1. EXERCISES

Exercise 1
Complete solutions for this exercise are provided in folder:
[RVfpgaPath])/RVfpga/Labs/RVfpgalLabsSolutions/Programs_Solutions/Lab18/Minu
Exercise 2
Complete solutions for this exercise are provided in folder:
[RVfpgaPath]/RVfpga/Labs/RVfpgalLabsSolutions/Programs_Solutions/Lab18/MinMaxMinuMaxu
Exercises 3 and 4
Complete solutions for these two exercises are provided in folder:
[RVfpgaPath])/RVfpga/Labs/RVfpgaLabsSolutions/Programs_Solutions/Lab18/FloatingPoint
Exercises 5 and 6

Solutions not provided.

Exercise 7

Complete solutions for this exercise are provided in folder:
[RVfpgaPath])/RVfpga/Labs/RVfpgalLabsSolutions/Programs_Solutions/Lab18/NewHwCounter

a. Changes in the Verilog Code:

I. File swerv_types.sv:
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ii. File dec_tlu.ctl.sv:
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MHPME
MHPME
MHPME
MHPME
MHPME
MHPME
MHPME
MHPME
MHPME
MHPME

MHPME INST IMM

ri=e ; i 4; i++)

mhpmc_inc_e4[i][1:0] 2{mgpmc

(mhpme_vec[i][5:E ) 7 1)
(mhpme_vec[i] [5:E C ) 1'be, ifu pmu_ic hit})
(mhpme_vec[i][5:6 ) 1'bo, ifu_pmu_ic_m
(mhpme_vec[i][5:E ) tlu il commit_cmt, tlu i® commit cmt illegal e4})
(mhpme_vec[i] [5:E 16B ) tlu i1 commit cmt _pmu_il pc4, i® commit cmt
(mhpme_vec[i][5:6 V _OMM B ) tlu_ il commit_cmt _pmu_il pc4, _ 10 _commit_cmt
(mhpme_vec[i][5:E 1 - ) ifu pmu_instr_aligned[1
(mhpme_vec[i] [5:E ) dec_pmu_instr_
(mhpme_vec[i][5:6 V 3 : ) 1'be,ifu_pmu_align
(mhpme_vec[i][5:E MHP STA ) 1'b0,dec_pmu_decc
(mhpme_vec[i] [5:E 1 ) (pmu_il itype qual MUL ) (pmu_i0_ itype qual[:
(mhpme_vec[i][5 IST_DIV 1 , dec_tlu_packet
(mhpme_vec[i][5:E MHP : DAL ) (pmu_il itype quall[:
(mhpme_vec[i] [5:E 5 E ) (pmu_il itype qual
(mhpme_vec[i][5:€ 1 IST MALOAL ) (pmu_il itype quall[:
2{dec_tlu_packe
(mhpme_vec[i] [5:E MHPM NST MASTOF ) (pmu_il itype qual | (pmu_i0_ itype qual[:
2{dec_tlu_packet pmu_lsu misaligned}})
(mhpme vec[il[5:6 MHPME _INST ALLU (pmu il itype quall3:0] ALU), (pmu i@ itype quall3
| |
(mhpme_vec[i][5:€ MHPI IS M ) (pmu_il itype quall[:3

[ IMM), (pmu_i@ itype quall[3
1 JNE e ] e
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lefine MHPME3

event saturate wb[5:0] ((dec_csr_wrdata_wb[5:0] 5'd51) (|dec_csr_wrdata wb[31:6])) 5'd51 dec_csr_wrdata wb[5:0]

wr_mhpme3 wb = dec csr wen wb mod (dec_ecsr wraddr wb[11:0] M ):
(6) mh 3 .clk(active clk), .en(wr _mhpme3 wb), .din(event saturate wb[5:0]), .dout(mhpme3[5:0]));

lii. File dec_decode ctl.sv:
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i0 itype
il itype NULL ;

(i0 legal decode d)
(i@ _dp.mul) i@ _itype
(ie dp.load) i@ itype
(i® dp.store) i@ itype
(i@ dp.pm alu) 18 itype
| |
(i@ dp.imml2 - i@ dp.pm alu) i@ itype
( csr_read Cs5r_write) 10 1itype
(~csr_read csr_write) 10 _itype
( csr_read Csr _write) 10 _itype
(i@ dp.ebreak) i@ _itype
(i® dp.ecall) i@ _itype
(ie dp.fence) i@ itype
(ie dp.fence i) ie itype
(i® dp.mret) i@ _itype
(i@ dp.condbr) i0 itype
(ie dp.jal) i@ itype

(dec_il decode d)
(i1 dp.mul) il itype
(i1 dp.load) il itype
(i1 dp.store) il itype
(i1 dp.pm alu) il itype

| |
(i1 dp.imml2 & il dp.pm alu) il itype
(11 dp.condbr) 11 itype
(i1 dp.jal) il itype
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b. Verilator Simulation:

File Edit Selection View Go Run Terminal Help

f e

B PIODebug ~ {8 & startup.s

~ VARIABLES

~ Local

REPEAT:
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al,
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Test_Assembly.S X
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uartInit();
pspEnableAllPerformanceMonitor(1);

pspPerformanceCounterSet(
pspPerformanceCounterSet (L
pspPerformanceCounterSet(
pspPerformanceCounterSet (

cyc beg = pspPerformanceCounterGet (

instr beg = pspPerformanceCounterGet (
BrCom beg = pspPerformanceCounterGet (
BrMis beg pspPerformanceCounterGet (

Test Assembly();

cyc end = pspPerformanceCounterGet (
instr end = pspPerformanceCounterGet (
BrCom end = pspPerformanceCounterGet (
BrMis end pspPerformanceCounterGet (
printfNexys ", cyc end-cyc beg);
s = %d", instr end-instr beg);
BrCom end-BrCom beg);
e Instructions = %d", BrMis end-BrMis beg);

("C
printfNexys("I
printfNexys (
printfNexys(

while(1);
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c. On-board execution:

Imagination University Programme — RVfpga Lab 18
Version 2.2 — 9th May 2022

© Copyright Imagination Technologies 8



imagination
university programme

Test_Assembly.S X

11,
t3,
t4,

an,
al,

REPEAT :

Tl
il
tl
REPEAT

TERMIMAL

> Executing task: platformio device monitor <

--- M1n m an

--- Quit: Ctrl+C | Men
Cycles = 3413
Instructions = 6071
BrCom = 1A19

12-bit Immediate Ins
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