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LICRT L DT, FPGA OF v 7 iz idinEie % %35 CLB(Configurable Logic
Block) 23 2 RITIZELE S, JERICIL LSI Dty E NEEIR AT 270D v ¥ 7 =
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CLB: Configurable Logic Block LUT: Look Up Table
10B: Input Output Block FF: Flip Flop
(a) FyIDBEE (b) 705> AHHE

1 FPGADEIEE T 0SS LAtEE (REREE)



%ﬁ%7~#%7+wﬁﬁgﬂ%v—waLf@n@A%%>X%A@ﬁkk%%$w 55

2.2 FPGA DEF Ik

FPGA ZBA¥ T 2 —MXRIFIEZ X 2 1R L, UTIZHAT S,

(1) 71 :FPGA Otk (BRFE Y —7 v b) ZWRE L b, FPGA ¥R 2 inERE B
OFHZITH>, THIEHBEERERKE LTRZRLTS LWL, HIL(Hardware
Description Language) Z W TR+ & TR B,

(2) THVA AN BEERE LTRRLESGAREAF~T 4 v 72T 4 42N T
AT %, L TRB LB E BT 4 F2ER L TANTE D, WTIOHED,
PEIDSCTWREY I 2 b—F Z AWV TREBE VS VORIEZIT Y. £ L Gl
WRE L b OERBEFR A TRRT 212y NV A NI 7 A VEHAT S,

(3) AVTVAVT—var : Xy M) ANTZ7A0%S LT, GREERRES LUT ([CEIff
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FPGARZ Y —Jl (CAD)

(1) FH4> C (D) FHAVAN (3 AYTFUAYT—va>
RS —4y hOLHE aEn A - v gy : :
N—ROITFHLY ATIITAY | dE=E

o F45) BE - S -

GhEm®) — . v | 7nssaF-4
(HDLIZ & B 525) — HDLEE#A 71 | TOYSAT—SER | FPGAN

:Q‘); HDL: Hardware Description Language

ROM: Read Only Memory
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BEER L E L2130k, EB LU -#iF TH8/532 OMf L AR TH DL DT, Wik HIRT 5
ZEiCk Y H8/532 DT LTI ERFIATE B,
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By b, RZFFROEIALEELHL, 2 Ca—FXOERNT —F7 7 F v 258
THDIMHERBEZER L WD, £, R2IFT LI, NHBE#ELRILLE
TEW, HERELTO, IOV 7 uTut v FOEEO—DThb, T7hbb, B
PRER LY A Z [ LEHE LED (Light Emission Diode) ICRRLTHEY, 14 I & DETICM
AT, MBOETEAT —VHBMICHM L THEEIELBETE S, 72, 7ry AR
HEBELTDIENTEZOT, AFETORTEBER T/ 4R —TOILHLARETHD,

x£2 HBRI6EY b o070ty HORRLH
H B - &% / W K

L YR YR MHALVIAS 1168y M X8R (R 1ARIGAS v 7 RA ¥ ¥ 3H)
avha—=WLIYRY 16y VTUSI A AT Y
16y PATFT—F ALV RS

a4y b 16¥ Y MiARRH~A 7070y HH8/532 (HY) fihérsLy b
AEREE 64kBEA (16¥y b7 FL A 22/H)

&1 A AR OV EL VEU Y5y
AT HE AEYTy ¥y AR
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BT A — b | EENEL VR Y ONEEEIOR
L2 v ah T OELTH
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4.2 wAfrurukyPoRiH

R 3WCHCR Lio~v A7 aw yhon— Ny = TR % R3, CPU % 13000 7 —
FOFPGA Vo Fy FICEETDHIERERFELLEZILDHY, T—F AL, YR
IANRBGHE L, £z, Hl#EITRH#H#HRE (hardwired logic) FRTH 5,

16 16

' i_L] v
&L ux4| EA] OP [ MRDR | WD(B)
|

LUz ;2‘;;:(';) 2 port RAM
SHEBEI U 3A /Fa—2\ ikl IR ® (1 6bit X 8word)
¥ 55 RD(A)  RD(B)

A-»
sy P
4 HES O Ly sp

> MPX

<
PC ADDR s—v—g
w130 -\ ADDRS

Fagsany vy PC]

<>
h 4

ALU: Arithmetic Logic Unit

CCR: Condition Code Register

MAR: Memory Address Register
MWDR: Memory Write Data Register
MRDR: Memory Read Data Register
MPX: Multiplexer

SP: Stack Pointer

B3 w4070y dDN— Ko7

ST, " FNU=THREALMZLEZIAT, vV rRadETERT V0 LItk
LTRETDZ LOEKEE X TR,
WE, TRy 7E— B8 By MNENIfT& LU R F T — FOMEAS

add @(d:8, Rn), Rd

DEITEEZ D,
pARANENE 3 i
[ EA [ disp [ op | PC—»| EA(@(d:8, Rn))
EA: Effective Address disp (8bit)
disp: displacement OP (add, Rd)
OP: Operation
(a) deRER (b) EFEELOHS
Clock] L] L [ 1 I ] | l f L
Stagele—#1 o #2 g, #3 . #4 . #5
EA Fetch | EA Decode Next Instruction
Operation disp—MRDR| OP Fetch [ OP Decode Fetch

Rn+dis @(Rn+dis MRDR+Rd
—>MXR —>MRDF;{) —jlid
PC+1—PC | PC+1—-PC | PC+1—PC
() BHRITL—T 2

H4 LIRSMET KLR (BEy MERIAE) OMERSORFL—4 2
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RUABHEURTERBORNE L LY RF Rd DRAEZINE L THRES Rd IEKT 5, K
4 @IZRTEICINS MFTHY, ERECEHE4A O ERTIOCEMIND, £
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WK EBEZ B L2TIER G2V, 1HFZEOETTRAT — VB TEITRHR
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PMOETEYR—FTDIEICLY, ZThNAfELD, 7B, OF0ORTICETLIAT
=V (Vuy ) D—EEMEGOREICELDTRLE,

4.3 w4 raTatyFoRE %3 FPGA(XC4013E)DRiEiE R
CPU ¥ 13000 4#*— k @ FPGA (XC4013E) 1 {&Iz H H BRE GF%) | #
FE¥EL, CPU, &, F7A LED, B O[EEK CLB 538 (93 %) 576

BIMOTaE v R— Mg e or, A 52577577 160%) | 1182

~DORERREER I, Ty A—FD  HI7 ‘%/“/ Hy‘/ 216 (38 %) 576
VALV —
P - " U )
REDORTER SN, TukydR—Fk Iy TIay7 | 126(11%) 1152
BV TAL L E T =—2R (RC232C) %41 L (CLB)
%) CLB: Configurable Logic Block
- % o =R o
TRA P PCICBERRE TH D, E, AA F/IG77vovavylzdb—F8 4 ANy
vFRy 7 AZEHRLT, TREBOEXAL 7y 7F—7N. CLBl1E®7:b 2 W% &t
CHEAEL, TELUAYDEXAL, B H77>»ovardzixlb—% . 3AIIvy o7

\ ~ ‘ v T F—=7N. CLB1A®7-1 1 lE2&t.
O ZITHIE N R TH 5,

. T H"ARPC
S84 1y & (1H2H T ~10MH2) 57800
RESET w MEIZ O v & (10MHz)

o] /= [ cNZ
V// iB{ELSI

(CPU) HERAEY mnc

T

FPGA

e

XC4013E-3 LED K54/ IC

/)

LED K54/ IC

CN1
A

() AORFIIEY ML, T/ebBLEDDEH
EAOPIEHIRL PRI DAE
IRQ: Interrupt Request, IM: Interrupt Mask
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DERAIRY =N E LTEBLIERA LTV E W,

SEm
1) BRR, R BB KPBCBUDHERTY — %7 7 F v OBBHIECHT 2R, HRamsas
BT —%7 7 F v B REHFRHE ARC-100, (1993), pp. 25-34.
2) BHIE HFE, M HEMIP-EHEER~/ 2 o nt v QP-DLX DRI, TEHMLEES BT
—F7 7 F ¥ HREBME ARC-100, (1993), pp. 35-42.
3) HF R—BR, il BEEA~A I/ nT oty KITE &2 OMBEIIERE, HHOMELSHERT —%
77 F y BFREHF RS, ARC-100, (1993), pp. 59-66.
4) AFEH, EREHE: GREETELHFR 2 Ca—F VAT AORE, BT EREELSHITH
e, CPSY-97, (1997), pp. 1-6.
5) Brown, S. et al. :FPGA and CPLD Architectures: A Tutorial, [EEE Design and Test of Computers, Vol.13, No.2, (1996),
pp.42-57.
6) XILINX, Inc. : FuZS<=7n-adyy F—&7 v V3, (1997).
7) XILINX, Inc.:The Programmable Logic Data Book Supplement XC4000XL/EX/E, (1997),
8) Trimberger, S. etal.: “Architecture issues and solutions for a high-capacity FPGA” ,Proceedings of the (1997) ACM
fifth international symposium on Field-Programmable Gate Arrays, (1997), pp.3-9.
9

~

Ooyama, M. and Hamada, H.: “Fast separation and combination of an exponent and fraction for URR Floating-point

arithmetic and its application to a pipelined adder/subtracter” , Proceedings of GAMM/IMACS International

symposium on Scientific Computing, Computer Arithmetic and Validated Numerics (SCAN97), (1997), XII 12-15.

10) KRIUKS : URR BEVNEREEBE DO DA 75 A VINRE RO & FPCA I & 558, H@a
SWFFRERE, HPC-69, (1997), pp. 19-24.

11) HZBUERT: H8/532 N—RU =T <=2 7 VE S, (1994).



ETERT — X7 7 F v HE - BV — & LT FPGA Fi% Y AT L DA L FFEHEH| 61
12) BIBYERT (H8/532 7 n /I3 v ~=a T VB4R, (1995).
8%
Generlal Registers1 ebit i x5 Ho—E=
RO mnemonic operation
R1 . MOV move (@aZfR<)
R2 L MoV input/output (@amn#)
R3 ADD add
ADDX add with carry
R4 SUB subtract
R5 SUBX subtract with borrow
CMP compare and set flags
RO | NEG | megate "
R7/SP AND | iogical AND
Control Registers R OR logical OR
[ g PC | REGH XOR exclusive OR
NOT logical NOT
SR ———> | peoeeeeepes TP EEEEEE
<+—CCR—» SHAL shift arithmetic left
—|I|— SHAR shift arithmetic right
[ [l Inzlvic] SHLL shift logical left
J¥£: PC:Program Counter, SR:Status register, SHLR shift logical right
CCR:Condition Code Register, linterrupt ROTL rotate left
Mask, N:Negative, Z:Zero, V:Overflow, ROTR rotate right
C:Carr ROTXL rotate left with carry
ary B6 LURIER ROTXR rotate right with carry
Bcce branch on condition code
WS — N JMP jump always
&4 FRVyY YT - k%% - BSR branch to subroutine
mode mnemonic | effective address RTS return from subroutine
LAY EIE Rn F—Z IERNOAS #H#G4e | RTE return from exception handling
. @aa:8 Y8 E 1) NOP no operation
BT KL R @::1 6 léii;(Gﬂf? TRAF;,)A trap on vector address
> . " HLT halt
LIRS Rk @Rn 7 I~l/7\(:.tRn\(Dl*1? SETIM2) | set interrupt mask
FARTV—RA MiE|@(d8R) | Rn+EMBEY b ) CLRIM®) | clear interrupt mask
LIRS ME @(d:16,Rn)| Rn+ZEf16Ew b
IF4T #nn:16 | F—4# (d#nn(16bit
A2T4Lh e Pl OO 351 : H8/5320SLEEPAS DT~ KEB TS,
TS5 BN SR — e ey | 2 : HB/S320TRAP/VSHEDI— K25 T,
i L £ 33 : H8/532MUNLK FP&SD I~ KEH T3,

E1 MOVESOI/0FAE— KT, MSB=1&£73,
E2 kI8 Py MINSENIRT 3.

®E6 WMORTICETEo/OvIH

TRy IE~R

BRI T W

Rn

@Rn

@(d:8,Rn)

@(d:16,

Rn)| @aa:8 #nn:16 | disp:8 | disp:16

OP, (EAs) ,Rd
MOV, ADD, ADDX, SUB, SUBX
CMP, AND, OR, XOR

7

OP,Rs, (EAd)

MOV

0P, (EAd)

NEG, NOT, 227 hid
Bce
JMP
BSR
RTS
RTE

SETIM

CLRIM

TRAPA
NOP
HLT

£ @aa:8(2/OFEHMOVAE T DHDE—K

P HEF
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Arrangement of FPGA Design System for Education and Research in Computer
Architecture and a Design of an Educational Microprocessor

Mitsuo OOYAMA
College of Science and Industrial Technology
Kurashiki University of Science and the Arts,
2640 Nishinoura, Tsurajima-cho, Kurashiki-shi, Okayama, 712-8505 Japan
(Received September 30, 1998)

In this article, we introduce FPGA(Field Programmable Gate Array) and its design system which
we have arranged for education and research in computer architecture. A 16-bit microprocessor newly
designed and implemented on a FPGA is also described. The microprocessor has simple architecture

with interrupt handling and enough observation function for educational use.



