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Abstract

The next generation LEO satellite has 64KB PROM which contains the boot loader and the
monitor software, and two 4MB NVMEMs which are used for flight software storage. The boot
loader has two operation modes which are the flight software mode and the monitor mode. In
the flight software mode, it checks CRC checksum of selected NVMEM and copies flight software
image from NVMEM to RAM. And then it starts VxWorks RTOS in RAM, creates flight software
tasks, and starts execution of flight software. In the monitor mode, it activates monitor software
which performs NVMEM reprogramming and board-level testing on the ground. This paper is to
present the design of Boot ROM software and verification method using simulator.
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W @ RAMOE HA} & ¥ VxWorks RTOSE 758t BlAaE A4t gALZES &
HopA Aok RUE REoMe 223 NVMEM reprogrammingS 714 w9102 Fa)ain
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7NE AAZ 94L& FE E(Boot ROM)O.E 1
719l EEPROMEHS: 713 @ 72 Fe=2 749
HhA MY AAE e FE 2= By
B AXEYOE WIS RE 7 HYLEE 0]
omzE AAE FE NVMEM (Non-Volatile
MEMory) 3 el 2 T8tk At 9149 Z2AA
&9 IBMU(Integrated Bus Management Unit)
PM32(Processor Module 32bit)= 371¢] boot-up ™
232 FA9 g4 CPUY MCMERC325CS] )
28 99[E 132] 0x00000000 ~0x0000FFFES!] ¥4
0] Qe KB RE E& RE ZU(boot
loader)9} HUE AZES|o)(Monitor Software)E
F3sta Jom A4 vxg e PROME A
£33t MCMERC325C9] #l® ¥ 0x0080000
0~OxO0FFFFFFe] W35 Sl& el NVMEM=
4AMB FLASH "Rz Blglizego] o|mxZ
At PM32el 3k9l7t IZFE AV PM32 Al
HAE @ FE g ARHA e RE 27}t
T5¥th HE 2 MCMERC32SC IZAME
%718} 331 MCMERC325C GPIO(General Purpose
Input/Output) bit<5>el =] $lE NVMEM
Reprogramming Enable 4o wie} HIYAZES)
o{(Flight Software) ROM Entry v RUE AX
Edoj2 FHoldirt HYAZE S} ROM Entryol
M Add9E NVMEMOA HIFAZES S o]n]Z]
o) thg CRC A3 3 H RAMOE EAlsla FE
Z(boot log)E RAMS EAFH AFE
RAMel 1= VxWorksE T3] vl AT E o
Bl (task)7t A= o] HIYLIZE 0T ARE
. ZUE AZEYOdAE A Wde] He
NVMEM Reprogramming$ $88t7 7|21 |
2EES 79 F St

E 1. Memory Layout

. 1BMU P32 Mernory Map Mode TRIW 1BMU PM32 Memory Map Mode] RTW]
g:zg ﬁﬁ [Boot ROM (64KB) it | R g"‘gﬁgg Extended RAM : N/A 328it| R/ W
mﬁ?ﬁﬁ‘; NYMEM A (44B) :;;:Y;z RIW g:xgm SMCS33Z #1 Register (3528ytes) | 328it| R/W
g:ﬁgﬁﬂ 2‘;’ NVMEM B (4MB) ::;m: RW z} :$ 8?:2 SMCS332 #2 Register (352Bytes) | 328it| R/W
g:‘;: gg 2?; Extended PROM : N/A it | R m % ‘;g DPRAM #1 (32KB) ]
OX01F0 0000 | ., change Memory : N/A 28t | Row] 1200800 | a2 2ke) e
Ox01F7 FFFF : 0x1200 FFFF
g::: :: ERC32 MEC Registers (124Bytes) | 32t |R/W K:g 3g P32 FPGA 1/ (Max : 256Bytes) | 32Bit| R/W|
8:;22 :2 SRAM (6MB) 326t | RW z:ﬁg;‘; VAS! MCM Registers (444Bytes) | 3281t | R/W
gxﬁ ﬁﬁ DRAM (Max 32MB) : 3288 Used | 328it | R/W &:ﬁ ‘F’g Extended General Area: /A | 32Bit| R/W!

2. Boot ROM Software

2.1 Boot ROM Software Modes

HE & 2ZEJOE A RE 24, Hgs
ZE9 o] ROM Entry, EUE AZE o] ROM
Entry, RUE 2ZES|o] RAM °|¥]A] 47}A &

TAEH
D HRE =2y : MCMERC325C2] IU, MEC,
FPUE %7|3} 3tz dlxe], waitstate, [/O

configuration & 2Rt} wix|=%o2 ERC32
GPIO<5>¢] e upzt HPLZEH ] ROM
Entryt} 2UE AZE¢ o] ROM EntryZ o]
gt

@ BEJ¥ AZEHo ROM Entry : ERC32
GPIO<5>°] O(Enable)d @ EUE AZESo|
ROM Entry7} %% ™, ERC32 UART &4 A
Qg P4, RE o AZEH dE BUH
AZEF 0] RAM ©|u]XE& RAM 0x025F00002
2 EAb & F RAMAA EUE &LZEOE

AZEY o] RAM onA] : EYH
cz2 =zZ9dHAn 29
AH&3E7] W&o RAMA 58
E E 2ZEJo DE(build)Al ZYEH &
ol RAMOA F5E + JA dE H1
uR e 2 AFH], BUY &2
glo] ROM Entryol A ©] ¢]mAx& RAMe =2

g im Jr (8 5
M {m
it
2

N
>
4
offl
_?L
B

@ HlPLxZEYO ROM Entry : ERC32
GPIO<5>°] 1(Disable)d ® HPALZES] o]
ROM Entry7} 7%5H#=, 7] £4d 28§ A
59 HEE ERC32 GPIO, 1/03 Area FPGA
RegisterS %534 Fuiod, d&d NVMEM
oM mPLZE ] oju]A] e CRCE A A3}
HgPAZEO] ojujAE RAMO AR, *
E 23% RAMY AR H RAMY Sle
VxWorks& T35 &t



AMICE MA=

ERC32 GPIO<5> = 1 ERC32 GPIO<5> = 0

Boot Loader
1 Software Reset

i Gl 120sec timeout
Exesution 1 4

o0 SRAR
Exit Command
UART
Communication

-
@5@
a2 1, Boot ROM Software Mode Diagram

2.2 Boot Loader

|z MCMERC32SC Z=ZAA e 2Al/ 3 $17]
A7F=H ERC32¢8} VASIE £713 Ha #A)2
He2 27] fe2 dAHAY viAge s -3
& A0E fASG Dol 9US 9 DAAE
0x00000000% A=  SPARC®] PC
(Program Counter)$} nPC(next PC)=
0x000000007 0x000000042 AR o] FE & 4
o 0x00000000%-H AlZtslA "oy HE & 499
9] (0x00000000~0x00000FFF(4KB)+ #E & E
@ B0l & (trap table)o] 1A Fh = Ho] e
AAE dAste a9 YALHEA TBR(Trap
Base Register)o] AH8-%w #Alo] W TBR =
718k A @3 71 e TR MR 9l
o) FE 2HNA =M TBRE 002 7]
3} #)g-ofokgtr}. tba(trap base address)w 20bit
2 F4HY EY gold X gtA dRF
ojof At} tte EFY EYoA Edo]l wAY
< 9 A% EY Bdol AFHM i EY g
olBEE FxatA Hi E HolEgAM= EF
handlerg s %3l Efls AdstA Aot

SPARCZ 256719 EfS 741 o™
0x002 YA Efozr RE 2 IE
A2 pAE vE Uw R 255709 ERL
UNIMP ZE2 ARG ¥8 AN
foz Eqe W8z 44504 nef =gl
LA AE U errorRE2 HolsHA Hiu BE
AL HFA B Ax 38l Ad FH
RU(Reconfiguration ~ Unit)oll 28 Heartbeat
failure evente] ©J3+ System Reconfiguration©]

rr

e
Az

=
X5

N,
e

2144 2] Boot ROM -

~TEMN M X ZEN e &+

a9 29 29 MCMERC325C =

273 s B3-S FPIH 2713
= w72, waitstateE AR}, EE
H @A sl WA 6MBS RAM#
AA2HES 278 b wpAT dA A
GPIO<5> NVMEM Reprogramming Enable 93
o wet BlgLZEH S ROM Entrydd TYH

T ROM Entry2 #o] 3},

m\m !

I PM32 Reset Releuse

Sep 7
Configure SYSCTR of
ERC32 ay 0x00880014

Boot ROM Code Run
@ Ox00000H00

Step I3

-4 Initialize PSR of ERC32
23 0x11001FCO
_(Enable FPU)

S 710
Configure IOCNFR of
ERC32 as 0x1F000000

0x00000000:
Jump GxO00010

Step 19
Initiatize ER(_}Z FPU
¢

Sep 1
Initialize PSR of ERC32
as 0x11000FCO

APS|BR/APSIER/APS2
BR/APS2ER of ERC32
as 0x00000000

E Initialize PSR of ERC32
Configure INTSHR of as 0x11000FCO
Stepr . LRC32 as 0x00000000
Initialize TBR of ERC32
as 0x00000000.
Clear NTFCR fLR(.]Z
as 0x00000(

Clear TESCTR uf ERC32
a5 0x00000000

Sep S
Configure MCNFR of
LRC32 a3 0x001D1416 Step #15

Clear UARTSR of
ERC32 a3 0x00800080

Sep 17
Clear y register of ERC32
SPARC

12 2. Behavior of boot loader function

2.3 Flight Software ROM Entry

H LI Ee] ROM Entrye= PROMo|A €]
agrzedole]  AlF  FERA,  EGSE
Reprogramming H12443 A0S A% 38 #
o AAFHD FEAe 2% 337 2ok wgs
ZEY o] ROM Entrydlld= ALHA GPIO<0>
S %3l Launch Abort Signals AAsaL,
NVMEM Power On/Write Enable %% & 43
gtk NVMEM 48 #A2EE §3 NVMEM
A/B%F Adl" NVMEME #Idsa, Ad=
NVMEMel g CRC32AI4HE 3 sttt AlLkd
CRC32 Z3}9} pre-stored® CRC323%°] &Y &
4% HE 28 RAMC Aty 13 49
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Zo] NVMEMe| Ao e BHIFALZE o
/VxWorksE® RAML.Z ZEA13E & VxWorksE
TEHA HPLZES S H2AE A
A9 98 33 wroF AMdd NVMEM
©] CRC32414te] ©+& 7% th& NVMEME A
g3t 3dE AL FAdY. ZE NVMEM
o] CRC32AAe] & A4 RUC 93§ System
Reconfiguration®] 3 X EF heartbeat failure
events WA A 71T,

Reset/Cold-boot/
Reconfiguraiton/Power-on

FSW boots up with Boot Loader
(PROM)

Retrieve which NVMEM Bank is selected
for boot-up.

Compute 2 CRC of Baot-up NVMEM Bank.

Yes

CRC?
‘The boot-up FSW copies
contents in Boot-up NVMEM to|
Ram
Yes
‘The boot-up FSW copies
contents in Boot-up NVMEM to
Ram

WOT Time-out and RU starts
reconfiguration with
altemate PH 32

F5W Logs Boot-up Information

‘Power off the both NVMEM banks

3zl 3. FSW ROM Entry Conceptual
Operation

Boot ROM SRAM

0000000 EOZAL NEM,L0CAL ADRS

002000000
Reserved

%0000.1000] VEC B 02001000

interrupt Vector Table
PARLOW_ADRS.
erc32Reset() STACK S

02002000
Initial Stack

fswRomStart{y R L0 ARy 1 002003000

NVMEM A

S COPY FsW
tmage from
NVMEM to

WDB Memary Pool

Interrupt Stack

System Memory Pool

NVMEM B

senTope
 0:02500000

2.4 Monitor Software

2UH 2ZEH Y ROM Entry= PROM®] A
Aol Y ZYUH AZEY 0] RAM °juAE
RAM vhAgt o <(0x025F0000) 2.8 EAF & H
TUE AZEYo] RAM ZEE F33. By
Bl AZEgo]E ERC32 UART BE 3] PCol
A F% 5= RomLoader A2XEd o9} dZFHr).
EUE 2ZEJole AdAA HIPRZEC]
W74-E 93 NVMEMZ Reprogrammingdts A
& FEHo7 v, NVMEM read/write/erase
Jcontrol 59 7% AFdH, HIPALZES
olu] x| & RAMY| d2= s 7153 CRC32 A
2F RAM ZE 3 F9 75§ Awdch

vk R

I T T K K B

& KOMPSAT-3-sroc. map
GFHA G KOMPSAT-3 ViWorks map

ik

a2l 6. NVMEM Reprogramming
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AMICH A=

B azesodE Ed/HYES} B4
3} 9k RUE RAM AIZEQoE Cx =Y
HAow C A=A NEHOZ 28-S ALE-3
I }eE 3E/8Y ¥ mrld SPARC
windowE save/restored}”7] W&o window
under/over flow EFo] @A 4= ¢lt} w3t
EUH 2= 1202 5 olFH 4go] gl
W HIPALZE o] ROM EntryE Hol¥7] 93
A= ERC32¢] RTC(real time clock) QJEIHES
Abgalol st7] Wil AEHES A5 ST

2.5 NVMEM(Flash) Memory Operation
o)

Bz Eo7t AFEHo & NVMEME
270¢] 4MB FlashZ FA ¥} Flashe 512709
blocke.= TAH™ blocke T 167 paged
TAEt. NVMEM<T operation& =A read,
write, erase, write protection, power control,
NVMEM control 2.2 4t}

B
a3 7. NVMEM Configuration

NVMEM readt page(512bytes)tH¢| 2 3] 5
" NVMEMd| AZHo] = HgaTEos
RAMO 2 EALSL7] s ofdf 19 83 2
< HH S T8 FPsiA o

Read Page Data from the
selected Page (512bytes)

Start

Write 0x01 to NVMEM Page
Read Start/End Register

Write 0x00 to NVMEM Page
Read Start/End Register

Write 0x00 at First Address of
the Page to be read

B
Check Busy Flag

Ready

13 8. NVMEM Page Read Operation

2149l Boot ROM =ZEI0 &A = 450 st

012

NVMEM write operation= page@9E 43
%" erase operation block(8192bytes) T E
FEt. NVMEME 718302 R 7H A
%+ Power On¥ 1. FE#HA o] FUHE Power Off
®th. % On-Orbit NVMEM Reprogramming
< 9 ¥ Z$ NVMEM Power Ond}d
NVMEM Reprogrammings 3§74 .

2.6 Boot Software Build

FE B 2ZEJoE oy 19 99 pe
hierarchyE 7} 9t} RE ZY, HPLZE
o} ROM Entry, EYEH AIZEHS ROM
Entry= PROMoIA F3Hn, 2% ojidigz
TEHAL. LUE AZEF o] RAM ZEE E
/U HES BdE REL odEyE 1y
Hgon e Z=EEL C2 Fdo] HYrh

13 9. Boot ROM S/W Hierarchy

FE & S5/WE ¥x=3}7] $8t9 Tornado 2.0
for SPARCO A #|F3l= toolchaing AF&3tch,
C/ASM  HAHLE A3t cosparc}  linker?)
ldsparcs A&t U= RFol X EUE &
Ed o] RAM REES FE Eo AA87] AshA
binToAsm % & AR&3ste olwlA] & A4
st HE § UEA onA FeHZ HAEG.
RE 29 PROME 64KBo|7| W&o AA 2
E £ 2ZEJolE 64KBol 2A W= FHojop
gt dAFOE ME" RE B AXZEY 9
a9 87 o] TAHY 745%F
F EY HolE2 HE g9 7t
2 Hshejol A, RE Zu 4KB o] ¥
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S
FE2F7IE Mid Az

AAEA Bl BIYPAZEYS] ROM Entrye
ERFgd AAFA Hu, ZUH AZEdoe
ROMS| 2% RE 20 olFd wAss 1 5
o] RAM2EZ BAlg RUEH AZEgo] RAM
o|W|A = _binArrayStart/_binArrayEnd®) FAE
7FAH olu A FefE PROMo| A A=A €}

3. Boot ROM Software & &

3.1 AA 4 IBMU Al &80l

HYPLZEL o AFS 93 AHAZES
HolXdEe IBMU AlE#HHE AY ok
IBMU Al&#d o)l Gaisler Researchol|A] 7
H TSIM ERC32E 7|¥te 2 IBMU PM329 A4

_BOOT_bootloader
(0x240 bytes)
0x00001
_BOOT_monitorRomStart OxB520
Bytes
_binArraryStart
0x00008521
_binkrraryEnd|
Reserved H4KBytes
(OX3AEQ bytes) ;. - ' | |[Boot ROM
_BOOT_fswRomStart
(0x3A0 bytes)
_BOOT_fswere32rom Ox9A8
(0x5B0 bytes) Bytes
_BOOT_fswUartStringPrint
(0x58 bytes)
Reserved
(0x658 bytes)

Boot ROM Usage : 74.5 %

12! 10. Boot ROM Memory Usage

Al g ol gt 3§ IBMU PM3271 7HAx

=] L = . -
ARSI Y= MCMERC32SC Z2ZAAE 78/ A& FLASH A/B, SpaceWire $41-& @93l
Tornado WTX Protocot {UDP)
Gt ‘WindowXP
zm;a Linux
T (Fedaragt
PM32 Simulator KOMPSAT-5 Simulator

farT

1538

Virtuat Network
FLASH A (448)
TSIM ERC32
PROM VASI
(6448)
RTC
€RC32 SRAM
Processor s | 1 Rollover
Timer
nterrupt
UART & Controlier o
VASH Sor
Registers

.—{ DRAM (324B)

ERCI2 UART A

‘SpaceWire Link (UOK

g
T &

ERCI2 UART B

GPIO tnput

HearBeat signal]

88 - IRFZLFATH



AN HAE 218

SMCS332 #1&#2, DPRAM #1&#2, GPS9} =7
€ 43l External RTC E Qe H o] 29
Payload, GPSE# &A1& 3= 1553B 2
o] TFEHYLH, PCDU/VDEQ} FAE £
¥ UART EE°| /¢ o] PM32 AAES A
ol sty IBMU TCTM, PIOM, BIOM A&
glol8 Ed % Ho] PM329} SpaceWire EAl
< FYsHA =3, PM32¢] 1553B9 AAH GPS,
Payload®= 1553B Protocol& A Y3le A& o)
E7h 7k 9t

HPAZE N AT A Linuxold F55&
IBMU Al &4 o8 9} Windowol| A T55 & 1|8}
AZEYOY sfE E9 TomadoE virtual
ethernet& %F3}o] Tornado Target Server® 9
Aol HAZto R WPAZE S Uiy
2 7, OdHAs 3 = o

to me Of mn £SO N

3.2 AlEdolg 7|yt
Software A&

2| Boot ROM

44 FE § AZEJAE AF3) YaME
smdlo]  #welA  ICE(In-Circuit Emulator)u}
JTAGH Ze uw7] AulE Addsjor sh} @A)
MCMERC32SCE A €38te ICE ¥ JTAGe] &3}

Al 97 i RE & AZEJo: Awd
IBMU/PM32 AlE#olEolA 2= @ 2% ¢

ot HPLTEY Y AFL FAF (unit
test) & code coveraged] 3 HAETL M0
Z FHEAO™ SRS(Software Requirement Spec.)

o W} verification test’} S8 = Ak,

PM32 A EdolH RE & AZEHOE
Qatal 19 29) Zo] AA Step B89ANA @
ARE HAEE Y54 At 18 D2 RE
2 U7} ERC32 system register® A gsl= 3
& BAFn 27138 s FEAA $8 F step
71& o83t 7 HAAH HAHEAES
st o™ GPIO<5> Y& ol wl HFgAZES
ROM Entry® Holsh=A mUH vz Hole
=AE PAE3ATh

9 Boot ROM NZEQ0f A 2

HEU LHS 45

1 hayrighta fswilinuxs - /KOMPSAT:5-Simulator » Shelt “Konso|
Session < Edit T Vig

GxOBOBHEEE
560068550

Bx186660  EYror and status
9x1789030  Test control register
vsime cont

bre Kpoint 3

mmmmmm

m}waeav HEC control registes
35 1¢80018
Gx1780613 1/
jox 1188618 Wi
021186626
10x1£86624
1621786628
jox1$8062¢
jox1ta6644

OxDBBERBLY
B¥D1E1416
Bx1§868006
OxEFTERSER
708608000
8xBBHR0000
8268660008
6XBBEAGERE
Gx0BEEDEE
9x6E006000
0x0608T ¢ fe
OKOBDEGBBE

ster

o1 register

se register

end register

J base register
o register

lox1186048
lax178604c
l9x1780054
lox1780068  ~Watchdar
lex1780050
Bx1tsaose *
ox 1180884
ex1tB008s *
6x1480888  GPT cown
Bx1180288
ox 1180082

ox1ta808c

B 5
T BxDHODBRTT
BREEETTETT
Br Sxterrever
BXBRORETET
. T OxBREEYIFT
Bx1726820  System fault status register SxGRG6ETH
6x1786834  Falling address regi: 8x06060802
oxirceane  Error ave acatus egxsoer Gx6OE0608E
£xB6RREBEE

ox17868d8  Test control registe
I |

222 12. Boot Loader Test #1

£ -Jayright@fswlinux:- (KOMPSAT 5 Simulator - Shell - Kon
Session  Edit - View anokmarks Seﬁ:mgs ;

tsime break SxfRME
breakpoint 5 st 9xBE91E26
tsimv break 8x1248
breskpoint 6 at 6x0RED1ZAD
tsins cont

breakpoint S

Flight S/W ROM Entry|

00087004 30142800 or

w18, 518

%11, Bx14, %41
W1, (ae)

%hi {BxOB0), %of
%06, Bx2CB, %08

8685108 22146814  or
26867018 62242808 st
866BFBI4  1106063c  seths
86601616 8612236 or

[0REFRlC 4B0RE24E  call oxBOBOFISE
4665626 92162617  mov 23, %ol

00807074 22162681  mov 1, %

BRROFA2E e22420ac st %11, (%18 + Bxac]

BUBHIE2C  23B40668  sethi
86887036 a2146814  or
BABHFOIY 25808080  sethi
98664038 54143084 or
6B80Y03C 04244080 st

tsins ]

%hi (8213606006}, 411
%11, xl4, &1l
“hifdxbl, $12

%12, 8x4, %12

S0 (%Y

1 sheif |

a2 13. Boot Loader Test #2

g AT Ego] ROM EntryolA+= GPIO<0>
< %38 Launch Abort Signalel A EHE=AZE
IBMU Simulator PM32 interface® EajA] &2
319 NVMEM #AE register’} 4 @AW
2 A o7} Ho] NVMEMo| A A= o] g+ Hl5
AXE ] o]uAe Wg CRC A4S F3 o]
T HPLZE O o|HAE RAMY| EAF &
EHEAE AEAY. 23 1494+= NVMEM
B7} AdE oy CRCHE7F gHAiEle] NVMEM
AE A Adgste] CRC Az o]F AYHo=
HPLZEO7L LEEHE dE HAFY 7 &
AME FP43%E PM32 AEEolE Y ERC32
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2ERFIE MiE Az

0

UART BE 53l Pseudo Serial Monitord] &3}
A Ho)

3.3 STB 7|tt2|l Boot ROM Software S

Alg#olE 7ite] RE § LAZE o] O
& = Y #Fo) 48 © o]F STB(Software
Test Bed)olA] Azl IBMU STBM X9 RE
¥ AZEYoE 29 39 HFE FIYsgh
A7 IBMU STBM¢] 7% PROMS o & oA
3 FE NetROME AME3te] RE & LZE Y
29 34929 STB HAEJMs I=¥E=E
AFo] B/M538l7] Eo]l GPIO<S> #Ed| ut
G HPLZEY S RE9 BUEH ZEZ Holy
TAE AFE AT

il

% ROMLoader

v,«a&mi Yiwwisrec) | Ylew(tn |

KORPSAT-5 FS¥ Start
NVAEN B Selected
Check NVHEX CRC
DONE @ NVNER CRC
Starc NVAER Copy
DONE : NVHER Copy

Start Vxvorks on RAN

g 15. Boot ROM Software 4= Z =}

s wows  ems  coss
TessisGe iseuswis onTiscs  dessedts

et Sovssenn
Shomensc

B EE pM32 Simulator

¢ oosnonnn

bes masc Basserse
Poes Seaoride Ssecadts

ores
aria deisar Gor Gean ¥
% Seneet i ey tvpeiey
:»»nnun.-nnnsuumunt SA N
SAT3 Fow start

i & sesacsad

lenecs. wmen nc

n a¢ Ecror

8 & Setestrs

Neek wYHEN CRE

£ ¢ e chc

fatars. oumen copy

Pseudo Serial Monitor

€ AN oy

4. 8 B
B =RAE 440 949 BE & ATE
dolsl A AAe daAd 7% sRen

IBMU & PM32 Al E#HCIH A HE & &x
Edol AR ddA Jlesisit. BMU
STBM/EM/PQMel AA RE §F AZEdo7}
HgEo] AMgHIL glon, 7‘]/}}01]7\1 NVMEM
reprogramming S JFHF oz FPstan Joh. F
T 02 94 AsE MR 9% RE &
£XE O] architecture® 7} F 7] Wl
HE HoE Aol 7 AeE Bddh

21 E#
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