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Information Extraction from HDL Descriptions
— Application to Compiler Generation —

Hirokx1 AkABOSHI' and HIROTO YASUURAt

A lot of supports are required for hardware/software co-design, such as system partition-

ing, compiler generation (retargetable code generation), generation of a fast simulation model,
and so on. These support tools require various kinds of information different each other. If a
designer writes a description of information for each support, it has two major problems, 1)
If the design is changed, all descriptions for support tools must be changed consistently by
hand, 2) inconsistency between descriptions must be verified. We propose a technique of in-
formation extraction. Qur information extraction performs the transformation from an HDL
description of processor into another form of description required by each tool. This paper
presents an algorithm of the information extraction and shows that a compiler generation is

performed using extracted information.

1. B U ®IC

bﬂifk74vﬁw@%%fiﬁﬂﬁ?éﬂ%ﬁ

B, wWHEERRP VAT I MERE Vo HNICEL
i%%%&k«»k&ofét.pwloﬁﬁm%
FIHLT, 2642, FLXVTO
FhTwa, i, 4F TOERFIBEOL I -
Foe7 %) 0Tk, FoxT7/VT
b7 OWEFRFICANLREI LB THD -
FooT7 /v 7 by THAREY ICET SR ST
biCnp~d),
N R YT VT Ny 2 T HREIH T, VAT

N —

BELROTIHS

t UMK KRR BT R R TR S X 7 A WH
Department of Information Systems, Interdisciplinary
Graduate of Engineer Kyushu
University

School Sciences,

2844

LOBEEE, Ty RBLE LIN-F Tk
VINYLTWFELA YT ) AV 24T, VAT
LIZRD SN DEESZT TR %RL, YAFACHTS
BER (ZAMRARETEELRE) WL T, N—F
TxTIVT T OBREEETHLENDD.
N=FYxT7/V7 b7 T HRARENOTT 5 XHE
2, ROIEPEELRL VP ELTEF LB,
BRE IR
MR MR
o IRFEIRIE
REXBERETE, SETOREER, LATYME
B, YIal—YargEon—-Fyo7oRitxE
P Thi<, é%m VI T ORFATBILE
A, ERIZIR, VMY T7OBRIETIE, C
E%&&@(7UX)3/A47,TNVW&k#%
EHedhb, S5, "—F9zT/V 7 0T RY



Vol. 36 No. 12

AT LOERIELTHET AR A EOLEL RS,

N=F 27/ 7 b7 2 THRARE TR AT A
T T BERICE STV AT LAOBREEZ 57201,
BREWITHET v 7T 570 HEFESLE
Ehd. MEEFHREROV 7P 27 RAWTN—
Fox270y3Ialb—avilloTHI) I EHEWN,
FDOI, BEZYIalb—Yay BFTNLREN
VEELRD.

EH, VAT AOBBEETERIIGLTEZS720
2, MEEREVEETH S,

HAE, BAOBEMICEL T, &F 8 2ffzEs
TbhTwb, FEAXBCELTE, 7-F77F ¥
DEHEERYOD, N=F w7/ 7T DS
%Ul),s), :jng/f?g)éﬁai),s),g),lo), /\‘—‘]“"73:7’/
VI Ny 7 BRI 2L a VBREY LY
DWEFITON TS

N=FT T[T }~ v THREKETE, ok
IS L DFBIPLELESNTBY, ThoDsEE
FAFRIIHLT, BRESZDLENFEL S, %<
DOBE, BLBEREEL B TEZ S5 LA,
BIZAE, N—F o7 DFEREGRB72012, H—F
v TRBERETAVCY, AL SDERE R
TH700FMR, HEVEIEEY Iab—Yar - E
FIVERERT 57008 EN 4152 5. FUER
FRESLBTHRIDHIEOMBEE LT, kD2 EM
H5.

o TNENORBOMOEFE ORI
e EELARC, ¥RTORRBTEETLLEND

B

AL TIX, N—F Y 7R EFE (HDL: Hard-
ware Descrlptlon Language) (2L A7 0¥y 4Dk
s 707ty oS oOEEr BT AT
ERREL, VA TSOERICER L2ERICD
WTHET S, 2 ETHERMHICOVWTHRN, 3ET
HDL I L3270ty OEB2 S, M4 O8E: i
W70 T RACDWTIRNR, 4 BTIVISL5
DEBICER L7-ZRT.

2. 15| H

B L LTk, 5FTARRNSP Ry P YA H
b HEREEIEE 2 T T AR T o T, R4l
RT LAV DN—F 7 = 7GR EFEIC & % RETER A
a,é%’tﬁwﬁﬁ%m&iéﬁn&ﬁofwa
KB OH
bhsZ k#@wtb,RTVAwwuﬁﬁﬁﬁ%F
BB EITO 2L, AMTHLEERONDL. N

N—F Ty-I—TnaJ?t%E%

ERT LRXVDON—F 7 2 7EREFETIT

DIEH L 2845

HDLEE#®

/5~ b LA
PR

SR

kit

(o )= ieaa ) (Fhada')
M1 HEmEzeLE LR

Fig. 1 Design supports with information extraction.
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1eg0 +=reg0; § -+

reg0 += reg3;

Teg3 +=reg3;

Fig. 2 ARET expression.
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Fig. 3 Information extraction flow.
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PC =PC+1;
IR = MEM(PC} ;

PC =PC+1;
IR = MEM(PC) ;

PC :=PC+1;
IR := MEM(PC) ;

tmpR_A:= GPR;
tmpR_B = GPR;

IR<5>
IR_OP

1

<

tmpC := tmpR_A - tmpR_B ;
tmpR_C := tmpC;

GPR := tmpR_C;

(b) RFODBS

tmpR_A:= GPR;
tmpR_B := GPR;

tmpR_A:= GPR ;
tmpR_B:= GPR;
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IR_OP

1

=

PC =PC+1;
| IR:= MEM(PC);

tmpC := tmpR_A - tmpR_B ;
tmpR_C := tmpC ;

tmpC := tmpR_A + tmpR_B ;
tmpR_C = tmpC ;

tmpC = tmpR_A + tmpR_B;
tmpR_C := tmpC ;
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S}

GPR := tmpR_C;

© EE10BE

I GPR := tmpR_C ;—I I GPR := tmpR_C; I

(a) ARETZRH

X5 AF—FAYFORYHL

Fig. 5

HHTE RV EHEESRIBEITIE, OB TIER
Eiiila g O R R (O

344 AF—-FACPOBYHL

F =TS S BB DY 1) —i%, IR.OP ®
J—FOTFI, B —FHPERLY JICE o THED
DIFLNTWA5E,

AF—=F TRV =R SN TS, £V —D
IROP D/ —FHLHTWwALY V0Lt TR
5. EHE—oEEL, VU—=TThS, IR.OP
D) —FOFOREELTWAEEORE / —F 21
DHT. B —FICE, AF—F AV FPEETNRT
W5,

INEE S OFITRT. TOHEIZIE, Zo0D%
B, 0, 1555, EHOIFEALZBAE, K5(b)
DAF— b AP OEEN, &MF1IER LY
B, H5(c) DATF—F AV FHFHYEERS
WU, CORF—F A2 M 508475,

3.4.5 {KEBFROFIvVY

AF—=F AV MHOER (BEROBELH D) 5,
FEERENZVI RS (IR, PC, GPR) REERNEP
YU ThROWIHEIE, PREHEFE-S-TWEEEZS

Na. KEBEREF oy 2L, TiERSITBEE21TD

-
—

Statements extraction.
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Fig. 6 Dependency check.
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OP-Code Extracted Behavior
0000 -
0001 reg := ADD( reg, reg, 1B0)

0010 reg := SUB( reg, reg, 1B0)
0011 * | reg:= ADD(reg, ADD(reg, reg, 1B0), 1B0)
0100 STORE( .d_mem, reg, reg, 1B0)
0110 reg := LOAD(.d_mem, reg, 1B0)
0111 reg ;= 10BO !! ir<5:0>
1000 pc = reg
1000 pc = BEQZ(reg, 16BO, reg )
1010 pc = BNEZ(reg, 16BO0, reg )
* CPUID &4

B8 A L7cEE

Fig. 8 Extracted instruction sets.
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/™ Loop 1/
main () {
int sum=0, n = 5,i;
for (i=0;i<n,i++){
sum = sum + i ;
}
}

/* Loop 2 */

main () {
int sum=0, n = 5, 1, j;
for (i=0;i<n;i++){
for (j=0;j<n;j++){

sum = sum + i+ j;
}
}
}

M9 #HEHLZ/vrya
Fig. 9 Benchmark programs.

K3 N—=FTxT7/V7 YT BT
Table 3 Hardware and software evaluation.

CPU1 CPU2 CPU3
. )
HW (B — ) 2,755 3,607 6,647
Loopl
o | HHRH) 128 41 41
Loop2
(EAF AR 858 256 231

RV THPOFELIT ) LEND L. T2, Bk

VIR G EOREFETILEND 5.

F-rEBRORREY L ETHIEE, RS ITRT.
Loopl TiZ, ADD3 #fHTE /=02, FEFL
7ot CPU2 & CPU3 BRFAILICA 2%, &
BWERSIEOOIY AT, CPU2 I
RT 4 RIEIML TWw5. CPUL X, CPU2 % CPU3
KHANTVLIRA S DEPEFD 4 Kb nioHl2
Load/Store DEEAMEIT 5 72012, EfFardidy
3REICHIML T A DY, CPU2 IS~ THRIZ 24% R
ASLTW5,

Loop2 Tk, 3 EHOMEHLDH H CPU3 D ADD3
EHEHTE L7202, CPU2 ICH~ CPUS I3ETF4
BEF 0%RP LT3,

FEIIE, VATFARLHTEERZEDPS, T—F
FTIOFvERELLY, T—F%F27FvyOEEZIT.

ZDEHIT, N—FY 2 TERESEIC L 5 REER
POBRAME LT, VL SDEREFIZET
SETON-F Y 2 7ERBEEICK 2 REHEBTRAE
TELXBIZOFFAHETE, 8542, V7hvx
TOXBETH) I LI TEL, BB Lo 15
DEBEREMAGDELILICLY, N—FvxT7/
V77 by T ES SRR R L & o7z, 4]

=R 2 7 RRREES O OFHMS 2851

i, HEEFmE VI T RIS EFIE LY, B
BIZXoTE, TDaV4F 1o TRRNE T T
FIGLEAVIANTEI LR ENREZLNS,

5. £ & ®

N=F Y 7RREEIC L AHRITERERLICESL
T, SETORBERSLHEIE/ 7P Ly - ¥
Sab-VvarvbivoltEBRFOTIFATERE &
5. SHICERMBE VI ERERVWLZ LT, 85
KB E L 5 2 LR E 2 5. KBTI,
FHRAMEOT N T) A LIZD0TH~R, 7Ot v H4E
WA ERME 2T o 72B AR LA, 8512, ML
TBMED S, TV LT VxRV —FEHEWTa Y
WNASHERTAEIENTE, #0845 %H
WEH I ETHRFHEEZN-F 727V 77270
W2 54T H 2 EHTREL 72 5 7.

RELATVTYXLATIE, TR o TidHT
ERVIREEDH S, N—FY o TEREETIE,
Bt o BHENE L, BRTEIS TSI 2Tdm»0
-ty POBEZIY BT L REHETHL 0T
HbH. SHRTIVT)ALADRERZTIZLT, 7—%
TOFRIFT AR EEDTHREBMT L2 L3
TEXBEEZTND,

ARFHEL, HDL TRl Sh7za7 e kb7 utk v
THBISLTHAS A XTHEIZ, &5ty b
EBINREIR, HL YA 208t L-a v 54
TRERT AEME L CRIATRTH L L EZ TS,

SGENE, TVt T ERERT B DIV ERTRT
DIEFRZ B L TR, 20MoERiz3 2 B8
HHICOWTHEZTWERW, 4513, a4 5
DEBRUN O, BIZIE, L6508 A
W, BEYIal—Ya yEFAVDERR EIzon
TOREEIT> T L,

B Ao, FBHROABREEEGS [
B EHRENEREE ] 0B LTIFbNzb DT
5. BE, EECLN-FY27/V7 TR
RETXR VAT LOMERE T > TV A BIIEZ K, 1K
AREFR, #EBER, BLU, BEILEHHVAS
CRMMAZOERICEHLET. 72, UDL/IA
BRIOGTHEHMS 2 W& T LU E R
FROMIFEGLZ IR, MEAFERRICRHFL FT.

2 EF X |

1) Gupta, R.K. and De Micheli, G.: Hardware-
Software Cosynthesis for Digital Systems,
IEEE Design & Test of Computer, pp.29-41



2852 TEHNEE AR

(Sep. 1993).

2) Thomas, D.E., Adams, J.K. and Schmit,
H.: A Model and Methodology for Hardware-
Software Codesign, [EEE Design & Test of
Computer, pp.6-15 (Sep. 1993).

3) Kalavade, A. and Lee, E.A.: A Hardware-
Software Codesign Methodology for DSP Ap-
plications, IEEE Design & Test of Computer,
pp.16-28 (Sep. 1993).

4) Sato, J., Alomary, A., Honma, Y., Nakata, T.,
Shiomi, A., Hikichi, N. and Imai, M.: PEAS-
I: A Hardware/Software Codesign System for
ASIP Developement, IEICE Trans., VoLETT7-
A, No.3, pp.483-491 (1994).

5) Akaboshi, H. and Yasuura, H.: COACH: A
Compute Aided Design Tool for Computer
Architects, Trans. IEICE, Vol.E76-A, No.10,
pp-1760-1769 (1993).

6) Pyo, L, Su, C., Huang, I, Pan, K., Koh, Y.,
Tsui, C., Chen, H., Cheng, G., Liu, S., Wu, S.
and Despain, A.M.: Application-driven Design
Automation for Microprocessor Design, Proc. of
the 29th ACM/IEEE DAC, pp.512-517 (Jun.
1992).

7) Jiang, Y.-M., Lee, T.-F., Hwang and Lin, Y.-
L.: Performance-Driven Interconnection Op-
timization for Microarchitecture Synthesis,

Trans. on CAD, Vol.13, No.2, pp.137-149
(1994).
8) Menez, G., Auguin, M., Boéri, F. and

Carriere, C.: A Partitioning Algorithm for
System-Level Synthesis, IEEE ICCAD-92
(Nov. 1992).

9) Marwedel, P.: Tree-Based Mapping of Algo-
rithms to Predefined Structures, Proc. [CCAD-
93, pp.586-593 (Nov. 1993).

10) Huang, I. and Despain, A.M.: High Level Syn-
thesis of Pipelined Instruction Set Processors
and Back-End Compilers, Proc. of the 29th
ACM/IEEE DAC, pp.135-140 (Jun. 1992).

11) AEE, THEA, BAES AavEBORkE
B, ETHHRBEYRWIEE, VolJT4-A,
No.2, pp.247-255 (1991).

Dec. 1995

12) UDL/I Committee: UDL/I Language Refer-
ence Manual Version 2.0.2: Japan Electronic
Industry Development Association (Jun.1993).

13) Akaboshi, H. and Yasuura, H.: Behavior Ex-
traction of MPU from HDL Description, Sec-
ond Asian Pacific Conference on Hardware De-
scription Languages, pp.67-74 (Oct. 1994).

14) Tomiyama, H., Akaboshi, H. and Yasuura,
H.: Compiler Generator for Hardware/Software
Codesign: Second Asian Pacific Conference on
Hardware Description Languages, pp.267-270
(Oct. 1994).

(FEK 6 4E 11 A 10 H%A)
(PR T4 9 A 6 ORER)

#E 188 (ERE)

R 3 FIMAFETLEBIFHRLE
BrEsE. TR FRIRFERERRE
BT 25ERER Y A 7 A 2B LR
BET. BE, ABRFERFRELR
BESFH, av¥a-% - 7T—%7
7 F v &EHE CAD, av/54 5 OFFRICHEE. Tk
TEERRLEZERIITILANRELZH.

i@ ®EA (ERE)

BRA 51 EFRHRFLFWHFRLT
FRIEE. BB 53 ERHAEIE
BrekH s (BHRIEEL B
T. BRAD 55 4E & Y FATEEBF.
FERTEMET TERBBIFEET,
R 3 4 & Y FUNKERERERSE T EMFERHER S
AT LAEEEEE, VLSI Y A7 ADHKEFEE CAD
DODHEBIUN—F 77 7V TY X 0LOFFEIHEE.
BRHN 57 £ BT BEFRFMMEGHE, WM63EB LT
T 6 EBFIEHRBEFSHLE, P4 EEFRLAE
FEEWLHE, RS EBRUEFATFLIFINES
X UF Best Author E# TN FNZE. EFHHEE
%4, IEEE, ACM, EATCS % Y& 4 8.




