}Ql W o} Hajo] W2 FAH

64-bit HZE HAAEHE FAY PHo] mo]=g}
e gHo] vRIZRE 32-hit Y= G
o] Agwron] HAY 4-bits T3l B 2
A8 wl 23 Alo]Fwjt} £A1E wHoo 2
HEo] Wey)2 Has o ufo] T
Ml off bitg Este] ol
Aoz frA871¢sl PC #HA2H
of WEge Fi HGE Z2HITh Light 2=
Ultra light 2= W#Hoj9] W#Ho] Wxe] 74 X
7} word boundaryE ¥eld 4= glewn, #7|HH 4
3 Al £7] target W#H{7} word boundaryE Hlojit
A 8 A$ 1 Aol 38 ddeE Zer 335
BE7|= WHo] go| Xl MHEREH HHoE AY
who}l 16-bit, 24-bit L& HHE FsH= 32-bit B
HolZ WA W] fas dAR HHolg He

ol ¢
o, M ofL

¢
P

(o]

ot
ue ol 9

8ot o o

b

tlo o

i oz o o 4

for |
o ot K

5}

& ol

2

)
2
ot
of

o,
0}

Inst.
BC MEM
A +
Instruction
Pipeline
Control Buffer

y Instruction

Decompressor

32 bit
y Instruction

ID
Block

33 3 9WdEo| s ctAe A
Fig. 3. The block of instruction fetch.
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38 4. 24-bit, 16-bit BWEH o2l 32-bit WHO Pzk
(a) 24~bit O #2k (b) 16-bit BHO| B2k

Fig. 4. 32-bit instruction conversion of 24-bit, 16-hit
instruction.: (a) 24-bit instruction conversion;
(b)16-bit instruction conversion;

gt 2y daxs 24-bit BHAE FRFFo) T2
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Fig. 5. The data-path of the X32V microprocessor.
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Input Pattern Generator{32 Bits)

g.p Generator(32 Bits)
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6. The block diagram of ALU.
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Table 2. The function of ALU

=H
Fig.

hvi
v

AND, OR, XOR, INV

Logical Operation
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ADD, ZERO, SUB, CMP
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Table 3. The number of multiplier execution cycles.

1(Multiplier cycle)+1(ALU cycle)

318l =1 == 0

{31:16] = 1 =+ 0 |2(Multiplier cycle)+1(ALU cycle)

[31:24] = 1 =+ 0 |3(Multiplier cycle)+1(ALU cycle)
Others 4(Multiplier cycle)*1(ALU cycle)

| Operand1 | | Operand?2 |

Radix-4
Booth encoder

l

I Partial Product Generation |

RE

carry-save adders <

Partial Sum Register

Partiat Carry Register
L]

Carry

Sum

a7 7. 47 e 74
Fig. 7. The block diagram of a multiplier.
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Fig. 9. The code size of benchmark programs.
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Fig. 10. A reduction rate of code size.
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