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. CPURBHRISE: MBIESEMBNTRIERIE

while (!end) { while (!end) { while (!end) {
cpu.exec(1l); cpu.exec(1); cpu.exec(1l);
} } check_trace(1);
check_result(); check_trace(N); }
(1) End-of-sir.'nulation (2) Tra-ce (3) Co-simulation
Comparison Comparison
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. QETRIENEMUR TR RS | (rts 1r2e) {abort); )
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[1] EEVIN, 458, SMP-MArch-Diff: STIFZ AN RS FIRVIEMIIRSAIZE DM 7%, https://www.bilibili.com/video/BVINM4y1T7Hz
2] &2F&. NEMU: — MERIZIFQEMUI S REARTREE. https://www.bilibili.com/video/BV1Zb4y1k7RI
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- Zfl: RRRBRENFESHURSHEEBX

- ERBFEARTSIESHERT, ﬂ*§ME&EKﬂﬂMM%#Cwm7
* RISC-V iREZBEET™IRAIR, BE-4E2 g luEZRITA

1inst/ cycle .

Soeee 2 insts / cycle committed 1 cacheline / cycle

Store Pipe1 Store queue g store buffer L1 Dcache J
1 inst/ cycle
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+ BOERRAEREEIT A

- IGIE: AR AMAREFSDUTZIBIRI—E[E
« REF: £&E&1&AY (Reference Model, Golden Model) Design Reference
e DUT: RM%it (Design Under Test) Model

- JEREIEITH: REFATERERAMIANDUTE "IEEENE "BIT AR
- BEHEE: EIEI:_IZREFﬂ]DUTT_ W ENER, SEUEIIRMTHFEES K (divergence)
SHMER: REFEFFIMITAZ "IEH "MNER, TAHADUTEIIERE

class DUT {
private T num = LFSR64(Oxdeadbeaf);

bool is_good() { is_good()

return (num > 789);
num.step();

}
}

FERZIRITERARIAZART (ICT, CAS)



 Verify the consistency of outputs of DUT and REF
* DUT (design-under-test): RTL codes

* REF (reference model): Golden model, written in SV/C/C++

Output Checker

@ @
043304
DUT REF

REF requires impl. details

4% Co-simulation in Conventional Verification

Output Checker
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|Outcome Checker|

¢
[Outcome Checker| SV ]
AOutcomeA | c/c++ Verilog
sV Agile HDL|/ |[Outcome Checker| Agile HDL

Verllog 1 ¢/c4+ (Chisel) £ (Chisel)
Design Reference -- CISE:\:-+ \"Ni%| Reference
Model Model

Desigh Reference Design
Model

() (b) ()
|:| Manually Written . Generated
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4 Diff-Rule based Agile Verification (DRAV)

e What is correctness?

e What is a Golden REF?

e Insight Reflections on Programming
nsights B Methodology

 Specifications are eventual golden REFs.

Barbara Liskov

* A given a design specification can lead to MIT CSAIL

diverse implementations. R0, 1.2 1) S —

* How to describe specifications?

e Natural Languages (NLs), SAIL model,
SystemVerilog (SV), ......

Abstraction SAIL model Details

FRERIEZ BT B RTRZRAR (ICT, CAS) 10



4 Diff-Rule based Agile Verification (DRAV)

e Use rules to describe behaviors defined by spec

* Example #1: DUT and REF should have the same architectural states then they execute the

same number of instructions.

* Example #2: A page fault exception can be triggered in DUT even if it does not occur in REF.

@e
e

DUTO

Probe

O

:‘ Rule Checker
A Y

DUT1 A
O3
‘A REF
DUT?2

PERFBTERARTAT (ICT, CAS)
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4 Diff-Rule based Agile Verification (DRAV)

:Zisll:blthUT Path 1 PTE Write ore Complete B Page Wz
a .
Possible DUT Path 2 Loiore Retire B Page Wa ore Complete
Rule @ Execution Path Check @ Page Fault Check 1 @ Architectural States Check
. | if (dut.event.exception) if (is_pf(dut.event.exception)) if (mememp(dut_state, ref_state, cmp_size))
Checker : do_exception();e ref->exception_hint(exc_no); ‘|| return ERROR: .
- | else - | <~
i | do_instr_commit(commit_num); @——-» e Normal REF Execution A K Lo
: do_compare(); ref->exec(commit_num); E
b _ Rule (ii): DUT and REF should have the same architectural '
.+ @) Rule (i) DUT may trigger a page fault exception even if the REF does not P states when they execute the same number of instructions o
i |_Probe Instantiation: InstrCommit ] : Probe Instantiation: CSRState |
i 1| val difftest = |_Probe Instantiation: ArchEvent ; val difftest = M _Probe Instantiation: ArchintRegState :
-1 | difftestio.vall V@ difftest = Module(new DifftestArchEvent) ' | difftest.io.mstd val difftest = Module(new DifftestArchintRegState) -l
- difftest.io.cause := Mux(csrio.exception.valid, causeNO, 0.U) : difftest.io.gpr := intRfReadData l!

Probe

. Probe Definition: class DifftestinstrCommit extends DifftestBaseModule(new DiffinstrCommitiO)
class DifftestArchEvent extends DifftestBaseModule(new DiffDifftestArchEventlO) ......

chERIZ R E R ARZFT (ICT, CAS) 12
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[Outcome Checker|

[Outcome Checker] ;V
TOutcomeT |erc++ ertio
sV \Agile HDL|/ |Outcome Checker| Agile HDL
erio

Verilog | c/c 4 (Chisel) |\ ﬁ A (Chisel)
sv
Design Reference -
Model C/C++

Design Reference
Model

- [HEIRE R, IRIEEARER

 DRAV: U{AJSEYFINSZIF RISC-V IR 2 EBRISIE
- ESHLIER, EERNGE. ERENZTHER
* {8 Diff-rule IR IZITHSERTFCIFAYI T
+ {§5FH Probe SERRIEENIS EAYIEIE

(@) (b) (c)
[] manually written [l Generated

A ERIEIEESRIEERE I

BEEISIEIESRS REF RS HREF
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% Diff-rule: EALZITHEHAVIAEHEE
. Diff-rule: TEISEMIET, AFBITEESHSIEGTH

- Xig: EfLRITHEPRIEARREE, FENEERPLI—ERNERBEE

- JEfRETE: LA RIsC-v 2bIBES A1
o HEMIAYHELEEIF Speculative address translation
o BFEIRSZ cache hierarchy and multi-core scenarios

- HtESHAE: . R/SCIES. BAMERETEEES
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% FRO: HENRIHEIEEF
Linux: performance Allocate a

improvement by lazily

) new page o
executing sfence.vma PTE in SQ/SB Page fault Flush TLB Hit in TLB

Hardware: performance _ _:
Possible DUT Path 1 ore Complete B Page Wa Normal Inst. Commit |

improvement by speculative  rer patn JUSR AL 5

address translation Possible DUT Path 2 Lotore Retire B Page Wa P Page Faull |

* Linux ERECFARERE, SxEAMHR TLB &5, ERARERITRRS Y
* RISC-V 701 TLB BUHENMIGR], BiFEFAIN, SCIMHEEIiit
o Linux EEXDEZ> TLB jHRl, HEMIAD TLB BESSEEIBRL PTE, SCINMREILIL

- NISIERIEE, REFUAITBELRIRICPUREMISMAIRAFE?
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% KilR@: HENRYIBIEEF

- BRRPE: HIPHNEILRREIIRS
o EEFEZ/DAEIA Store Queue, Store Buffer, TLB, PTW, CacheZE K EHRUN K SRS
s PRI E, TARESIEFARIREERAREXK

* DiffTest: (4R RISC-V (PRGNS, FIF DUT RERTIFRFE
- ERRWarning, AERERER, HERERSES I
- AISCIEZAICE, LARRITARTSRISC-VALE, N4EH sfence.vma/giistoreld XA
o EIFRAME, BISCHL; IRIHITARSANE, (B EmARITH T ASIRITTEER
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+ KiFQ: BRFERREZ%

* Load I8 FOIFAMD store buffer + £/F global memory BYfFfE | Cre0 | | Coret |
&SB“@ load SBUQ} load
. REF QITHRE— MRS A RS — MEET A

« Z¥Z{F{Eexponential interleaving space of concurrent memory accesses
« TENZIAREFBESRNERS, TREIXENMEII T HHET

- DiffTest: {HFHEA#% REF + Global Memory SEINSZZISIIE
* Global Memory: #EiP2BRTFIRE, ET store buffer I5KIEFITZIIAI TEIEEHT
* Diff-rule: ZjLoadZUESEHEZREFA—EET, FCIFMGlobal MemoryRFRENGhEUE
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- . AlfRrcEEE—RIES L, REFGARE HfR(E
* Diff-rule: SBIFOUTARZE SR, HEFKERNIRESESIER

* LR/SCIFS: sCRIgEE IS ERMGIIINSEEEW
* Diff-rule: FOIFSCIESEM, HBEXMGRIRSER1IER

- OIS CPUTIEERSFRIESRIGRKR—1, HRIERZ—IX
- Diff-rule: SEIFDUTEFHERZFKIES, MENTMEINERESIEH

- [EfFIEREITEER . KERGHEHEXIIIEREITEES

» Diff-rule: SEIFENRITBHT—L4ES, BIXERRSHNT TSRS REFZEREF
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% DiffTest: YJISIEBRAYBMHIEN

» B=fERY RISC-V LIBERZRIFL co-simulation HELR

- EX—mR T, WIEKENE:

B EEIHFREE

- ROERE: WiESSEEHARREETANZIE

- BESEFEMNIIETE, SSRXILIERIZ EIXIGIE

* BPUTester: %iiﬁ:‘ﬁﬁiﬂﬂ%ﬁ#

HIMERETS!

o FRETTI: REFREEIMEITAESR M
o TL-Test: Xj¥Cachef91TH1EMEME

PERFBTERARTAT (ICT, CAS)

REF 0 REF 1
ISA Simulator ISA Simulator

Global Memory

DiffTestZ244
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Probe: @iE1ZiTS5ISIEZIBIAUIFZR

1511‘ RISNEE, WMASCIRISIEESS R T S AT
IEEZOZH). RitESEE
. 5@%3. : ChiselZF S EIXHDL3Z$Fcode-generation, BJLIEHERAIEIECHS
o ZEHRYbundlelENX,, BEIRMUHIRENSER, SEULRNRIT SRR > @BARYIRIFESE
e DiffTest = diff-rules + probes

Rule § @ Execution Path Check | > @ Page Fault Check 21 @ Architectural States Check
if (dut.event.exception) if (is_pf(dut.event.exception)) : if (mememp(dut_state, ref_state, cmp_size))
Checker : do_exception():e ref->exception_hint(exc_no); ‘|| return ERROR: e ;
- | else - ] <
i 1| do_instr_commit(commit_num); @) © Normal REF Execution | | £
do_compare(); ref->exec(commit_num);
' Rule (ii): DUT and REF should have the same architectural
a Rule (i): DUT may trigger a page fault exceptlon even |f the REF does not ; states when they execute the same number of instructions
Probe Instantiation: InstrCommit I Probe Instantiation: CSRState I
val difftest = |__Probe Instantiation: ArchEvent val difftest = M__Probe Instantiation: ArchintRegState g 3
difftest.io.val| Val difftest = Module(new DifftestArchEvent) ' 1| difftestio.mstq val difftest = Module(new DifftestArchintRegState) L
...... difftest.io.cause := Mux(csrio.exception.valid, causeNO, 0.U) il — difftest.io.gpr := intRfReadData :
Probe

chERIZ R E R ARZFT (ICT, CAS) 20



4+ DiffTest: TRIGAIIEBEFFE

o C/C+HCRESCINRYIREFFOdIff-rules
- EFDPI-CRAEREIE

« ETFDiff-rulel FRICUERE
- ZERAIdiff-ruleikit
- ATE YL IEIESR

« EFProbexiFEFEERIEIIEE

el e R e R e B R e B e B B R B B R e e R B B R B R W B B e e |

OO0 OO0 000D O®

.000000]
.000000]

HERIFHA R4

.000000]
.000000]
.000000]
.000000]
.000000]
.000000]
.000000]
.000000]
.000000]
.000000]
.000000]
.000000]
.000000]
.000000]
.000000]
.000000]
.000000]
.000000]
.000000]
.000000]
.000000]
.000000]
.000000]
.000000]
.000000]
.000000]
.000000]
.000000]
.000000]
.000000]
.000000]
.000000]

OF: fdt: Ignoring memory range Ox80000000 - 0x80200000
Linux version 4.18.0-00048-g9be229d2ec2c-dirty (wkf@xiangshan-06) (gcc version 9.2.0 (GCC)) #159 SMP Su
bootconsole [early@] enabled
Initial ramdisk at: @x(____ptrval
Zone ranges:
DMA32 empty
Normal [mem ©x0000000080200000-0Xx000000008LTF{fff]
Movable zone start for each node
Early memory node ranges
node 0: [mem 0x00PPODOPB80200V0O-Ox0P0OVPOOBLTFFFTfT]
Initmem setup node @ [mem ©x000000OO80V200000-0x00LOOVOASLTFTIff]
Cannot allocate SWIOTLB bhuffer
elf_hwcap is ©Ox112d
percpu: Embedded 11 pages/cpu @(____ptrval____) s15072 r@ d29984 u45056
Built 1 zonelists, mobility grouping on. Total pages: 7575
Kernel command line: root=/dev/mmcblk® rootfstype=ext4 ro rootwait earlycon
Dentry cache hash table entries: 4096 (order: 3, 32768 bytes)
Inode—-cache hash table entries: 2048 (order: 2, 16384 bytes)
Sorting __ex_table...
Memory: 28936K/308720K available (788K kernel code, 78K rwdata, 109K rodata, 110K init, 100K bss, 1784K 1
SLUB: Hwalign=64, Order=0-3, MinObjects=@, CPUs=2, Nodes=1
Hierarchical RCU implementation.
NR_IRQS: ©, nr_irqs: @, preallocated irqgs: ©
clocksource: riscv_clocksource: mask: Oxffffffffffffffff max_cycles: 0x1d854df40, max_idle_ns: 35263616
console [hvce] enabled
console [hvc@] enabled
hootconsole [early@] disabled
bootconsole [early@] disabled
Calibrating delay loop (skipped), value calculated using timer frequency.. 2.00 BogoMIPS (1lpj=10000)
pid_max: default: 4096 minimum: 301
Mount—-cache hash table entries: 512 (order: @, 4096 bytes)
Mountpoint-cache hash table entries: 512 (order: ©, 4096 bytes)

) (23552 bytes)

smp: Bringing up secondary CPUs
smp: Brought up 1 node, 2 CPUs

« ArchDB: H=EI4ERKAISQL

IRy Ll

[

OO0 000 goO ®

Hello,

total guest instructions

. 0uuudy |
.0000001
.000000]
.0000001]
.000000]
.0000001]
0.

000000]

clOCKsSOUICe: J1TT1les: MasK: GXTTTTT max_cycles: OxFFffffff, max_idle_ns: 19112604462750000 ns
clocksource: Switched to clocksource ris clocksource

Unpacking initramfs...
workingset: timestamp_bits=62 max_order=13 buck
random: get_random_bytes called from @xffffffffg8eo
Freeing unused kernel memory: 108K

This architecture does not have kernel memory protection.

order=0
2 with crng_init=0

RISC-V v\jc‘)rld': L yi*z Linux Kernel EE}J

HIT GOOD TRAP

Overhead: <1%

chERIZ R E R ARZFT (ICT, CAS) 21
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- WS PEF I IR/ EMNS B
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A
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T

SRS AR ER
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REF(NEMU, Spike)
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% DiffTestiitiz@D: {HEHESS

« WIECPUERS(HE, & 2RAM, UART, SDRZFIMR
« SOCREE—{SimMMIO, FHBIZBERTRIMZAIACE, LI E2A T DPIC

"c" ram_read_helper(
it (!ram)
return @;
if (en && rIdx >= EMU_RAM_SIZE /

rIdx %= EMU_RAM SIZE /

1
J

pthread_mutex_lock(&ram_mutex);

rdata = (en) ? ram[rIdx] : ©;
pthread_mutex_unlock(&ram_mutex);
return rdata;

import "DPI-C" void ram_write_helper

o longint wldx,
SImAXI4RAM longint  wiata,
longint wmask ,

bit wen

/ \ import "DPI-C" longint ram_read_helper

bit
longint

RAMHelper (
clk,
en,
[63:0] rldx,
[63:8] rdata,
[6 ] wldx,
[63:@] wdata,
[63:9] wmask,

"c" ram_write_helper( wIdx, wdata,
if (wen && ram) {
if (wIdx >= EMU_RAM_SIZE / ( )
printf("ERROR: ram wIdx = @x%lx out of bound!\n", wIdx);
assert(wIdx < EMU_RAM SIZE / ( ));

\

10

rdata = ram_read_helper(en, rldx); pthread_mutex_lock(&ram_mutex);

ram[wIdx] = (ram[wIdx] & ~wmask) | (wdata & wmask);
pthread_mutex_unlock(&ram_mutex);

¢

J

}

BEHH (ram.v) {FEHESR (ram.cpp)

Flash UART

@c clk) begin
ram_write_helper(wIdx, wdata, wmask, wen && en);
end

sdcard

chERIZ R E R ARZFT (ICT, CAS) 23



% DiffTestiitd=@: HMHICPUIEE

* ChiselFENFRERIGER
- BRBEEEHCH+IVEERLSMA
o {EAC++PRIEIEST S EEIERAE

DifftestBaseModule[T <: DifftestBundle](gen: T)
= I0(gen)

INTERFACE_BASIC_TRAP_EVENT {
RETURN_NO_NULL
packet = difftest[coreid

DifftestModule[T] {

->get_trap_event

I
L

valid = @;

is_load;

instantiate()

DifftestArchEvent
DifftestBasicInstrCommit
DifftestInstrCommit
DifftestBasicTrapEvent

DifftestBaseModule ( DiffArchEventIO)

DifftestTrapEvent DifftestBaseModule ( DiffTrapEventIO)
DifftestCSRState DifftestBaseModule( DiffCSRStateIO)
DifftestDebugMode

DifftestBaseModule ( DiffDebugModeIO)
DifftestIntwWriteback
DifftestFpWriteback
DifftestArchIntRegState
DifftestArchFpRegState
DifftestSbufferEvent
DifftestStoreEvent
DifftestLoadEvent
DifftestAtomicEvent
DifftestPtwEvent DifftestBaseModule( i nEventIO)
DifftestRefillEvent
DifftestLrScEvent
DifftestRunaheadEvent

DifftestBaseModl le( DiffFpWritebac

DifftestBaseModule ( DiffLoadEventIO)

DifftestBaseModule ( DiffLrScEventIO)

fE{4M (Difftest.scala)

DifftestBas zModule( DiffBasicInstrCommitIC)
DifftestBaseModu le( DiffInstrCommitIO)
DifftestBasel odule( DiffBasicTrapEventIO)

DifftestBaseMoc ule( DiffIntWritebackIO)
kIO)
DifftestBase iodule( DiffArchIntRegStateIO)
DifftestBaselN odule( DiffArchFpRegStatelIO)
DifftestBaseMoc ule( DiffSbufferEventIO)
DifftestBaseModul 2( DiffStoreEventIO)

DifftestBaseModu le( DiffAtomicEventIO)
DifftestBaseModl le( DiffRefillEventIO)

DifftestBaseMc dule( DiffRunaheadEventIO)

need_wait;

packet->valid = valid;
pc;
oracle_vaddr;

packet->cycleCnt = cycleCnt;
packet->instrCnt = instrCnt;
packet->hasWFI = hasWFI;

}

gpr[DIFFTEST_MAX_PRF_SIZE];
fpr[DIFFTEST_MAX_PRF_SIZE];
te_t;

INTERFACE_ARCH_EVENT {
RETURN_NO_NULL
packet = difftest[coreid]->get_arch_event();
packet->interrupt = intrNo;
packet->exception = cause;
packet->exceptionPC = exceptionPC;
packet->exceptionInst = exceptionInst;

trap;

event;
commit[DIFFTEST_COMMIT_WIDTH];
regs;

}

csr;

INTERFACE_BASIC_INSTR_COMMIT {

RETURN_NO_NULL
packet = difftest[coreid]->get_instr_commit(index);
packet->valid = valid;
packet->valid
packet->skip skip;
packet->"a8v~ o H
packet-> “1vie
packet->rfwen rfwen:

[DIFFTEST_SBUFFER_RESP_WIDTH];

e[DIFFTEST_STORE_WIDTH];
load[DIFFTEST_COMMIT_WIDTH];
atomic;
ptw;
refill;
lrsc;

t runahead[DIFFTEST_RUNAHEAD_WIDTH];
nt_t runahead_commit[DIFFTEST_RUNAHEAD_WIDTH];
runahead_redirect;

packet->fp < fwe
packet->wplect = wpae-c;
packet->wce - te T

al_r tate_t pregs;

H

ZEHIEM (difftest.cpp)
24

AR (interface.cpp)
PERFBTERARTAT (ICT, CAS)

runahead_memdep_pred[DIFFTEST_RUNAHEAD_ WIDTH];



% DiffTestiit#£(®): REFIZ{T

- AR CPURIT—RIES, NEMUEHUT—FRIES

num_commit = @;

if (dut.event.interrupt) { itREFﬁ**m*i—%;E@ proxy->exec(1);

dut.csr.this_pc = dut.event.exceptionPC;
do_interrupt();
} else if (dut.event.exception) {

v if (dut.commit[i].fused) {
proxy->exec(1);
}

TODO|
dut.csr.this_pc = dut.event.exceptionPC;
do_exception();
} else {

TODO|
for i =0; i < DIFFTEST_COMMIT_WIDTH && dut.commit[i].valid; i++
do_instr_commit(i);
dut.commit[i].valid = e;
num_commit++;
if (dut.commit[i].fused) {
num_commit++;

}

if (dut.commit[i].skip || (DEBUG_MODE_SKIP(dut.commit[i].valid, dut.commit[i].pc, dut.commit[i].inst))) {
proxy->regcpy(ref_regs_ptr, REF_TO_DIFFTEST);
ref.csr.this_pc += dut.commit[i].isRVC ? 2 : 4;
if (realWen

ref_regs ptr[dut.commit[i].wdest] = get commit_data(i);

ygﬁ—%;%&ﬂg;g@' proxy->regcpy(ref_regs_ptr, DIFFTEST_TO_REF);

return;
!
J

iflfdo _instr commit
AE—LHHLER, EEIINEMUTGEEIRIMEBIDSE
CPURIRESHIENEENEMU
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% DiffTestitfz@: £5

« XSLt B S FEsfICSRAYE

__attribute__ ((packed)) {
this_pc;
mstatus;
mcause;
mepc;
sstatus;
scause;
sepc;
satp;
mip;
mie;
mscratch;
sscratch;
mideleg;
medeleg;
mtval;
stval;
mtvec;

stvec;
priviledgeMode;
} arch_csr_state_t;

LA HFa{E

if (memcmp(dut regs ptr, ref regs ptr, DIFFTEST NR REG *
display();
for i =@; i < DIFFTEST_NR_REG; i ++
if (dut_regs_ptr[i] != ref_regs_ptr[i]) {
printf("%7s different at pc = @x%@1elx, right= @x%@161lx, wrong = @x%@lelx\n",
reg_name[i], ref.csr.this_pc, ref_regs ptr[i], dut_regs ptr[i]);

return 1;

Difftest::do_store_check() {

i = 0@; i < DIFFTEST_STORE_WIDTH; i++
!dut.store[i].valid
eturn 0;

addr = dut.store[i].addr;
data = dut.store[i].data;
mask = dut.store[i].mask;

if (proxy->store_commit(&addr, &data, &mask) Eﬁﬁga\jtb
display(); r

printf(
printf( s Ox% e , mas , addr, data, mask);
printf(" i add 9 '

dut.store[i].addr, du

turn 1;

LLAISTORERYLSER

dut.store[i].valid = @;

SUCH

PERFBTERARTAT (ICT, CAS)
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4% DiffTest-NG: Next-Generation DiffTest

- ARSERIZTREBSIERIESRIEHESS: Verification with High-level HDLs

Dynamic Verification Library for Chisel

.
chiseltest ChiselVerify: A Hardware Verification Library for Chisel

. . . . o i ) . . In this repository, we proprose ChiselVerify, which is the begining of a verification library within Scala for digital
Chiseltest is the batteries-included testi ng and formal verification Mbrary for Chisel-based RTL dES\gﬂS. Chiseltest hardware described in Chisel, but also upporting legacy components in VHDL, Verilog, or SystemVerilog. The library
emphasizes tests that are lightweight (minimizes boilerplate code), easy to read and write (understandability), and runs off of ChiselTest for all of the DUT interfacing.
compose (fOI’ better test code reuse). A technical report describes the library in detail: Open-Source Verification with Chisel and Scala.

ChiselTest (UCB) ChiselVerify (DTU) Verif (UCB)

- FPGANMERYIEUERFE: DiffTest (and Debugging Plugins) on FPGA

f1.16xlarge x8
m4.16xlarge CPU

Host FPGA Platform (e.g. Amazon EC2 F1 Instance)

FPGA x8 [

— .8 FAME 1 RocketChip | Host CPU Host FPGA FPGA DRAM
Simulation e Tiles x4 i Memor
Controllers || [ [Erapors 5 Functional | DA Y [£0g Stream Unit [+, - Syster:

Skt 1 _ NC 2 Simulator | |simulation [ Tinting <:::>

§ :: Il|[|| *Simljr\-;iiron g DriVer '\

%3] : Ir| Other

5 [ ot | =12 1/0 Devices )=» S/ L0 Tranport Load

2l ToR Switch - oadmem

L — Scanchains Unit
|| — .
O: Target Module I:l :Existing Simulation Component |:| : Debugging Module

FireSim[ISCA’18] DESSERT[FPL 18]
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% DiffTest: 1ERARNESESZE 2 IGIFHESS

| sv
CiC++

Outcome

:t = [Outcome Checker|
* E$”“‘*E [Outcome Checker| m 1
|

- WRER(PEFEIESR/EHMNESEH vertog| 20| || st o ouicoms Shocker | age oL

- RIERHITIERIEVIES e e \wf‘;’%v —
. N AN Model

¢ ttiﬁﬁ% )lj(ljmq\, Tli'f*atﬁﬁlﬁi (@ (b) (c)

[] manually written [l Generated

FRIRSIEES SR
. : % RISC-V AMESEHIIEIL
DRAV: H{ASEHFIESTIE RISC-v QhIBEEEIEISIE DiffTest3ZiE IR

- BZRIERE. BSERISE. FRERIZITHENR 1 RISC-V, Cache, ...
» {58 Diff-rule FIRIRIHAERTSCIFRYI TS IBE Chisel, Verilog
* {5 Probe SR {MEEIIE R HUEE 2 A Yes
B EEIRHES(REF) NEMU, Spike
RS Verilator, VCS
- BE—E—CHFIBREIINA, WXt H FRIEE Lightsss, ChiselDBES
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