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— BRIZEEHBIT S DN—FDT

— ANOOIIZRWNADUREITSED, BEMNEL
- TatwyyLiiF|IZEE
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J&387 /3 X : DMA (Direct Memory Access)

INRZEEREIL T, AEY - AT,
BBT /N R AEYE DT —RERE T
Tty yDERETITS
- AT ER% (B, BRE)
IOty LU TEERIZERE R AE
F vl alTFE (OFFE LLIEERERTIC/N—D)
NRAZEFL IOy DOEMEEZRE T 5D TYT LA LEISEER

YR%E YRB/AL—T AL—=T  2L—T
L

ol LANAF —SEB{ET
CPU DMA LAN AEY | ZiDMAnEET—5
N EAEYICEEAD
= [] L KU\ - U Q\:[l HIEES
< = i 74158
7 FLREES
2017/09/30 TOPPERSTOYTHMEE 42 i :

TOPPERS

2017/09/30

21



FHIA A N—F T D EE RN GH

1. aAYEa—3niEE
2. INREAEY
3. BBT/INMRA
4. NEBEZDFLA
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NBEROFLA : K=Yy

VAN (1]
- RAvFHIHESNTz, T—8EREL:, T—2EEETHE, etc...
R=2T

—- NEERNRET DL, MIGLEZLORADE YR YR END
- TRty (TRTS L) TRAEYNERYRLFIVITEHE
?IW7®EE§

~ FryhORREE(T HE, REIZEHBFIIIDIHD
F—N—A~YEHEXRT S

~ FIVIDRBELITAEBRNFELELTHS, TOREERMTEE
TOREMNRGY, U7 ILEA LENMELGES

F—N—A~AYREYT LA LED L —F XD

FzvIMRE F v hEkEE
EZDFIVY BEREAE . ERREE
A % ERA
M?‘ﬁ AN ﬁ] miE
1 aesng el
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NEBERDFFLT : El1AH
IOty NERORELFRMIR 11575

Y2 7RI IE A
- BENRETEHE, TOyv Y HAREDQONEZHELT, ROSN
FREAE(BAHNUED) FEHMICEITT HHE
— BBAHNUESAHIZ, BRIZKTHUEEERRT S
N—FOTT7HLEA
- IOty DEAAIHFICEENANSINDE, TOBADLTR
@;20@1@%1%#Lt PCOEZEAANRSDTRLRIZEY
k

B AHFAE
Biga #T
BAHNT RS
A va—F ] |
i B
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I|5A A BE:E D FEE D B I

A
- SERA LT Oy HIZERBICRTEINHEK
—- Tty Y EEREZFFFHEERITGLNEETS
FAH EFR

- BRAAHDFEEER

- Tty Y FEBDEAAEZ T TEIENTES
ELAH I RD/EAHZEIE - FF A

— EHRVEIYAH [FEBELI=LY

— BLRAADASTHLW KRN EELHD
EIA#H /N RS (ISR)

— BAADFEES HERTSNDHNE (BE%)
FIA 5 E B ]
— BlAAEZF T TOONIRINETINSETO R
- RSN ROONDMAHA VAT LTIEEE

o
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ElsA A &5 5

EA F (S EREA #)
- TR0 LEISERZRICEE
- RGN BEERTHIGEEICHER
5% (REREIA #)
- BT TOTILICIKRELTEE
- IS—NEBEERTHIGFEICER
151 5% Z2 R D451
- EoRE
- R=UF79k, 7UtRER, TLBER
- NRIS5—, FRLRIS—
- YI2b 7 E|AH (TRAPAG S, INTHH)

' AREEDEVWARA (A= ICL->TELGHIDTER !
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R EAAR T —XTOF ¥
vy, SRATLEBICEAHRT—FTIOFVIXELD

TFEDORISCT Oy Y (TEEEN B BEIL T HIERIZH D
— BAHNYA
s T—=OIE or BIZ—ERIZDYL T
- BAHTRY
o LRJLE or ARITROE!
- RBYY
s BIAHBRRIVIDEE
— BBAALAIL
s BHEFEAREVFEBEELNBLOINZRELF S

EBICAELTOvY (A—hE?) 1B S
— BISHEEA A D—FED
— BLAH BN D—FEH
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| AH > FA—F (IRC)

~- BHROEAHEREZITTT, TOEy I ~EAHEREH I ER

- BLAAEREIC, BRZMTOEIL -FFRIEERE R

— EDELAABERMDOERDHTVSIHAEHET S
BAABZRAL D RSEHD

— IRCAZRICEBINTLSEELHD

TOty Y TORAHR B2 D2
prAR v IRC LEFF AT AT B

ERLORA TR LORE
| ‘ | [ITT]

1 EAAERI

: - EAAER2

e A AHER3

‘—_< EAAHER4
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TyDR)AELRILE) A

EAABERDREERE
IyPrYAH
- EEDIEEAYELLILITYIZKY, EAHDHEREEHTT
o f5) BENIRFTHEDIRAL &, ATMARERDZYF /IR IL

— BlIAAEZTFH-1&, BlAAAIMO—SDI) T E
LAJILRYAH

- EEDOLARIZKY, BIAHDRELAET

— BlIAHZEZ(HF T, BAADFEETT (V—RX)FEELT,

EAAERETITHOLENHD

i SUYTwSS - < -
b ENYTYD IETFAYIYD HighL R JL
VCC }
HLZUME f \
/ \ LowL )L

LLELME ’ }

GND
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FAAZE I EEAABIEE

BIAHEZITAHFEL, =212
EIAH DI DYERITEELNT=HDLLA
2THEAHDEIE
- ETOEAHDZ(HFITEEILET S
- HE53EONBERHITFONKBEWGEIZER
- 7Oty H(ckYRER
BRI DEAAZEIE
~EAABEREICEIAAZIF DR -ZILFHRTETD
o ZHAFEERAAEZIET S,
o FALGWLEIAHAHZEZITFFEL
—IRCIZ&YZEIR
/2R AHDTIVEAFH (NMID)
— 2 EZIE TELRNEAHA,
TNV, DATLOBGHEIS—0@MICERINDS
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ELAANYZT—T )L

B A A Z4TTBEICEITT S
B (B SAH NV RS) DERBETFTRLRAZELT—T I
- TRty Y IIEAHEZTFTEHEEAHEREHIELT, TDE
R SLI=EAH NV RSDEBEBT7RLRAZHZRAH DY TTH
— CISCEm 7oty Y T—lIMAEAR

RIIR=R . ROB NpRF—T
— RYFATF—TNWEFBLAERIDTERLR <54 70"(1)’0’—(
— ETE or EEA[AE R=2 U anany k51
. . 7 FLZ
RIFZFELR 0x04 |— o
TR — o —_ . B AH N EF2
- BAAEREORNIZAT—TIL 7 KLR
POEBETRLADBEEISHT X0 s £ o3
— RPAR—ZHh5DFTE Yk 7FRLZ
2017/09/30 TOPPERST OIS 4R35 5 i 3

TOPPERS

2017/09/30

26



RISCEZJAAH RT3

EAHFRERFICHEDTRLANSRITERIBT S

— RISCTA®y Y T—RIIL A% 0x100

f5l1)SH3 : RYAR—R[FATZ. Bt ES

FNEFNDTELRIZNAVRSEEL

- vk 0x000 0x400

— s RYPAR—X +0x100 FRHNES

— BAH : RYAR—X + 0x400
f512) ARM : ROZR—X[LETE.

ROADE D byteTHH=0, TheEhm "0 [ T
FRELRIZNAVESADD v Ta—FEEL DYxvTa—F
- vk : 0x00 .
~ REZRBMHERIT : 0x04 UL o —
- F—R7HR—F :0x10 SxvFa—k
- BEAH 1 0x18 :
2017/09/30 TOPPERSZ7OL T HRRE 53 i .

TOPPERS

T0t vy OEAAH/HIS LR DB

DA aA—FERITHIZEAHZZTF1T5E, EHAHERIIH LT
RYBF—TIJVZB R INTWBTRLRIZSYUTT 5.

FOB A A—RTEFTFOTOT I LAY IPRT—ARIKEEIL,
AEVDIRTESNS.

QENAHARGEINSEAFH NV ETNEST
QEAANVESHR T T5E RELTW=RT—2RREIZER
@RBELTW =AM a—RDO Ty S LAY Ao BHT 5

ElAAHFE

BT

F3R@

EAHNT RS

A a—FK
EO) BE®
R &)@
7:175@%51\4 - InsSLhYE
RAT—HRIRAE RAT—RRIREE
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ZEEAH  BEREEDERAHDHEE
BAH MBS ISHEREOEAHDBRER 115

EAHBRLANIL

- BERAAZERICBEEEZRF-E5. TOEvHEERAALANLE
FH(AZ), BEDERAHALARNILUTORBEEZRFEDEAAMN
RELTE, BRAHEZTHTFEN

- BAHBISEYICBEEZRETOILENDHD

FSAHINY K52 Bfith ®’T
xS EAFHT EAA2
EAAHNY T Bfa ®’r
BEEER o =0 ‘
A a—FK L |
ch B
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ZEEAA  BEBEEDEAADFEE

SEAEEDEAHZEZITFITTLSRRIZ, Z4HDEAHLYIE
BEEDEAHANFELET DHE, SREEDEAADEARTLT
Mo, EBEEDERAHNZITFTOND

BlAH/NY KT2

BEES
BAHNY KT ®T
BEEE ‘
AL va—F ! |
B
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BRFIRIE
TINVJIRIE
EITIRE
aO—F420)IL—IL
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IJORRARIRE : 3—Y YN RTLERAN AT LA
HAH AT AIFIORBERIZEYEIR TS
HOREFE
~FARIRE GRRARN) EXRTREBZ—7 V) ARG SHFERK
- HEWELELD
L ORH
VOAFRIRBEOGRBAIE. HRRERI VIV 7TREOEE OE
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IORaAINAS

CEEHDEMEBIIRMNORAMIVE1—4EERD
TRty d 0T I EETAEERTSTOIS LA

o —fBIC, AVARAIILDOFNIZT) IOy HEREUHL, oV (L
272 TS5 VUhEFUHL, ETI—KFEEKTS
— AVINSRS AN
o BEHIOVAAILATIID
— ITATY, FA—T42T DL, etc...
— A= IREKRFELI—TYMKE
- ’Sl — Py MRIEQAVISAILA T3> D

-EB : Use big-endian byte order
* -EL : Use little-endian byte order
* -mthumb : USE THEMB CODE

*  -MCPU=XXXX : CPU type
* -mfpu=yyyy : FPU type
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HPORIAVINAF : T)TO+ER
VAL ORIRE, FYTOEHIZEYRTERS

J70ty Y T4LIT147
- )70y ADES
—includeT ALY T47
—defineTALYT47 (VDD ER)
N =D ZAv P

EHaAILIL ZEAVUIL— RO

<Y 00 ER

#ifdef DEBUG #ifndef TEST H_
#define N DATA 10 vee #deﬁne _TEST_H_
N - #else AL
intn_data =N DATA || ndif /* DEBUG */ | | #endif /% _TEST H_%/
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O3V NA7F  mBIERE
BEDENT LTI FEERT B

o EREFTOYSLOETEREDMEL
o BEZBLOBCENTEEL, a2 A54 T a0 THA I
(B EMH) algeiza /M5 H % LY

o HAAVRTLEFEOREIL
a—RH A XHE/
— AVINSDORBILFEDRIZ(F, EFLEaA—FF A DH/I
MRERIFIERTEDHDE, MEMSMILBEVEDLHD

. FEER : B HHRXBRE
o WMAAEE: L—T R

HEZENEHIBO-6H D E&EE
. BIRT—ERRE
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PRV INAF : RBIED

XEUTIHR
— RBIEICKYAEIT I RRNE—UDED LA REM
volatile B & (BREDCEFEDHRE, &)

AV
—- REELANELEFRHET NI NHLES
« ZELICKYBTOIEFNANBEDL SO, V—Aa—FEDHEE
DB ENELLED
- BEDZPT, 5IHDENRDOITNDIEED
(TINVADRNZESD)
- VIRIITFTAMTNYTREIRBEILLALETIFTEE, TAL
gﬁ%é&%@tb&)b’&iﬁéjﬁiﬂi, ZIFANONIEWGEEN
« HREEL ANV TERBENGREVLEDS
« AVRISDRBILIT/NT D H B AT REM
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HOARAVINAS : AVZAVT VTS
B ARICEET I O—KEEEh T B=H DA
CERTIEEARTELRWNT OV DEHGTL, HHRLORA4D
#9.%1’EE=.EJ_T%>
s aAVMA—ILLU REDRE
o EIAAHZILHAI SR
— BB AKRIE, avAISIZ&-TELS

armv4 D {5l
CPSRL R 2 B#{ CPSRL R A EERAH
inline uint32_t current_sr(void ){ inline void set_sr(uint32_tsr){
uint32 _tsr; asm(“‘mrs CPSR,%0::”r” (sr):’cc”);
asm(“mrs %0,CPSR”:”=r" (sr)); }
return sr;
} B A A ]
inline void locl_cpu(void){
set_sr(current_sr() | 0x80);
}
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HARAINAT : TS5 ETFRIE2—hk
AV A EDBERFETI-HDI/I(SIEE
o« TOYSLRIZEERT S

« CEEREDNEE RV HAEFEE)LHLHH, 2L0Fa0/(
SBICERSNATLD

T2 =Dl
» warningff =& : #pragma warning(disable : xxx)
o BlRAHNURSEBDIETE : #pragma interrupt
« 7HUIJSEAHK : #pragma inline_asm
o TIAA : #pragma align 4
FRJEa—tD 1)
s O IVIERE :inta _ attribute  ((section(".shared"),nocommon));
s BEDIA)FTR : voidfoo() _ attribute ((alias("bar")));
.« BIZAVZM4Y . void foo() __ attribute _ ((flatten))
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HARTEUTS

T JYEBRTRBSNI-TOTILEANEL,
A=y IOy AOBWENTOT S A
(FTOxOra—R)ZERTHTOT S A

7t I5Fydaotwyy
- MEBOHIZZT) 7Oy Y ERUHITEDOEHS
« CEELRAIZFOTYOMNERTHEE

Tt TSRO E
- AL7Otyd 07t ITSTHOTH, ANELDTEVTIERE
SR DEHIENH D EITRLEELY
—- YYVOER, BEROT IR BRAENRLED
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J0RYUH

BEOAT Db —REFREDHTI—7FybTOEYHT
ETAIRERERTa—FEERTST0I 54

e O —SaViROETRL AR (S UML) BRiR

i3y
— BT AVREREIENS
—aAVINT, TEUITSNEATHTATSLEET—2OEFE
UrtEo a2 LS
— o AVIZIEEN TN T OIS LEMEE->TWNS
—BEMZOAVINASIE, ROEIaVEFERTH(EVAIZaY
INMSI2EH>TELSD)
. text . FAgSLa—k
s rodata : BT —R(XFH))
o data : ¥HAEZEEOT—4
o bss : FIHMEEE-LLT—20IZHEESND)
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oORYh o3y
- A—Y BT I I EFERATEE.
- ) RHET—T )L
AEYOr—2a  DIRE (1Rak)
tHLa v DIEFE
- 735 <, BHIEE (gecTliattribute), 7T SADIEH
S a—nNILEH

PA=L A UN
(xtzoiav)

const int data a=1;

ROM EHT—%
(rodatatz/32) int data_b=4;
MAEHYEROMIIE
(idatatz23>)
MHEHYER
(datatz¥3av)

MEAELRLEH
(bsstzvi3)

int data_c;
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PARYUH EBDAT O Ira—FDEED

EFTOOFI—RICEENTHEYVaVE

2 avEITELDHD
a.0
text(a.c) AE
rodata(a.c) text(a.c)
bss(a.c) text(b.c) text
- text(c.c)
text(b.c) rodata(a.c)

rodata(b.c) H0ORY>Ah rodata(b) rodata

data(b.c) data(b.
ata(b.c) data
data(c.c)
c.0
text(c.c) 2l } bss
data(c.c) 2]
bss(c.c)
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HORYH  AEYOT—23 DIETE
(Jyasr—i3ay)

BErLavEEDBF (FRLR)ICERETANEEET S
ROMERAMMDELNS [

- BEEOTOSSLET—RIZROMIZ, AIZEEDT—42IFRAMIC
AEYDHEICEBENS T
— HRAHR AT LIEIHEEDRGEDAE) THEBRIN TS
o BERENNEEDSRAM
s EERLZMNKBEEDDRAM
« FEHEOTISV AT
— FT=AHBTOSSLOUEICKLTEB T AEfHREETIC
BETS
BETZRLAADEE

- RYAT=JLEFRFTOy YL oTEH NG/ (FFLXR)
[CRRET DDLENDHD.

— YtyMEDETHBTRLRICTOT S LD EEERET 5 (X
B— T YTED2—I)
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2aRYUA AR T

JAIZHLTE RO FER
TORBEFEMZERET SRV TN ARMEIREICESTELGD)
GCCO

MEMORY {

VECT (rx): ORIGIN = 0x000000, LENGTH = 0x0001c0
ROM (rx): ORIGIN = 0x0001c0, LENGTH = 0x01fe40
RAM (rwx): ORIGIN = 0x21F000, LENGTH = 0x001000  /* 5+ ZBRAM */
STACK(rw): ORIGIN = 0xFFe600, LENGTH = 0x000600 /* PNERAM */

}
SECTIONS{
.vectors :{
*(.vectors)
} > VECT
.text :{
entry.o(.text)
*(.text)
*(.rodata)
} > ROM
.data :{
*(.data)
} > RAM
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HARYUA  PRLAR (O URIL) DERR
AL IZ R R E-TOENSB7RLRERET S

ZBT7ELADERAER

— BEFFUHL (B0 LEESEH)
- JO—nNILEHDSE
a.c b.c
. func1(); int global b;
EROTRLRIL, nel0 global_
Ee » »
gg ,;; Y: // gbi global b= 1; void funcl(void){
4,
HOBIZLHS ! !
DAL (FER [ sRRavi45-7E0T5 |
-~ S A= VAN
:l.//%’ff_?l'(\%in m a.0 l b.o l
¢ BL funcl “funcl
BEHIFUHL
LDR r4, (global b) | |_global b
g a—\)L .long 0x00000000
EHOSE
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HARYH  PRLA (S UR)IL) DFRR

A7—2avRODE, SR7FLRAZRALTLS
BARDI—FEEET S

A —aViRBIZ&-T, BEETO—/NILERDTRELRADRE

h3
O— 3 ViR 7 KL RRR
ROM gL funcl ROM | BL  0x02000

LDR r4, (global_b) LDR r4, (0x10000)

0x02000| _funcl |:> 0x02000| _funci

RAM RAM
0x10000( _global b 0x10000| _global_b
.Jong 0x00000000 .long 0x00000000
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AR N D URIVERDEBR S E

AV TEUTIVEOA T Hra—RIZIE,
HWEDGSITMAT, "VURILER AEENTLS
LRI
— Y—ROA—FTERINTLSEHPITO—NILEH DB RIDER

- Y—ARI—FTSRLTVAMODY—RA—F TERSN-EHOE
B~ DSRIEFEHR(REBRIARIL)

J—29—FK SURLER LUk
extern int global b; U func2
extern void func2(void); Ll U global b
int global_a; S | 00000000 b bss
' . 00000000 d .data
void funcl(void){ 00000000 t .text
global_}) =1 00000000 T _funcl
} func2(); 00000010 C global a
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AR N D URIVERDREBRFE

o BATCIHPO—RDORBRVRILDEREFTVILT, DA
TP I—RTEDVURILREZRIN TR ITNIE, S4T3Y
TEEINTLWELNFIVIL, EBSNTUONIESATFIE) Y
IRRIZT S

o YoAFOSr—I 3 ROEITLD, EEBETO—NILERDOTRL
RERETS
— SURILIZZRLADEIY B TENS

o BATCIHFO—RDORBRVRILDIEREFTVILT, KR
SURLABNIE, SBEMEEEOT7RLRICEKRETS

o EFIFAILDIURILIERDHI)

000081e0 T funcl
000081c4 T func2
0000a6e8 B global a
0000a6e4 B global b
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HAR)2H : ROMIERIEEO—R D A&
J045S5L0—KREROMIZEWLWTEMESE A AE

s T0Y S La—REEHT—ZIFROMIZESL
—EHT—%: CEETconstEESNT-EH
C XFS|EH (O TRATZXFS])

- MHEESN BT —421E, [EZROMIZELVT, ROMA

T0455 LEFRIICRAMIZOE—LT#ES
—T—RERETRETFLRE, EfTHIC
BBIRETRLANELS
AA— PYTEDS 21— IILDEE

/

A=A NN
(txtEo>av)

EEE
(rodatatz223>)

DEEDY TR DERIE
(idataz23>)

DHEHYEH .t
(datatz3>)

DEEZLER
(bsstEDaY)

2017/09/30 TOPPERSTRAV IV RERE

TOPPERS

HAAH T 0TS LB FE O E BN

FREIRE

RITIRIR

A W FJ —

SAVIZE: ¥:)

O—T42TIL—IL

2017/09/30 TOPPERSTRAV IV RRE

TOPPERS

2017/09/30

38



HAHI TR T DT /NI IR
1BAB YT T TEARIC (IR A1 T\ S BB AT

EBmME . T/\vH
- NT (bug) DEREIESTHVY—I

EXAY 11
- oy 3LmO0—FK
— OIS LOETEEL

- TS LDOERL (RIETEHY—RXI—FRDERTR)
- T—ADRHL, B (B, AT, LYVRS)

- BEB(FEEFYITIL—F)DIEHL

- IL—I9RAVMEITIL—Y, 7HERTL—H)
— ATYTEIME(V—RI—FLARJL, IVUELANIL)
- RAYOREDFEHL, /\yIL—R
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FINYHTEZA

A—Hy O RTLTTAT S LELTEESHE,
YT INART—RETABBLLUIHRRA R TLD
FTINYHEBETHIETT VT EITS

ROME=% (t AfEl)
— Y—RO—R T\ BRE (XA

VE=bT /A T/ vAH)
- BEBTN\VHBEEERAN AT LDT /N TEH
— A=Y AT ALIZIFEI—HT YN R T LDIREEZS R -HRET 51
DODORIEBRDY IR DT H#EIT
s LURB/AEDFEHL/ERH
- ETORE/ER, IRTYTERT
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ZalL—4A

N—F O T7NERTBENV IO TET AT\ T LI=L5
BIZIE<ALLNDS
PRalL—LavEELHRREEDNL—FATIC

— Cycle Accurate’ s 22 L—42 (CAS, 1EiR)

- mEEYMNRILDIZIAL—ESS, FiE)

- CEBLANILDYIAL—E(EE, BEREEILESR)
aL2al—ar(N—KOz7EVY I I T ERBIZOZAL—T
23 B 1= DEAT)
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AR T 0T 5 LB FE O E BN

CES Y
F 1y Bl
E(TIE

O—T4TIL—IL

T N
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NEPCRAYVINIT T DI A LEE

o £TOTSLAIE, HWIILE-AEYZER GRIBZER) THIE
— AEYIR—TAVRIZYF(MMU) [2&BIVEV T AT REE
— tDTOTSLPOSHDAEYERADTIEAITTATHE
- TOYSLIZREEAHY, ELGWAEYERBICTIERL=15

BlE, 7OERERTRTENDIETT, SATLASKRIZEEL
RIXEHLN

oS UserProgl UserProg2

text text text

data data .zEdata

TOERAFAIRE
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AR TR LT DS54 Ligia (—RRRIE)

IOETIL
- A—H—TOJSLNUTILEALOSEET D TOT S LA
T—RESVIRINTERESIN, TNENIXRESNTLVEL

MMUZ AW AT REIEETH—/\—AIYRHKEL,
Y7 ILEA LEDBELED

- A—H—TOJSLIEFBERICVTILEALOSDT—REHKIETHE
AT LADY I YTV IZEETEDELSHTIE
— AEYTOEABEEDT /AT HNEE

ROM RAM
text(RTOS) ss(RTOS)
text(UserProg) bss(UserProg)
text(OtherProg) \‘/ﬁiata(RTOS)
rodata(RTOS) data(UserProg)
rodata(UserProg)
T A A8E
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ARE— TPV TED 21—l
CEEDOmainBIHAETINDRIETINETOT I LA

&

it

ML S5, AEEELENE | BRBA
ZEDAA—NTYTED2—IVEIVITD 1
s . Jyk_Rya—iE
ABA— FPYTED2—ILDELFINEBAR LLULEETRLRA DS
— N—FOx7EREFDONEIE ETHBEEIND
— RAYIRAAD AL 1
— dataz7 a2 DAL RE—FFYTESA—LOEF
(ROMMABRAMIZOE—) CPU.a7O0+tvH
— bsstz2Lar O HEAE (OIZHIERIET B) -9 N: O AVACE Nk dy
— (CHDIFZE) AV AR YAE )‘%'J%w@r;%ﬁﬂ:
A= N SAFEETTS AP DHTE
— mainBEEMER !
main()BEEI~ D 5315
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RAZ9Y

TS LRO—BHEERHORFICELNS AT FEE

LIFOA =

— BANFKHL(LIFO : Last In First Out) TT—4%1%>

— Pushif{E, PopigfE, EARILIREKTE
RAYYRAE

- RAVOEEBTEH-ODLIRE, A3V DEERBMNERT

— RAYIDEBEHBEMIZT—IDNA>TNIHFIRBIKRE
A2y HElE,

- TRTSLMNRAYYELTERRIREL R

— w523 ELTHERLEY, FO0—/NLERFI &L TdatadBls [CFER T 5

PUSH POP
. A5y A
7 RELR L3N 1
25y @ Ul 5 25 9Y
2222 > T 28y
“m —
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AAvY - O—HILEH
O—AILEHIIR2VIIZHEGRSND
RBYHF—n—J0—

— RV IBBOY A XEBRHO0—NIVEREHRT DL, BiET
DFEEEMIRLTLES

func(void){ func(void){
int data int array[100];
ARy
. ez
T‘ﬁﬁiﬁ array[0]
| RBY Y
28yY 259 arayll) 825
b KL% array[2]
data <= RAAYY X
PRI :
DHERTE aay )
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AEVY - BEBMEUHEL
BSITUHLOR, 518, YI—FRLAD
RUBZRAVIICANDTAEY YD HD
o RBVGEFEIMNESID, FIHZEOFENAIE, TOwy Yo
AVIAFIZE-TELS
Application Binary InterfacelZ& 2> THRE
funcl(void){ int
add(int argl, int arg2){
i=add(2, 3); return argl + arg2;
}
addOFE U LB 2492 add()!) # — B
RSB
3% : 3 &= HH { 3180 : 3
3% ;2 HH B1%1 ;2 _ﬁjg
addh\ > DR Y Fity RYTE : 5 &=
funl O & FA TR funl OO fE FAFELEL
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Ry BEOTOMNMATEES

- BHOTOrMATEEERSE. ..
— AVNAIIZEBEIBPRVIEDF v IMNITALL
- BROBZENMITONY, FTHLAVERITGS

funcl(void){ int
.. square( argl){
i= square(2); return argl * argl;
. }

U LEIOREE 28w HUHESNSBIDEE 2594
Ttk R0y Aowvbk ReoH
0x00 | BI1%1(31-24) : 0 0x00 | 514 51%k1(15-8) &=
0x01 | 31%1(23-16) : 0 0x01 | 314 51%1(7-0)
0x02 | BI%k1(15-8) : 0 0x02 | 514 RY&EM(31-24)
0x03 | 3I1%1(7-0) : 2 0x03 | 218 =Y E#(23-16)
0x04 | &Y FE#h(31-24) 0x04 | BY B Y FE#(15-8)
0x05 | R Y Fith(23-16) 0x05 | Ry R Y &i(7-0)
0x06 | = Y FHii(15-8) 0x06 | &= Y FEi(15-8) -
L[z ?
0x07 | & Y BHe(7-0) 0x07 | B Y BH(7-0) ISR o
2017/09/30 TOPPERSTOL T HMERE 87 i ’
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= >
AZvY  BIRFEUHL
BE#EZFUVHIT-UICRIVIEEHET S0,
e S sS e L S S
BRORSERZVIHAXTEFENDE
T—RERIE
funcl(int n){
. F—4 y
recursive(1000); SRl 3151 : 199
T recursive R Y Zih
B1%1 : 200
recursive R Y Zith
int __-
recursive(int n){ 5131 : 998
if(n == 0) . recursive R U Zih
return 0; Z%&O 51%k1 : 999
return funcl(n-1) + n; recursive R Y Z i
} 51#1 : 1000
funclOR Y #Fith
fun] D AR
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BL Al

AEY EICT—RTIZHEGRIND

o CaVINMIIEATYIRADE L% - Z U ORI ILITHELY
s BENDAVTIIRTTIRREITIE MDD T—2EHELTLES
N ITFA—N—D70—/5>

int array[4]
o2ty k

0x00 array[0]
0x04 array[1]
0x08 array[2]
0x0C array[3]
0x10 0x12
0x14

* intl&dbyte & 9%

DT —2D
FRIERRER

@& array[4] = 0x12

2017/09/30

TOPPERSTOC T/ MRE

TOPPERS

ESCREY

TatvHDTSAAVMNIGEVEBIND

T34 X0k

— ANA T —RIFANA B RIZ 2N+ T—R(F2NAMERIZE LY
T77tERTEIRENHDI IOty A HD
— RISCTO+yHT—HEH

struct{
Str";gtt{a; char a; charld 1byte
intib: short b; shortl2byte
} stl_inst; éﬂt C;t‘ intl&4byte
I £t 5.
474y stl_inst st2_inst e
0x00 [ 3(31-24) 0x00 a(7-0) ~s s
0x01 [ 4(3.16) e 001 & &t Tbyted TS
0x02 [ a(15-8) 55 = 0x02 [ 5(159) ige
0x03 [ a(7-0) ) 0x03 [ b(7-0) N
0x04 [ 63129 Vot mm 0x04 [ c(31-24) L L Sbyteh 2
0x05 [ b(23-16) 0x05 [ ¢(23-16)
0x06 [ b(15-8) 0x06 [ c(15-8)
0x07 | _b(7-0) 0x07 [ o(7-0)
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CEEMNSEDTIRARANDT R (1/2)
AV BERWNTTIERT S
(AEYTYTRFIIODESE)
RAB

~ PRURZFIELRL, BIEEE F 5> TT7 U ERTHILITLYSF
EDTRLAADT I ADETHE
BETZRELAADTIER
— TIARADLPRRIHEDTELRAEEFH>TLNS
— RAVBEBIZTRFLRERAL, TDRAVAEHE

HEICETT IR HE
— PRLREZRAVFBIANFYRIT S
aDRA > 5 EOIRE 2004BHADT I £ R

FrLz EHA

int a; 0x2000 a int *p_b = 0x2004;

int *p_a = &a; 0x2004 b - |Pb=D
0x2008 c

*(int*)(0x2004) = 1;

0x200C d . (int*)( )

2017/09/30 TOPPERSTOYTHMEEE 91 i ’
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CEEBILREIBATINAARANDT 1A (2/2)

BEFOERYAR
- TNARDLDRBIZFT IR A AN EE>TVD
— int : 4byte, short : 2byte, char : 1byte &9 5 &, int?R4A >R [L4byte 7
It X, shorttRA A (F2byte 7 7t X, chariRA 2L 1byte 7 7R

E4%
f5) 0x10000 128 BT VR YA X h¥ 2byte DT /AL AL TR AD
FAHEEERAH
FAH E U
data = *((short *)(0x10000)); *((short *)(0x10000)) = data;
short *p_reg = 0x10000; short *p_reg = 0x10000;
data = *p_reg; *p_reg = data;
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volatile : WET

AVNASDERBELEIHTHCEEDRESEHF
o AEYTHERDINEI—2FRIFETS

51 0x10000(ZH B L REDOHNAEH0x00011Z4 2 ETHD

short *preg = 0x10000; short *preg = 0x10000;
BEL |-
for(;;){ if(!(*preg == 0x0001)){
if(*preg == 0x0001) for(;;){ *pregMFELRT
break; } RABITZELLEL
| |
volatile short *preg = 0x10000;
for(;;){ *pregDFE LRI
if(*preg == 0x0001)  F(FZ(Ld HrTAE
volatileD 1§ E break; DB B EHET
}
2017/09/30 TOPPERSTOYTHMEEE 93 i ’
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volatile : Xt HZE#

TILFRRIIALYER, BliA#AHFRTHI5EI1L,
FO—NILEHIZEvolatilefs ENDELRIENH S
AVIATFAVNAILHRUNDBEMAEE LR EFESITRZ LT

EEEELTLEL
— EAHNURS, thDBRT AL YR TOESRANEET ST
A HS

- L—THRTERBET VAT HEEITREILDTARELD

) 7 a—/N L EHpregDNAEM I EHETHD

volatile short preg; /* ' A—/NJLZEER */

‘fér(;;){
if(preg == 1)
break;
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volatile : E2ah 5%
o RAVREH

volatile *char preg;

*preg = 0x01;

« FrRk

*((volatile char *)0x1000) = 0x01;

o IRAAD volatile EEFNIE

sdevice register®IEF Fhivolatile  +device register B & Hivolatile

volatile char *device register char *volatile device register
2017/09/30 TOPPERSFA¥ /MR 95 i A
TOPPERS
N Nr—1
EvhER

EvrBELREDERE (&, |, ~, 7, <<, >>) [,
TNAALDRADIRETEHTS
BEEYEDAHDEYHL
—- RYHBLI=WEYb/Ma—2 LD RIETE (AND) [CKYAER
— 0x11DEwWk5,4(0x30) DAFELT=LY
0x11("0001 0001") & 0x30("0011 0000") = 0x10("0001 0000")

BEEYRDIUT
— YT LEVWEYREI—2DEEEDRERE (AND) ITRY AR
— 0x21DEWk5,4(0x30)ZF2) 7L1=LN
~0x30("0011 0000") = O0xCF("1100 1111"),
0x21("0010 0001") & OxCF("1100 1111") = 0x01(0000 0001)
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BYAHTOT 2T

B AADTOT S LEERT HIZIE
— EYRAHDEEDIERE
— IOty T7T—XTIFvDEMR
- FAAIVA—SDOT—FTIOF v DERE ($EiR)
— AVINATDIERE
NLE

HAEHEDSHERME
HRAAL AT LTI, BLOBEDOTOyH LIV (F5EHRIE
(272518, AELEEIZTOTIIVTIFELD
ERWGEZAIFEDRETLRL
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FAANES

BAB BB L DR EDBRIFRISCH LEAHER D),
NUFSRTERERGSOEUHLANE
7 Ikl

- HAYAZ7 LIS TRIRL, NURSKRIKIICEE TR T 515
=YAEQR

- BEGLIDAADREFZEZL-R, CEEORKETUHL, CEHE
DEBMNRT LD, BIFMHSETFUHT

— A=) T AR LAV TRV T RELRHD

CEHEIckpRM

— pragmal SR YIEE S S &ITEY, LURADRTE, EIREGS O
VHLZIAV /A IIABEBDATRIZANS

- RIEBROVELNMTHEVLDT, FMATEEWNEEEHS

#pragma interrupt
void
int_handler() {
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FAAZRDI)T

EAADEKRAE
s TyPRYH
—EAAIVPA—5—DERL D REZEI)T
« LRLRIAH
—EABDY—RELDBTINA RADEAHBEREI)T
DT DEHITHRZ. EVEDY)T, T—R2DHHAH, EEAH

FAHBYDT—XTHIF¥
—IRCOT—FFHF ¥, IRCHARRATLSIHEEL

——— HAHERI
CPU IRC1 [~ HIRAER

e EAHERS
| RC2 O BRAHER

LARIHI YD H?
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RNYBT—TILDEH

EAAANDBZT—TIL
~RYFTF—=TILVAD I3 DER
—EAHRERBDESAHNVRSDEIEEMEZZFLT-

T—7IVEVERK
RISCE EiA H
-BEOEBGESE, 7o IZEHET0v Y TED LN
FELRICEET L1295
Ry Z—FT—TILDOHI
.section vector

.global vector_table
vector_table:

dong handlerl /*ZA Tt ~0*

dong handler2 /* A Tt k1%
dong handler3 /* A Tt k2%
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ZEEAH

ElAHEZITF H-ER
—- —EIEHDEIAAEZE B UBEOEAA TUENELDIGENDH
B5DT, EELMHIET D
) RAYIIRA 2 B%E) TR Iz 7 CERLEFNIEESENGE
PN ) I RS L
— BlAHIRY, BIAABEEEEIFHRETD
— BAAEZ(HTFTEHETOEY Y TLEEEINBLORA
(BELIORIE)EREFTD
ERAHNY RS2 Bt #T
BEES

EAAHT ZHAA2

BlAHNY FT1

BEE

ALra—F A\ J
iR BAH
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FA A 22 1E X i

BAAH I DHEE
~TINARL DRI DR
- —ERMNICEROL SRSERELZTRERLENMES
—BRAHNIRSERBT OEHDERE
- BITEREROBERERBTNERLENMES

BAHE I ST BIEE
_EAB AT DENES(S |
BYICHETEBENHS L e

FIABE L ()

A .
- rarpune Q) ?
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TO0vvYDEPBAHT—FTIF D : Cortex-M

TOtEyHC&BEAALE— VX

EAAEZITFITD

NURS—E—FIZERT S
AB99%SP_main(MSP)[ZYIVEZ %
RALDREAERZVIT B

REYILIEZL O RIDNBERFH/RL S AIDONBICEZTTRZ S
RIB—DEPAHNIRSIZOY U TT B

Sk Wb =

UEDRBFIN—FIIT7TETT 0. TATSLEERT S
WE(F7FN
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=yl s

Cortex-MZ& D EA H

(] -
Cortex M;f_*'ﬁ;
NVIC t Ly %IJ JA - 0 - YR SPOE
AaAMA—F(Z  vew A@&E)  BREA.Vr—LUEvk

2 BB LI A TERNEIRS

ZHEIN. CISC TRYTEERAH

1

2

N—FI4—)LK 3 -1

Oty EFE AEYEE 4 HREE  AEYEEI=vLOHIS
% DR FE %'J INRTA—ILh 5 BRTEE  TTUFPAEYTIERIS—

A #ol _ RETA—LR 6 HETE  RERGSETEOMN
AHELZYELE — —
e Cortex-A*ORI[E  svean I MR UIROTTERH
. FRYTE=S 12 BREEE h—LRRTHNEEDT v Y
[HEDARME T2
BRFEDEAAS - B |- T4
e PendSV 14 R AT
I\ T
_t -d_ SysTick 15 HBHATRE R TLAAIDEIRAA
SHEREIA A 6L HRKATRE  NVICRREHOSMEREIA A
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Cortex-MD L X Z¥ERk

o EITE—FIXESEET—FEIEEIE
(A—H)E—FKD 22T

+ CPSRLYRAIFZDDLIRAIC
DEINT-
— APSR,IPSR,EPSR

o FIQEAAFAKHRY | Bl 5A A5
EBF. RAFVO EICERTHLUR
2% /\—Kro 7 TCPUSHY %

o EAAEIRIEBXGSOIIET
AVE—RTITHhNnb

RO
RI

R3
R4
RS
R6
R7
RS
RY
R10
RIl
RI2
RI3
R14
PC

ARSP
IPSR.
EPSR

RO
RI

R3
R4
RS
R6
R7
RS
R9
RI10
RI1
RI2
RI3_sv

R14

APSR
IPSR.
EPSR

HiEE—
R 1TRS
R13(SP)
DHER
L%
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AR T 0TS LB RO E AN

Sl e

FARIRIE
TINVTRIE
TR
aA—T42 T )=
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2017/09/30

A—FAVT I —IL(TaydSIVFHARSAY)

VIO T REERD®HIC
T05 5L (BBid) TFREAREIL—I

YIk9z7 S8
— BRELOTCEELOT L (AHENELY)
- EHOARBIZKVER - RFEND
— EEEAELUNT ALY

=TT IL—IL D

—- B RA

— JAVRDERERBRAEPATUR

— ERENRELOT VT RDOERAEZE TS
* CEEEDgotoX
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CEEZEnfEkE

CEERBLRENELLHEENEL
OGS LEEEN, BRELEL

i
anji

A4
— IRAVFEDZ L HEIEF oy I LA
s INYTTH—IN—F>
[l
— AVTYVIADREEEF T ILEN

EEAETORIRE-REEEIE
— AVIAZOEI—TYMI K> TEEHNELD
#) int2DE v F
BEADI—ILFDOEE
char® W FEHYMELH
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ARUD R
Y—AO—FDREEEEMICRELZDD
V—RO—+DREEE-FHEICAL LGNS

« AR Z DI
= E
~1DOEBDFIZHL, FHABEOHI1ZMZA-LD
FAPDFES
— B ED AN F DI
a—k-44X
BB DITH
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O—T 429 JL— LD : MISRA-C

SE@EMERmMELT-,
CEEINISIVIHREDHARTAY

BEHEOBCEEZZEVVRENSLNTOIILE
FRTBHDIL—ILE

- EREOSVRREEET S
BRI D BB ERFAMNEE

— MISRA(Motor Industry Software Reliability Association )
RIEQIL—ILHREHLN TS
BHEAYINIITEE—T Vb

- mELEEMORLNER

— —fEOMAHY I TRRIZLEA
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IPA/SEC:
HIAAHY IR TR Fa—T 4O T EEA AR

+ IPA/SEC(IFHRLIZHERE VIO 7 -ToO=T)
V0w A=) IJHAA R FTORERFEDY—RO—F
LRI TOEELGEEYCHDEEDE=HIZ, EiEHA
FZEERK

— HAHFY IO T EIFaA—T 4T EEZHAR (V1. 0)

s CERBDOI—TAVTHRNERELTWSAERRELT:
MEZHARIT, BRIZHT-a—T AT RPERET S
CEEBEIZLEAMRTY
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T4 R—F DR

1. Y4322 R—K(STM32F401 Nocleo)
2. 78ty (STM32F401RET6)
3. EAEME
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TAaAVR—REBHE IOy Y DNTHEERT S

o YAa27R—K : STM32F401 Nucleo64
— STMicroelectronics &
- Oty
— STMicroelectronics# CPU:Cortex-M4F
— JBIR#84MHz
- EEHERE
— ST-LINKFUSB ({R Z2COM*¢ i) . ST-LINK&B I3 Al
R—FRADOT/\yAHELTHERTEE
— Arduino Uno&ST morphoa 494
— 3DMLED. RESETEUSERARAYF
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VA2 R—K : STM32F401 Nucleo64

STM32F401
STM32F103
ST-LINK USB
USER LED
POWER LED
USERRAYF
Yk R YF
Arduinoa 9%

©® NNk WD =
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JarRA2 T —)LR

«  Arduinoao4I1Z
stisLi=7ara4
Evy-o—ILK%E
FEATS

IR YT
USERRAYF
LED1,2
DIPSW 1,2

AW O~
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RETHESI/N—FVT

. JOrEAEY
Je—)LR
iR
TEE#1TS

@ST-LINK USB
ROME=4FKR
75 2ROM
DEERAH
BRte

GLED

RKT, SR HAT

NRE

QUSERR A yF @DIPSW
R—)2 7 &R SRYREE
TRAYT DR
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JOrRAEL T - —)LREIRE

Ji JIE
ArEr
8 pres 8 | aper
T = 7 GND
6 s 6 |p13-pas ) LEDO
5 el 5 | p12- pAsILEDOT) RS m;!a’rﬂ Ax
4 = 4 | o11-paLEDOD nz Wy
3 me 3 |pio-pee 1|
2 = 2 |pg -po? 2 |1 =
; 3 |
1 = 1 D8 - PASIDIPSW2)
0~ 1KD
3300~ "
Jz J2E Adk ,
— - | na —\"1"#‘"/
8 8 | p7 - PASIDIPSWI)
T oo 7 | s -rm0 =
L] Fos 6 | b5 - PRacSWI) n =
5 oo 5 | pa-res
4 or 4 |b3-res Lok Atk o2
3 e 3 | o2 -pato v AWy
2 I -
1 P00 1 | oo -pas
ke . =
N3 J3E 1avs _,‘\ﬁﬁ,ﬂ_l_ -
1 s — FAARY DIPSWI
1 HESET 1| resr e o
“ava s AR
: P S L e
P TR - e
Gno s
5 . 5 | oo . . o
N
6 6 |vm b FESET S
8 | oo 8 l_ _L
o ‘ JIE 7| we 7 | s — = L
1 0 1 | 40 pro 6 | ao 6 | v
2 = 2 | apal 5 | oo 5 | v =
< D3 O it 4| oo 4| TOPPERSH# 1 270k S —ILFA—F
4 o 4 | Apmo 3 | oo 3 | v — =
5 5 | a4 POIPEY 2 | ano 2 | v
6 ADS 6 | AS PooPBE 1 a0 1 v M TOPPERS 008 | 0
Lt | T om0 = i
Fle: TOPPERS-0065df | Drawnty R Taaon
>3 El—)
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TAaAR—F DR

1. ¥A43a>1R—K (STM32F401 Nucleo)
2. 7O+ yH ( STM32F401RET6 )

3. BFEEE
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'O+t (STM32F401RET6) : #EE

o STM&Cortex-M4FZaF7ELI=o VT LA Tatwy

— FN—FOz7 B/
* ROM:512KB RAM:96KB
- FABERE: AEJTYTRIOARK
— AHAR—F 50K
e 4 : 7 general purpose timer
: 1 Advance control timer
— VY7 ILYO  :1lusb OTG FS/3uart

SPI:3 SDIO
— A/D :16channel X 12bit ADC
— ZMDih DR|EZEIDRS
2017/09/30 TOPPERSZOL T HRRE 119
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STM32F401: A &Y<

e 512KB®MFlash ROM%BE (=T
OJ S L%EEE, 96KBD

Cortex-M4 internal peripherals

SRAM%EIZT—42&LTT

O5 S LREEITS
« SE.;ESEHBICROME=42% AHB3
FHYTS

+ Flash ROM#EEIZROME= AHB12

27055 LEEE,. SRAM

APB1,2

F ) 0x20017000~

0x20017FFFMD4KBZROME 96KB SRAM

—ADT—HMEEEL

+ 0x2000000~0x20016FFF%

512KB Flash ROM

Aoon0—REEET S

0xE0100000

0xE0000000

0xA0001000

0x81000000
0x80010000

0x80000000

0x60000000

0x40010000
0x40000000

0x20018000
0x20000000

0x08080000

0x08000000
0x00000000
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STM32F401 NucleoD ')ty EETE—F

s AEFORRRIETIE., 2 —F—70J 5 L4LFKALYR
HEE—FTETL, ELAAHNURSEERYE—MEE

19%

o JEYMEIRGA—AR—ZDFIERNIF—HFMSPIZERTEL

RO Z—) Y MLEZEETTS
o startup_stm32f4xx.SHIZT I+ LD EIAFA /N RS

M weakE E THELTHY. Default Handler[ZP v

7%

o BAHANKRSEHEE. VO—NLBERTRESRT 5

J0—/NIVEBBNERXGNURSELTIVVENS

.section .text.Default_Handler,”ax”,%progbits
Default Handler:
Infinite Loop:

b Infinite Loop
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T4 R—F DR

1. ¥RA43a>R—K (STM32F401 Nucleo)
2. 7Oty ( STM32F401RET6 )
3. BAERE

2017/09/30 TOPPERSTRAV IV RRE 122

N &

TOPPERS

2017/09/30

61



)7L R AT
« TOPPERS BASE PLATFORMZ{#>1=7 1) D 1% 451
— SD-CARD/MSCFT LAY —

* STM32F746
Discovery7h—
F&EEST.
SDA—k4>
USBAEU®D
JPEG774 )L
FR.MP37
7AILDEE
ER
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RCHEERAR—F

« JAOMIAELY - — LR EIZRCIZRIGLE=T /N A%
FEHL, Y —OLCDDORTEER
— ET2016MD/N—KHx7 ;59 TRN

o HUTLTOSSLTIH,. BEEVY—IOHEARo-EEF 1R EAIC
LCDIZ&R%1T5, EEPROMIZread 7045 S LZRE

+  Prototyping ShieldAD14,D15E V2R IEL TULVEWL=8 ., #RERAICI2CH A
UA—TJTAR%ED. 401nucleo-64,446 nucleo-64MNEIT IR TH DM,
D14,15EVIZR LTS —ILREFE AT NIFArduinoa R I4%EHDF N
THOR—F TR ATRE

HESR—F
STM32F401 nucleo-64
STM32F446 nucleo-64
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Faﬁ % iﬂ D EE At

1. N—F917-YIr 17 BEDEE
2. YT TRTSLDE LR EEST
3. TOUDArAEYADEEAH

4. ROMEZADEZAH
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N—RHOT7IREBEDER

s ERITAHIN—FOITEHERLET

o M. BARIRER

- ARREDER . EEB/N—FDO7DER]
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VIO TIRBOESE

o NV EICHRBRENEYRNTYTIN TV
WMEEIIHRIRER. ARREDOERETY IR
DIT7IREBEDEE I1ZSHEL. YT YTEITo
TLEEEW

s ZTDMDYILYT
— I 743 (TeraPad, YOS LT 7443, XyzzyH)
— 8—2F LY T 7 (TeraTermProZF)
— PDF'!)—%& —(Acrobat Readers)
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FARIRE DR

1. N—F9x7-VIrOzT7IREDEE
2. YOI TRISLDE IR EEST
3. TIYUDAIEYADEEAH

4. ROMEZADEZTAH
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SAMPLEZ A4 S5 LM —

« CygwinFEfzlEmsys DT

SATSUiCEM ~ 28 - STAG FLWIAILT—

4Lk [Zbasel/program  resse = -
o
%: t — a é o . cup_timer
J tecs J int_switch_1
3 pd toppers int_switch_2
. InK7zldm A ’ sl
Cygw ir [j: SySb b , asp-1.4.0 int_switch_3
program/samplelZF% 89 o170 in_amer
é ) asp-1.9.2 - int_uart
. el . led_count
led_shift
my_program1 i sample
(eI 1 . switch_push
| base2 | timer
basehd m . uart
. download | cmsis_f4.h
hamon i sil.h
| hp2.20 ) startup_stm3zfaxx.S
i || stm32F4_ram.!d
- et || stm32F4_rom.Id
. Jsp-l.42 | stm32fd.c
J jsp-1.4.3 || stm3zfaoch
. jsp-1.4.4-nxt | sys_defs.h
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EILK: D7/ ILDFER
« EJFE.977AMILAEREND
« A2 0—K ROMEAHAIZIEISRECT 7 ILE{E R

EXS)

sample.c
Makfile
sample.o

startup_stm32f4xx.o

stm32f4xx.0

sample.exe

sample.srec

sample AV S LCEEY/—R
GCCHMAKEZ 74 )L
sample.chbER SN F=FHEa—KFI771 L

RB—RT YT )L—F Ustartup_stm32f4xx. SHSE S t=-H T
I—RIT7AIL

UARTRRT 05 S Lstm32f4xx.ch b E SN -hEa—K D7
AL

sample 7 AY S LDEITH K. ELF R
sample 7 O5 S5 LNDEITHK. SRECTA—I v I O0—FH

sample.syms sample 7AY S LT URILIFAIL
sample.map sample 704 5 LMAPT 7 A )L
sample.Ist sample 7 AY S LB T L TST7( )L
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ROMZEITERTEICUIVEZ

o A 0—RETIE. RAMEBETIOYSLEETTS
=6, ERFUNIEERSHoO0—KTI2BHELNHD

o 7045 L5EIEEFLASH ROMIZYIY & Z . ST-LINK
Utiltity CEEIAAZET AL, BRATIATSLER
T95IENTES

« ROMETE—RIZTB=0(ZIE. MakefileDRTEEXLEZ
TEIRTEHELHD
— Makefile34T H ®DBGENV = ROMZ B/l

« make DBGENV=ROMT%,, ROM{L AT fE

2 ROOT PATH =..
3 DBGENV = ROM
4
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ROME—F®DE LK

* make clean(return)

« make DBGENV=ROM(return) TROM{L B[ REZSREC T
7AILEE LR TES
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ROM1E DHEER

« sample.mapZ I T vATBILT, 7045 L( text) A’ ROM
B EGH>TWNAIEFHERT D

.vector/.text#

<~ piFlash ROM
MBI Lo TULND
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Faﬁ % ER D) EE At

1. N—F9x7-VIr Oz T7IREDEE
3. YU TOTSLDOE LR EEST
3. ZoYD A EYADESTIAH

4. ROMEZADEZFAH
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2017/09/30

sampleZFlash ROMIZEEA L

 ST-LINK Utility® 774 IL TERAH T7AILEEIR
+ program/sample/sample.srecZiEIR TS
* Target—Program... CTEEAL

sample.srecZE iR —

oewy —
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sampleZROMZETTT 5

+ TeraTermZzCOMAR—MIXIGLTIH LITS
— 115200baud
— 8bit
— Non parity
— Stop bitl
— None flow
. ERAHE,
)7 —k
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B RIRE D HER

1. N—F9x7-YIr Oz T7IREDESE
2. YUTNTRTSLDE IR ERT
3. TSUDAAEYADEERAH

4, ROMEZAZDEZFAH
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EECIZIROME=42%FEH

« LIRSS L% &R, I35y arE)IZE
ZFAATERTEREITODIIKETY

« EETlE. ROMEZAZR—F L TETSHE.
ERLI=700 S LF Y TILEBIETA HoO—
K. EZETFINIETOTSLOT NI EEEILT
=F9

« A0 —K93 570455 LIKFRAMETESTL
9. RAMLETEFTTEHTO0TSLEERTS
=612, RAMIEETTOYSLEBEILKT S
WHWENRHYFET
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SAMPLE®DE JLF

+ make clean(return CROMETTAT S LEIVT TS
+ make(return) [ZTTATSLEFEILLET S

« EILRDFIEIEMakefilelZ5REL. EITDER 1R [Esample.clZ
REELTLD
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ROMEZADNEEZTIAHEELT

o DTV AAEYIZROMEZAZESZAD

« EXAAHDFIEIIARIREHR . ROME=A2IR
OMEZAZEZ AL 1SR

- ROMEZAZEFH®. EILFLIE-TOUSLDS
L O—REEFTETD

« AHO—FETOFIEIXERIRER. ROME
RIS N—KREEITIZSR
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E1T: 4o O0—kEtR. E1TRHE

o FATATDIFAIEREEY )V T HEF I A—FE
Ftad %

« A O—RETE. E=2Dgo(return) TIAT S L%
EI79%

Hello World !
E0.5M T EIzhS
JhERTT D
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TN HEREDRERE

» sample.c&Z RS S

« mainBAEKICIEZU T D2 DDA TUARTR REITS
— sys_printf SIBMDOXFINERTT B
— sys_puthex S| ¥E16HERTT S

void
_main(void){
int count = 0;

sys_printf("Hello World ¥n");
for (53) {
sys_puthex(count);
sys_printf("¥n");
count++;
busy wait();
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TNV T HEREDHERR

» MakefileZ RS %

+ 43T B DCOBJSITstm32fxx.0Z BT S &KLY,
sys_printf&sys_puthex Bz ERATES LTG5

- 2HEDZ7AYSLEET,. COMEEFFEZIET—424
I0VYTDRTREREITAD

38 TARGET DIR =.

39 UTASK_DIR = $(ROOT_PATH)

40 vpath %.c $(UTASK_DIR)

41 vpath %.S $(UTASK_DIR)

42

43 COBJS = $(OBINAME).o stm32f4xx.0
50

51 AOBIJS = startup_stm32f4xx.0
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AT a iEEICLBUARTER T

+ 208 B LD Makefile () COBISIZstm32fdxx.0o% L& LA
{TH, RTHEREZFIATEHENTED

+ make DEBUG=1 (return) Tstm32f4xx.oM o3
DEBUGaV/N\S I ALY FRDREDENELGS

+ make (return) TlEstm32fdxx.olEUrUENT , RTRHIT
H7E

51 ifeq ($(DEBUG),1)

52 COBIS := $(COBIJS) stm32f4xx.0

53 CDEFS *= $(CDEFS) -DDEBUG
54 endif

led out bdigit(++led count);

#if DEBUG == 1
sys_puthex(led_count); sys printf(“¥n”);
#endif
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AT aiEFIZKBUARTE TR

s £BEBDAYUI—KT7A)lsys defs.h(Z, vartth HDTH

FMATEEHS

+ DEBUGHODIGE . vartBIIBEBM LR EEZ LD

#if DEBUG ==

#define sys_puthex(val)

#define sys_printf(s)

#else

extern void sys puthex(unsigned int val);
extern void sys_printf(const char *s);
#endif

- 2HELREOEBTUTOLIIC, EHORTMAEES

)

led out bdigit(++led count);
sys_puthex(led_count); sys printf(“¥n”);
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ROMEZ=AZ{Fo1-E#E
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WAWALLRHARIRE

« CPU, #ERARA—HDHARY—IZEFEARTS
RITIRBICEILI-HRMNTES
CPUNZELHDHZLICIREICAR T OLENHD

- AAOHRXEETHETS
AA—k 7T TGS LI LBEET S
ROME=4ZERALTHET S

s ICEZEDERY—IEZERTD
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TINVTEDZE

o« HRAATOTTLDEEELT,. TATSLIRETS
ETOUSLDOREIZERETD

« Windows*®¥LINUXTl&, 7TUSr—S 3V NREIREE
[ZH-TH. FDTITVr—av NIz EEE 5 X
HULDT, BERELEZ L

o INEREIAALRATLTIE, REREICHRLIEEREDL
BT ICENLZNERIKIKEDRERL TELRL

=SFEFEN VIO THENANE
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CPU. F$EARA—HDY—ILEFERTS

o —fREIICYE—RT/NVAMNSLN

s LR AMI6CHORRRESZE. E=4705 3 LM
E—bTA\vAHELI—HFTOISLOMIZHFEL. VE—F
TINVTIREZHEETD

+ Visual-StudioD &3 T /\VI IRIBEFIRIE TS

A—¥I0I3LDYEYFPFLRIZ0XE00000
GoRA EW|T L oY
FEE=4HZITEY,
A—-¥Ia5SL0)ty

s ~ oo YRR I LEE=E0T
FZRELRADGLETSES s FLEEE
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REA—LT YT I—F &l

« GNULZEDRRREZFEH
ERAY =
« CPUIRUEYRRIRILAILEE
L. /\—FOz7D#HE
#%. [ZLHTmainOMNEIT
- BRAVEIT) YR
Hmain()MNEITTHETD
TO0SLERE— TS
I—F LR
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O a T -ADBERE

e CEEZEILETITBEDICIK. ULIHBOEEISIY
F—AMNEITROM. RAMIZIEELLEE LA [ThIEESA

toiay Gecktoar |MleCtyPav
OAVRAVRT—A | .rodata rom_FE
EfZARET —43 |.data data NE~data NO
J—EE bss bss NE~bss NO
S

o EMZTAIRET—AII. XWIIROMLEIZHBI=HRIED
RAMIZOE—3 2 EAHD
o D—OMEEBIEOWMERILTIDHELHD
o RAYYRAICKRERADRAMZEIY HTEITS
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RA—bT7 YT IL—F 2 D

- startup_stm32f4xx.SHSSTM32F401 Nucleo I D R A—h
TYTIN—F>

« BlAAEFEATHEE. BAABHRERIZT—TILIC
IS ELELHD

« startup_stm32f4xx.SEALNT. ABZEHEEEL TS

o FEMEAET LB RTO mainBiDETEIRDD

- UTD7EVITIGmH
start_0:
bl  main
bx Ir
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2017/09/30

ROMEZAMNSIEENT S

« ROMEZAR&(ZT/NL—230-
R—FODROMIZEEEZZAET .,
JOUSLDE T O—RPEST,
T—RSBETSITOTIL
- RAMBEE A KRELS X T L
122 IMNREGAA D R
T LZIF DA

— YORBREBETHERLI=-ZTOY
SLEAY U O—REFLTT
INYTEFTLN

o BRA—ANGEALEY., A—
ToY—REFARTH581H5

TOPPERSDOWebm 4>
A—R A RE7%AKIH8_3069FF

DROME=%
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S5 Xk

« SESSAME##kEIF—TF XL, TATSFIVY HirH
FAEEERERGE . =FT

o HIAHASRATLEEDE=OHDIUARTYRE : #tHi%
ABERIVRTLNIRABE IURTYRHEMEERE
B & BRHEMT

o $HIAARFEEIZHD MISRA-C #sAHT0YS 5:*/7
DEEEMEH AR : MISRA-CHIES #F, BAREHES

* An Embedded Software Primer : David E. Simon,
ADDISON-WESLEY
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HiEE

AHMDRFEIZHWNT.NPOEAMRAAY I DT EE
- BT EE M ES S LUNPOEATOPPERS O TS
FOERLIZLUTOEMESEELLELS:.

— OpenSESSAME SeminarffliA#& Y b T 7 i -

EEEMITEIF—OREBRITTFRMESR

— TOPPERS#J#REZE I F—H#
mAAE SV ERRBEM OEFOERANRBLET.

AHEMOBEAFEIZHE VT, NEXCESSH#a—RBLUVIEE
BEEROI—RADZEEDERDOAA NS ELLELE.
ﬁ:_xw n%%o) bﬁ“@n&jbi?
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£&5)Zk
[FL&HIZ

- TR BE (%) 1Ja—)
$AFN—R 7 DEREEN

- AH Bt (B HEXFE)
AR TS LEFEDEREEN
- AH Bt (B HEKXFE)
IAaAVR—FDHEER

- AH Bt (B HEKXFE)
FRRREDOHER

- AH B (BEEXSE)
Cortex-M4R—K D HZE

- TARHEH () )3—)
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