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Abstract

Experiment on a CPU system development is a good method to learn the detail of the software behavior, and it is required in recent years

with popularity of the programmable logic. But the development requests learners a broad area of knowledge that cannot be acquired in the

usual lectures. Therefore, we selected the PBL(Project-Based Learning) for the development to get the knowledge of the covering area.

We executed the education program for the students who have the fundamental knowledge of the computer science to propose the system

exhibiting at the ASIC design contest of PARTHENON society. The proposition of the system is excellent method to learn the foundation

of the development and the principle of the CPU for students.
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CPU ¥ 25 LA IEY 7 b7 =2 7 O bl Ll 250
FEICHNTHY, TarI<I TN, 2GR LI b
VHETCHVADFEETH L, CPU ¥ AT LBRFEHoMEA L
L C, CPUBHAIIHBNKRE L, FEHBEL VL E 20D T
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Waldy 27 LB FEYHE 53 & LT, PBL(Project-Based
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FROIEEL 20, IS arg 2 1 D20 T X, WE T
+, o= < >, >, <=, ==, 4+, —— B, KT while, if,
else, for, return, halt 2F]HE]RETH 5. 7285, halt EITHEHIIE
JatyYEA Ny TTA, arT A MNBEREICIE, FEATRER
O CICFIT RN —OMETE % MHT 5.
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HARTFIHZ #ichz0, FTLBoR M Ee Ml 2. ¢
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SHE RETHY, TR T AFHIIONTOFEE LY A
T LOBRAHIC O VT DR EIT 5 72, 12 HIZsE ofE/ I
GhE TNV —TEFO RN > 27 LBFEICHO LA, 1
A% CPU & 25 LR a2 /8 53 A5 IINTERR L 72 D T
BiTo7z. L LRREEZ 1T L CimFl GaRICRIEED S - 7= T
2 HiZ13 PARTHENON @l AR MGEE > A5 Ao WR 21T - 7-.
(Tablel)

Tablel Execution process

October The composition of SN/X is understood.
Making to the pipeline is scheduled.
Simulation on the desk.
Finding of data hazard problem.
November Understanding of yacc and lex.
Find the problem of the register.
December | The member is grouped into CPU and the compiler.
Parthenon Verification,
January Completion of each pipeline.
February Improvement of logic synthesis tool.
Verification of system,

4.1 CPU(SN/X) ¥ 25 M2V T od

Lray ey b 10 ISt - BB, 22420 CPU %
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HWEZITO, A T T A LU 7z SN/X Ol % $5idd & HiTHl
L7y a—-REES THELZ., Zhick-sTRA T
FAYOWEEL LTF — o Y — Ko alE=e [ BHUR o i)
B L ORI oRize E3nnY, dkiah o 5RO CPU RO
FHAVIEL 7=,
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F TR EGRY — VoLl E TR, RTE 21380
HIE NSk
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A FANTCEREINDG T XNV X - FEIT 70y 78
CHAMBRICH 2720, 70y ZOHIKIC L VIS T2 28T
Eb. TITAATIA vofEe, aaty hodRe{TH,
70y Z7REHIKT 2 2 & TR VX R ZK S T2 21
L7z, &7z, =583 4 TH Y, CPU EEHIHT 2
HETIE, T o720l 2 DRETNC & - TRIER AL TT A 20
mﬁ,mﬁ%@iﬁ,ﬁ%ﬂvbmﬂﬁ,m@Aﬁ@&E%ﬂ@
RO, il % LR Z L KICH S8 5 2 & T E H o M5
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5.1.1 SN/IX DA TF4 1

SN/X 137 = v F (IF), 17 (EX), A€V 77 A (ME) D 3
AT —=VEETHY, mBFERFTSIhTnSdray s
RHARIN %02 5 72, 2@ SNIX %754 754 LU AT | 1
vy 7 1inmoFr2ire, Kife A7 v 7IOHIKIC & 5
BRARBERMNORMEZT- /2, £z, WO TT 4
ETNEAFHEETIZ TV, T O TYHIEHRLMRELIEL 22
AT —VFEE R L7z, (Table2, Figl)

Table2 Each pipeline comparison beforee it modifies it

Consumption energy [uW/MHz]
7917.6

Four step pipline
&
Normal SN/X

Number of clocks [clock] Cycle [nS]
Consumption energy [uW/MHz]

Three step pipline

&
Normal SN/X

Number of clocks [clock] Cycle [nS]

“Consumption energy [uW/MHz]

Number of clocks | Consumption energy | Cycle | Performance
(sort) { p WIMHz } {nS} order
Four step pipeline 16074 7917.6 45.8816 3
Three step pipeline 12522 57029 58.0425 2
Two steps Pipelline 9014 50029 62.9483 1
Normal SN/X 26216 5680.1 036 4

5.1.2 Parallel Prefix Adder (W 7L 7 4 v 7 ZHER) & H

MEARKEEET LIChz) 4 >oMEKRO T — 7 2R, =
DEVINCE S QB8 I A e RV NINGE = U - P G AV
% A C Han-Carlson Adder(Fig2) # J%4 5 Z &1L /z. Han-
Carlson Adder 1372 H T 2 £ FNTEINTATI SN BN T >~
AR e WL 0T, BHEMASDH HKREOHEEE SN
2 T L 72, MEREOBIEIEREE & 2T o\ %o LT SFL
TAT -7z, (Fig2) ICBWTARETHOW AW F v ) — 13 L T
Ho UrlLfiey ol TV 74w 7 ZWEETIICHI:
0, % P& GIINTTEIETLPEEY 2 — L ZWHICL 7.

Two step pipline
&

Normal SN/X

5680.9

“15002.9

‘//26216

Number of clocks [clock] Cycle [ns]

Figl Each pipeline comparison beforee it modifies
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Fig2 Composition of adding machine

5.1.3 JUFEERRR)SE L

2PEINA TS A VEEHTE, EX A5 — VIS ER L CTL
T, ARBEREPEDCLHHRE > TLESToT, BiHo
FfiLE T 572, EX 25 =Y ClEFa— KWL, vy 2a s
DEOFOH L, WFOHL 2 MEIcE S < amaoFET, FETHER
DUIAXNDEZ AR, F—¥ XAEY) DiAhEE GulliEL =
0), MEFFOR2AT =Y DIFCH L 2FTL Tz,

IF 27—V TClEm B ATY GRHEE=0) »omponl sl
L, PC~ohy MNE, RO IF 25—V L, EX %
F=VOOHLEZETLTEY, IF 25 —VIZEX 25—
& O IRE ] 73T,

EX 27 =Y THEITL TR 5 b, 52— N IF
AT =V TCHETLTONY - RIFRELLRWD, [F AT -V
TFa— RN ZFETTEL Lo, W ofE LI k25
RREBERNHOFEMLET->7/, ZhiCk-oTAATI4 0L
VA OWEMN R Y, T - RIS L0 RNE e 2 S fomr
ay hoflkke, HIREETAT a2 - NizllaAl 2 icdk -
THBE oKL E [FE L /2. (Fig.3)

Processing
time

IF stage IF

EX stage D |

EX |RW

* Improved

Processing
- .
time
IF stage IF | D |
EX stage EX | RW

(s :processing time of instruction fetch
:processing time of instruction decode
:processing time of execution

[RW) :processing time of register writing

Fig3 Change in processing time

52 aAUNAT

NV T ) UFE T 5 a8 A Tk, UL Gt e
o TWnblzd, Ay ANOREICRL GO ite b kD
A BRBR LT, £, BFEOa VAL IMWERT L7
Toa—ROWET Ny ZETHIHETIrT A NORBEICEBN
THRNREN e Lz, 2ok, a2 84 IR L 0 A E
ma R EITY, CPU 7 X5 7 F vy Oinpty b % HE
BATolz. £z, WEMEEZ M s ¢ a2 BMank £, Tk
L7z, 2%, Jodhnwrwr7oa—-RKeERkdT s ko0
UL SRR L, BRI, ar vl TERShET Y
TIa— Ko, HicaNha— REHMT 222 1) 7 k&2 FK
THZETHEIT Ty 7RI 7=,

521 7wy 7oa— Kol

AUANALNWVLTEBNLZT Y T T a— Ko E Tl &0k
Id s % b, ThEHIRT 572012, Perll ZHWT, 7k
V7T a— Rog#ltEir- 7z, REbomEe LU, K&l
BT TC2200MHEEIT->TnE, 12D1E, 7y 7I7a—RKE
DOAREZ 1 @ FolRE TS 1d S ALY, 2o01F, %
TS0 LY AZ BT 5 kD ica— NofRwtx 179 $0
LI CH 5. (figd)

Start

T

Load the assembler code
to the array "Buf"

Variable i =0

»

True
I < The all number of lines

| Process to delete the instruction "ld" |

| Process to convert "$0" |

Outout "Bufi]"

End

Figd Flow of assembler code optimization

Id Sl vy 7o a— ReEdhs 17T o8
AL, dimme o028, H15oL Y2720 d iy &k
DRI SN T RTET LT T DR S, 2o, Idaao
B3P THL LY ZEDWOGHTHELFIEE s Ty
PEHIIL, #B e 2 TRV, Id dir g llieT 2.

$0 ML L, TRy T T a— REENS LT To5mAN

L, bziansk Ao 5 &, —DRIOITA3 D2OFHEVLE L T
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5 RIEROmHE S 2R, e bz aamoH 1 HIES0 12K
Yo,

5.3 PARTHENON > 25 A

PARTHENON 3 25 20 AUTO 2= > R Gl kx 17 -
7z. AUTO 2~ > RiZ, EREOFE#ELAE TS 729012 DEMO 7 A
TIVICBTbons A7 YT FEFEITL TS, ons A7 YTk
Rt IS O RFRSALE 1T 5 A%, BB (LE 17D L EF ol L
TRAEERFR I AT 2, L L =2 L F— BRI K
FEIERE R & S BRL T 50T, Fiflicons 227 1) 7 K %5
LT A T 5 2{FRL FATT 5 2 & TRAEERE 0%
ﬂ(’ﬁ%’f? 7L:.

54 WREOMIFIRGE

PITo7ars A CEEMREEZ 1T, IEFEICEIEN SN S 2
SRR L. SOICHE T ar S ALY IEFEICEIET 5 2
& T MERT D2 OICH T ICENEMGEEH 7 v 75 LB (F O Wil %
Tolz. MEEZ AT 2RO TR IEFICEFL b o e %
fi#38 L /=, (Fig5, Fig6)

o FJRNLHENE 7 1 75 I (recur.sc)
o NI ) — N T 175 I\ (sort.sc)

n=20; \

for(i=0; i<n; i++) z[i]=n-i;

for(i=0; i<n-1; i++)
for(j=n-1; j>i; j——)
if(z[jl<z[j-1]) {
w=z[j];
zljl=zlj-11;
z[j-1]=w;

Nel

: }

QO: halt; /

Figs N7)vy — N~ 1 75 I (sort.sc)

int foo(arg) {
if(arg<?2) return arg;
else return foo(arg-2)+foo(arg-1);
}
foo(10);
halt;
Fig6 PR 7 11275 I (recur.sc)

55 HY AT LEH Y 2T e Dl

a2 T A MIBOTHREFMESETH 2 = 2 V¥ — R fE %2
TR 11 - 72,
FATIRFIE] O AL T s] 13,

{T —VAX B x Dls] (1)
Tha. Ef FHTILE—OMETLIE B[] 1,
{E::Tx(P/DMﬂ )
L7=hisT, TrVF— - BEFE M[J - 5] 13,

{M:TXE 3)

BURDAGH & U OB TET O KIRZIK I - 7208, oK
IERFREIE R & <A LTz,

& SIS IS B COHEES Y IS L, SRR LERFR A
2HTHE SN THLIDTIT R — R FEITAE <A LT
Wa,

RAaoZFEH L7 CPU Y 25 Lo T 3 )L ¥ — T
0.0962[Js] TH YV, > F A MMEHEEF ) DT )L X — F
f# 3.06[J-s] @ 31.8 D VEAEN E% FEBLL /2. (Table3, Tabled4,
Fig7)

Table3 Comparison of numbers of clocks

"recur.sc” Number of clocks | “sort.sc” Number of clocks

Before SN/X 347 20216

After SN/X 155 3985

Table4 Comparison of performances

Power consumption[ ;1 W/MHz | | Delay time[nS] | Energy time product]j-s]
Before SN/X 5680.1 03.6 3.06
After SN/X 50745 30.69 0.0962
I Cycle [nS]

Number of clocks(recur.sc) [clock]

(15074.5 7N 5680.1

»-+:Consumption energy [ uW/MHz]

26216

Number of clocks(sort.sc) [clock]

Fig7 Flow of assembler code optimization
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VX —WERIFE 3.06[J-s] @ 31.8 o kpEm L& EH L. Zh
1L CPU KRR a> A5, ZLC, @GRy AT LD 32D
WRBSH S 72720 TH Y, HEMNRCEN S ZHEL, CPU
VAT LBRRE ML 2R TH D,

BRI CPU ¥ 25 LFFEPBL 2L, ¥5 55
EZoWer LI FITic®hir 2.
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CPU Ak ZtRYT 5126720, Biffo CPU TIELIHHh T
LEMITHLNRA T A VIl gG Z &N TE, ZofH CPU
NEEDIRREE M2 FUfR L, (UL Z A S 2 &2V C&E /2. 72 CPU
@ HDL iCiRic velirog & O & L L D gtat Sdi ¢ 5 SFL %

b 2 & ¢, n— K7 =7tk St oA iidk % 51
sz e,

=:if
= oak

fill 2

AL THWMRT2ICHZ0, 2o A IR D LD Rl
TY—2a— RELRL TOL0EHRL, 775 S5EM
RO DTz, £72, TR A FDKENTC ZHENHHNT
Wiz ems, CEilioMyEE - 7.

YPBL ClE, YVI7hU=7 - N=Rou=7olliliz—D2D7
OY=2 MeiT) 2 CEBRLZ, LrLl, &Moo CPU v AT
LBE% PBL ClE, CPU ¥ 25 LRARE LV FFMFICT 5720
WCHMEF D CPU v AT LD MR Z1T - 7278, 4 PBL %175 7z
EOBER T, KTHBET—S CPU ¥ 27 LBFEL 2 e
OBz, ZoRHCFED, JE, TR Fic i, EICH
FIIC CPU & AF LABRETOIZ O EED LIk 2 &b
5 CPU ¥ 25 LBHFRICHBT 2 PBLITHME & - 7.

7. HeE

ARHFFElL, PARTHENON HfF5e£F Mo ASIC 7% A > > 5
AZARNEZTHICL T2, ZOMRESZ LT TR nz
PARTHENON ¢ e = L 4

ER B
1) 7V 7 UhE5EL"ASIC 7% A >3 > 5 A K, http://www-
1ab09 kuee kyoto-u.ac.jp/parthenon/contest/index.html (% If{
2009-10-7)

2) WEKMZ, T B a— 5 FEF oL, IP ARCH. Inc,
http://www.ip-arch.jp (% 2009-10-7)

3) WARME, “a st a— & EE o R =7
T—=%T U F v - AL TOFE LTI, PP206, iy
R, 2003,

4) JEEAR, LAVINKRER, K1, Rl Ohak, ARGk, b &
DD, W34 VT 2 EFES, Vol34, PP.81~88, 20009.

5) xR, PP —, TH=m, “H oL 0", 834 [\

VT ) UHFFELs, Vol34, PP.55~64, 2009.



