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% Difftest. 4/l

- FELURIERSHEKUEEA Difftest H1Hl o smmen
- SERITE A EARIT RS g —
— v
s YT itLBeE
- (1) MBS EFEIESIER EL RIS EHESS

* (2) I=HAZEAITHERIRVIES while (1) {
¢ (3) ELARFREB IS icnt = cpu_step(); /7(1)

nemu_step(icnt); //(2) [2]
rls = cpu _getregs(); //(3)
r2s = nemu_getregs(); //(3)
if (rls != r2s) { abort(); } //(3)
} LB U5l

[1] Yu, EasyDiff: An Effective and Efficient Framework for Processor Verification, CRVF 2019,
https://crvf2019.github.io/pdf/14.pdf

[2] NJU Emulator (NEMU)RERAFF AR ERKF AENRE. & LERIEPEREIFHREIES.
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O &IE R

CLINT, PLIC

e PLIC

CLINT

HART 0

Global Interrupts

Software Interrupt, ID: 3

Interrupts, ID: 16...X Timer Interrupt, ID: Hil
XLEN-16

ternal Interrupt, ID:

HART 1

Figure 8: PLIC + CLINT PLIC Block Diagram for Machine Mode

RV64 FRlfi=HlzStEEy”

* From SiFive Interrupt Cookbook V1.0
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- ) - )

Emulator ﬁ Simulator while (1) {
for (i <= @ .. NrCores) {

Enzgr:ged *ﬁl verilator_ step(i);
Cores Cores nemu_step(i);

\_ ) \_ ) verilator getregs(i,&rl);
nemu_getregs(i,&r2);

if (rl != r2) abort();

if (memory checker failed) abort();

}
‘ ) — }
Emulator reim— Cﬁ;ﬁg
N\
< »  Simulator Memory Checker is the Key !
< > Simulator
< > Simulator
Cores
‘—4’{ Simulator
LS J
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« HEF HREE , (A EEZRFIEEDN Global-Memory ZR{4
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* Global Memory Order
e Preserved Program Order (PPO)

e Load Value Axiom

» Commit fTEZF]

3 Global-Memory |
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4% Load Value Axiom

« Load BUIR[E
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- 2EhFERFHNERR Global-Memory 1244t
. KAIIEFEFHLEER NEMU RS8R M

Instruction: Load 0x80001234

oxaBC <[~

Core 0

Instruction: Load 0x80001234 Instruction: Load 0x80001234

oxaBC <~

NEMU

NEMU 0x123 <::| NEMU NEMU 0x123 <‘,:| NEMU NEMU
i - = i
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Global Memory
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4 Preserved Program Order

A
q ,-Load AMO/SC “aq| (1 ° Q
' “ 9
Axioms” Overlap | | Overlap | | Overlap Fence Aagct’;/gg;/ b
O OWa® @ O
~ 7
i

except “rsw” with pr/pw/sr/sw except ctrl deps.
and “fri;rfi” set appropriately RCsc where B is a load

etz ) ) Y % v Vv X X

* From RISC-V Memory Consistency Model Tutorial
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» RINEEEHFEX Bug

Cache FIEIAEETZHE1R
mip Difftest JREA—E
JRFIRIRIIME RS

0.000000] OF: fdt: Ignoring memory range ©x80000000 - 0x80200000
0.000000] Linux version 4.18.0-00048-g9be229d2ec2c-dirty (wkf@xiangshan-06) (gcc version 9.2.0 (GCC)) #159 SMP Su

0.000000] bootconsole [early@] enabled
0.000000] Initial ramdisk at: Ox(____ptrval
0.000000] Zone ranges:

0.000000]  DMA32 empty

) (23552 bytes)

0.0000001] Normal [mem 0x0000000080200000-0x0000000081ffffff]

0.000000] Movable zone start for each node
0.000000] Early memory node ranges

0.0000001] node 0: [mem Ox0000000080200000-0x0000000V8LFfffff]
0.000000] Initmem setup node © [mem ©x0000000080200000-0x00000VROBLFFFfff]

0.000000] Cannot allocate SWIOTLB buffer
0.000000] elf_hwcap is ©x112d
0.000000] percpu: Embedded 11 pages/cpu @(____ptrval

0.000000] Inode-cache hash table entries: 2048 (order: 2
0.000000] Sorting __ex_table...

) s15072 r@ d29984 u4s5056
0.000000] Built 1 zonelists, mobility grouping on. Total pages: 7575
0.000000] Kernel command line: root=/dev/mmcblk® rootfstype=ext4 ro rootwait earlycon
0.000000] Dentry cache hash table entries: 4096 (order: 3, 32768 bytes)

, 16384 bytes)

0.000000] Memory: 28936K/30720K available (780K kernel code, 78K rwdata,
0.000000] SLUB: Hwalign=64, Order=0-3, MinObjects=0, CPUs=2, Nodes=1

0.000000] Hierarchical RCU implementation.
0.000000] NR_IRQS: ©, nr_irqgs: 0, preallocated irgs: ©

109K rodata, 110K init,

100K bss,

1784K 1

0.000000] clocksource: riscv_clocksource: mask: Oxffffffffffffffff max_cycles: Ox1d854df40, max_idle_ns: 35263616

0.000000] console [hvc@] enabled
0.000000] console [hvc@] enabled
0.000000] bootconsole [early@] disabled
0.000000] bootconsole [early@] disabled

0.000000] Calibrating delay loop (skipped), value calculated using timer frequency.. 2.00 BogoMIPS (1pj=10000)

0.000000] pid_max: default: 4096 minimum: 301
0.000000] Mount-cache hash table entries: 512 (order: 0,

0.000000] Mountpoint-cache hash table entries: 512 (order: 0, 4096 bytes)

0 nﬂla‘iaﬁ'l Haorayrchica] O

[ 0.000000] smp: Brought up 1 node, 2 CPUs
B 000000 ] ClOCKSOUTCe: JiTTics: mask: OXTIrT

0.000000] smp: Bringing up secondary CPUs

0.000000] clocksource: Switched to clocksource ri
0.000000] Unpacking initramfs...
0.000000] workingset: timestamp_bits=62 max_order=13 buc

0.000000] random: get_random_bytes called from Oxffffffff80

0.000000] Freeing unused kernel memory: 108K

4096 bytes)

t_order=0

0.000000] This architecture does not have kernel memory protection.
Hello, RISC-V World!

HIT GOOD TRAP at pc = 0x7f80034eeb
total guest instructions = 5,626,704

PEREEFTERORFAT (1CT, CAS)

912 with crng_init=0

SMP Linux Kernel
Overhead: <1%

max_cycles: Oxffffffff, max_idle_ns: 19112604462750000 ns
_clocksource
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