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Oowmn nopaaok

e aHanus cneuymnduKkaymm

e TECTOBAA Nporpamma

e MOAMMPUKaALMA TpaKTa OaHHbIX

o Mmoaundpukauuma AJ1Y

e MOAudonKaumna yCTponcTea yrnpaseHUs
e NPOBEpPKA B CUMYNATOpPE

e OLIEHKa MakcuMasibHOW 4YacToThbl

e NPOBEpKa Ha OTnago4vyHoU nnare



SLLI: aHanu3 cneundukauum

31 25 24 20 19 15 14 12 11 76 0
imm|[11:5] imm][4:0] rsl funct3 rd opcode
7 5 5 3 5 7
0000000 shamt[4:0] sre SLLI dest OP-IMM
0000000 shamt[4:0] src SRLI dest OP-IMM
0100000 shamt[4:0] sre SRAI dest OP-IMM

Shifts by a constant are encoded as a specialization of the I-type format. The operand to be shifted
is in rs1, and the shift amount is encoded in the lower 5 bits of the I-immediate field. The right
shift type is encoded in bit 30. SLLI is a logical left shift (zeros are shifted into the lower bits);



SLLI: TecToBas nporpamMmma

e CKonupoBaTb KaTanor program/00_counter ¢ HOBbIM UMEHEM

cp -r program/00 counter program/03 slli

e OTKOPPEKTUPOBATL NporpaMmmy main.S

# program/03 slli/main.S

H#

# RISC-V new instruction (slli) software test

H#
. text

start: addi a@, zero, 1 # a0 =1

shift: slli a0, a0, 1 # a0 = a0 << 1
beq a0, zero, start # if a@ == 0 then start
beq zero, zero, shift # else shift




SLLI: MpoBepka TecToBON nporpamMmmbl

B kKatanore program/03_slli

make rars

File Edit Run 5ettings Tools Help

OB &Y NEIEIERFC IR Q ©
Edit _Ex.ecute T ‘ : Control and Status

Text Segment ::

Bkpt| Address Code Basic

[ ] | 0x00400000 0x00100513addl %10, x0, Ox00000001 8: start: addi al, zer :
| | | ox00400004) 0x00151513/s111 x10, x10, 0x00000001 9: shift: s11i ad, a0,|:
| | | 0x00400008 Oxfe0SOce3lbeq x10, x0, Oxfffffffc 10; beq a0, zerc :
| | | Ox0040000c) OxfeO00ce3beq x0,x0, Oxfffffffc 11: beq zero, ze -

Registers | Floating Point
A Mame |Num... YValue
‘llzero 0| 0x00000000| ~
ra 1 0x00000000)|
“|lsp 2| Ox7fffeffc|
gp 3 0x10008000|
Atp 4 Ox00000000)|
|to 5 Ox00000000)
1 [ 6 0x00000000)|
|2 7 0x00000000|
|50 8| 0x00000000)|
51 9| 0x00000000)|
a0 10 0x00001000
a1 11| ox00000000|




SLLI: Moandukauma Tpakta gaHHbIX

He TpebyeTtcsa: KoMMyTauns TpakTa AaHHbIX aHanornyHa nHetpykumn ADDI.

Instruction ecmdOp cmdF3 cmdF7 aluSre aluControl wdSrc regWrite pcSre branch condZero
ADDI 0010011 000 arr il 1 000 0 1 0 0 0
|
[ 6:0 ] emdOp 4 branch )
[14:12] cmdF3 condZero
[31:25] cmdF7 g
=
E \ Control Unit J 3
[+] 5] . =2
(=1 @ |reg‘|.l'u'r1te )
v . B
i [19:13] re1 =z WE3 srch
; PC - A RD |—pnst = A1 RD1
[24:20] rg2 |
A2 RD2
Instruction 1171 rd |
Memory A3 srchB
immbJ 1
1 Register
WD3
0 File
immil
aluResult
immB
pcPlusd Instruction pcBranch
Decode > +
4




SLLI: Moandukauna Ay

// sr_cpu.vh

“define ALU_ADD 3'beoo //

A

+ B

// sr_cpu.v
module sr_alu
always @ (*) begin
case (oper)
default

“ALU_SLLI :

endcase
end

endmodule

: result

result

SrcA + srcB;

SrcA << srcB [4:0];




SLLI: Moaundukauuma ycrpouctea ynpasrneHus 1

31 27 26 25 24 20 19 15 14 12 11 7 0
funct? rs2 rsl funct3 rd opcode R-type
imm|11:0] rsl funct3 rd opcode I-type
imm|11:5] rs2 rsl funct3 | imm|4:0] opcode S-type
imm|12|10:5 rs2 rsl funct3 | imm[4:1|11] opcode B-type
imm|{31:12] rd opcode U-type
imm[20]10:1[11[19:12] rd opcode J-type
RV 321 Base Instruction Set
0000000 shamt rsl 001 rd 0010011 SLLI
// sr_cpu.vh
“define RVOP_SLLI 7 'b0010011
“define RVF3 SLLI 3'boo1
“define RVF7_SLLI 7 'b000000o




SLLI: Moandukauma yctpoucrtea ynpaBrieHUs 2

end

// sr_cpu.v
always @ (*) begin

branch = 1'b0;
condZero = 1'b0o;
wdSrc = 1'bo;

casez( {cmdF7, cmdF3, cmdOp} )

{ "RVF7_SLLI, "RVF3 SLLI, "RVOP _SLLI } :
begin
regWrite = 1'bl; aluSrc = 1'bl; aluControl = ALU SLLI;
end

endcase




[lpoBepka B cumynsaTtope

B Katanore program/03_slli

make build
make modelsim

pcC
pC
pcC
pC
pcC
pC
pcC
pC
pcC
pC
pcC
pC

= 00000000
= 00000000
= 00000004
= 00000008
= 000000 C
= 00000004
= 00000008
= 0000 C
= 00000004
= 00000008
= 000000 C
= 00000004

instr =

instr
instr
instr

instr =
instr =
instr =

instr
instr
instr

instr =
instr =

00100513
00100513
00151513
feo50ce3
feoo0oce3
00151513
fed50ce3
fe000ce3
00151513
feo50ce3
feoo0oce3
00151513

VO =
VO =
VO =
VO =
VO =

VO =
VO =
VO =
VO =
VO =

OO PR~ PP NNMNNMNRERRERER

addi $10, $0, 0x00000001

addi $10, $0, 0Ox00000001
new/unknown

beq $10, $0, oxfffffff8 (-8)
beq $0, $0, oxfffffff8 (-8)
new/unknown

beq $10, %0, oxfffffff8 (-8)
beq $0, $0, oxfffffff8 (-8)
new/unknown

beq $10, $0, oxfffffff8 (-8)
beq $0, $0, oxfffffff8 (-8)
new/unknown



CuHTEe3 npoekKTa

e KOMNMpOBaHMe gamrna rnamsaTun nporpamm, B katanore program/03_slli

make board

e cbopka npoekTta B Quartus, B katanore board/de10 _lite

make create
make build

e MPOCMOTpP OT4eTa 0 cbopke, B kaTanore board/de10_lite

make open




AHann3 mMmakcMmMmanbHOM 4YacTOTbI

Quartus -> Processing -> Compilation Report

< Compilation Report - de10_lite 4
« [~ Timing Analyzer @ <<Filter>>
E5 Summary
FH Parallel Compilation Frnax Restricted Fmax Clock Name I
FH SDC File List 1 7445 MHz | 74.45 MHz clk
B Clocks 2 392.31MHz 250.0 MHz MAX1..1_50  limit due to minimum period

« [~ Slow 1200mV 85C Model

=== Fmax Summary

FH Setup Summary
= Hold Summary
@ Recowvery Summary
= Removal Summary
FE Minimum Pulse Width Summary
=] Metastability Summary
b [0 Slow 1200mV OC Model
b 0 Fast 1200mV OC Model




MpoBepka Ha oTNago4YHOU nnarte

BbIMOJSTHUTL MPOLUKMBKY nnartbl, B Katanore board/de10 _lite

make load

e BKITHOYUTb TAaKTUPOBaHNE
e HACTPOUTb AerunTerlib 4aCToThbl

e BbiOpaTb pernctp pesynsrata a0 onsa BbIBOAA Ha MHOMKATOPbI

ybeanTtbca B paboTocnocobHOCTM nporpamMmmebl 1 npoueccopa



foToBO!



