A-03
AR AT L)

ELZBHXEDT

2017 AR HALEL - 2BAVE S SR 2

O—&#®MaAVEKR—x> ME

Componentized Dynamic Memory Allocator for Embedded Systems

A shEt

TAKURO YAMAMOTO!

1. FUC®IC
AR, MUAAY AT LiEteEibL T, 20 10T #
2ELZDEEAZEEH STV [1] 2. %< OHAH

VAT LI, BLWY Y =2l R THE D, RhRMR
AEVRENEREING., 512, VT VEXA LMEEER
INBHAAY AT LTI, AEVMHROEFTHME EE
L5,

ZOEDRERER T, HIAAY AT LIZHEL 728
AEY 7B —& & LT, TLSF (Two-Level Segregate
Fit) 7 a7 — X REEINTWS [3] [4. TLSF 70T —
R, ARV 7R Y 7% 2B THIN 28T 52 TA
YRR R EXETED, #IZ0(1) TEITT S
b, MEFTRMZABEL2Z0TE, VTR LY
ATFLHEUZENA®Y) 7R —XTHS. TLSF 71
F—&1%, AEVHHAMENIRL, VTNVEA LY AT L
ZHWTWE7), <DV TILEA L OS TRAINT
w3,

U2 L, BURTIE, @8O ALV Yy RBXTEMET 2 &,
AEYDEENREZLEENRH L. KL TIE, HAA
M3y R—%> Y A5 LTH5 TECS (TOPPERS
Embedded Component System) [5] [6] %\ T TLSF 7
ury—X%zaviK—xrhMbe¥s. TECS ZHW/AZa v
R—2V bR=ZFAFIE, V7 b7 OFEFANEZRE
XH, YVAFLEAFULTESZD, VI MY = THKED
EENEREIERZENTESL. aVR—3 Y MEIH
72zTLSF 7 a7 — X%, £avKR—3> o —7
THS SRR T 2720, ALYy Re—TJRAEY 7O —&
EEBETES, 357, avR—2xr e LU ThkEz2ME
TEB77D, AEVY A XAOEFEENRIIZZ . KX
TiX, TLSF A&V 707 —RavRE—3x v b 2EEL,

Rilp w2

HirosHl OvyaMAZ TAKUYA Azumr!

EPN TN =S E - R DY

Graduate School of Engineering Science, Osaka University
2 F—r <Rt

OKUMA Corporation

TR

ZFOA—AT—A LT, FAflEERS.

AN B B EEITIATO@EY TH 5.

o HEDA Ly NAWMATEMEL THHMHIEZL TR
Ly Re—7IZ8ET 5

o RALY FTHHEHDL — THBAARRDIIHETES

o IVR—3 Y MUIZX W EFIAMNH ET 2720, #ke
BYATLIHRETE S

o IVA—RXYIMHIZEOALULTE D720, HRERE
DHERPERITIRD

RIS ORERITIROBY TH B, T 2ET, TVF—

2V R—AHFKLRETETHT—XDODR—AL UTH

W5 TECS IZ2WTikR%, 3ETIE, TLSF X €U 71

T=RDAVK—FY MREFEERIIOVWTIERDS. 4H

Tl, 2—A7r—2& LT, MAHZBRR, HEIZ5ET

KXz F s,

2. AVEHR—x Y MR—FEH

VI N THFEOEEEEZW EIELFEDOOE DI
AVR=FY NR=AFENDH S [7] [8]. TVHE—F b
R—ABFE, V7 Uo7 O (I R—3 > ) &M
AEOETHKEEITS FIETHSE. VI by TOHMM
PEASRET BRI, aVvR—2 Y ML & D VAT L2k
D& R RIS 5720, V7 by o 7RO EENEZR
ETE3. X517, VAT LADIIRPERELEIZ S R
MIGTBIENTES. MRAAY AT AMITDOI Y R—
v Ml & LT, TECS ¥ AUTOSAR [9], SaveCCM [10]
Wb, RiFFETHHALZ TECS IZDWTIRTHRAR S

2.1 TECS

TECS (TOPPERS Embedded Component System) (%,
TOPPERS 7u¥ =2 b [11] THBINTWDHEIAA Y
AT ALAFDAYKR—F v M THS. TECS TIE, 2
VER=2 Y MOEREIESIZTRTENIITON, Bk
INd7H, TIVER—32 Y MUIZBIF 5 FEITRFRHE A



call port: entry port:
tCaller cMotor eMotor  [tMotor
Caller signature: Motor
sMotor

1 TECS 2V &—% > D]

signature sMotor {
void initializePort( [in]int32_t type );
int32_t getCounts( void );

ER resetCounts( void );

1

2

3

4

5 ER setPower( [in]int power );
6 ER stop( [in] bool_t brake );

7 ER rotate( [in] int degrees,

8 [in] uint32_t speed_abs,
9 [in] bool_t blocking );

10 3};
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2.1.1 JAYVR—RVMNETI

X 12 TECS 2 vKR—% > hXDFlZxR3. TECS T
X, A VARV AEI NI E—R Y MERIL (cell) &
IPEH, ZIT (entry), WO (call), BV, ZEZRD.
ZITOEHEOMEERRMT S X7 22T, IFUH
MOV DEEZFIHT 220D VX7 —ATH
5. BVIIEBOZIIORROOE2FOZLNTES. &
VDR LI, CEE/TEREIND.
ZFOLEOO0RIE, CILOBEEER/MHS 2D A V&
T2—ATHIYVT=FYIZEoTERIND. BILDOK
OOk, MUy r=F v 220 VozIFOLEET
5. vVOMIE, vIVERA T EREN, ZITH, RO,
B, ZHOMEERLTNS.
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TECS ®a v R—% v hadidid, ¥ 27 =F vilik, v
R4 TEdik, #ETERIZH¥E ST, CDL (Component
Description Language) 7 7 1 MiZiid 35, M1Da v
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VI=F vEidiE, BADA VR T - AETEHT 5.
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1 celltype tCaller {

2 call sMotor cMotor;

3}

4 celltype tMotor {

5 entry sMotor eMotor;

6 attr {

7 int32_t port;

8 };

9 var {
10 int32_t currentSpeed = O;
11 };
12 };

B3 X1 Tk

1 cell tMotor Motor {

2 };

3 cell tCaller Caller {

4 cMotor = Motor.eMotor;

5 };

4 HEFERR

WCTEIVRA TREERT D, celltype F— 7 — N IZHi
FC, vV XA T (tCaller) 2tk 3 5. X 31Tm
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JEIZFd U, 2L a#EET 5. K4 T, &L Caler
DI cMotor &, &IV Motor DZF [ eMotor H3
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First Level

512\ 256‘ 128‘ 64 \ 32 \

104b Second Level \
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‘ 448-511 ‘ 384-447 | 320-383 ‘ 256-319 ‘

36b | o~ vy

\1 38b 112-127 96—111‘ 80-95 ‘ 64-79
\\ 56-63 48-55 40-47 ‘ 32-39 ‘

6 TLSF 73V XA

Free Blocks ‘ 1024

signature sMalloc {
int initializeMemoryPool(void);
void *calloc( [in]size_t nelem,
[in]lsize_t elem_size );
void *malloc( [in]lsize_t size );
void *realloc( [in]const void #*ptr,
[in]size_t new_size );

void free( [in]const void *ptr );

© 00 N O U ok W N =

“w

M7 AEVEHEAOYZ=F vilk
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TLSF 7)V3U XA, AE) 70y o% 2 BRIz HHE
LT, EBRENEZAERV YA XHRERAE) TRy 7 %
MET 5. X612 TLSF 7V I) XADOHEL RS, file
LT, malloc(100) £S5 A E VRO ERP I NG E
BEZD, TTHEBERBTIE, BEREINEZAEBVILZAD
R EMEY NTHET S, Z0HE, 100 2 2 B TRT
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WA ZEITD. SRIOEE, 64005 128 2 4 p#HILTH
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v MEEIFoTWS, iU TLSF ON—=Y a3 ViF,
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B7ix, 77— AT YEHAOY =
FyYidibTH B, ATV T —IVHIHIMLEEEK initializeMem-
oryPool, A FERF D calloc, malloc, realloc, % L
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celltype tTLSFMalloc {
[inline]
entry sMalloc eMalloc;
attr {

1
2
3
4
5 /* memory pool size in bytes */
6 size_t memoryPoolSize;

7 };

8 var {

9 [size_is( memoryPoolSize / 8 )]
10 uint64_t *pool;

11 };

12 };

8 TLSF A®V 77 —RDEIVEA Tilak

Without TECS malloc(100)
tTask
Task_001
tTask
Task_002 » tisf.c malloc(100)

9 aviK—xY hMEINBHIDO TLSF

With TECS — malloc(100)

tTask tTLSFMalloc
Task_001 TLSFMalloc_001

memoryPoolSize = 1024*1024

malloc(100)

tTLSFMalloc
TLSFMalloc_002

tTask
Task_002

10 IV ER—%>¥ MbEh/z TLSF

memoryPoolSize = 2*¥1024*1024

TAEYVMRRADOE free 2> 7 =F v e ULTEHLT
w3,
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WA 8IZ/RT. ZIFH eMalloc i&, AEYVER (FERP
fRIR) 21T 5§ R_RTOIAVFR—2 v b efiaInsd. 22
T, [inline] &% OB E 1 > 710 VKL UTREET
L51-HDETFTHS. AR =P A X2avFR—%
YEDEMELT, ARV TN ADKRA VR EIV K-
2V PONHEHE LTEREL TS, £avKR—x v b
PHEO — T2 ERH L TWS ), BRgE ALy R
THRFIZ ATV EHRAOEKEIFOH LZGAETSE, HiHh
2T Z e, ARVESZ2EZITICEFEIES
ZEARRIZIRB.

KowizmsLriz, aviR—xv MLEITFSHTO TLSF

cell tTask Task_001 {
cMalloc = TLSFMalloc_001.eMalloc;
};
cell tTLSFMalloc TLSFMalloc_001 {
memoryPoolSize = 1024%1024; /* 1MB */
};
cell tTask Task_002 {
cMalloc = TLSFMalloc_002.eMalloc;
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};
cell tTLSFMalloc TLSFMalloc_002 {
memoryPoolSize = 2%1024%1024; /x 2MB +/

= = e
N o= O

};

11 TLSF XEV 7O/ —&X 3 VKR—% > b0 LTk

1 void*

2 mrb_TECS_allocf(mrb_state *mrb, void *p,
3 size_t size, void *ud)
4 {

5 CELLCB *p_cellcb = (CELLCB *)ud;

6 if (size == 0) {

7 //tlsf_free(p);

8 cMalloc_free(p);

9 return NULL;

10 }

11 else if (p) {

12 //return tlsf_realloc(p, size);

13 return cMalloc_realloc(p, size);
14 }

15 else {

16 //return tlsf_malloc(size);

17 return cMalloc_malloc(size);

18 }

19 }

12 TLSF AEVT7ur—XaviR—xr bORMATT

T, e—7HBZEBOAL Yy FCHAELTWS 20
BEDOAL Y R o AT ORERCHE RIS & A
TUBANELBEEN Do/, M10 D &L S51Z, TECS
ZHWTTLSF O3y R—x v Mbz{T5 &, £a VK-
2V NOPMEIC e — TSR R L, TOFRTAE Y EH
75720, HfEEZR L TALV Y Re— 7 IZ8ffT 532
EHHREIZ R B

K112, 10 D3 v KR—% v MHTEREI NS TLSF X
EY)T7RT—RAVE—2 Y MO EFRIRE RS B, 2
MR A2 avR—=%>2 b& TLSF a3 VR—% v M DBEE
INTVWDE. TNTHDOAEY F—L¥ 1 X5 FHET
ILTHO X S ICNEERE UTHRERETH L. X121,
TLSF A€V 707 —&aVR—3 2 b OZFOMEEHE
BUZIFOH L CTWB I — N Td b, RIS L, 4153
TH#43 % mruby on TECS 7 L — A7 —72 [12] [13] T,

Bz BIPORZITO, B, WBERERRT A, ZIZ TR
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RiteVM_001

tTask tMrubyVM
MrubyTask_001 MrubyVM_001

tTLSFMalloc
TLSFMalloc_001

memoryPoolSize = 1024*1024

RiteVM_002

tTask tMrubyVM
MrubyTask_002 MrubyVM_002

tTLSFMalloc
TLSFMalloc_002

memoryPoolSize = 2*1024*1024

13 RiteVM & TLSF 03V KR—x v M

VM AAEVERZITS5BEBTHS. 847HIE, TLSF A
EVTOT—=RAVEK=F MO free EEEROCH LT
%. cMalloc_i%, W14 (B11 D 247H) 2RLTW5.
FRRIZ, 1347H, 177 HIZA T VHESEZIT > TWBED
Thbd. M12D3— NPEFTINBE2ND, Task 001 D
%&1E TLSFMalloc.001 2> KR—% > T, Task-002 D
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TEMEXE 2 Z L AAREIC2 5.
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4.1 mruby on TECS

mruby on TECS &, mruby (& Ruby) [14] [15] & W
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SELEDLSRVWHEET IO S L EFEITTEIENT
&%. mruby 70727 Al%, mruby I 2841 FIZX o TA
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ENnb. A7V —L7—2TlE, RiteVM RV 7ILXA L
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K7V —=L7T7—=2Tlk, VM P75 AEYEEIZ TLSF
AT —=XEFALTWS. La»L, BFED TLSF
AEYT7HET—ZTIEALY Ne—=T7TldiR\W\Wzd, K
DALY K5 AT OMRPMREITD &, A€V E%E
AEETLED. VMIFEWHEETAEY Ok L iRz

Fixed-size memory allocator

tFixedSizeMemoryPool
MemoryPool_001

tFixedSizeMemoryPool
MemoryPool_002

tFixedSizeMemoryPool
MemoryPool_003

tMemoryAllocator

Component
(which needs allocate
and deallocate
memory)

TLSF memory allocator

tTLSFMalloc

Component
(which needs allocate
and deallocate
memory)

14 BEEEAEV TR 7 —X& TLSF A€V 70T —X

MOETD, vILVF VM &L TERD VM #2835
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Collection) 2175 2%, MEDAEY F— I Z2HEFLTWS
728, GC 2D~ VM A GC DEFITE - T, fid VM
DETEGBITRZ &R\,

4.2 TINET+TECS
TINET+TECS (&, #liA& @O TCP/IP 7w\ k2
WARw 7 TdH% TINET (Tomakomai InterNETwork-
ing) [16] [17] % TECS Ik o Ta v H—x ¥ MEL %
TCP/IP B0 AW A Ry 7T D [18]. #HHETREUE
V—A3d—RKPvruTHERINT WS TINET % TECS
ko TavikR—xv MET B Z 2T, FTHRER ATV HE
BWROF — N~y K& 22D, TCP/UDP % IPv4/IPv6
EWVWoBEETR N INOEFEED AV T4 T T4
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T—RDEZENHEEITOE, £70 NIV TAEY
I OWER & A Thi b, TINETHTECS ¥ TINET
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TINET+TECS 1%, TECSIZ&»>TaviHR—%>Y bR—=2Z
THIEINTWDEZD, RETSLTLSF AEV TR —X
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mruby on TECS 7 L' —A 7 —2 %, TINET+TECS T#]
HATE2Z 2R, Tofticd TECS Z2EH L
)7V &AL OS THhs TOPPERS/ASP3 [20] ¥ TOP-
PERS/HRP2 21] IZ#MH T2 Z b HEETHS. FIHL
WY ATFLDOAEY T — X4 % TLSF I VKR —*
YMIANEZBETT, MAWREE RS, T 6iT, 3V
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PO O — THEEY 1 XEOEREMNSET HZ LT, A
EVHOB L WHIAA Y AT LDY 7 by = THFED—
B3 EZTW5,

SE

[1] Xu, L. D., He, W. and Li, S.: Internet of Things in In-
dustries: A Survey, IEEE Transactions on Industrial
Informatics, Vol. 10, No. 4, pp. 2233-2243 (2014).

[2]  Perera, C., Zaslavsky, A., Christen, P. and Georgakopou-
los, D.: Context Aware Computing for The Internet of
Things: A Survey, IEEE Communications Surveys Tu-
torials, Vol. 16, No. 1, pp. 414-454 (2014).

[3] Masmano, M., Ripoll, L., Crespo, A. and Real, J.: TLSF:
a New Dynamic Memory Allocator for Real-Time Sys-

[7]

8]

[11]

[12]

[21]

tems, Proceedings of the 16th Euromicro Conference on
Real-Time Systems (ECRTS), pp. 79-88 (2004).
: TLSF, http://www.gii.upv.es/tlsf/.
: TECS, http://www.toppers. jp/tecs.html.
Azumi, T., Yamamoto, M., Kominami, Y., Takagi, N.,
Oyama, H. and Takada, H.: A New Specification of
Software Components for Embedded Systems, Proceed-
ings of the 10th IEEE International Symposium on
Object/Component/Service-Oriented Real-Time Dis-
tributed Computing (ISORC), pp. 46-50 (2007).
Crnkovic, I.: Component-based Software Engineering for
Embedded Systems, Proceedings of the 27th Interna-
tional Conference on Software Engineering (ICSE), pp.
712-713 (2005).
Cai, X., Lyu, M. R., Wong, K.F. and Ko, R.
Component-based Software Engineering:  Technolo-
gies, Development Frameworks, and Quality Assurance
Schemes, Processings of 7th Asia-Pacific Software En-
gineering Conference (APSEC), pp. 372-379 (2000).
: AUTOSAR, http://wuw.autosar.org/.
Akerholm, M., Carlson, J., Fredriksson, J., Hansson, H.,
Hakansson, J., Moller, A., Pettersson, P. and Tivoli, M.:
The SAVE Approach to Component-based Development
of Vehicular Systems, Journal of Systems and Software,
Vol. 80, No. 5, pp. 655-667 (2007).

TOPPERS Project, http://www.toppers.jp/en/
index.html.
Azumi, T., Nagahara, Y., Oyama, H. and Nishio,
N.: mruby on TECS: Component-Based Framework
for Running Script Program, Proceedings of the 18th
IEEE International Symposium on Real-Time Comput-
ing (ISORC), pp. 252-259 (2015).
Yamamoto, T., Oyama, H. and Azumi, T.: Lightweight
Ruby Framework for Improving Embedded Software Effi-
ciency, Proceedings of the 4th IEEE International Con-
ference on Cyber-Physical Systems, Networks, and Ap-
plications (CPSNA), pp. 71-76 (2016).
Tanaka, K. and Higashi, H.: mruby — Rapid IoT Software
Development, Proceedings of 17th International Con-
ference on Computational Science and Its Applications
(ICCSA), pp. 733-742 (2017).
: mruby, https://github.com/mruby/mruby.
: TINET, https://www.toppers. jp/en/tinet.html.
PR, AR and AFREE: MAA Y AT L TCP/IP
TH N ANVAR Y 7 OFELELFHE, BRLIBE RIS,
Vol. 44, No. 6, pp. 1583-1592 (2003).
Yamamoto, T., Hara, T., Ishikawa, T., Oyama, H.,
Takada, H. and Azumi, T.: TINET+TECS: Component-
Based TCP/IP Protocol Stack for Embedded Systems,
Proceedings of the IEEE 1/th International Conference
on Embedded Software and Systems (ICESS) (2017).
Takada, H. and Sakamura, K.: uITRON for Small-Scale
Embedded Systems, IEEE Micro, Vol. 15, No. 6, pp.
46-54 (1995).
Kawada, T., Azumi, T., Oyama, H. and Takada, H.:
Componentizing an Operating System Feature Using
a TECS Plugin, Proceedings of the 4th IEEE Inter-
national Conference on Cyber-Physical Systems, Net-
works, and Applications (CPSNA), pp. 95-99 (2016).
Ishikawa, T., Azumi, T., Oyama, H. and Takada,
H.: HR-TECS: Component Technology for Em-
bedded Systems with Memory Protection, Proceed-
ings of the 16th IEEE International Symposium on
Object/Component/Service-Oriented Real-Time Dis-
tributed Computing (ISORC), pp. 1-8 (2013).



