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AISETHLES M EmMulatord{t#k

ASIC based Emulator. High Capacity and Optimized Verilog IF

/2 Boards. 576 Domains

AT — NEIR @ 2,304MGate

RAI—AXAEUMRIRE : 4,608GByte

>414J350

& T =1L —%:iEEHERAAXI, PCle, HDMI, MIPI, USBDS1J S D%
Rz ESHTNET,

OO0o0oao

cf.) https://ai-chip-design-center.org/aidc2020/aidc2020_wp_Public/public_tools/#Emulator
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O EmulatorA"®R—F« >4
& Emulator®Hlfy & X FIe
¢ UART S > 505 DER
& HNEPATED DER
¢ UARTREDZEE
O Emulatorif&HD ) J)\D
&® R A MEEmulatord1>45 1T —X
¢ K —IBSAEEET—Y=HIBGE
¢ ATVUSF—FEUSHE
@ simvisionTTOIESEBIM A
O EmulationiRE
¢ /(S A-FDEL, FEEEODEEDE
& RTL&EGate. Emulation &SimulationDEEER
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RIX—BMORISC-VI 7 LiREHRIR

O 5B)\1TJ514>, aops - T—5FFvwvS1, MMUHD
O BT R—BHOEMS AT ASRETIREEIRIE TR
& C/C++Mm5Verilog RTL, =X MR FZHRK
O > X7 &Rk
@& RISC-VO77, AXI)UXR., EEAEUI/F. UART I/F, SPI I/F
O 2BUARTEZ 1)L
® UARTH A E=NBXFI— RZ$write, $display TFxRR
O > AMX>F
@ VerilogDinitial>X ca&yfEscak. 20w - Utzw hEEM
*¢BHAUI. TRAIRHROARNHOTZFHFHEU
O IREEDTZH (CHBPImF U EHR D ULI2EY MIEMRUTF T VD
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Emulator®dhilfy & xd i

O Initial>(C XD ENEECR (ZEmulator HWICR W E> O AT
¢ =12L. FHALIC(ZEInitialXHAMEZ D
& SRRRIEEIREEIR IRV ES D TED
& HEECIRDFT A MU F(FEmulatorA (C2ESRX
O 100MEFRZBABWIERIITS—ERD
¢ Linux®J — O (E116MRXFv T
¢ 2DEITHISL. BIFEETOTFuAH
®ZiIEL. EEDIC /* sparse */ Zf1D EBRE231-1FTOK

O $write, $displayldD——>20%H U TEBEITSD

@ /=7Z2L. ixcomT+iscdispAT > 3>z FNIdconsole(lCHATESD
& LML, Emulatorfllfl ABADERESDOD>TUED

O AIGSETHLRIRIR ODFHIKY
® UART bSO EABIIR A MMZemu0l-nZi8E
® comO1-nTIEIEME LR
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UART hS 29 OS5 DFEHR

UART b= > 245 (dECadencett MAEWare *)
ERI (CJobi% Alm>k CTxhost +9° 35
BRI AT BZET, EROIMKRIA > ROZHITD

Linux®J — b Tl&, —D%&/\—OL — - J—kO—%4— (bbl) BAHIC,
£S5 —D%ZEmulationiE1TIAR. O EDLERFERKRRICER

Emulatord®Consolet H EDEEIT D2 E T Emulatordllifldd A 1 &
B D CUEDSCEZEBITS
O Linux/ik X bdDscreentminicom ERIRRIRT> A T 1T —X

|I|n

O0O00

O

*) AEWare : Cadencett R mOER (CEN\EKRIECIREL TS
VIRIDITT7WOROUT & 2T - A2 RRE
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Emulation®ConsleDJ1 > R
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$write, $displaydDiZ&

dDconsoleNDRR

C

l

317] <UART_AXI> (activate) : baud_period(

11665] <UART_X.RX> msg = bbl loader

64594] <UART_X.RX> msg =
66584] <UART_X.RX> msg = Frrrrrrrrrrrr
68552] <UART_X.RX> msg = rrrrrrrrrrrrrrrr

[ 62604] <UART_X.RX> msg =

2), bit_count( 8), stop_count(1), parity_type(3)

VVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVV

VVVVVVVVVVVVVVVVVVVVVVVVVVVV
VVVVVVVVVVVVVVVVVVVVVVVVVV
VVVVVVVVVVVVVVVVVVVVVVVV

80470] <UART_X.RX> msg = rr
82460] <UART_X.RX> msg = rr

102294] <UART_X.RX> msg =
102376] <UART_X.RX> msg =

A e e e e e e e

[ 104079] <UART_X.RX> msg =

84428] <UART_X.RX> msg = rrrr
86418] <UART_X.RX> msg = rrrrrr
88408] <UART_X.RX> msg = rrrrrrrr
90398] <UART_X.RX> msg = rrrrrrrrrr
92366] <UART_X.RX> msg = rrrrrrrrrrrr
94356] <UART_X.RX> msg = rrrrrrrrrrrrrr
96346] <UART_X.RX> msg = rrrrrrrrrrrrrrer W
98336] <UART_X.RX> msg = rrrrrrrrrrrrrrrrrr
100304] <UART_X.RX> mMsg = Frrrrrrrrrrrrreerere

70542] <UART_X.RX> msg = FIIrrrrrrrrrrrrrrr  VVVVVVVVVVVVVVVVVVVVVVVY
72532] <UART_X.RX> msSg = FIIrrrrrrrrrrrrrrr  VVVVVVVVVVVVVVVVVVVVVVVY
74522] <UART_X.RX> msSg = FIIIrrrrrrrrrrrrrr  VVVVVVVVVVVVVVVVVVVVVVVY
76490] <UART_X.RX> msg = rrrrrrrrrrrrrrrr
78480] <UART_X.RX> msg = rrrrrrrrrrrerr

VVVVVVVVVVVVVVVVVVVVVV
VVVVVVVVVVVVVVVVVVVVVV
VVVVVVVVVVVVVVVVVVVVVV

VVVVVVVVVVVVVVVVVVVVVVVV rr
VVVVVVVVVVVVVVVVVVVVVVVVVV rrrr
VVVVVVVVVVVVVVVVVVVVVV rrrrrr
VVVVVVVVVVVVVVVVVV rrrrrrerr

VVVVVVVVVVVVVV rrrerererrrr

VVVVVVVVVV
VVVVVV

rrrerreerrrer
Frerrrrrrererrr
Frrrrerrrrrrrrer
FECrrrerrrrrereeer
Frrrrrrrrrrrrreerrer

Frrrrrrrrrrrrrrrrrrrer Ferrrrrrrrrrrrrrrrrrer

INSTRUCTION SETS WANT TO BE FREE

REDEND

[

[

[ 594438] <UART_X.RX> msg = [

[ 610007] <UART_X.RX> msg = [
[ 637816] <UART_X.RX> msg = [

672822] <UART_X.RX> msg = [ 0.000000] initrd not found

782038] <UART_X.RX> msg = [

[

[

798626] <UART_X.RX> msg = [

[ 738145] <UART_X.RX> msg = [

756258] <UART_X.RX> msg = [ 0.000000]
[ 770942] <UART_X.RX> msg = [

[ 818448] <UART_X.RX> msg = [

0.000000] OF: fdt: Ignoring memory range 0x80000000 - 0x80400000

0.000000] Linux version 4.20.0-gf7246866c2ea-dirty (yo shiya@LAPTOP-OK5QJ3QN) (gcc version 9.2.0 (GCC)) #16 SatJu 14 08:11:22 JST 2020

0.000000] printk: bootconsole [early0] enabled

or empty - disabling initrd
0.000000] Zone ranges:

Normal [mem 0x0000000080400000-0x0000000 Obfffffff]

0.000000] Movable zone start for each node

0.000000] Early memory node ranges
0.000000] node 0: [mem 0x0000000080400000-0x000000 0O0bfffffff]

0.000000] Initmem setup node 0 [mem 0x0000000080400000 -0x00000000bfffffff]

[ 34671125] <UART_X.RX> msg = [
[ 34691052] <UART_X.RX> msg = [

[ 34612065] <UART_X.RX> msg = [

0.000000] elf_hwcap is 0x1101

0.000000] Built 1 zonelists, mobility grouping on. To tal pages: 259080
0.000000] Kernel command line: console=hvc0 8250_core. nr_uarts=1 pty.legacy_count=8

[ 35248318] <UART_X.RX> msg = [ 0.000000] Dentry cache hash table entries: 131072 (ord er: 7, 524288 bytes)
0.000000] Inode-cache hash table entries: 65536 (order : 6, 262144 bytes)

[ 35524579] <UART_X.RX> msg = [
[ 35538600] <UART_X.RX> msg = [

0.000000] Sorting __ex_table...

[ 54536675] <UART_X.RX> msg = [
[ 54865390] <UART_X.RX> msg = [

[ 5502256071 <UART_X.RX> msg = [

[ 55104321] <UART_X.RX> msg = [

[ 55068740] <UART_X.RX> msg = [
0.000000] printk: console [hvc0] enabled

[ 55112209] <UART_X.RX> msg = [

0.000000] printk: console [hvc0] enabled

[ 55205392] <UART_X.RX> msg = [

[ 55127867] <UART_X.RX> msg = [ 0.000000] printk: bootconsole [early0] disabled

[ 55136841] <UART_X.RX> msg = [
[ 55178932] <UART_X.RX> msg = [

[ 55461385] <UART_X.RX> msg = [

[ 56987512] <UART_X.RX> msg = [
[ 57017806] <UART_X.RX> msg = [

[ 112406282] <UART_X.RX> msg = [
[ 112423064] <UART_X.RX> msg = [

[ 55491671] <UART_X.RX> msg = [
[ 56618804] <UART_X.RX> msg = [

[ 57822178] <UART_X.RX> msg = [
[ 102291943] <UART_X.RX> msg = [
[ 106430213] <UART_X.RX> msg = [

[ 112438500] <UART_X.RX> msg = [

0.000000] printk: bootconsole [early0] disabled
0.000000] Calibrating delay loop (skipped), value calc ulated using timer frequency.. 20.00 BogoMIPS (Ipj=40000)
0.000000] pid_max: default: 32768 minimum: 301
0.000000] Mount-cache hash table entries: 2048 (order: 1, 8192 bytes)
0.000000] Mountpoint-cache hash table entries: 2048 (o rder: 1, 8192 bytes)
0.008000] devtmpfs: initialized
0.008000] clocksource: jiffies: mask: Oxffffffff max_c ycles: Oxffffffff, max_idle_ns: 7645041785100000 ns
0.008000] futex hash table entries: 256 (order: -1, 30 72 bytes)

0.016000] clocksource: Switched to clocksource riscv_c locksource
0.292000] workingset: timestamp_bits=30 max_order=18 b ucket_order=0
0.316000] random: get_random_bytes called from init_oo ps_id+0x4c/0x60 with crng_init=0

0.356000] Freeing unused kernel memory: 5312K
0.356000] This architecture does not have kernel memor y protection.

0.356000] Run /init as init process

[ 114928452] <UART_X.RX> msg = Linux Boot Verification done.

0.000000] Memory: 1028084K/1044480K available (1580K k ernel code, 73K rwdata, 269K rodata, 5312K init, 179K bss, 16396K reserved, 0K cma-reserved)
0.000000] SLUB: HWalign=64, Order=0-3, MinObjects=0, C PUs=1, Nodes=1

0.000000] NR_IRQS: 0, nr_irgs: 0, preallocated irgs: 0

0.000000] clocksource: riscv_clocksource: mask: Oxffff ffff max_cycles: Oxffffffff, max_idle_ns: 191126044627 ns
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NEBAEYDE=

O A EUNSOALNOTENTIE. A OIVEZEICHIETERR
DT, NEAEUEFEEUTZ,

O Cadencettm5. AXI. SDRAM. SDO—RIREDA>FT T —ADA
TUEZ1-ILMMRHEENTED, EE. FHIDCENTESD,

O UM UL, OJEB—EFIAZ2TDOAETIF RN Ezed. BELE,

O OJTE. AArBS1L.5810)LTHEAZEIRLTULS,

O 7RLANYYITIE 32Ew R RLUXAZERBOEDHINEBATEY TH B
M, BRAERBDLEZIEBX DD DT, HEJRDDHZEEREL., IEEE
MR T OCRA UGS EIS—&EHEULTRTIBLDICLE

O RIEMNITIHE LU CEEEIFZIED L. Linuxh T — 93K D(CRD T

1) AR /* sparse */ Z&{# X (L[o]# 0] §E
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UARTEREDZEE

O CadenceftDUART S > 5045 (FUARTESDoOV T &
TD16EDOIV/OYVIZ AN UTEESTE D,

O BT K—EBHORISC-VIFDIREERIE T (XUARTES OO IMH XA
OO0V IOD1/2THDIES. 168000 Y T(EAA >0V I DSEIR
LYo

O EmulatorDiRE(LX. =R 00OV VICE<IREFET DI, COIRATIE
UART S >S9 HMEmulatordEEZ RO TUE D,

O 2CC. UARTESDOOVOZAA>200vIOMD1/2m151/234(C LT,
REDNAA OOV I CIRBELIICEERELU,

O 1/234(2115,200bps(CAEE L. 1/20DRICERVEETHD.

COOFEER. EmulatorOiRE(EKIEICE E U,

O —7. UARTESHKIBIOGELSRRDERS. CNHRRY O ERD,
Linux®J — 3, $9116MB 1 I 5#I132MY A J)LICIE U /=,

O
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Emulatori&H®D ./ D)\
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KF<SBITBIVY=—17)

O dochVRILB DT, SHBEINRESIYZ177)LHghD(C< L)Y

O E1TERTIE. VXEDdoc

& HM=Z(EX /apps/aidl/cadence/VXE/20.05.001.1/doc/
OZDTFDOTFEEZLLKEETD

& vxecmdref/vxecmdref. pdf

@ vxeUserGuide/vxeUserGuide.pdf

OZ20. BEHOMDIC<WVU. Fi— BV T,
FTABZIETCCGROCENEE
O FE{UDECIN S ODFEHE (KB DE &

C’ THE UNMMITYOF TOKYO 14 [keda Labomt()’ry



RA MEEMulator1 > 1 —X

O Task, function(C X2 HlIfEHIDHF!

¢ HWHIDUARTIC1X = (8 bit) /19 StaskzHostfll T20EIFA T, XFF|ZERR
HW{l
“ifdef IXCOM _COMPILE
initial begin $ixc_ctrl("tb_export", "sendData"); end
“endif
task sendData(input [7:0] data); begin

@(posedge clku); rx <= @; //START bit
for(int i=0;i<8;i++) begin @(posedge clku); rx <=data[i]; end

@(posedge clku); rx <= 1; end
endtask

Host{Al
string CRLF = {8'hod,8"'h@a};
string msgi = {CRLF,"START testing:",CRLF,CRLF};

for (1 =0; 1< 20; 1 =1+ 1) hw top.dutl.sendData(msgi[i]);
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RA MEEMulator1 > 1 —X

O export_read, export_eventd4l
& export_event(devent list(CEDS EZFEMES UL
® EDHRITANTHIFE. Errordu]gEMEILIHD
HWA{l
“ifdef IXCOM UXE
initial begin $export event(hw_top.dutl.abort);

$export read (hw _top.dutl.abort); end

“endif

Host{Al
if(hw_top.dutl.abort) break;

® aborth 77— haEnres., IL—T %kl D018
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BT — ISR E LT —FERIRGE

O xeDebug®3E17.tcl TDatabase®:%iE - E3L - BRE
set dbname <7« Lo hU%>

database -open $dbname -cont

run <#ZYE>ns

database -disable $dbname; #|disable — enable E(EEME LR
run <#E>ns

database -enable $dbname
run <#E>ns

O xeDebug®iKkRZERK.sCrC
set dbname <>« Lo hU&>
host -offline $dbname/wave01
database -open $dbname/waveO1l_emu
probe -create hw_top -all -depth all; # all signals
F7zl& probe -create -allnets -all -depth 1; # 1&EEEX T, &
database -upload

(¥ THE UNIVERSITY OF TOKYO 17 Ikeda Laboratory



AEVUF—HIHUSHIE

O BT —FBUSHETIEIAETY (BE5) —F(EEUSETER0
O runZzlEsHT, memoryIAN > RTI7A)LICH S

set <F&TEEL> <tEhFTa LI KUEL>

run <#ZYE>ns

memory -dump %readmemh <A > X5 > X% >.<Ae5l&> ¥
-file $<GTFERZ>/<HENT7AILE> ¥
-start <7 L X> -end <77 RL-X>

run <#YE>ns

O BT —FDXD(CEDRRBIZLZEX DERTIE/R)
O ALDESOEATEARATDIRRRFORROFE
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simvision T

SIBHRT

O simvision TR — A& 5mHADTE T TIHMETBII TSR0
O EERREEFHTIY> Rl

setenv WAVE_NAME <>+« L2 hNU&>

simvision -64 -wave ${WAVE_NAME}/waveO1l.shm ¥

${WAVE_NAME}/wave0l _emu.shm ¥
-input  ${WAVE_NAME}/waveO1l.svwf &

O ESEMEORESH N> MM

setenv WAVE_NAME <5« L2 hUZ&>

simvision -64 -cdslib xc_work/cds.lib ¥
-snap xc_ncwork.hw_top:module ¥
${WAVE_NAME}/wave01l.shm ¥
${WAVE_NAME}/waveOl_emu.shm &

O kEFHE. E5%1E8A CSend To Schematic Tracer CiHcH}
& DUy OTANAL HPOBIONG(CTraceTE B
&® Unknown_<&ES>DEDPF (B TE/RULVHY

Send To Source BrowserCES DS ZERRSEBDRCENTES
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EmulationikE

O
O

O

O

O

O

M—F o > 08YE116MB A I)ILDOEITIEHDIEE TH > =,

LU, )\ ODIEHTRICERMR T D E. EITICHIL0. SKRAZAERI(C
2R MDD, J7 1)L+ X(FI80GBREE ICRD T,

T, UART S HOSZERRTDE. ETICHEEHIND., K
Epk(F1BE> TEROBRLRED T,

ZTCT. RBIREZT—51 I Dz, I\ A—F%IxR> TETIR -
CPUBRIZRE U Tz,

AR (CLinuXD T — MET ETEHAIT 3D (FHEE N DIERIRIRD T,
IME1IOMB A O)LEITROEEZUNE U/,

Gateid it (FRISC-V1J7Ef49> # CadencettMDGenus TERRER U IZHB D,
SimulationfER(&. EmulatorCHWZOFF U /= BF D E1TISRT

Simulation TlELinuxJ — MNCEBEBE M D EETENDEH. 1IMY
1 OI)ILEITROREZINE L. IMEL TKDOIZ,

RTLOEmMulation . &R0 0w JLAMIEMulationRE (CEEZ S X 1R
Mo =T, RTLEGate., Emulation&SimulationDEEER Tld. ALFRH
IR2#DINSGA—-FETFETEITUL,

(¥ THE UNIVERSITY OF TOKYO 21 Ikeda Laboratory



}\7>(—90) L\, REHAZHRY @ﬁﬁ@ﬁ"/s

(¥ THE UNIVERSITY OF TOKYO

param eters " w/wave
® w /owave
— o 1M cycles 10M cycles
© X x| — 3
SS |3 ¥ 3 (x| W ave W ave
Belos 5|5 |8]| exec. | CPU | exec. | GPU exec. | GPU
® © all 1 all
1| g | - 137387 718.987| 135" 5.797| 349" 8367 54.89"| 7'127| 33" 44~
2 Yes|Yes 13'527 730.56"] 1367 6.257| 3'587| 8337 62.06”| 8167 34" 43"
313 [No S [137447 718337 17367 6.28"] 3587 748" 62.60” 7 287 35 08"
o) | +—
41 2 |Yes T 1 14°307| 785.667| 1197 6.44"| 406" 7307 64.28"| 6 54" 33' 56"
51 £ [ No \ 14'007| 754.86”| 1'18"] 6.23"| 3’577 8107 61.85" 648" 33' 31"
0
6|5 |Yes 3 |=| 2187 107.82"| 0377 0.897| 0°46"| 132" 8.47°| 127" 703"
71 = [No S| [ 27207 110477 0387 0887 0467 1297 8.147] 1277 653"
O exec. time: "Log started on host:" to "Log end:"

O wave time:

"Log end:" to "100% written"

O Parameters @ external memory: "log" or "memory module"
® log check every cycle, error check for every memory access
€ UART speed: 1/2 or 1/234 (115,200 bps)

22
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}\7>(—90) L\, REHAZHRY @ﬁﬁ@ﬁ"/s

param eters " w/wave
D w /o wave

— o 1M cycles 10M cycles

© X x |— |2

Es g [® 8 |x|o W ave W ave

Belos 5|5 |8]| exec. | CPU | exec. | GPU exec. | GPU

® o all 1 all
1| log | - 13'387| 718.987| 135" 5.79”| 349" 8'367| 54.89"| 7 127| 33'44”
2 Yes|Yes 13'527 730.56”| 136" 6.25"| 3'58" 833" 62.06”| 8167 34" 43"
3 § No S i 13'44”7) 718.337] 136" 6.287| 358" 748" 62.60"| 7' 28" 35'08"
4 Z Yes 1 14°307) 785.667| 1°19”| 6.44"| 406" 7307 64.28"| 6°54”| 33'56”
5 g No \ 14’007 754.867| 118" 6.23”| 3’577 8 10”| 61.85"] 6487 33" 31"

0

6| 5 |[Yes 3 |= 21871 107.827| 0'377| 0.89"| 046" 132" 8.477| 12771 7037
71 = [No S| [ 27207 110477 0387 0887 0467 1297 8.147] 1277 653"
O EmulatordiRE (L, smEo20Ov J(CE KkFIT D,
O SE1TRFRI(X. /ffX—QQLL\(ZJ:%?A:D(ibjgd)ﬁb“*gb\o

O BEEMDXRE. depth(3IEITREIICRKRES<ZHZET D,
O CPUBSRA(X, EEERRDOBE(ICKDIZEN/NZLY,
O ETRE(ICPUSEITHI1.2M/s. ETFREIT0.9~1.1M/s

¥ THE UNIVERSITY OF TOKYO
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RTL& Gate. Emulation&SimulationDEEER

param eters L inux Boot 1M cycles
)
sz [8¢
%% g’é f: Q> RTL Gate G /R RTL Gate G /R
= o o
Em u. 13'38” 15067 1.11 0'46” 2017 2.63
og [Yes| 1/2 |116M | Sm . | 26246207 561 4740”7 | 2.714 |2:155571450'35"| 2.14
S/E 1,156 2232 177 144
Em u. 2'20” 2'3171 1.08 022" 0537 2.41
mem .| No [1/234|132M | Sim . |745.:09°487\609:79°36"| 4.20 |[1:05597(4:36'58"| 4.20
S/E 3733 14,527 180 314

& Italic numbers are estimated values with extrapolation of 1M-cycle executions.

O 1M cyclesdDEmulationT(FHHALESEARR TZE T, Linux Bootd1/100KiEHD

E1T(C1/18~1/3DEFEAMIMND. ULIeHh> T, 1M cyclesTOLEE (A EL],

O —7. SimulationT (3FEA{LEFEINER TE,. SMEIC KB Linux BootfEIHETE
(FIEEUCWERRIFTE B,

O UART=1/2:9TFEDO&E(IZ{t T D, EmulationTIl3 KA. SimulationDRTL T/,
GateTIRZFEFEL., LDV IROWART=1/234TOLEEBNZY,

O FRFEDMNNICHZ L. RTLT3,700f5, GateT14,500f5=E1E.,
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= Yall. )

O Cadencett®Emulator_E TRISC-VI7(C KBLinux®DJ — MTAIY
RISC-VIOFP (FETA—EBIAOEMN S AT AEHIRIEIRIBE TCHELULZEO Y

O EmulationIRIBIBET(X. UARTNS OB OS5 ZFALUT.
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