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In Hiroshima City Univ., every junior student designs his own small 8 bit computer. Every
pair of students fabricates a “superset” board for their designs using FPGAs and TTLs. In the
first phase of this course, students design appropriate instruction sets and micro-architectures
according to the requirements that are given only by showing some application programs that
should be run on their machines. These specifications are described in a HDL which are
expected to be synthesized into gate level specifications for automatic placement and routing.
Since a minimum set of I/Os is introduced, the fabrication takes only about from two weeks
up to a month. In the case of 1996, 50 students, out of 53 students, succeeded to complete
the entire phases. About half of them succeeded to run quick sort programs on their own
machines. Three of the machines were pipelined RISC with interlocks that detect the hazards.
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¢** Placement and Routing

K2: by FFYy rREORN

2.5 CAD B

HDL & L Tid Verilog-HDL  i\»Tw 5.
Verilog-HDL % #A 7ZHHIIROBEN TH 5 .
(1) 18 DYBANY F—25188DF 1T 7
UBMHE S Tz, (2) 1995 FE DA T2
AmtEe v, EEFdHo7/. (3) EEED
FFETH D, IEEE b IEEE1364 & L THZ
BIHELTVA.
LHRETF (reg) D2HBEHOEKLI2L, A
W) A% input, output, inout ?® 3 FEIE L » %

WIZbPhb SRR RENEE TS, (5)

CERBIlTwTHLAG V.
BUETIZ, 49 DFFRNY -2 5 400 ~
300 DT A TN HBEBINT VS,
Verilog-HDL {2xf L Tid, B2 wEL I 2
L= DS shTna. ZOERTH
W/zDid Verilog-XL Th b, UIv s vE

¥4 #1% Synergy A7z, Thbid HDL desk-

top &V I Y F Y —hLEHLTHV.
Synergy 453 % Verilog-HDL ® % v b

(4) ERWIEFH (wire)

FDDI

———— Faculty ———
SS5modelt10 x 60

f

(100 licenses]

L

{30 + 30 licenses]

SS5model110 x 30

£

(30 licenses)

'''''''''''''''' Department

K3: Ay b7~

WS HZHEMIZ60 5B, WEMIC1A (SS20)
BASNKNTEN, ZEA WS D 2588 EETI
T2O20F4VAEERLTwA, 0Sik
Sun 0S4.1.3. U1 ThA. F—LF4 L7+
ZFDDI ED 2&HD7 74 L H——iZBhIR
W5,

EWM I FERHIMBE OFE L LT Sun WS 2°
FHERCI0E, KEAICIBEZEALTSEY,
HEHOWSH30 54y A BEHRL TS,
HERO< Y (S520) ® OS i Sun 0S4.1.3
Ul Ths HER~YVidhlc, BERER
BOTHDDXACT D30 FA Ly AZEHRLT
W5, ZEHR WS ® O0S it Solaris2.5.1 T» 5.
TERTER T, 2RO 2HDT7 7 4 W — 3=
L1251, Sun @ Enterprise3000 * AL TH
D, RIS, FOMBERHADY — VD
2HD100 4Ly AFEHEL TS, 0Sid
Solaris2.5.1 T® 5.

BREFHMHIETVAI LI, MEDICI
a4, X512 CAD V- VEHDHD

1} X b Composer &9 V=V EMLTXACT BEEITEBLTVS.

Ev BERBEM IO T LIk ¥ —
4"y M Xilinx #00 XC4000 ) —X & L7z,
M2 icekofn %Ry, XNF it Xilinx
HOXy PRI THDE. TEUTITERER
THEDRERODLFAEIIBEOND.

2.6 ETHRRE

Lk L7z CAD v — VIidFERERIE & 2R 8
BIroBRETHEALTYS (M3) . 914 %
VAR ERTIBOZODFENTH S,

TEEREFER I 4 FRHEEOEE LS LT Sun

3 ENATOFM

Z I TIREERE City-1 OB TH5 [
Ja5) 51 R L THBESOREDT:
DOFFLDFE] &L, BERBOFMIC
DOVNTIHRRB.

3.1 Yt REFRETSER

Verilog-HDL i X » T, Bk ER L TH
BB E IR T 5 HEIE AR &



D&% . (1) and, or, nand DX S %71 3

T A T g (2) MEAAS (as-

sign X &8 9 M ASREE B OR)
N TTHIEL 2P 2 W30k,
Ih b, FENETLTRET 2 [HRE
YIialb—Vvav] ofTEELTHS. [H
BLIab—3arv] OFHTRLZLDEI,
BETERVHAIERY LSRRV, I RTE
B R ETHA L HIBEE L. EET
LLTESENM TV T, e HBRETE

3y A

BEnLBE8055 2 L%, [ERTFERIIL

T, ALUZEZ2 G LE D o BRL@EL
TREBENIZLEE S8/

3.2 Va7 VUT 1 DB

Bk, v Tcroky ek E kit
FTHI L, BYLSETH I L TR %
T )ODEETHE. TV VIIHEL
TERETTA I LIIMBYERET L V) BEy
LLEETH 5.

MERITZERII] T, ZAENFT— 53
ADRAEFALRHT, VLIYAFI= v b,
WEL=v b, 51y b Ry b
EIBETaTUVTAEL, BRIZTTE 57,
IR ARERRRES AT, [ZThed
CREBREFEHR IR L] LIRS LTY
5 HrREEFELALREEREELTLEY S
L, 2 HURE, EREARBR ERELTL
TIPS LICHBEIDEEZ TS,
7 % %2 £ function XExAWTRERTE 3
CELREDEHL TNV,

NA TP AMbxkfTeB ) LT 5L,
[FHEOREIIMSER O 7 — 5 IKFEHRIC
b 10 2t xfELTwD. [ETEF
BRTrBRT e ici@dnF— FEIFIh bk
PV, TR L CEEET DT (A
TIAY) A=y rThE] [1],]10] &
FCHET DL, B8 I A, Fick

RELZDoRIZb2boY, [4vy—ay

sa=v ] DEBRELEDT.

3.3 HIBMEENRE

T = N AEL FIE T O/ SLICERL
T, WmBE A~ 70707 7 L]

HWHROBICREN LZE 2L, Thbid—#
LTHRD T EHTE S [8],[9).

TR THEERII T, ERHAEHEBFR
DOHIHHDOFZEH, WX, KFHMoO< 127 0T
Oy LBEARICHVSRT X 5E{b%
FTHREL DT ERT
reg [39:0] STATE;

// STATES
‘define I_FETCH_1 40'b0100 °**

‘define |_FETCH_2 40'b0100 ***
‘define LOADREGO 40'b0100 ***

1000010010
1000010001
0100000000

assign {FUNC_CTL_A,IR_LEFT,|IR_RIGHT)}=STATE[2:0]

{MEM_WRITE,MEM_READ}=STATE[39:38};

always @ (posedge CLK1)
begin : state_machine

case (STATE)
‘|_FETCH_1: STATE <=‘l FETCH 2;
begin
case (DATA_BUS)

‘I_FETCH_2:

Moore Rl 584 5 L [Hh R3] &
HRFCh o 72, REBBER L ERT L0
DOEBPREL L 2R EOBBIRE 5720,
Mealy BIDHE b BRICIT R 2 72

NAT T4 AT BH ETHFEITE,
HESz BT 2L I)BELL. €220
LD BKEOTRTEERT S, b3
(YA LAT—YaF)—] 2HEETFLR S
ERBVEHETL D TH B,

3.4 CISC » RISC #»

FEIZET, 240, AeEekithi, 27
FLABARDCISC TH 5. -

1990 £ ORI WS W12 BT RISC
PEMIZL o7z vz s, LaL, Intel it
PentiumPro 13 86 7—F 727 F v TH h 5%

5 366 SPECint92 T# », R10000, PowerP C620,

Alpha21164, PA-8000 D &I b Bo TV 5.

AR [11] 1244 CISC 2 RISC 2w THE
REVERMVRONS, ZOXETIE, CAD
ORGP S OB/ I ICER DA TY
ZVH, ER L2 RSO RET R o
TG, HRRENE s M s uTus S
LR RO, RROBEEE W) ST
ENVWEWR S, AE)|Fruy sEER
foTwwvi v s b, Mm%



ReARTIENTE, BRFENEFRE=
Aru7ur7 7 a5 AROMIC, KREN:ZE
Jev, L L, BEBIZIEEIC, CISC ol
RIZBWTH, R BRI X0 - T &7z,

City-1 2%46E L TV 5 5k 8, CISC
I L, R s R e LAY 58
FREVWTWwWBEEWVZ S,

Y512 Moore RIOBHIE, v A 70703
LATHHEHPD L) ZNEFRIEE AT S L, K
BREBEBO-OORBLIAEIAEL LS
ZENHL, LALIDZ XL, REEBLY
default THEETHI L TRHMTXL I L k¥
EMRRnli L.

4 BREORKAR
4.1 &FEYNT—FTIFv¥

ZHEICELL, SKoRELRERIE, 2T
FLAFRD CISC THo /2720, FHA L DE
ENINEBRELTCW:, L2LLUASE
BRIZIZNS 5 1 —HR shr.

HEDTATFTLDAT Y THIT 9~ 686
SLHATHo. FIZETEHELXTE-T
WBEZENVE—FT, EETHRV, V7 M
Lo TEEZ1T% D) FEI WD THE. 7
A9 I—rDIDODOAT v THIZ61 ~ 110
A Tho7. RISC 2% LZ3I AN BY
Eh&, CISCR#&ELAOADIBED2A
DET 3 ANDEEDS, B OBBELBEZTT
Byoary¥a—9yn00071vr 77 %R
ELTRHBLTw.

1N AL 203, A ERESET
WEADSE (R, LER— M, [EE7 +—
<y MZTHZb o L HEENTHLEY ] L F
WTWZ IR EICETS. i [F8
ZEERVIRAY ETIRZE] LI EZ
FEMZ, &#{t®# 2 i RISC oFBEICE
5.

4.2 *XEVT7-FT7T7F v

FRAEDHEENEE Y FOT FLAZLM %
AwTBh 9y bxAWAFAIKSE 2y
FDVVRAS EERETERELT2% N, M E
MR L7-2ER L N o7

NRATIAL AL EIThRo725ED2 AL
4754 4% LT\l AD, 33 A,
F— 5 & 7T T ATHENDONAZHR T, N —
W= K7 —=FF7F X ERHAL TN,

4.3 - [ERRAUR & HAEE

£2lcu ¥y 7 vt 4 ¥ O Synergy H*
Wb U2z Bk e L BT RE 2 O v 7 B
(MHz) O¥#3%,R¥. £ [GRm] , [SPnJ
TRV 28 m]), TRy v oKLY
FHHn] THAZEERLTWAE. ¥y M
27 FLAZE*FET. L EIL, and, xor @
L) R EANLETORTHA.

72 [IBREEL L B ERT AR IR B

LVIAYEE | A% | B | Bk (MHz)
GR4 11 1062 42.9
GR4,SP1 19 1145 52.5
GR4,SP2 10 1398 46.5
GR6 1 1743 50.0
GRS 3 1089 56.7
GR4,9bit 1 1335 52.6
GRS8,9bit 2 1234 42.3
GR4,11bit 1 1111 69.6
Bonjour
GR10, 9bit 1 1708 34.4
T2
GRS, 10bit 1 1717 27.0
SCEPTER
4.4 N1 77114

b EDHBYEED Oy 794 7 VER]
BRicgiohTwizeoid, 1wmdt 170y
P TEFTEBLEIIICTBENA T4 LT
B5 T, BiEotkmEs\lEcEs. Ly
L, 1&4%1 70y 7 TEFTETVHEE
I, 84 774 v OBRKBEHRT IR Oy
ERKEEOL I EFEWICE S,

%2 ® [Bonjour| , [T?] , [SCEPTERJ
13234804 T4 L% 4T% o7z RISC
Thotz, INHiE, TONEIC, RTF v TS
BhvEV) BIRT, sdty MR 22T
Wi SEBOTu 5 L0BET, [SCEPTER]
DFRERAF v 783t L, [T?] £ [Bonjour]
1, S RRBEEITR D 22D, 1.574, 1.86
fEomaRELEE LT/, [SCEPTER]



Dfp4t v M3 SPARC Version7 ¥ 8% 124
L Twiz,

LU, 8ty PSR 2o TV 2%K

v, BIYETT AR BS [Bonjour| |, [T2]
[SCEPTER] DEICEL o TWd. 22
T, k12, [SCEPTER] D% 145,
[T?] & [Bonjour] D#Exttskix, 2h2h
081,130 THB L WIHIHRIL S,

WA T4 DYWL TS5 4 kT 3
ROOEBIZL->THEITHIZEBET AL
W, BELTW2H4+Ly MIx LT, &iEx
BELVCIDOVHFETLLEEZONS, L
ROBHELFERTRALRY, [T?) , [SCEP
TER] Bfys & Lz kichaddy, +4
RINATTA MLEFT 2o TV Do EWn
z5.

4.5 FNNy Y

R=FOFNy 71230 Ty 2 744
VERENT NTDF{A LR, TMSB & LSB
DALBDE Y] |, [EFEHROOEEER]
[TTL-IC D& LME#EW] &viorz, RoFR

TVHDE o7, K4 FE—- FOFNy 7,
R%ARY. [Bonjour] & [T2] i3, TOHEHE

D, FALR- FLRIZEE IR,

K4:284 754> RISCOFNy FRE
AV 2—- Y DHMAS BRI TS LTE
ELEFL, [ov¥a—5i37F—y 2Ly
HELOBEESLTWEZ L], [F— 7382
BT hLRI5EOFZBLEVIE
BROREEZ|RETWVA I L], [H#EEIE, &
SITHE VB TIRRE 2 (L & & 4 455 S8
BEEREL, P ROLERELTFT— ¥ /352
LIEHZIETWE I L] £ 505 [10]

N5, Verilog-XL # iz, LY 2%
FNGUVRTZ7LRVDEANL ECTORBBEF
Ny FTHEBEALT, +3IC BB IR

4.6 FRIEQH

31, RIELMECELARERT. [1S)

[DP] % &, #heh, &4ty v, [F—
F8AL, [HiEE] , [k oRst, (88
DFEL] ,F—Fo [8E] , [F1v 7]
RLI-HEOFEYTHE., [FEL] X, o
Voo e AR HEERB I TS
ZEHENTH o7

IR EEEICEL-TEHEK

L2y | IS [ DP [ CTL W FIX | FAB | test

GR4 6.5 173 1] 105 | 21.6 12 16.3 | 12.6

GR4,SP1 79 | 78 | 98 1222146 | 13.8 | 8.7

GR4,5P2 8.1 ] 56 9.7 18.1 | 10.7 | 13.5 | 85

GR6 3 5 6 1 30 2

3
GRS 5.7 6 113 | 266 | 9.7 3.2 6.7
2

GR4,9bit 2 7 16 5 9 5
GR8,9bit 25 | 20 10 60 8 25 5
GR4,11bit 21 21 21 30 14 28 14
Bonjour
GR10, 9bit | 14 7 7 14 14 28 14
7?

GRS, 10bit | 30 [ 10 2 24 2 25 7
SCEPTER

EHROBREAMIZ1I A 4580, 828,15
HATH o725, FRILEROERREIZ, WOT
SFATED L) BB LTV 27Ny
T OBETE, BN FIHBEFEEFICEAE L v,
EH, ROohi B512 2 0RHOBIBEE
ERT.

K5 BERR (IFRLEHERE)

5 EBERELDIMREE

THHRITEERILI: [RBREBRFHEE]
FHEL T D, WHEEBFHEHE TII City-1
AR ERFORERFIRE LT, VLSI-CAD



iy o, i, BEEE T VIV YR
FAREET B0 OEBBMOME LT o
TWh., 22T, SDLd 2igEo—i* i
BIZHEAT 5. o ORI City-1 # Hv
LR E IO EE TV ELTH S,

51 F/ A7 HBEHIZ v FORR

Intel # @ Pentium Pro #F4&, V4 —¥
Ny 77O MY EIZ40 T, 20~ 30ED
HEHOT— ¥ IKFERROBIT 24T 2o T W
BN ERERATIRE S KIZ3 ~ 5 EBET
H5. HHAIKFHEETIE, 7 /A< VE
av¥a—-yOFEELI=y FEERBELTHEHB

T, F—# 70— EDF/ AR Ea—

SHEERERRT A L2 EX T 0D,

IBM # 360/91 12, Tomasulo O & H
WTHEY [1][2), BEL Y FEEEEDT -
Y IU—a Yoy FEhETIEHTES.

5.2 T4 JRIEENIBRMR

Intel #12 & 5 MMX DB IZRHEIND &
312, MPU OFEHCBWTHIRETIE, »b
WEINVF ATATHBICBITET S ) r—
TavOEERFMBEBRINS LR
7-. FMEBORRFHEME T, CAD Hif x aifRIC,
<V F AT 4 THEO MPU & DSP O ijmE»

,EBENRET D, FENEICHET A
2 oTW5h.

ZFEELEILIE, FAFN DIV, MMA
w3 VLIW O v /z, DSP 3% & S
htwa, EERBI7T 7Y r—varvziR
nFrRokE/ A rBara— s BEH
WHRVELEELEFIELBODL LN TEL.

6 T

KR TIE, BT KREEREFHER L
FRICBWT, SEMPOERLFERILIT
FAWT\w5 FPGA 2 v ¥ 2 — ¥ OB HEL%RE
LEIED /- D DERKE City-1 7R LT, CAD
#7, FPGA FIBEEM % Bz, KECTOREM
FRIRIR 4B L7z,

SEFHIT A9 VY- %Il ®
THED] L WIRBETIREOBARTHD,

B2 e, BERELRET A L ERIZ
KTH5b.

JEBHOERITEERIVICBWTIEL, K
EBRTREAZRBET AR, &) BB 2ZE
PHEINTN5S,

REFFED—EBIL, [LBT L KFFHK 6,7 4
FEFFERFgE [VLSI ket &E cf s 2015

(EAHE KB#RAKR) KL DTHD.

KFETHWTWAS CAD VY A72 0, 8
EEGHY IalL—y uYy sy veHAY
DF 4+t AL CADENCEHDTHFIv s -
Jurys i BHERERRI O 7LADTA4 L
VA Xilingx #Htoz=anN—y54— . 7y
SLIZEALDTHA.

2EXM

[1] Hennessy J. L. and Patterson D. A. : Com-
puter Architecture A Quantitative Approach,
Morgan Kaufmann Publishers, Inc.(1990)

[2] Hennessy J. L. and Patterson D. A. : Com-
puter Architecture A Quantitative Approach
2nd edition, Morgan Kaufmann Publishers,
Inc.(1996)

(3] MEEAK, UK %, CM EF, ERHEE : AR
BT —%7 2 F v, GHHIE (1982)

[4) HRAE—: av¥a—3T7-F%77F%, L
B (1981)

[5] Hwang, K.: Computer Arithmetic, John
Wiley & Sons(1979)

(6] YREL : A4 vF> 7 OBMER, T0FH
(1986)

[7] SHM : REHEFEIL F I 2 HER (1978)

[8] Takahashi R., Yoshimura T. and Goto S.:
A VLSI Architecture Evaluation System,
Proc. ICCD’86 pp.60-63 (1986)

[9] BB, X E: NALRLVIIETRD
g, 2% A, Vol.J74-A, No.2, pp143-151
(1991)

(10] ®HigkE— -
£ (1996)

1] MEFHx, EHEE, LY &, TILES, W
A BiL, SRIREE: /<2 VE#RS [RISC i CISC
BB D] B vol.30, No.11, pp.1376-
1394 (1989)

AT LBRE L RE, FAT A



