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Abstract In this paper. we propose a high-reliable design method for real-time systems consisting of multiple functional
modules where the balance between cost and performance can effectively be considered. In our method, we specify a system
as a parallel composition of concurrent periodic EFSMs where the behavior of a functional module is specified as a periodic
EFSM with timing constraints including performance parameters of the module. Here, we propose modeling techniques to
easily treat the cases that the organization of functional modules is frequently changed for cost reduction by unifying multiple
modules to one or for performance improvement by paralelizing a module to multiple ones. We have implemented tools to
derive parameter conditions which must hold for the system to proceed without deadlocks, and to generate RT-level VHDL
descriptions. By applying our method to development of the basic functionality of a cellular phone, we have confirmed the
usefulness of our approach.
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EVa—-A%E 1DOBIMLT, & £DEFSM & EAHETELES
PUTRVL. TOX3IC, RAOEEE 1 FH5 35FE TEE
UTFHii L7265 RI3 4.2 BTN B.

4. INFA—R{EDRTE & ERRE R
B8 IC Ry MHBEOLRN D, 2 BORLEAREEZANT,
RT LXVON— K 2 7 EBEART 3.

4.1 BROEIR
BB SR D HICIE, TR M LIz/85 A— 2 &4

(3) | 200MIPS | 120mW

%9, /NAWE% 8bit & LIBEDNAOBHICOVWTERS.
ERESGOMIERIERIE, FED FPGA IKKELIZBE,
B 50MHz U EICAZEEILNEH, AEVEY2—
VIZE 1 IO BRETE 55ns(18.2MHz) TUABIEL AWV, T
DIth, TOWMEBEFOMNTE, ATV EY1—ILOEKEE
MNZAOHE L 2%, B T— 423, 3GPP(3rd Generation
Partnership Project) OEIEEE TS 26.071 & LTEEE iz
AMR-NB %#%8%9 % [10]. AMR-NB T3 EFE7— 2% 8KHz,
13bit TH YT 593, EFIE LU MITRAME EFSM BT
1 APTERT— 2 2ERETED, ZCTHRIBTET—
DY A RiF, 8 x13 xT bit = 13T bytes £7x%. LCD DE
\Y A XX, TTTIE QCIF(176 x 144 pixels) £ 5. LCDI
EES OBE&Y A ik, 176 x 144 x 3 = 76Kbytes £ 75, /3
oy P F—R2OEZETIR, 123y M A X 1500bytes &9
5. BRBRICET— 2 ORSERMICDOVWTERS. —fic AMR
B MR REIL 20MIPS WIS TH 2. F0D/8, HEEN
nMIPS ® DSP # ULV IRE, THHOBETF— 220873
I 20/n x THRETHBEVZ S, BERTF—2D MPEG-4
ANOFELICIE, QCIF ¥4 X, 15fps TIA# 65MIPS HUhE
TH%. ZD®H, nMIPS O DSP #HW RS, QCIF YA
ZAOERT— 2 1| WENEST B 65/15n WHETHZ 2V
Ab.

UEESFX, LREOBHERBOESFIIHLT, BEH

S7 A7 AR T A E R AB bt S



&2 1T A EERHEANOBRRER

AEY [ DSP | %48 () | 6K Gi) | AR Gi)
(1) (1) False 109ms ST 102ms £ T
(1) (2) 117ms< T | 66.1msS T | 58.5mss T
(1) (3) | 73.7msS T | 44.5ms< T | 36.9msS T
(2) (1) False 103ms< T | 97.3msS T
(2) (2) | 108ms< T [ 59.3ms< T | 54.0msS T
(2) (3) | 64.6msE T | 37.6ms< T | 32.3msS T
3 (1) False 99.2ins< T | 95.0ms< T
(3) (2) |1 103ms< T | 559ms< T | 51.TmsS T
(3) (3) [60.0ms< T | 34.2ms< T | 30.0msS T

BETZCENTES. WEEBENEEK | B8H7D 150msec &L
AEVIMBEEZ L LTERINBHWH S, T < 150msec T
BIhERLAy. COLE, R2OBRIY, R1O(1)D
DSP % 1 AV A TIRER SN 2R EHRg R T
EMSh B, i, 16fps TEHIEROLWIERE LI2VERIKIE, A
HAHY 1/15=66msec LR TR NSRSV OT, DSP 1T
EHRLEWVIBEEIR, (2) 5 (3) DAEY & (3) D DSP DfHE
bETRINEE SRV LA B, NRADFBICDOVTIE,
EIRRBAE L HEED P L—RATEEXZ L 2FXIKTEAY v b
Wi, 1 KTHETHB DB, L, MPEGAKE
W 2 E/Y A X KE L LBE BIXIE VGA(640 x 480)
¥}, WL DPS TREKERN—FY TR LRV B,
O B (Tdv HKELAB). &L, EBAN—FY17TH
VGA T Tdm = 10msec ZERLEELTE, NALHNSHE
B7F— 2OBIMICE - T, 77t ARRNS O (30nsec) DF
EEATVES2—NEFESE LTS Thy = 27.6msec £7&
5. G A—2%MHKID, N2 1 EZDBEER [10msec £ T,
2 EDPEIL 65.2msec T &7 H, N 2 AT 5 EAHD
BT EIICEIFTBZEY 2a—HBOE I BHETR,
IRADEBOMRIC L 2HEOEIX L DBEEICRDILERD
., TOESIADOBBEBBICITX 2 EERCENTES T
LREBICERTHALEXONS (RO, TTTEN
ADAMOBINC X 2BREHOBIMITEL TWLAWVLA, NA
oW X ZEBEHOEMORHED b HhUE, RREED
HREHEERLEQKOBRLAIETHS) .

COEIIC, BHOMEE- IX LI THEELL 2IT13T
A REGREE-THEBY G /S A—- X EEBIRTZILT,
ERICERESET B0c, BV BbNSHEOENREIRT
2255 k3.

4.2 BIRAER

Ttk BR2R8b LB N AOARBEEELR
BEDALVEY 12—V OBERRER L BERREA K 3.4 IC#l
5.

FEOHRE L HR RN L RO R T, BT InO )
DEY 2a=NVHRAL VEY 2a—VOBWFRBEE FFRC Lid
WAL NS T Mo

NADEBEEZEBLTE, BHEABERORTE, A(M V€
Ta—LICIFL ALEIBNC EDNDRS. Thid, NADI
EOBISNAR Yy 7 &5B X AKERT—2EREZINIE
BEEWVIERIC, NADRERIEDEE, NAky 7 2E#T
BTEMNTEBTERELTVS. —HREEHBEOT X, N2A
1 AT I 400LE BEEML T2, BIRRER
INEVIEIHBVOT, COEIMBERLT CLIRSEORE
TH5.

5 ¥ & &

AT, BTRABEFSM BERVTERKY AT LEE
FIALT ZERIC, BEFERAOIELRR MLy TEHOTH

#3 HREEELLBROAHER

DSP.CPU @5 | DSP+CPU $tilifk
B{EREE | 101.77MHz 101.77MHz
EIRRHRE B72LE 912LE
a4 NADKBEZEELIBAOEHESR
NA1&E | RR2&K | NA3XK
@HYERIES | 101.77MHz | 99.11MHz | 95.63MHz
(BB B 872LE 1267LE | 1737LE

OEROATHLE & DBIBROEBICBERIET E5HH
SRERRBRLU. AFE, BLUKLH K (4 TREL:,
NS A REBERERT B V=N EIEE LT85 X & iEih 5 EhF
MRy Va—V 2 T Hil#% &8 RT L)L VHDL &% BE)
ERTBZV—IVEBVWET EICEHST, HEBXUIXFON
SYUAERERRLUIN— Y 2 7 ORE - MELSAEEC RS,

BRFERHAS HEHEFORFHIET IO - R
BRAUESEER, $HT 5 DSP OBEERNAA0FE L ORMA
BROEBEILBRICHIETE, i, FRAThOHEBBION
LTI ARG EERT BT T, BIEOMEEZERNT S
BHIC, POLS HBEOERPLENEYRLSRET D&
MNTE.

AT, HERRE—DOOBMICIBLTIHIC, b
ORI T ZNBESEEOEFETI—T Vv IVCETEh
LI OHRFRTIME B ETHALE. SHROFEELT,
SO EEEEREES R, BB LRI 2 0NEBOY
RIVWAT Va— )V ITEEERTELTFETHS.
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