mERE, 2IFE— L

RISC-V ERURER S

5 12 & @I ERIES

=

2021/4



FEAR ISCAS MiST

> RISC-V ERI=EHER
> RISC-V CLINT 748

> (Y ERESRIN A



S ISCAS NiST

> [Z3# 1] : The RISC-V Instruction Set
Manual, Volume I: Unprivileged ISA,
Document Version 20191213

> [&% 2] : The RISC-V Instruction Set Manual,
Volume lI: Privileged Architecture, Document
Version 20190608-Priv-MSU-Ratified

> [&% 3] : SiFive FU540-C000 Manual, v1p0



FEAR ISCAS MiST

> RISC-V ER=EHER
> RISC-V CLINT 748

> (Y ERESRIN A



RISC-V daliff (Interrupt) R943%

> Al (Local) Hh

 software interrupt

 timer interrupt

> 2B (Global) Hl

 externel interrupt

—M mode Software Interrupt—

M mode Timer Interrupt—-

——M and S mode External Interrupt-=

US4

Hart1

Interrupt

Exception Code

Description

User software interrupt
Supervisor software interrupt
Reserved for future standard use
Machine software interrupt

User timer interrupt

Supervisor timer interrupt
Reserved for future standard use
Machine timer interrupt

D 0o|=1 & 0 | B = D

b
=

11

User external interrupt
Supervisor external interrupt
Reserved for future standard use
Machine external interrupt

12-15
=16

Reserved for future standard use
Reserved for platform use

[&2% 2] Table 3.6: Machine cause register (mcause) values after trap.

[%2% 3] Figure 3: FU540-C000
Interrupt Architecture Block Diagram.




Core Local INTerruptor

FUS540-C000 Boundary

On-Chip 53 .
Devices PLIC

M mode Software Interrupt—

M mode Timer Interrupt—-

CLIN

M mode External Interrupt—=

E51

Hart0

M mode Software Interrupt—-s-

M mode Timer Interrupt—

M and 5 mode External Interrupt-s=

U54

Hart1

M mode Software Interrupt—e

M mode Timer Interrupt—e=

M and 5 mode External Interrupt-=

U54

Hart4

[7}}% 3] Figure 3: FU540-C000 Interrupt Architecture Block Diagram.



FEAR ISCAS MiST

> RISC-V ERI=RHER
> RISC-V CLINT 748
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CLINT 2B - HFE 5CAS A

> RISC-V #iE#iiE, CLINT WHFRHILRAAFIRES (memory
map) B3,
> BPSHFRmULIRA base + offset EI’JFE'C H base lEMsE

platform B2ENX. 3 QEMU-virt, H CLINT gigit&%E7
SFIVE, base 73 0x2000000,

https://qgithub.com/gemu/gemu/blob/master/hw/riscv/virt.c

#define CLINT BASE ©x2000000L

static const MemMapEntry virt_memmap[] = {
[VIRT_DEBUG] = { exe, ex100 },
[VIRT_MROM] { ox1000, exfeeo }, 0x8800-0000 --
[VIRT_TEST] { ©ox1eeeeo, ox1000 }, Kernel DRAM
[VIRT_RTC] = { exie1eee, ex1000 },
0x8000-0000 - - -
[VIRT_CLINT] = { ex200e000, ex10000 },
[VIRT_PCIE_PIO] = { ©x3eeeeee, ex10ee0 }, 0x0201-0000 - - -
[VIRT_PLIC] = { exceeeeee, VIRT_PLIC_SIZE(VIRT_CPUS_MAX * 2) }, mtime
[VIRT_UART®] = { ex1eeeeeee, 0x100 }, m“m‘?cmp Ty CLINT
[VIRT_VIRTIO] = { ex1ee01000, ox1000 }, 0x0200-0000 e - --
[VIRT_FLASH] = { ex20000000, ©x4000000 },
[VIRT PCIE ECAM] = { ©x30000000,  ©x10000000 }, 0x0000-FO00 --
[VIRT_PCIE_MMIO] = { ©x40e00000, 0x40000000 }, Bootloader ROM
[VIRT_DRAM] = { ©x8eocoeeee, oxe }, 0x0000-1000 < - -

0x0000-0000




CLINT ®iZE0 - S1F&2 (Timer 3353) ISCAS MiST

o] SR % 17 P 7 IR S

mtime real-time 1T4%8% (counter) BASE + Oxbff8

> RFELBIE—, 7 RV32 1 RV64 LEER 64-bit, RFWIR
RIbEiZiT R EIREZ IR — 1 E ERISIERSIE.

> LS, EHHEIE mtime BEKRES O,

#define CLINT MTIME (CLINT_BASE + OxBFF8) // cycles since boot.



CLINT #wt=i%0] - F1F8x (Timer 543)

o] SR % 17 A7 IR S

mtimecmp timer compare register BASE + 0x4000 + (hart) * 8)

> 81 hart —* mtimecmp F1F&3, 64-bit,
> LRSS, ERARTFIZE mtimecmp RIYIE.

#define CLINT MTIMECMP(hartid) (CLINT BASE + ©x4000 + 8 * (hartid))

void timer load(int interval) void start kernel(void)
{

{
int id = r mhartid(); = seeea.
*(uint64_t*)CLINT MTIMECMP(id) =

*(uint64_t*)CLINT MTIME + interval;  ......
}

while (1) {}; // stop here!
void timer_init()
{
timer load(TIMER_INTERVAL);



CLINT $wiE#E0 - 51588 (Timer 3849) ISCAS MiST

> 2= mtime >= mtimecmp B, CLINT &/=4— timer HA,
%igﬁﬁbb(cpﬂﬁﬁ %‘%Eﬁ%*%;jﬁﬁﬂ mie.MTIE h‘lu\{i
1,
> H timer REiAZER, hart 218 mip.MTIP, EFALIE
mtimecmp FEANFRIESE mip.MTIP,

void timer handler() reg t trap handler(reg t epc, reg t cause)
{ {
timer load(TIMER_INTERVAL); if (cause & ©x80000000) {
} switch (cause_code) {
void timer init() case 7
{ timer_handler();
timer load(TIMER_INTERVAL); break;
/* enable machine-mode timer interrupts. */
w_mie(r_mie() | MIE_MTIE); )

/* enable machine-mode global interrupts. */ }
w_mstatus(r_mstatus() | MSTATUS MIE);

oooooo



CLINT wiEiE0O - SiE

o3
Rl

=

Miaft
mtime = O;
mtimecmp += INTERVAL
{55 RE R BT

£ 13 timer interrupt

ERRRE], fibs R,
MITH BRI,

mtimecmp += INTERVAL




FEAR ISCAS MiST

> RISC-V ERI=RHER
> RISC-V CLINT 748
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B ERNZENMNA: HEEE ISCAS MiST

> Eiﬁﬁ*ﬁi\j HENEE, FMERFRINSITH
&E"- M1+o



¥ HIE (Tick) ISCAS MiST

> RER BRI RIBIR (L

> Tick RIE{u ([FHA) HfEHER=SRIFEIRE
GBE7 1 ~ 100ms)

> Tick FHRE), RFARBEES, (BHEEX.



EZ5RI5h ISCAS MiST

> ERFHEHPHN—PEENEE, ICRERR
BRiIERI&p&Z%ER Tick 244,
> ATRAFYHPREFNIE ERNE, FRUABIRARS

H\ /* interval ~= 1s */
(o] ##define TIMER_INTERVAL CLINT TIMEBASE FREQ

static uint3; _tick = 9;

timer_load(TIMER_INTERVAL);

<<;::ES§\void timer_handler()

{
_tick++;
printf("tick: %d\n", _tick);

timer_load(TIMER_INTERVAL);
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