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MDCOM, communication library for heterogeneous processor

FuMIiHIRO OHTAKE! SHINYA HONDA2 Takapa HIROAKIZ

Abstract: Recently, the processors for embedded system are required high-performance and low-energy.
Generally, they are trade-off, it is difficult to fullfill them with uni-core. There is a heterogeneous pro-
cessor which solve this problem. Heterogeneous processor has various architecture cores on a chip. Some
cores realize high-performance, another cores realize low-energy. When we utilize heterogeneous processor,
inter-core communication is necessary for each cores to cooperate. We propose a inter-core communication
library, MDCOM. In this research, MDCOM and OpenAMP are compared. Additionally, TOPPERS API,
commucation time of MDCOM and OpenAMP are evaluated. Then we indicate that MDCOM is superior

2 !) MDCOM

to OpenAMP.
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EUTHFEIR NBEMARIToNE., ATRY=T AT
Oy YT, BEET7T—FT7FvyDIATWNELET ST/
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a7 WM U CHELZ LTS 72012 3 TREEEBEIZ R 5.
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X 1: HAP (i.MX7Dual) 7 —F%5F 27 F ¥

RTOS TOX¥ O IV —kZFL2EBLTWS. Lal,
OpenAMP, HFiZ RPMsg iZ2WTIE, UT7TIVRA LYV A
TLNORA%EZ AR, W OPORENDVH 5.

22T, KX Tl MDCOM (Multi Domain COm-
munication Module) % £ § 5. B 1E, MDCOM &
i.MX6SoloX & i.MX7Dual, ZyngMP ZCU102 IZ W T
Es 5.

AWfFETld, MDCOM O i & BEfFHAii T&H % Ope-
nAMP & DR ZE1T75. £72, TOPPERS 7 — %)L API
FITHEE, MDCOM & OpenAMP D@5t % bk s 5.

2. ANFOD=F7R7OtyY

2.1 #=E
ANTRYZTATaky e, 120Fy IO LICR
BBHATEFEHELZ Ty YOI ETHE[1]. ITD
FAG DRI~ LR PFIET 5. AT, B 1
IZRT KT, @RERIAH OS (GPOS) zEifFEE 5
FNT A=Y AT EEEEPEWY TV R A LR E
B4 5 RTOS 2EIfES 2 IEHEB 2T 2 MladbyE
TenTuY=7 A7y ¥ ERARLT D, @NATA—T
VAT LRIHEE 2T & FNE N High Performance
Core (HPC), Low Energy Core (LEC) &H&ES. F 7=,
DI REATDOATOY =T AT 0ty P % HAP
(Heterogeneous Architecture Processor) & IERZ &I12F
5. HAP Offl& LT, NXP #® i.MX *® Xilinx #:® Zynq
Ultrascale+ MPSoC )NV LAY ALV 27 hu=2 XD
R-Car H3 %23 5. ~TrY=7 A7 0t v ¥ OFH
EUT, HEMS Y A—F X =Y a vy AT LADBEITFS
na.

108D, i.MX7Dual[2] i Cortex-A7 & Cortex-M4
P57 5 HAP TH 5. Cortex-A7 ¥ HPC, Cortex-M4 7%
LECZH7-b, ThEH GPOS & RTOS 2HjifEx &2 D
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NN TH 5.

¥ 72, iMX7Dual TlE, CPU ZXIZ KA1 & WO R
ZFRD. I, ENEND CPUNSL TV RATELAE
Vg% FK L TE D, RDC (Resource Domain Controller)
Lo TEMENS. MDCOM TliE, HEiusz 284
% SEMA4 & MU (Messaging Unit) H D 3 7 [#] 0 5A
HEEEE, THMOERZEICFHHAINGLEGAEY 2HHT 2.

2.2 I 7MEBEOHE
ANTRYZTATOXY Yy Y EAWEZY AT LARRBIZE T
LY LCaTHBENEITONE, ATOYT AT
Oty HE2FALTHEYATFLARET BIGE, & 70
Yy U CHAAE L BRE L ), A TRIEEDO L K AL
s, avM@EEE2T %G, WEAEVZMATS
HENEGTHD. TOHEIE, EAT) OFHEAEES
TOBIcay 7208355 icLank XE) 0—Ek
PRTZR [3].

3. BEEMR

JNVFTuy FalFoEfFELkE LT, MCAPIH4],
MRAPI, OpenAMP %% 5. ZD 55, HAP #xf& & L
TW3 OpenAMP IZDWTEIHT 5.

3.1 OpenAMP
3.1.1 HE

OpenAMP & 1%, Multicore Association 23KE L7z 7
FEE IS 2k TH Y, RENA -T2V -2 LT
AT TWS [5]. OpenAMP ¥ HPC THEfF3 % Linux
&, LEC THEH 9 FreeRTOS & FEEXNS ) 7L XA L OS
D OSH@EEZYR— b5, HeElX2MEEDL, 12X
remoteproc, H 5 1 DiZ RPMsg TH 5.

remoteproc &V €— k 7ot v YOl %47 5 AT
Y, Linux 5 FreeRTOS »#i{fE4 25237 (VE—HT
Oy ) 2T 28R TH S5, BRGNS LT,
VE—MFRRyYOEROAY - AT, 77 —LUxT
DU—REAX— RTINS,

RPMsg (a7 HAEZEBT 2 TH O, ZTOME
ZE 2R T. BERFYRVEZYRRS U MEFAL
TiIFbhd, 2—HF—EHo5hrULdI—F NI > THE
TNTVEF ¥ 2R LT, TURKS Y M EEENS
WEA VX =Tz —Z2% kL, TNE2BUTEEZITD.
ZorE, ARIGEFETELF Yy A NIZ 1 ADATH 5.
¥ 72, BfE DB T I1E, remoteproc & [AkRIZ Linux
MOEDARITH LD TE S,

RPMsg THR—FLTW3B API 2% 11257, HIAD
WTW3 API I& OpenAMP TEH 5N T WS IEHED API
Thsd. T —XEF133%E API (rpmsgsend()) IZ&->T
5. —H, T—2%E, TXZEMAODI—NNY
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Linux RTOS

‘ Master Application ‘ ‘ Remote Application ‘

1i

‘ Kernel Module ‘

i i 3/ Endpoints

‘ Channel ‘ ‘ Channel ‘

111 RPMsg
‘ virtio ‘

L — Endpoints

Shared . .
(7 —{ TX region }—{ RX region %

¥ 2: OpenAMP RPMsg DK

#% 1: OpenAMP @D API

API B

O | rpmsg_create_ept() IV REAL Y NOFERK

O

rpmsg_destroy_ept() TV REKRA Y hOEE

T RERG. EENY T
DBRWEE, 15 BB 1 L
7Y b

O | rpmsg-send()

T RERG. EENY T
MWIRWGG, 721ZbllT I —

O | rpmsg_trysend()

ZiKd
rpmsg_rtos_alloc_tx_buffer()| &*fF/Nv 7 7 D& 4T
rpmsg-_rtos_send() TR EE(E

rpmsg_rtos_send_nocopy() | 7 — X% nocopy TiE(F

BBDHEIN, T—X%2%ET 5 L2 OEBDIEIENS.
RPMsg OEEEIZB U T, Linux MEETHZI TV
AR~ > T DREEIE T H 5 virtio ZFH L TW5.
WIENY 7 712 vittio 12k 2 ERAH D, ThirHx
7-%6, BEICEKRTS. FRARMI TV EHEETIE,
OpenAMP OZBEREIZ N — X IVEY 2 — LI L TDO AR
frxhTns.

3.1.2 RTOS AIF L3R

Ak @ RPMsg DRk L Linux (2 7Lk TH 0, V
TNRA L OS TEHIETHIZIILATORERH 5.

o HIDRAAIVTFANTDT — XL

o T v XxVIEE API HiRTF

o YU IV —EZENRFEE

e RTOS TORA LT 7 FZfFDORFE

o Linux 7v FA NV —LJEH

I o O Z R L 72 RPMsg @ API O#LiR{Rk & %
DEENFAET D, TNEK 1 DHDDOVTWARW API
& UTRT.

EZFBEBII R EL AT 2HMHD 5. nocopy TH >
B N ¥ — 21T 5B TH 5. nocopy THEFZEAT
586, & 50U rpmsg_alloc_tx_buffer() 7 & % MO,
REHDONY 7 7 2 HRT 2RBEVDH S,
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3.1.3 OpenAMP ORE=R

BLRD OpenAMP (213 ARR & SEEEIZ L N ORED B 5.
o JHIEDHERIT % Linux UL2AHEZIRWZ &

o TI—WDRA LT 7 MDY 15 B OEEMHE
o FHFHIEETELZF Y RINAN1LDODA
o I—HF—F7 TV —a L RULDBEENRTERN
o virtio 12 X B#E/NY 7 7 Y XDHIER

Bz, #AAY AT AIZBWTIATEY =7 A 70
Y EFEMAT 554, LECIZY 7L XA AMEOBRERL
B, HPCIZAT 14 7R X OEZ WU A E] D Y THEE5D
Hd. ZOLE, HEIIMEERICETIED HPEARED
fE#kE LT, OpenAMP Tld RTOS TOHIMIZT E 2.

A7HEEEEIT>TWALE, EEEHRPEILELZE
ULTHEERRZDLS TUHZHK T2 HKERH L. L
U, OpenAMP TIEF IR UGBS, 15 DUz 7
Oy 7 U706 HMEPRES API1 5 572, MENHS.
OpenAMP 1Z13bk % 235 ERBIE S b, BIEEIZ IR 5
rpmsg_trysend() ZF AT NIEFERTOI Y bu—L%
Kb D3, RTOS TIEZD & 57 API AAFEH I N T WA
Wizd, +HRFEENTETNS LTS VEHW.

RPMsg DLk T, FIRHZHEETESF ¥ 2L 1A
DHTHD. TDd, HEO TR - XA THE;
IBEZTH> Z & IETERWN. LrL, 77V r5r—vay
FF vy 2R U TEROT Y KRSV h2ES 2 BT
DT, 1O Tav R - ZATETHEHBOBERKZF
HTE3.

Linux T RPMsg 2 f|H 3 3354, 22— =77V r—
Ya v TOMMIZTES, h—FNVEYa2— L& L TERE
TAERBRENRHD., TDH, EBROT ) r—ra il
T 5 & EITIEPEBENEL S 5. virtio 121d/ Ny 7 7 il
[RA3% b, 512byte ZABA 72T — X 2 %[5T 5 L@lEITk
B3 5. £D78, Linux 75 512byte 22 57 —X %
EELZWEEE, BE2ERCIETILENDS.

4. MDCOM

AR D OpenAMP D@ % k3 5728, F4 XM HE
DATOY=T ATy Yl OEE1ke EETH B
MDCOM %BiF L 7-.

4.1 ft#

RAA &, YAFLEDOS Z2E KT 5. HEIX,
R A A VIEE—D Master & 1 DLA ED Remote (24X
N5, Master (Zi8{5 DBERM T 2 HlfH 217\, —fAYIZ
1% LEC TEjIff$ % RTOS TH5B. — 4, Remote i HPC
THI< Linux ® UK IX RTOS TH 5. ¥R — N HERE
I%, Master & LT TOPPERS &7 —*Jl, Remote ¥ LT
Linux & TOPPERS #—* VAMEHTE L. NA 1 U
DEFIX, HEAEY L aTHE D IAA L 37 R
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3 2: MDCOM @ API
API Bae
MDCOM D#Jfk
MDCOM DO#& 7
Remote ® 7' 0+t A% HUiE
FIFOCH D PRI D HAF
FIFOCH %5 70w 2 24T
FIFOCH ~D 71 v 7 Offfk
FIFOCH D72y 7 DERA V&
DHUF
FIFOCH ® FIFO ¥a—~D7
aw 2 ID Okt
FIFOCH ® FIFO ¥ 2 —" 50
Zuav 2 ID OHE
FIFOCH @A R b %Af
FIFOCH O 1 R h %5
FIFOCH N7 4 V& —%+t v h
FIFOCH ORIk
SMEMCH O IEAEY DHA
v R DES
mdcom_smemch_trylock() | SMEMCH O & v 2 B3 D A4
SMEMCH D u v 2 Of#iR

mdcom_init()

mdcom_term()

mdcom_sense_process|()

mdcom_sense_fifoch()
mdcom _fifoch_alloc()
mdcom _fifoch_free()
mdcom _fifoch_get()

mdcom _fifoch_enqueue()

mdcom _fifoch_dequeue()

mdcom_fifoch_notify()
mdcom_fifoch_wait()
mdcom _filter_set()
mdcom _fifoch_init()

mdcom_smemch_get()

mdcom_smemch_unlock()

KEE2RAL TTbNb., ZOK, AvE—I% MDCOM
OFIEERIZEEAEY BIZiESND.

MDCOM TlE, Fy¥x NV eRENE A7V 27 Mz &
DaATRDEEEFERT L. F ¥ 2 VITLATO 2 FENH
BEINTWa,

e SMEM F ¥ %)L

e FIFO F v )V

FTNFNDF ¥ FIVDFEHIZOVWTIIBRT . 2o
DF ¥ 2V EHNT, HEO SO AL EHD XA DR
TRRHZEET B &N TES. 517, Linux iZBWT
2 —Y—7a2RIZHUTRIAINETAL T DA
GhETINsOMEEERHLT 5.

MDCOM D2 v 7 4 Falb—ravidEHAD API %5
WL, AV T4 Falb—RIZHEFELIETHERINS.

£7-, MDCOM ® API #%K 2 IR, 72/7L, Z0Fk
WZBEWTF vy 2% CH &R Z 229 5.

4.1.1 SMEM F+ R

SMEM F ¥ 2 VI EA ) 28T 5F ¥y 2V TH
5. 3(a) ITH D LS ITEEICRIAT 2T LT Y
JEEEL, EA®R)OHRAEZEITV, Oy 7 2HIK
FTEZETHDRAS I 7R ASH S,

4.1.2 FIFO F+ X)L

FIFO F ¥ 2 Vi, FIFO 2 fA L 72 @5 22t 45 F v
FNTHE. M3b) DL, Ave—VDFHAEEIX
Block Z{#if L TfT\», FIFO % 2 —IZ Block ® ID % %A
TEILIZEST, BERDOAY -V %E(ETLIENT
&5%. SMEM F ¥ 2 )VDOBFEE, B—DAvE—ILUh
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EEZEFETERW. DD, FIFO F ¥ £ )V & SMEM 7 v
AL, —EIZRETED Ay - VDN R 5.

Ftz, 2—H =TTV r—va v TCOBEEEMT 51t
MMALUTTANVR—DHE. HEDRM 2R LI &
IZHIO CEEZITS 2 L TEEZMIET 5. #lZ, MK
FHOBEEKREZIT-R, BEE2ITIRETHS.

4.1.3 EAXANLAERF7O0—

MDCOM DEARZBE 70— %2 41253, HIZEH
WT, Master & Remote MDKHIFHLEGAEY ZFHUL 72
W EDOAMERT.

7, Master £ Remote & Z 124 T mdcom_init() %IF
U, MDCOM Ot %475. Z D& &, {1 ki Master
PoiThNd N, BEROCHLDO XL IV 7ITEE 5050
THHDR.

RIZ, FIFO F v )V LIZRER O MR T 5. 2
N%EFEHT2DH, mdeom fifoch alloc() THB. Z DR
B A 479 5 & FIFO F v )V _EIZ Block ZHEf£ L, Block
D ID B3 5.

Ayt —VDEHEEIAAZITS2DITIX, Block DHRA ¥
R EHF T 572912, mdcom_fifoch_get() ZFE(T773 5.

Block (23 U T memepy() M ETA v =V 2 EEAA
7205, Remote % Block @ ID % & IJHiL5 & 5 12 md-
com_fifoch_enqueue() Z -0 U, FIFO ¥ 22—~ Block O
ID # AN 5.

% D, mdcom_fifoch notify() %4795 Z & T, Re-
mote N& A XY MO@EHEITS.

ARV NDOEM%EZITENS 728, Remote TiEd 55U
& mdcom fifoch-wait() 2 FEfT L TR SHW., 2D
L&, FFLREIAEERERE, MRGSE, K-V v ohoiE
Rces.

W% ZZITH > 72 5, mdcom-fifoch_dequeue() % FETF,
FIFO % 2 —/*5 Block @ ID 23X %. Master [FfkIZ,
mdcom_fifoch_get() & memcpy() MEDRAEY T 7 XH
BTAY 2 —VaZITMB I LINTES.

B2, Remtoe 7* 5 Master IZX L TA RX> b D@l %
TV, BEPETULEILERERAS.

4.2 =R

MDCOM D5, FEDT —F 7T 7 F ¥ ITIKF L7
WHSEIR Y, T—F T2 F Y IURIEL 2R =7y MEIEER
IZarnTWnWab.,
4.2.1 HBEER

T4V LT, a—Y—mIA I N0—R77
AN, T4 T VRIEEN=RD o THRIFEE, Linux Tidi0
ATCEFYITIRTNARA, H—=FIVEVa—REEZN
TW3. Linux 282 BFE0MMae LT, 2—H—
NAPI 2N, ¥¥ I 7 XTNA A%BLTH—RILE
Va-—iZmaniEIh, A AT AOHAEE I TD
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Shared memory

COM Lib COM Lib

Shared memory

COM Lib

’@- Active @
filter T filter

GPOS
Process

Interrupt

(b)

X 3: F v xILDEE

Master Remote

CTL_M2R_REQ_INIT

mdcom_init() mdcom_init()

v

mdcom_fifoch_alloc()

mdcom_fifoch_get()

2
‘ memcpy()

¥

CTL*MZR*RM mdcom_fifoch_wait() ‘

v

mdcom_fifoch_dequeue() ‘

v
mdcom_fifoch_get() ‘

¥

CTL_R2M_REQ_NOTIFY N .
mdcom_fifoch_notify()

X 4: MDCOM DOs@fE 7 1 —

mdcom_fifoch enqueue()

mdcom_fifoch_notify()

T

mdcom walt()

5. TOPPERS #7—3 )V TlE, 2—%— API ML~
VAPI 2P L, N—RNY =7 2 EEHIET 5.
4.2.2 4—%v MEEE (i.MX7Dual)

K=y MEEEHOH L U T . MX7Dual DA% 3
B9 %. iMX7Dual DX —7 v MEFHTIE, K105
5, HELEE 2 B9 5 SEMA4 & MU (Messaging Unit)
DRFOE D AABERE, EMORZEDIZDIZHEEAEY &
T 5.

SEMA4 iZ i 7z DM AT, ZHhEhd CPU
»Hardware gate” I LTCHa Yy 7 2EET S Z &i2&D
HEfth 2 52819 5. "Hardware gate” 1% 16 fEld b, MDCOM
TEZD>HbD 1 2%FHT 5.

Messaging Unit 1%, i.MX7Dual "D /N— K7 =7 T
Toy PHEEEERTS. AvEe—VEZETIL
CPU Iz UCTEID AR % 2T 2HEENH D, MDCOM T
FINzMET 2.

T, EAEVIEAY 2=V OREZEICHEDOND D,
AT, MDCOM DREZFENEL 72D, mdcom_init() ¥
mdcom_fifoch notify() % £ % 347 L 72K, #HFD CPU
W U TR ZTS 2D I NS,

4.3 OpenAMP & DEMBIRELE
OpenAMP & OEMWRZ LK% TR 3 1IZRT.
FTVTIVERALMIZBE LTI, OpenAMP Tldi%fE
Fa—ZZBENR VL E, Linux PRT A ZZEWTI,
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rpmsg_trysend() BB ERMHT 5 Z LIT X D HIEIZT S —
MR B H, RTOS M DHEFRE API T 7ay 7 LRA L
TORMNTEZDXIWETHD, VT NRALEIE.
—%, MDCOM TIHMEED X1 L7 7 bR ZfEEL T
APl 2G5 Z L RARETH 5.

Iz, FRGEFIZEAL TIE, OpenAMP TIXRIRFIZ 1 AR
DF ¥ 2NV UPEERTERWDIZH LT, MDCOM T,
EREDOF ¥ 2NVEERT DI LNTES.

OpenAMP TOD ALY 1 ¥ — D5 virtio ZF]H L T
Wb, FDD, Ny T 7 DImKRED 512byte &85 TW
%. —7J5, MDCOM 213 Z @ & 5 2Hil#idz <, £ED
PARXZF Yy 2NEIV T4 FXFal—2aryd b
RETH5.

FE17ERBEIE, OpenAMP 13 Linux & RTOS Df#lAEHE
DHAEYER—IFLTWVWEDIZH LT, MDCOM i%, RTOS
& RTOS OfflAEbLEEHR— L TW5.

Linux {28175 API DL, OpenAMP TidEh — %
NVEVa—NLTHBDIZFLT, MDCOM 21— —7
o2 L API 2245 %

5. &M@

FE7EEERZ, MDCOM T, HPC T Linux, LEC T TOP-
PERS 71—V %5f7U7-. ¥£72, RPMsg Tl%, HPC T
Linux, LEC T FreeRTOS & L 7=.

5.1 API E{THH

MDCOM O API Ef7IH %2R 4 1T, 7z, TOP-
PERS 71— )L ® API EATHIZ, act_tsk(), wup-tsk(),
chg pri() OETRH 2 JE L, HEMEIXZENZN, 900,
500, 1000nsec T - 7=.

flt DB # & i U T, mdcom_fifoch_enqueue() & md-
com_fifoch_dequque() D FEFTR A K<, FIFO F ¥ 2 )V
ZHHT 256, Ino0lBesdTHHETS. —AT,
SMEM F ¥ 2 )V & fH$ 5561, TOBEIXERW. D
£0, FIFO F ¥ &)L & SMEM F ¥ x L&, FEA7#E L
BRDA Y =V EENDZPEVIKTIL—FA 720
Z5.
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#* 3: MDCOM & OpenAMP D LbiK

OpenAMP MDCOM
U7 NRA LM RTOS TldE2 7uy 7 L, 15BTXI LTV | HIEICT I —2585
[ RS 1 RDH BT v 2V CHEHRHIZEFETE S
TV A ¥ —DFELE Linux Tl virtio Z#|f, RTOS Tk H i THE H Al CELHE
FATERR Master: Linux / Remote: RTOS, N7 X &)L Master: RTOS / Remote: RTOS, Linux

API O#4t% (Linux) H—RIVEYV 21—

e A= B/ N

7 4: MDCOM @ API FEATHEH (nsec)

API BMME | EY | RElR S
mdcom_fifoch_alloc() 1800 | 1778 61
mdcom_fifoch_free() 700 669 28
mdcom_fifoch_get() 600 618 48
mdcom_fifoch_notify() 1000 928 29
mdcom_fifoch_enqueue() 1800 1806 68
mdcom_fifoch_dequeue() 1900 1823 7

12000 & RTOS send(MDCOM)

Linux to RTOS(MDCOM)

RTOS send(RPMsg)

10000 Linux to RTOS(RPMsg)

8000
.};EBOOO
EAOOO
2000
0
OO 000 0000000000000 0 00O O
SNTONONT O©ONVONT ORONT © 0O N
e P N NNNNOOOOHOST ST T OO W

RITHM (usec)

5: @13 IRFfA] D REAM

5.2 RTOS IDXERE

MDCOM (251} % RTOS flD%(EH5H 25 5 D RTOS
send(MDCOM) IZ/”9". F£72, RPMsg iZH1F% RTOS flll
DX 2 X 5 @ RTOS send(RPMsg) IZ/R9. 727201,
HEITIZREENY 7 7 MR T 2 U2 ED TV,

M U 7=k, ThzR\\W/z, RTOS I CkE5Erd
5FTIIHBERUMTHS. T74b5, MDCOM ILiE(E
Ny 77 DEERAAZETTL, FIFO Fa—iz7av 2 ID
EREMUZDOBIZARY NO@EAI%ZITS £T, RPMsg &
EENY 77 DEZIAAZSET U, nocopy 215 B % IE
RETTH5. i, RPMsg IZHERLZEENY 7 7
T 2EBDIFEL RO TH S.

5.3 Linux #E{EHM S RTOS 2% TORME

MDCOM Z $1F % Linux &5 5 RTOS Z{5 £ TD
Rl %2 & 5 O Linux to RTOS(MDCOM) 1253, 7z,
RPMsg (2517 % Linux i#E5 5 RTOS (5 £ CORH %
5 @ Linux to RTOS(RPMsg) IZ/R9. D& &, RPMsg
TIHHEERIZ & - THEME 117z nocopy EZER TIE 2 <,
BEHE DX ZZREBE AL 2. 512, MDCOM &1 —
Y—7us 75 LT, RPMsgldh—FIVEVa—L &
UTHEEL .
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RPMsg (2T, MDCOM D AN ERRIZIES 0 &
WEUE. 2, 70275 LAOETEREDENILS
HbDLEZLNS.

%7z, RPMsg IZHART MDCOM %34 3.6 5@ Wi Bz
molz. Zhilk, RPMsg WHiTT — XD a3 — 38 Ekm|
RELUEEZDEEEZOND.
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