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The Independent Design of RISC Pipeline CPU

YUAN Ting, LIU Yijun

(School of Computer, Guangdong University of Technology, Guangzhou 510006 China)

Abstract: This paper based on FPGA platform. designing a 16 bit pipelined RISC CPU core. With reference to the
MIPS instruction set, CPU completing the design of RISC instruction set, realizing five stage pipelined structure by

analyzing instruction processing, combined with the " prediction’ and data forwarding method to solve the related
problems of pipeline. To support the CPU software architecture, we design a compiler for the instruction set. In the
Modelsim platform running test program, the simulation results are givenout. By comparing the experiment results,
the clock cycles required is greatly reduced.
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16 , , CPU 22
R , 1 il , 1 , s
5 s
1
( )
4 3 3 3 3
ADD rd, rs, rt 0000 s rd rt 000 Rlrd]=R[rs] + R[rt]
SUB rd, rs, rt 0000 s rd rt 001 R[lrd]=R[rs] — R[rt]
AND rd, rs. rt 0000 s rd rt 010 R[rd]=R[rs] & R[rt]
OR rd, rs, rt 0000 s rd rt 011 Rlrd]=R[rs] | R[rt]
NOT rd, rs 0000 rs rd XXX 100 Rlrd]= ~ R[rs]
: SHL rd, rs, sa 0000 rs rd sa 101 Rlrd]=R[rs] << sa
SHR rd, rs, sa 0000 rs rd sa 110 Rlrd]=R[rs] >> sa
SAR rd, rs, sa 0000 s rd sa 111 Rlrd]=R[rs] >> sa
NOP 0000 000 000 000 000
MOV  rd, rs 1000 rs rd XXX XXX  R[rd]<R[rs]
ADDI rd. rs, X 0001 Rs rd X R[rd]=R[rs]+ sign extend(X)
SUBI rd, rs, X 0010 Rs rd X R[rd]=R[rs]— sign extend(X)
ANDI rd, rs, X 0011 rs rd X R[rd]J=R[rs]&. un extend(X)
ORI rd, rs, X 0100 rs rd X Rlrd]=R[rs]| un extend(X)
NOTI rd, X 0101 XXX rd X R[lrd]= ~ un extend(X)
: LDM rd, B(rs) 0110 rs rd B R[rd]<<—Mem[ rs+ sign extend(B)]
STM rd, B (rs) 0111 rs rd B R[rd]—>Mem[ rs+ sign extend(B)]
LDMI rd, X 1001 XXX rd X R[rd]=sign extend(X)
BGZ rs, A 1010 rs If rs>>0, PC =PC-+sign extend(A)
BEZ rs, A 1011 rs if rs=0, PC =PC-+sign extend(A)
J T A 1100 A PC= un extend(A)
HLT 1111
2.2 CPU
s
1F. 1D, EXE, MEM, WB.
CPU 1 s )
1IF PC pcreg
ID idreg VEXE
exreg .MEM
mereg WB
whreg 1 CPU (3
IF PC pereg D idreg ROM
’ ins PCI1( D).
ROM PC 1 N . N

(CU),
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s pcsource

pesource[ 1] = 1 j;

pesource[0] =1 j| i bgz & rsgre | i bez &

EXE exreg 1D
X, rd.
3 1 ,ALU
MEM mereg EXE
ALU . RAM .
MEM
RAM
WB wbreg ALU
.RAM N
WB ,
ALU
WB
3
3.1
b 711 b
CrPU )
b r41 .
s [5] , 1D
. EXE 1D R
ALU 1D ; MEM 1D
, ALU
1D ; MEM 1D )
ROM 1D . ldm
MEM
1D ldm ldm
b [4] .
wpcir PC 1F
ID [} ldm
, Wpcir 0.
CPU ,
, stopid 0,

rsequ;
3.2
, RAM
3 PC 1 .
pcsource  PC 1. .
’ 16 H
rs ; 1 ]
2( )
wpcir. ,
1D fwda fwdb,
.EXE ALU .MEM ALU
.MEM RAM
sext: 1D 1
) ADDI, SUBI, LDMI
shift . , EXE ,
ALU b sa.
aluc[3:0]: ALU , X000
; X100 ; X001
; X101 ; X010
;1110 ldm stm
;5 X011 s ;s X111
;0110 ldmi
mreg: , WB
wreg: s WB
aluimm ; ALU b
wmem ; ,  MEM
stopid: , 1D
IF
. rt N sa.
X ALU b ,ALU a
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rs ,ALU STM rd0 rd3 000000 // R3 RO
RAM
’ b
STM rdl rd4 000000 // R4 R1
, ALU RAM
SUBI rd1 rdl 000001 //R1 01H
BGZ rdl 111110011 /Rl 0, PC—
4 13
BEZ rdl 111110010 //R1 0, PC—
14
, .CPU SUBI rd0 rd0 000001 //R1 01H
BGZ rdo 111101111 /RO 0, PC—
’ 16
0/1 ADD rd6 rd6 rd6 /
X ) HLT //
’ Y 5
2 5.1 Modelsim
Modelsim testbanch, .
ROM ,
3 s
b b
1D
9 [61 R stopid 0 ,
s , 1D
b
i 1F
(ADD,SUB ) , stremp ’
,IF ;  stopid 1
O H
. . inst[15:12] ’ ’
stremp () ,
, inst[11.:9].inst[8:
6].inst[5:3]. ,
err
b
LDMI rd0 001001 // 9 RO
SUBI rdo0 rdl 000001 /RO (9 R1
LDM rd0 rd3 000000 // RO .
RAM R3 ,
LDM rdl rd4 000000 // Rl RAM 3
R4 clock
ADD rd6 rd6 rd6 //
ADD rd6 rd6 rd6 //
SUB rd4 rd7 rd3 /R4 R3 R7 ’ ’
BGZ rd7 000000111 //R7 0, PCH7 RAM
s HALT
BEZ rd7 000000110 //R7 0, PC+6 5 9
MOV rd3 rd5  //R3 R5 4.5 , CPU
MOV rd4 rd3 // R4 R3 4 CPU
MOV rd5 rd4  //R5 R4 .5
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