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> [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
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FRIRKAY Trap 4038, B33
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== Timer

Interrupt
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RANSESHNGEIT

trap handler

save previous context

Y

switch context

Y

restore next context

ISCAS MNiIST
code/o0s/08-preemptive/entry.S code/os/08-preemptive/trap.c

trap_vector: regeal trap handler(reg_t epc, reg t cause)
...... {
call [Ktrap handlerfpe” = -c:c--.
,,,,,, if (cause & Ox80000000) {
mret switch (cause code) {
switch_to: case 7

...... timer_handler();

oooooo

{ code/0s/08-pggemptive/timer.c

void timer handler()

{

}
schedule();
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code/0s/08-preemptive/os.h

struct context {
/* ignore x@ */
reg t ra;
reg t sp;
reg t t6;
// upon is trap frame

// save the pc to run in next schedule cycle
reg t pc; // offset: 31 *4 = 124

}s
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code/0s/08-preemptive/entry.S

trap_vector:

# Save all GP registers

# save mepc to context of current task

csrr a@, mepc

SW a0, 124(t6)

call trap_handler —\%

mret u
[
m

switch_to: :

# switch current context m

csrw mscratch, a0

# set mepc to the pc of the next task

1w al, 124(a9)

csrw mepc, al

# Restore all GP registers

oooooo



KBRS ESAngit —

Task A trap handler Task B

|
PC > '
save previous context - -
Instruction (i) | & * : E> Instruction (j)
Y AN III> > ! Y
) | L I Instruction (j+1)
* |
|
|
|
|
|
|

Instruction (i+1

-

restore next context

]

Instruction (j+2)

Instruction (i+2)

l— ooe d-
r
|
|
|
I
I
|
|
|
I
|
|
|
|
— ocoe 4

n (i+M) Instruction (j+N)

Instructi

o}

coe -uf-
eoe -uf-

i+ 2 j
pc mscratch PC
Context A Context B



RANSESHNGEIT

Task A

Instruction (i)

Y

Instruction (i+1)

-

[ PC > Instruction (i+2)

l— ocoe -

Instruction (i+M)

o}

eoe -uf

Context A

trap handler

|
E> save previous context
| Y

|
II> switch context

| * i

|
|I> restore next context
|

Task B

jt2

mepc

mscratch

Instruction (j

Y

S

VvV Y

Instruction (j+1)

\

Instruction (j+2)

l— ocoeo -

Instruction (j+N)

eoeo -

......

Context B



FEAR ISCAS MiST

> IBaNB(ES
> BANS(ESEISIT
> BRIMEXNS(ES



FZA task yield()
)/:i:
* DESCRIPTION
* task_yield() causes the calling task to relinquish the CPU and a new
M task gets to run.
£/

void task yield()

.....



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.



CLINT #wiz#E - FiFes (software interrupt 5853) ISCAS NiST

TR b
MSIP , B {EALF CSR mip.MSIP %Rz, BASE + 4 * (hart)

> 81 Hart i f#1f— MSIP F1F=8

> RISCV #lig#lE, Machine {&z{ A mip.MSIP ¥JpE]—/ memory-
mapped {9 E5157F22. Bt QEMU-virt 12 MSIP, iZ MSIP 31722
/3 32-bit, |/ 31 UATH, RIEUIRGIZE] mip.MSIP,

> BFFERMEIULEA base + offset A&z, H base HEZMFE

platform H2EX. % QEMU-virt, E CLINT §9ig&it&%7 SFIVE,
base 73 0x2000000,

#define CLINT MSIP(hartid) (CLINT BASE + 4 * (hartid))



CLINT ®fE¥EO - FF= (software interrupt f493) ISCAS MiST

RETFar | TheEfk R 7RGy it

MSIP . B {EALFN CSR mip.MSIP XfRZ, BASE + 4 * (hart)
> X MSIP 5 1 BIfi& software interrupt, S 0 ZRXZPENHITMNE.
code/o0s/08-preemptive/sched.c code/0s/08-preemptive/trap.c
void task_yield() trap_handler(reg_t epc, reg t cause)
{
int id = r_mhartid(); /S .. ...
*(uint32_t*)CLINT_MSIP(id) = 1; if (cause & Ox80000000) {
} switch (cause code) {

case 3:

code/0s/08-preemptive/entry.S iat id = © mhErtid();
*(uint32_t*)CLINT _MSIP(id) = 0;

<;2§irap_vector:
...... _ schedule();
catd trap_handler ode/o0s/08-preemptive/sched. Break:
...... void schedule() L
mret {

‘ ...... }
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