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An application of a simulation to process control

Katsuya KONDO

A simulation is being used in various fields, because that makes possible to study characteristics of an actual subject

without actual test. In process control, the simulation is also useful to analysis and design of the control system. But,

there is some knowledge to use the simulation effectively. This paper gives my opinions considered based on many

year's experience of steel plant control.
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Measurement of the Number of Glitches for CMOS Multipliers Using VHDL Simulator

Tadashi Seko, Atsushi Nakamura

In this paper,we propose a new method to measure the number of glitches of CMOS circuit,and then

develop the VHDL simulator augmented with an evaluator which implements the proposed method.The

advantages of the tool are as follows: the description of the target circuits in VHDL is compact and rel-

atively easy and the specification of the delay for gate is very simple. We applied the tool to array mul-

tiplier and Wallace tree type multiplier.As a result,we show the the usefulness of the proposed method.
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HoH107) v FAENHES Nz N[3]{4], EEDY
— MEEREFVERALEER, 5 32—V a3
vAfEbN A2, NELRERIZBRLN TV (2]
—%, EBEOLSIFFTHWOLRTWS VHDLAE R
PRHWDE, Y- MREEEFLELLT, REAHTHY
BRBT— b DXL - 5475 HFOMEL A3
PUBICHEDZL, BIUANE LTEARTHEDLAS
bOEBVLIEHNTELOT, LHBEORVTY) v
FORES W A TREL 2 5.

AR TIE, VHDLY I 2 L—%[5] BT ) v+
DFFEEZ AR L, RFEFEEOK L Wallace KEIFH T
BICERL, 7)Y vy FoREBMEIEML 72,

2. JV vy FORMEE

21 EBEETN

T T, CMOSEEBDEY — FOBRAMICL 28
HEFNELT, L5 ENBEQE)ELL TN EIER)E
FUEERS. FZE, H1@D4 -5 DANAKH
1OWRT AN bR HE, HAZOFEFH0(1)
2o 1O E E(FINEHE, ADKLD b, ()71
BRTZHIET 5.

i
@ -

=1 : BHEET IV
22 JVyF

Kz, M2@OEBOAL v )5— % £ ANDY — FBERN
Fh21 TR EH)LREBERDBDEE, ATIA, Bl
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B2®D &) 2 ARPMALNGE, BIOZITBAER
12, 0—>1—0, EBETHVANREET S, 20k
IREEEBEIRRORELERT 2 LTRAELBE
BThHY, Z0LD %V R%E T v F(glitch) L FEA,

an [ T E
@ z J"
A

K2 : 79y FDRE

23 TYyFDEE

17ay 7@ (ANEEALTEL, ROANEER
AT 2FTOHME) KBITAEF0ERY, RENEHR
B L 5h BB (useful transition) & LX) B F£ (useless tran-
sition)lCX B $ 5.

TDLE, RDNV-VEERT L.

V-1

1) ESEBORERVHRTHLLE, AHE
BoOd1E<THY, EHEBEHKIIA-1ET
b5b.

2) EEEBOREABEBTHLLE, §XT
DEFERIIENELTHY, nETH5.

V=2

12070y 2% L7 VORZEETLT) v F
DEEK%EN, ETEBROBROEEEZLTHLE,
NWERORTEZ LN B,

N=1Ln/2] (1)
(=751, BBinr2lid, n% 2 THo-HEET.)

DEon—1oBAfZR3IRYT. B3 TE2o0
7Oy 23 A 7 VOESEBERT. b OHOE
SEBOBKISEITHY, FHTHL7:0, AREH
X 1E, BHEBX4ETHY, 7))y FOERKIE2EH
THb., 72, 0,25 ,VHOETEBORIZ6ET
HY, BETHL:0, EHEREOBFII6E, 7 v
FOEBII3IETH 5.

! ototal=5 | total=6 |
i useful=1 E useful=0 E
! useless=4 | useless=6 |
%o 3 [2)

M3 :E5E&BLS) vy FOEE

3. VHDL#RABW=5 VU v FOEHMEZE

LT Cid, VHDLOAERZ V270 v FORKD
SEEEIC DV THRARS,

3.1 SRIYZXT LA

K4 ZRBELATY v FOREI AT LOBRELRT.
EEBBEKDOFHICIEIVEADLY I 2L -3 2 Hn 5.
ZOVATLE, MRABORRE, ¥ BT LR
R, 7Y v FOFEHELORY Lo TWE, ¥~ D
LHRETE, Y- rOBEIEI, ABCHTLIHAO
EEEHE L, EEEBOBORG LB S. 22T,
A7) PHE) LB % b EIETR RS .
FAMRYFTE, 2097942 VTLEZETY— O
EEEBREDD, 220V — VT Y v FORK
YAHETAS.

peudifd
[ ey — b e &5 — b iRk

(&7 - toEsEsBEs '

FXINF

(87-ro7u,7Remn |

B4 ;5 274

3.2 VHDLIC & 330K

52, 2 OmEIZv$ 5 VHDLL 6 l5iEB 8 % 7R
9. H5@i¥, 2 AHNANDY — MIxT 5ERBITH
D, 17, 185THCTELE(F)V BEEXZREL TS, D
EIEAEIZ, SynopsysHtDclasslibT A 75 1) DEEFEHL
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7=, E5EBENE% 231TH, 2747B CEHHAIL, 85 TL
LTHEBLTWA,

B5b)id, mEoBEIDRERYT. 27-30fFTTNOT
— FEANDF -} D R—F Y IRV HENS.
K57y v FOtEROERTHS. 1iTEHOE
MCHECK 3, MBPEERBIC oL EIIELT S
BETH5. EERBICR-KIC, RBDEILXS
nNag7— VHOESEBRNL 2 THEL, /)y
FOREMBERD TS, B, COUNTREY— D
5 EBEE, PCOUNTIIRIANRDOET — F DE5E
BEXZRLTWA., 2OX 2, 7)) v FORERK
GiR7uv /¥4 7 VEBERIBICRE SN S,

1 library IEEE;

2 use [EEE.STD LOGIC 1164.all;
.3

4 entity AND2 is

5 port( A,B . instd logic;

6 Z : out std logic;

7 T . outinteger range 0 to 100000
8)

9 end AND2 ;

10

11 architecture TEXT of ANDZ is

12 begin

13

14 AND2 : process

15  variable tmpZ,tmpPZ . std logic . ='U’;
16  variable tmpT . integer range O to 100000 ;
17  constant rise time : TIME . =0.48ns ;
18  constant fall time : TIME : =0.77ns ;

19 begin

20 tmpZ :=AandB;

21

22 ifttmpPZ ="' 0 and tmpZ ='1") then
23 npT : =tmpT+1 ;

4 Z < = transport tmpZ after rise time ;
25  elsif (tmpPZ="1"and tmpZ ='0') then
26 Z < = transport tmpZ after fall time ;
27 mpT . =tmpT+1 ;

28 else

29 Z<=wmpZ ,

30 end if ;

31

32 T<=tmpT ;

33 tmpPZ . =tmpZ ;
34 waiton A,B |

35  end process ;

36 end TEXT ;

(a) 2AND D5k

library IEEE ;
use IEEE.STD LOGIC 1164.all ;

port (AB,C : in std logic ;
Z : out std logic ;

1
2
3
4 entity EXAMPLE is
5
6
7 T : out integer range 0 to 100000

8 ) 3
9 end EXAMPLE ;
10

11 architecture TEXT of EXAMPLE is
12 component AND2

13 port( A,B : in std logic ;

14 Z : outstd logic ;
15 T © outinteger range 0 to 100000
16 ) s

17 end component ;
18 component NOT1
19  port (A . instd logic ;

20 Z : outstd logic ;

21 T . outinteger range 0 to 100000
22 ) s

23 end component ;

24

25 signal X © std logic ;

26

27 begin

28 N1 : NOTI port map( A, X,T(O)) ;
29 Al : AND2 port map( X,B,Z,T(1)) ;
30 end TEXT ;

(b) mEEOMER

1 process(CHECK)

2 begin

3 G(0) : = G(0)+(COUNT(0)-PCOUNT(0)¥2) ;
4  G(l) : =G(1)+(COUNT(1)-PCOUNT(1))2) ;
5 end process ,

() 7V v FEIES

B5 . VHDL SR

4 iR

4.1 KRR

ERIIAREERERDISHT0 Unix 7 — 27 AF— ¥ 3
¥ (Sun Sparc Classic'7 — 7 A5 — 3 a Y #% . 72MB *
EY) £, ERVDECHL I3/t AR5 &N
Synopsys {13 VHDLLEE R (VSST 3 2L —9 BT
Design Analyser) %4 > 7V A > b LTfFo 7.

42 RER

8 bits M Array BIFeH 6] Bk & Wallace AR Fe 5 [l B % 2
SEKLE LTERETo/2. H6IXRT LI, AmayR
FEOBEL, HABANPLSRAWOEZES - POANICES
BEOGHREBENENKE VEOEMREE LTS, Th
LT, B 7 OWallace REUFH BB, (ZRGEENZE
RS OEEEESE LTV,

VHDLIZ & 2 &R i78%iE, &7 — ML TEhEh
3517, 8 ¥ v b AmayBIFEHEFH12304T, 8 ¥' v I Wallace
RIFHHFH1961T W LITRFOBOS6ITEEL), TA
R FA8IFTTH o 7.

43 FHR
RERBOANEBTLELT—HKT VY LEF10008%
Bz, RIWCEBEREZTRT. £ 1 DOfTtotal transi-

tions, useful transitions, useless transitions, number of glitches
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FERFRLASNRY PVEL) OFHOETEBOR
¥, AOEBEYK, EWNEBRK, 7Y v FEEERD
F. 77, y =(useless/total) X 100(%)i, 5 EBHEUC
NTH7) v FLLBEBRAROEEGERYT. R1OK
By, Wallace REIRE MK Array BIFEE B & <
T, EEEBBEREY) v FBBOEENE L IILRL,
HEBNIWNECEHBETHALZ LPHR SIS,

£ EBRER
Array | Wallace
total transitions 588.8 411.7
useful transitions 187.8 197.5
useless transitions 401.0 214.2
number of glitches 201.0 107.2
Y (%) 68 52

X7Y0 X6Y0 X5Y0 X4Y0 X3¥0 X2¥0 X1Y0 Xo¥o
0] 0 0} © 04 0
1315121414

4]+ 2 + XoN
7 me

X0¥3
'ﬁ"oh

L= |%0Ys

Pis Pu P3 P Py P Ps Ps Ps Py P2 Pt Po

516 : ArrayRISEH 2%

5 &

ARLTIRVHDLY 3 2 L~ 5 2 HWw/-7Y v F0OFF
i A7 L%2@EL, 2EHEOFREmMERICER LTI
Tol. FO#EEWallace REIFEEEKIX, ArrayBIFEHE
& T, BEERARB XU Y vy FORESS
ZWEIBTH L Z Lol 48, RBRERER
J— MFERBILFELZ E2HWTY ) v FORKOH]
BrERLLEHRENKSGI AR T ILENFDS.

EEUR
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A Representation Diagram for Maximal Independent Set of a Graph

Masakuni TAKI, Sumio MASUDA, and Toshinobu KASHIWAHARA

Let H=(V(H), E(H))be a directed graph with distinguished vertices s and t. An st-path in H is a simple directed path
starting from s and ending t. Let P(H) be defined as {S! S is the set of vertices on an st-path in H (s and t are excluded)}.
For an undirected graph G =(V(G), E(G)) with V(G)C V(H)-{s,t }, if the family of maximal independent sets of G coin-

cides with P(H), we call H an MIS-diagram for G. In this paper, we provide a necessary and sufficient condition for a

directed graph to be an M1S-diagram for an undirected graph. We also show that an undirected graph G has an MIS-dia-

gram iff G is a cocomparability graph. Based on the proof of the latter result, we can construct an efficient algorithm for

generating all maximal independent sets of a cocomparability graph.

Sect. 1.

HBH7I 7B IEBMBEIRHNOBEER-7-
TS ING b, FORFSTIOTRTERD
JHIMEL LTRA O, ERMEBEOREIIY T 7
DVBWALETFSAIZDVWTERERTETNS, -1

H%*TAMs, tZ BV m 7 7 7 (digraph L 8&T) &
Tho HIZBIU Bst-pathZs S H T, tIZBET 2 HHM
HEEE VI, [SISEHDst-path LOTHEES &L T
PH) 2 E#T 5. VGSVH)— (st} TH B ERS T 7
G=(V(G).EGNHIZDOWT, GOWKMVEE (MIS L#E
T) OBRIFPHI—FKTH%5H, HEGOMISIZHT 2
RS 4775 4 E 713G DMIS-diagram & 1),

X4z, EEOXMZ T 7 Hfacyclic (AEELHF %
V) H$7 77 (dag LBET) T 5 MIS-diagram & 2
EVIEERRL TS, Fglitfl2RY, FDHERENIL
BRI BV TTHRICEA R BHEE LTRASNT
Wwh,

#8525 7 GIZ3t LT, acyclic MIS-diagram % HE % C
EhiX. GOTRTDOMIS-diagram % {E ) i3 B dag
BT ATRTDst-pathZEN T BETHLDT, TD
FABE Y HEE, ZORLICBVTIE, kD20

* WERFELFREALEH
* ¥ KR KFEERE TERHRTFR

MBELERT 5,

ME1 . &0 X5 28O digraph H*MIS-diagram & 2 b

9 BH

2 | £ X S % graph AYMIS-diagram % F2 h,
CORILTRE2EBIZIBVWTWVWL DL DOERER,

EIRIIBVWTLOMBIIRT 2 LELRG LT F5M%

Yo BABIIBVWTHAKLEAR ST BOTTO

BAEAMVESEESERT O DdiagramZ L. £

SEICBVWTIDRXOERLT S,

ni V2
PN
l I vg
[ *o—°
—o0o—-—90 o——9 Vs
I I Iy v Uy
(a) (b)
v; Yy
Us
§ t
s
v2
(c)

Fig. 1 (a) A family of intervals, (b)the corresponding interval
graph G(vertex v, corresponds to interval I; for i =12+,
6), and (c) an MIS-diagram for G
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Sect. 2.

ZORLIZBWT, BHY 5 7 ¥digraph L9, X
| T 7RIS 77 LIRS, HRuEvEDHIZH S
EMDA%E @, VERT uPLVADOFILE—V)EX
o 77 7 Xiddigraph GIZBWT, THADEERUAD
REEETRhEN, VG). EGL &Y, VY77 G=
(V(G),E(G)) & digraph H=(V(H),EHN)IZ2WVT, G EH
DEEEEGCNHET 5, T4bbB. (V(G)N V(H).E(G)
NEMH)), FEIZ. GUHIZ, GEHOHIEETH %,

digraph G122V, EME (@, v)Z F@Lu—IZE
EWMZLHEICL DB LNAT T 7 % G Dunderlying graph
v, ZORERE L CHEFAPELHESH S, under-
lying graph & DB, % Ddigraph 258 & b b,
digraph DEME BT IIFEREIC L TEHR SN S,

digraph GI2BW T, THREVICASBOEH 0 DEFvid
GDsource & IEITN S, —F . HTW ADED 0 DR,
viZG D sink LIRIEN B, digraph BB TH 5 &1,
ZOoDABu—EVWPFET L, A—w)DlE &
FIIBTCELETHD, 7 F 7Hcomparability graph T
borlit, HBHLEMEMFIITELS I T7OELES ),
LT, F0 L) hAMTITOREREBRKEMEMSIT WV
Jo T b, comparability graph (X HERB R & 1) T EE
TI7Thh, 777GDWT 776G Lid, EDT T 7
GOTEAELAVOG) L ZDAOHESTHEBING YT 7
THb, FlzIE, HEAEEVOG)DELLTHAuvIIDOW
T, G238, vIAH 5D, GIZIZZF DA, vVIP RV,
75 795, cocomparability graph TH 5 L i3, £DH T 7
7 #¥comparability graph TH 5 EE 5 o

HEOWEBELTWREWS S 7OTBEEOES TN ES
ThBHEV), MOVIL BMTEEGITETNEVET
EEEBAMIEA LV, TITIIMIS LB,

THEEASHclique L ik, #OFOEED 2B/OTELLS
HEWIIBELTVWIRES ). SATGDclique THIIT,
FhiE, GOMVESTH 5,

€1, Va, €2, € Vi ) TH D . Beldv 0o v, (NDBETH
%o (i=1,2,, ko AESETEDREA 72721 BT
LAPBEhL\wd D% directed path & V9, directed path T
ZFOTEHAORD & BHHE U % directed cycle Z V¥ 9o
directed cycle % %7 7 \» digraph % acyclic digraph & \2\»
dag L BET,

Z ZTid. directed path & directed cycle 2 LD 7 7 D
s 78 L CHEZ%5, Thbb, directed pathPIZ D
WT, V(P), EP) 2 TN ENPOTHAEEB I UUES
L5, FEDERKRY directed cycle IZ DWW T HITH,

THEuk v Z ONETE > TIT < directed path PIZDW

HAKE $34%5 (1998)

T, Pu—v) ¥PLOTEHELEZRTT udHvAD
directed path & 3 5, directed cycle CIZ2Vv>T % [RRIC,
Cu—v) &T, $Fil. Cu—u) Fud 7 —D2DTHA
THHELERT 5,

bLGHGOEF 77 TChhiE, VY9 7GIEG%
BELTVEEV), &L, GOLDTEADBRL Y5
TDEBFDHAHT I 7R LTVAH% L, Fid, Gz2d
ELTwabwnbha, ZOHRILTIE. F& L CTdirected
pathDEEIZE N 7 I THELEF SNLGEITONTHRN
%o

Sect. 3.

COETIE, BE1L2IIowWTHEEL5 25,
BUDICHELICOWT, HEHEs &t 2B
digraph & ¥ % Sect. 1 TEHL 72L& 512, P(H)= [V(P)—
{s, t}| PITH D st-path o b L GOMIS DERAPH) & —F
T5%6b, HIZZ 7 7GIIxf L TMIS-diagram T 5,
BTEAB X UKBHH 5 st-path £i2F 5 7% S5H % st-full
THbEV), HOBKst-fll #5325 7 BHOES V5
TThHH%EL, TNRIHOEGFY T 74, st-full TH Y >
DIDHENPCBRTHLEVIFTH L, Fig2l2tD
BlERY, 2T, EBFEKst-fulli7 7 7 DHI
FENLVEERL TS, HOBKst-full i 7 713
1P —o B3 Thrl I EBIZERT 5,

FI T, ROLemmaldHHATH %,
Lemmal : $% 77 7Gx LT, HAMIS-diagram T
H B0, HOBAst-fll 57 7 7 H¥MIS-diagram T %
5, [0 GEFHETZRY)

oT, ROZEMPRETE S, HEFHst-full TH
5,

MIS-diagram C & % 728 D st-full digraph D&% 17T
7212, RO Lemmad HiED 5,

Lemma 2 . H#%directed cycle 2 L RET 5. €D
B, HiX 2 O st-path DESIT L o> TEE &N 5 directed
cycle £ 2,

Fig. 2 An example of maximal st-full subgraph.



HHTSITDBKIESEEG*RRBTAIAT I I 4 97

ZF8H : C% H®directed cycleD—2 k35, ZOBE, H
13 HDHIZst-pathP,, P, -+, PLOBROBR/INRIZ L > TEE
&Mz, 22 THILk2 32 E/ET 5. BOHHPIZ, i=1,
2,0+, kI LT, directed path DA (P, P, -, P,}—{P,}
BHIZBWTWh L beycle b TE LRV,

1SiSkER2EEOERI LT 5, shbPiElEo
TITE, B THo-COTES%® [CIZBIFAPOERY
OTEMS] &) X ICEKHAT B, B, [CItBITAP,
DOBRBEDOTES] bEHERTE D, digraph CN P, DBAEH S
¥ FRFRCLCE - CMET D j=1,2, - mixtL
T Cjid directed path TH N OCNPIZBITHMILAT
b, —BMEER)IELRCROBENRETE S, T4
bbb, CGR [CIEBTAP,ORANDIEL] 2 EAHD,
ADFENZ L7zhio TC Rz ENIEC), C?, -, C™H MR
FicchitBN B,

ZIC,ROEERBS

Fact | sh S t~\PE LB, CLCZ -, CrHSZ DMRIZ
BHha,
i A4, PLIZCLCE e, CRASE ONEFE D BN
WETBHLIRET %o CLOFHIZED ., CHRMIHEN
b, Thbb, BB LIFHFEL, CLCEL -, CIHTD
HIcEbI, FLT, KiZ. CAZj+¥HN 5,

Wk CTIORBOESEL, vEC/ORPDOTES LT

5, PASullEficve @B L. FLTCHudbvAD
directed path 2 F L0 5,
P,UC (u~+v) d%directed cyclez &tr, ZhxC&¥ 5,
C (u—v) Lowdi22BHP,LEIZENDT, P, Py,
P, Piit g, BLOHIE AN s 5t ~DC u—v) 28
EvTrEMEEREL. ChiP s3T5, (P, P, Py
J— (PYDSRLETIZ B R S iz & 9 v 5 directed cycle
bIELLZVDO TP idst-path TH 5, HE> T, directed
cycleC'i3{P, PHl L o TRE SN D, THZk23IF
& (Fact DFEHART),

ZDFactdH. CIECHOMOPEC ECITIOMOC
WWBEMZAEICLY, BDst-path2BL2HENTE 2,
TELRYFOBRELRRIAIHEILY, CNP=1,2,-,
kDPERETHLIBEERETE Do

(P, Py, P} BCEBETHRD.
CNPECNPHH{BEDTESZ2HEOLIKET %,

P, Py, BOEZEDNPLCNP ECNP,HEDIINDOTR
AExECHREIL, T4bb, CLOPORAOTHAD
Llz¥oh-CTHoHME, CLOP,ORENDTHENCL
OP,DOBRBEOTEEDEIZENL LIKETE %,

CLOPOEMNTESE.2Y. CLOP,ORBEOTES L V"
L35, RED,SL. k=3, P,UP, A directed cycle ¥ & £
Zv, Thbb, Pis—Vv), CvV—=v)E P~ EAE

bELZEICL Ystpath%x G5, ChiPLT5, Hoh
WP, Py, Py, PUECEBEL. CHERKOERIZFE
LTw3, O

EE 1 | st-full digraph HA*MIS-diagram T& 5 Dix, H
A directed cycle ® 72 L WEEOATH 5,
FEBH © H%%directed cycle ¥ FHEEFICY T 7 G DOMIS-
diagramT&» 5 & ¥ 5, Lemma 24 & directed cycle C&
218 @ st-path P, & P, FE L, {P,P)IZCE2E&ET %,
Lemma 2B 58Hm2 5. CNPYERTH D LIE
5, CLOP,OBREOTHR % v, CLOP,OBENTH
HEv, 232 (CoBRO [BRO). [RE] 0S¥
Lemma2 THW:bDERLTHB), £/, y2CLD
P,ORBEDESL T B, B0 T, PACvy—vy) 28
L. v3EV(P (V= V)-{V2} TH B o Py(s—vy), C(v; V)
EP(vs—~ )R M AGDELEICL Y s L ~DFESE
PELA2HIIKS, TNODOTHADADE £ IIP, 5P, IC
B35, HoMIZ, ZOFMBEIIst-pathE FA TS,
ZhEPEV), HEGOMIS-diagramTH 5 L b,
PHEGOMISIZ—ET %, KiZ. £FD L) ThVifEE
BRTB<,
P,EP,DELDGCOMISIZ—BTELETE, &5IZ,
V2 HP,EP, OB AILET AL T 5, Thbb, GIZid
VEP)U V(P,)-[st ) PDTRE v I BT VAN E 5,
Flel 7L 512, VPYSVPYU VP Thbh,
V,EVP)TLZWVWELI Y, PIZGOMIS L iZ—B L&V,
O
Z ZC. stfull digraph HiZ¥ 4 5 2 0N EXEEHT
bo HASurH vADE & 2 Ll Ed directed path%: b 0%
5, HOWu—v)% redundant edge & \V* 5, H® transitive
closure 7 7 7HT 2 RD X H IZEHET 5o VH)=V(H),
EHN={(u—v)|HA%u? & v~ Ddirected path* & 2}, B
LS, HHIERBW ST 7TH S,
EH 2 . Hb directed cvcle % #7274\ st-full digraph T
A Did. HA redundant edge % ¥/ 2 VERICH 5,
ZERH . b L. Ho%redundantedge # F2 L HiX, 20Dst-
path P, L P,DSEFET 5. FNHIIVEP)HV(P)DEES
BETHDH, TOB, PIIEBARESIIE—ELEREY,
RiZ, H7%redundant edge ¥ F7: VW ERET 5. G H'
Dunderlying (undirected) graph& L. G"%2GHbskt%k
BWTHBOLNLYTI7ET 5, E6I2. GEGOWT T 7
¢T3, Fig3loIh b0 75 7 Ldigraph Rt
VG)=VH)—{s,t} THLHIEET 2,
GOTRTOMISOERFG) & ¥ 5, HPGIZ/-wL
TMIS-diagram T 2 Hix, ¥4 bbb, FG)=PH) TH
AELLUTICRARS,
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HIiZBWT, 2D 4 Dst-path P, L PiIxF LT, H

Hracyclic & © V(P)F V(P)o PEZ HDEE Dst-path &°§
5o V,(PYZ V(P)-{s,t} & T 5, GDEHRL Y V,PIIGCD
cliquue T b, FLTEDOHENIIGCOHIEASTH S,
V,P)YBGOMISTLWVERET 5o DR, V(G)-Vy(P)
OFICTEHSVEEEL., (VIUV,PPGOMIEESTH
%o CRIZROEEZEKRT 5, GITBWVT, vATVst(P)D
FOFTRTOEHAICERL TS P (s&t28T) L
DEDEHLvANDHEDBEFOPH ORDOvRLD
M & D:BEFED,
Thbb, PR2EAOTEHEuE vHHFEL, PIZBV T
PuDRICHDH, FLTH IFidudshtTHEH9H
LW O2W/OA w—v) & (v—u) PEET S,
transitive closure DEHIZ L Y. HiZud b v D directed
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Fig.3 Anexample of HHT,G',G" and G.
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Sect. 4.

G EZTHAVEVOIIEDEAwWWERK -2V T 7LT
%5, GOBPMERIZOVT, GOMIEESDOHT, 20
BEOEAOHMPBEROBE. BRRELHIEKS
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T A, Th%MWIS-diagram &\ 9, Fig.d 2Bl %R¥,
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5%\,

BAITRTETHEHDT, MWISIIMISTH %, b
L st-full MIS-diagram H#4%&% 1LiX, MWIS-diagram % XD
EICLTHRLENTEL,

SEtDEAZ 0L T D, HETHAKHLT, LWEHD
hD v S t~Ddirected path LiZH 2 TEADHDOEBRKD
bDET B, L= 0> 585D 5, L(-)idHH acyclic T
HHOTHMBIZFHETES, 22T, TXTCOE (u—
v) ZEIDEBELW>Lu)+wv), chid, ERELT
% 5 N7z digraph AMWIS-diagram Tdh 5 = & A RFHIZF
BEhd, thewz. B4 PLROEENEIPN S,

EES5 VI IGORHEARENEA.RFEOET S, b
L. G#%fcocomparability graph TH b % b, £hid,
MWIS-diagram % #2, O

ROBIIEETLLENE S, MWIS-diagram % FD
25 7% cocomparability graph TdH 2 L EIZ 2 v, ThE
Fig. 5 12773

Sect. 5.
ZORXLTIE, EMY T 7 HMIS-diagram TH 5 728
D digraph D 7= D DLE TR L EBE Y T 7 GHEMIS-

diagram % F2 - O DLE+FHRHFIE. GH¥cocomparabil-

ity graph THAHZ L R L7z, BiZ, EOEAZFEOH
&42. MIS-diagram % & filj B |- MWIS-diagram % 1% 5 5
bRl ChHDEERIZETWT, cocomparability
graph D § R TDOMIS F 721 MWIS-diagram % 091215
LZENTEL, DHIICBRONAETHE. RS
7 ¥ cocomparability graph T 5 BEh 5. bhbh R
XML Bl RAL TV 2,
B2, ROBERELT 2,
Y digraph D £ L 5 R A MWIS-diagram & %= 0 1§ 5
»?
KEHfT& 7T 7124 L TMWIS-diagram % D720 D
LEFRME?

6] (4)

” )

L

us(z) e 1
(2)

Fig. 4 (a) A weighted graph G (the numbers in parentheses
show vertex weights), and (b) an MWIS-diagram for G .

v~ (2)
vy Vs
(l) (l) s O——H———O t
(2) (1) (2) (2)
V3 Uy
(a) (b)

Fig. 5 (a) A graph that is not a cocomparability graph, and
(b) its MWIS-diagram.
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Estimatimg the change point of the variation of the time series learning data for reinforcement learning

Tomohiro Yamaguchi (Dept.of Information Science)

This paper presents the method for discriminating the learning model by the change point of the vari-

ation of the time series learning data.As a learning model for identifying the environment under varia-

tions,I present the Transitionally Observable MDP(TOMDP)model as transitions of the observable

MDP according to intermittent changes in the observation of the environment.In order to estimate the

timing for the intermittent change,l formalize it as the "Change Point Problem"of the state transition

probabilities of the observable MDP.At the determined change point,the model-based reinforcement

learning method switches to a different model(or creates a new model)according to the estimated varia-

tion.Then I show the simple experiment that estimating the intermittent change of the true probability

of an event only from the maximum likelihood probability from the frequency of the observed time

series results of the event.
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Silver-ion Selective Electrode Based on Silicone-rubber Membrane Modified
Chemically by Thiacrown Ether

Masatoshi OUE, Naomi YOSHINO, Kenji MURASHIMA, Hideo SAWADA
and Keiichi KIMURA

3-(4-Triethoxysilylbutyl)-monothia-16-crown-5 was immobilized on silicone-rubber membranes by
covalent bonding. Silver-ion selective electrode based on silicone-rubber membrane exhibited a
Nernstian response in the Ag* activity range of 10°-102 M with a response time of less than 60 sec.
The neutral-carrier-type Ag* electrode possesses high Ag* selectivities against heavy or transition

metal ions compared with conventional solid-state membrane Ag*electrode.
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1638(C = C), 1131(C-0-C) cm™;'H-NMR(CDCl,) ¢ 1.30-
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Specific Amplification of Gene Fragments of Alanine Racemases
with Degenerate Primers

Yoko OKUBO and Kumio YOKOIGAWA 3*

Conditions for amplification of gene fragments of alanine racemases from various bacteria was exam-

ined by polymerase chain reaction (PCR) with several degenerate oligonucleotide primers. The primers

were designed based upon the conserved sequences around the Lys* and His'® residues of the enzymes

from Bacillus subtilis, Bacillus stearothermophilus, and Salmonella typhimurium. PCR with a pair of

primers designed in due consideration of the cordon usage of these alanine racemase genes was found to

produce a specifically amplified product with a size of approximately 390-base pair from genomic DNA

of Bacillus psychrophilus, Bacillus psychrosaccharolyticus, B. subtilis, B. stearothermophilus,

Enterobacter cloacae, Escherichia coli, Psudomonas fluorescens, and Serratia marcescens, but not from

a bakers'yeast and Aspergillus niger. The gene fragments of alanine racemases are useful for cloning of

the genes to compare the structure of the enzymes as a target for anti-bacterials.

1. Introduction

Alanine racemase (EC 5.1.1.1) catalyzes racemization of L-
and D-alanine, and provides the latter enantiomer for the
construction of the peptidoglycan layer of bacterial cell walls.
Accordingly, the enzyme has been studied as a target for
antibacterial drugs. In fact, some halogenated derivatives of
D-alanine and phosphoalanine-containing dipeptides were
found to act as antibacterials by blocking the racemization of
L- to D-alanine (1-5). However, the inhibition mechanism
examined with an alanine analogue, (1-aminoethyl)-phospho-
nate (Ala-P), is different between the enzymes from Gram-
positive and Gram-negative bacteria; the enzymes from
Gram-positive bacteria are irreversibly inactivated by Ala-P,
whereas the enzymes from Gram-negative bacteria were
reversible inhibited (6,7). Development of alanine racemase-
directed antibacterials effective to wide varieties of bacteria
requires detailed studies on the chemistry and geometry of

active sites of various alanine racemases.

Alanine racemase is believed to occur widely in bacteria,

and is interesting from'a standpoint of comparative biochem-

*Department of Food Science and Nutrition, Nara Women's

University, Nara 630, Japan

istry. However, the distribution of the enzymes is not studied
in detail. The enzymes from mesophiles, Bacillus subtilis
var. aterrimus (8), Pseudomonas putida (9), Streptococcus
faecalis (5), Staphylococcus aureus (10), Escherichia coli
(11), and Salmonella typhimurium (12,13), and from a ther-
mophile, Bacillus stearothermophilus (14), have been purified
and characterized. We have also purified and characterized
the thermolabile enzyme from a psychrotroph, Pseudomonas
fluorescens (15). Many of these enzymes had to be purified
more than 10,000-fold to homogeneity. Therefore, little pro-
tein was available for their structural works. Most enzymes
from the mesophiles are unclear even in their cofactor
requirement. Cloning and expression of the enzyme genes
from various bacteria are essential for availability of pure
alanine racemases in large quantities, and for their compara-
tive biochemistry.

The four kinds of alanine racemase genes including two
isozyme genes, dadB and alr, of the Sltyphimurium alanine
racemases were cloned, and their DNA and protein sequences
were analyzed (14,16-19). The four amino acid sequences
predicted from the nucleotide sequences show an identical
octapeptide containing the active-site lysyl residue (19).
However, the structures of active sites of other alanine race-
mases are still unclear.

Isolation of alanine racemase genes from bacteria of wide-
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ly diverged groups would provide useful information for
development of racemase-directed anti-bacterials, compara-
tive biochemistry, and the molecular evolution of the
enzymes. We here describe the amplification of a gene frag-
ment of alanine racemase from various bacteria by poly-
merase chain reaction (PCR) with degenerate oligonucleotide
primers designed on the basis of the conserved amino acid

sequences of alanine racemases.

2. Materials and Methods

Microbe and culture conditions.

Psychrotrophs {(Bacillus psychrophilus ATCC23304,
Bacillus psychrosaccharolyticus ATCC23296, and
Pseudomonas fluorescens TM5-2(15))} were aerobically cul-
tivated at 25°C for 16 h in a medium containing 0.5% meat
extract, 1% polypepton, 0.5% yeast extract, and 0.5% NaCl
(pH7.0). A thermophile (B. stearothermophilus IFO 12550)
was aerobically cultivated at 55°C in a medium containing
1.5% polypepton, 0.1% glycerol, 0.01% yeast extract, 0.01%
meat extract, 0.5% NaCl, 0.2% K;HPO,, 0.1% KH,PO,, and
0.01% MgSO, - H,0. Mesophiles (Escherichia coli IM109,
Bacillus subtilis IFO 3007, Enterobacter cloacae IFO 3320,
and Serratia marcescens IFO 3052) were cultivated at 30°C
for 18 h in LB medium (1% Tryptone, 0.5% yeast extract,
0.5% NaCl, 1 mM NaOH). Aspergillus niger IFO 4343 and
bakers' yeast (Toyo Jozou Co. Lid., Tokyo) were cultivated at
28°C for 24 h in YPD medium (0.5% yeast extract, 0.5%
peptone, 2% glucose).

Preparation of PCR templates.

Genomic DNAs from bacteria, yeasts, and fungi were pre-
pared as described by Wilson (20), Treco (21), and Specht et
al. (22), respectively, and used as PCR templates.

Primers.

Primers were designed from the two conserved sequences
around the active-site Lys* and the His'® residues of ala-
nine racemases from B. subtilis, B. stearothermophilus, and
SI. Typhimurium (F1G.1). These primers were synthesized
and purified by Funakoshi Co. Ltd., Tokyo, Japan.
Amplification of alanine racemase gene fragments.

Routinely, 40 cycles of PCR were performed in a Program
Temp Control System PC-700 (Aster Co., Fukuoka, Japan).
The cycle is composed of denaturation at 94 C for 2 min in
the first cycle and 20 s in all subsequent cycles, annealing at
54 C for 30 s, and extension at 72C for 1.5 min. The stan-
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dard reaction mixture contained 1 xg genomic DNA, 9 mM
Tris-HCl (pH8.4), 1.5mM MgCl,, 250 pmol of each primer,
10 nmol of each NTP (deoxyribonucleoside triphosphate),
and 1.25 units of Tag DNA polymerase (Perkin-Elmer/Cetus)
in a final volume of 50 x1. The resulting PCR products were
electrophoresed in 3.5% NuSieve GTG agarose (FMC
Bioproducts, Rockland, ME), stained with ethidium bromide,
and photographed under ultraviolet light.

Labeling of the gene fragment.

The digoxigenin-labeled gene fragments of alanine race-
mases were prepared by PCR under the conditions described
above except that genomic DNA and dNTP were replaced
with 10 ng of the PCR product and DIG-DNA labeling mix-
ture (Boehringer Mannheim), respectively.

Hybridization and detection.

Hybridization and chemiluminescent detection were carried
out with DIG Luminescent Detection Kit (Boehringer
Mannheim). Cell lysates (1-3 z.¢) were spotted on a Hybond-
N+ membrane {Amersham). The membrane was placed for 20
min on Whatman 3 MM paper wet with 0.4 N NaOH, then
washed with 75 mM citrate buffer containing 0.75 M NaCl
(pH 7.0). The membranes were prehybridized at 42°C for 2 h
in hybridization buffer containing 5 X SSC, 2% blocking
reagent, 0.1% N-lauroylsarcosine, 0.02% SDS, and 50% for-
mamide. The membranes were transferred to fresh hybridiza-
tion buffer containing 500 pg/ml of the heat-denatured probe,
then incubated at 42°C for 16 h. Subsequently, the mem-
branes were rinsed twice at room temperature in 2 X SSC
containing 0.1% SDS, then washed at 68 C In 0.1 X SSC
containing 0.1% SDS. Incubation of the membrane with a
conjugate of anti-digoxigenin antibody and alkaline phos-
phatase was done according to the manufacturer's recom-
mendation (Boehringer Mannheim). X-ray films exposed to
chemiluminescence that was produced by reaction of alkaline
phosphatase with Lumigen PPD on the membranes were pho-

tographed.

3. Results

Amplification of gene fragments of alanine racemases.
The nucleotide sequences of the primers used are outlined
In FIG.1A, and the conserved sequences of alanine racemases

used for the design of the primers are depicted In FIG.1B.
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(A)

(Primer Al) (Primer CIR)
5' -AAIGCIAAIGCITAIGGICAIGG-3' 3’ -GTAAAACGITTICGICT-5'
G G 6
G

(Primer C2R)
3’ -GTAAAACGATTACGACT-5’

(Primer A2)
5" -AAAGCTAATGCTTATGGTCA- 3’

G ACACA G G C6CC C
G G G GG G
C C C TTT

(Primer A3) (Primer C3R)

5' - AAAGCAAACGCCTATGGACA -3’ 3’ -GTAAAACGITTICGGCT -5

C TCC G C

G G G

T T

(B)
41 168
- - -MAVEKANAYGHGDA - - - - - -VFTHFATADEKE - - - B. subtilis
- - -MAVVEANAYGHGDV -LYTHFATADEVN - - - B. stearothermophilus
- - -NSVVEANAYGHGIE - - - - - - - - - - LMSHFAQADHPE - - - S1. typhimurium dadB
- - -VAVVEANAYGHGLL - - - - ------ IVSHEARADEPE - - -SI. typhimurium alr
X EXERERXE 2% %

FIG.1.Primers used for amplification of alanine racemases (A)
and the conserved sequences of the enzymes around Lys*' and
His'® residues (B) . The sequences used for design of the pri-
mers are underlined. Residue numbers are given as reported
by Tanizawa et al (19) ; the single-letter amino acid code is
used. Identical residues (*) among the four sequences of the

enzymes are shown below.

With these primers and genomic DNA of B. psychrophilus
as a template, we examined the conditions for specific ampli-
fication of a gene fragment of alanine racemase by PCR. The
size of the amplified product Is predicted to be about 390 bp
as judged from the distance between the two regions used
for design of primers. Therefore, various combinations of
the sense primer (A1,A2, and A3) and the antisense primer
(CIR,C2R, and C3R) were employed in the PCR to amplify
the about 390-base pair (bp) DNA fragment. PCR with
primers A3 and C3R, which are designed considering the
codon usage of alanine racemase genes, produced a specifi-
cally amplified product with a size of about 390 bp, although
PCR with other pairs of primers yielded no product or non-
specifically amplified products (FIG.2). When other genomic
DNAs from E. cloacae, B. psychrosaccharolyticus, and E.
coli were used as the templates, about 390 bp of DNA frag-
ments were also specifically amplified under the same condi-
tions. (FIG.3). Thus, PCR with primers A3 and C3R pro-
duced a specifically amplified product irrespective of the

species of bacteria used for preparation of template DNAs.

(bp) :
1353 s
1078 / E

872 / pEn

g
pizee:
o5

603/'
310 é
BCD E F

FIG.2.Effect of primer species on the specific amplification of a

gene fragment of alanine racemase.
A,X174/Hae Il digest;B, PCR with Al and CIR; C, PCR with
A2 and CI1R; D, PCR with Al and C2R; E, PCR with A2 and
C2R; and F, PCR with A3 and C3R.

94" A" B C D E

FIG.3. PCR products from genomic DNAs of B. psy-
chrophilus (lane B), B. psychrosaccharolyticus (lane C),E.
cloacae (1ane D), and E. coli (lane E).

Lane A is a marker DNA (X174/Hae Il digest).

When the amplified products were labeled with digoxigenin
as described above, each labeled probe was hybridized with
the genomic DNA from the respective bacterium (data not
shown). These results suggest that each PCR product is a
gene fragment of alanine racemase from the respective bac-
terium.

Amplification of about 390 bp DNA fragment from eukaryotes
and prokaryotes.

The generality of this approach to amplify alanine race-
mase gene fragments was examined with genomic DNAs
from eukaryotes and prokaryotes.

As shown in FIG.4, about 390 bp DNA fragments were
amplified as the major product by this PCR irrespective of the
species of bacteria. However, no PCR product was ampli-
fied from genomic DNAs of eukaryotes (bakers' yeast and A.

niger).
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<—390 bp

A BC DETFGH

FIG.4 Amplification of about 390 bp of DNA fragments from
eukaryotes and prokaryotes.

A and H, X174/Hae lldigest; B, amplification from bakers'
yeast; C; amplification from A. niger; D, amplification from B.
subtilis; E, amplification from P. fluorescens; F, amplification
from B. stearothermophilus; and G, amplification from S.

marcescens.

4. Discussion

We designed several degenerate primers on the basis of the
conserved sequences of the enzymes for amplification of
gene fragments of alanine racemases from genomic DNA of
bacteria. Although the enzymes from B. subtilis, Sl.
typhimurium, and B. stearothermophilus have 9-10 conserved
regions distributed evenly in their entire sequences (19), we
chose the region around the Lys*! and His'®® residues for the
design of the primers, because of the length of continuous
sequence of conserved residues and the minimization of the
degeneracy. PCR with a combination of primers (A3 and
C3R) designed considering the codon usage of alanine race-
mase genes was found to produce a specifically amplified
product from B. psychrophilus. Primer Al containing large
numbers of inosine molecules and primer CZR with high
degeneracy were unsuitable for specific amplification of the
gene fragment.

Amplified products with the same size were also obtained
by the PCR method from other bacteria (FIG.3,4). Our PCR
method is probably useful for amplification of the gene frag-
ments of alanine racemases from various bacteria.

No product was amplified from genomic DNAs of eukary-
otes by the PCR method. Although the amplification from
cDNA of the eukaryotes was not examined, these results con-
sist with the general acceptance that alanine racemase is a
typical prokaryotic enzyme. However, a cyclosporin-produc-
ing fungus was recently reported to have alanine racemase for
biosyntheses of the cyclic undecapeptide (23). The amplifi-

cation of the gene fragments of alanine racemases from

MALE %345 (1998)

genomic DNAs and cDNA of various organisms is interesting
from a standpoint of the distribution of the enzyme gene.
We here described the amplification of gene fragments of
alanine racemases with degenerate primers. The gene frag-
ments of alanine racemases are probably useful for cloning of
the genes. Our PCR method is also useful for examination in

the distribution of the gene.
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Hydrodynamics of Three Phase Bubble Columns
Containing Large Particles with Low Density

Mikio KAWAGOE, Tomonari TANAKA, Ken-ichi HAYASHI and Takayuki IGUCHI

Flow pattern and gas holdup in gas-liquid-solid bubble columns containing large particles with low density were inves-

tigated. Two flow pattemns, floating region and fixed bed region, were found. In the floating region particles were suspened

in liquid, and in the fixed bed region particles formed packed bed at the bottom of the column. Transition from floating to

fixed bed regions occured when the ratio of particle diameter to column one was between 0.2 and 0.26. The boundary

117

between the two regions was not affected by the particle holdup, except for at low particle holdups. No effects of gas flow

rate on the boundary were found in this experimental range. In the fixed bed region, gas holdups were found to be larger than

those for air-water system for particles of 37 mm in diameter, while gas holdups were lower than those for air-water system

for particles of 20 mm in diameter and column diameter of 61 mm. In the floating region, the gas holdup was almost equal

to or larger than that for the air-water system. Coalescence and breakup of bubbles in the fixed bed region were discussed

based on the simple two-layer model.

#

FedohicRBULEREBLHVAY Ol
BOBERERICOVTRITLTE L, BRICAVWAEX Y
QERITIHYY S, ATeus sy, 2SR TH S
=2, ZO#E. ¥/ 2BARRERLV Y FEERTS
TEDNFNILERM LA, 861, BHICL > TIXE
HMAEEOFHLT -7 MEL ) bERBRI R VIG
ENHLI L Th otz RADEERL-X/ IWAD
BEA<L Y FOBEEIZS5 ~20mm. FHHEE i 1007 ~ 1050kg/ nf
Tholzt"?, TOBA. RREIRBEZARREC
%%,

BHHTFLEBE S ARE=MARAREICHL TEE
WM T (> 2400kg/nd, EE< 3 m) OHBAIZD
WCOARBE VD, B, NA AV T 5 —%BEL
TEHFEARTF GTFE=1~13m. HFEE=1034~
1430kg/nf) % ko -BFFS- bbb L)l oTE
720 Fig. LILCh S OBFRICERA S W F%2 (EE, #
BE) OBEERIRLY, SORICIEF aBoRLy b
DEHEHRL Iz, ROFEICAVLRTWART L
ExzE, F/a@in~xLy M3, RFENKEL, »

DRFHEEINSVZ ENFHbE, oT, LTLOHRE
ROMEERPBEHTEL LEERL W,

AR TIE. R EEREE Y AV CRERERLY
v FNEERTAEGLERT IBEOBRE. RETOERT
— Y %BA-DI, ERAVONRIRTL L EHICE
BET, PONFELRXVET (HH0@H) %R
ARRBTIREORBFEICOVTRI L,

200 T T T T Y T
tOe— Acrylic resin
o) e
E fa o T
:D \\‘ D &?Nylon
o \ a_.-°
— \\g',/
100 b
Q Polystyrene
< /TS e mmm e cee—————as \
i \-,b Mushroom mycelia |  This work
Gels! /
aBAL____ ee T e 4.{_?/1 ~,
0 20 40
dp [mm]

Fig.1 Diameter and density of solid particles used in this

work and in the previous investigations
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1. ERERRUAGE

EREEOBMEE Fig. 2127 Lz, AvnRiagids
BEORLLAZBETH ). FASHBIIILEILEKEHA
Too B1E. BE. RUSIKORAOMN (free area) %
Table 11T/ L7z EBRIZBES T, BR-KEKRTIT-
Poo HAEBRERVEZDHIEBEHBETIme L,

BOWKFIRBETI ATy 7HRTHY, hEHEZK
TH7ZL, PIRATF Y VABSEREAL CHELRE
L7zo AWK FOFEMA Table 21C7R T 0 eppld HA %
WS HWEE, BIbBE-—EROKNFF-VIFT v 7TH
5,

FIYNHATICE VRBES R RY L TERER
HEHZHUEL, FAK—WVFT7 v T eq (= (Hi-Hp)
M;) 2BH L7, Hiid 10mBE L (R EOFHEE
L7

2. RBRERRUR

21 RFOREHIKE

EHBZIZL5E, HNTORBIIIKFIL T2 EED
o =2, ETONTIFEL TV LN FRERE
(Floating) TH %, ) —2ik, BERKTEERE %
By A EEGHFIRE (Fixed-bed) TH D, FER DK
Fit, B LBONFER L., HOBRAICL->T
BERCEESH, BERB L Twid o7z, BER LR
DR LHBIREIC D o 720 RFEAVN SV (R 20mm)
HEIRELAIBL <. HFEFREY ESTm)
BEIT 2 ~ 3BOKFDAIFEL T

Table 1 Dimensions of bubble columns used

Diameter Height Free area Superficial air

[cm] [cm] [%] velocity [cm/s]
6.1 200 0.752 0.29~4.6
10.0 150 0.070 0.11~3.6
14.0 200 0.755 0.64~6.9:

Table 2 Solid particles used in this study

Diameter Density Settling velocity €po
[cm] [kg/nf] [cn/s] [}
10 1011 6.51 0.013~0.22
20 1008 8.07 0.053~0.43
30 1008 10.85 0.067~0.34

*) epo : particle holdup without gas flow

Rotameter
o.
Digital camera
o
[ ]
lvO
[ ]
Bubble 7| Bypass
.
/' 4
Solid particle ] ;
v o Valve
..‘.
Compressor

Fig. 2 Experimental setup

0.5 y T v T ) p— T
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=) . *
-9 o o ®
w 02} ¢ . .
o .
. .
0.1F ° N\ .
o o o (J
g ° W
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Fig. 3 Flow diagram of solid particles in the bubble columns

BAERL Y P 2EETDHE, Ly PSBEISTEE
T5HE, Ry MAFNOBREMRBENRI L. HEO
EEFHESA, BEL Lo THRERT A, EED
REGEDHRBEIC R B, $Eo T, BHROEEILIFEELR T
AR THD, COEKRT, NFOBEFEBLHREICT
HI it RIEBRIEREEE LR, BETLILCLE
ARIRTH 5,

22 FEpsEikE

B R L RIRD O BEER~BITT 2 BRRF R ii#E
T BRI, T A - XLEBHRE EOBEHRE/N
BFEHBIZLTOWAHEENE N, L2L, ThbOk
FRERPHEIEESL Y PERKECRR 220, &
FTLOEARL Yy ML CEATES LIRS LW,
D, HE, NAFVT 7Y —RBELT, TIR
Fu IRFERVEEERNTFLBE S EREED
B LB LR DIRRZITION S, KERIIED
HVEHETHTLATH 2 EE L DHEBELAWT, RAE



EFEE RN FREROBEORBIFYE 119

Column dia. = 100 mm
| Particle dia. = 20 mm

10° ]
Solid free
<]
w —
10'2 Keys ¢ po b
® 0
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O 0.1067
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" " oY | A "
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ug [m/s]

Fig. 4 Gas holdups in the bubble column for Dp/D; = 0.2
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Fig. 5 Gas holdups in the bubble column for Dy/D, = 0.164
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Fig. 6 Gas holdups in the bubble column for D/D;=0.1
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Fig. 7 Gas holdups in the bubble column for Dy/D; = 0.328
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Fig. 8 Gas holdups in the bubble column for D/D; = 0.37
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Fig. 9 Gas holdups in the bubble column for D/D; = 0.264
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Fig.1313D,/D; = 0370 D & & D e 3¢ H/H, DT 11 v b
THbo ugh10m/s Bl ETid, ORAPRILT 22 & 55
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Fig.11 Plots of ¢ against HYH, for DD, = 0.264
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122 ZRIESFEMFR HELE %345 (199)
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Fig.14 Coalescence region of bubbles in the fixed bed
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77 VARBORERE 1

e E—

The Decision Problem for Fuzzy Algebras II

Kenichi ARAGANE

L. A. Zadeh 12X DA SN 7 7 VA KB (B ICBU 2 EAHEEZRCORBEICEEZMI THOILANK
FH7 7 V4 ¥ (Kleene algebra LA L) (1, [4) TH 5. ThE@mBMICRERZ, R(E—Fr NIk aF
KMER GFA %2 5. 1]l Tk, 7071 T1) X4 (Wang's algorithm) I2 X 5 FEZHWT, GFA O
cut REEEZEHL, 77 VAREICHT 2 EMEORENRRE S5 7. ARIL T, G. Gentzen D
HE(2LB)c& Y, GFA © cut BEFBEOEH%XTA. Thizk ), subformula property & AKAIE L
HENDLDTHE “BRAIT— FOBK” 2H-T, 77 VARBUHT 2 REMEOEENBRES L 5.

1. 77 1 RBORXIC L 3HANER GFA

(E#%1) (7- FOEH)

(1) EHO1iE7—FTH2.

(2) Z¥ ppy e SR 37— FChd.

3) xkyMI—FOLE xAy, xVy —xi7—FTh.

@ MED (), @), G)I:oTHRENEZREFIOLNT— FTh5.

T—F2f0EEG A BT, [I]OEHR2D F1 ~ FIC PHYHIDOLE, A %77 1K (Kleene algebra &
ML) &LV, FA L%, 2F0), FAR, BATOLRRT1I 24 OFERT2ERTERL N - ENT LY
—ABEBIITRBROZETH S, 3/, 77 VAL, RTEREALFRER < i2ffoTNoER1INDLS
KEHTAHILITESL., 7V —REEFEZLVRBREF - TV ORBEEE 77— RA4BLERL)THY, Zh
EOWTOREMBEDOREMBRRIZ, Bl THEXLATVA.

(E#2) KRE—rrP)oEH)

T— FOERFIZFY S TRXFET, A RETRT. 7—-FOERY a,a, 2T, L, b, b EALTHLE,
FA TORER g N Na,<bVVbhi3K(¥—F7 ) T=ATERY. 8L, THEDLE(Ir=0L%<),
1< b VerVb kL, A=0DL &, N Na,<0 &T5. T=A=0 DBFPSIFEZ R,

ZntE, (1] CEHIN 77 VARBLEENICREBES, RICIZ2ERNER GFA 2ROLHIZEHTS. K
D GFA 75 6 2OEERBEAI (0V, =), (=A), (5A=), (=V) ZRIBRWTLROEREFEMETH 5 DS,
Ihoid, ARXDERS (cwt BEEHE) BT HOIKEMICLEE 25, £/, 4] TiE, #X (B4) orbhic
FRERMELREERBR (——), (=) 3L TWE. ZITlR, B EEZLIENFRALL cur BEERLTHT
HETULEELS.
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(E#3) (GFADEH)

(1] #&X
(Bl) a —+a (B2) 0—A (B3) T—1 (B4) a,7a— b,—b
[2] HEsRHA
() B ICBd A .
r—A r—A
o T—a ) roaa W
a,a, 'A I'—Aa,a
a, '>A (e=) I'—A,a (=e)
I'ya, b, I')—A (e—) '—A,a, b, A (=re)
T,b,a I,—>0 € T—A,Lba b, ¢
I,—Ana a T,—4, ()
T, [,— A, A, cu
()RHEICEICHE T A HRBH ¢
a,I'—=A b,T—A
aAb,T—A (A=) aAbT—a No)
T—A,a (V) T—A,b (V)
I'—=A,aVb 1 I'—A,aVh 2
a, T—A b T—A T—A,a T'—A,b
aVb T (V™) T—A,alb (=)
r—A
(—l—bﬂ)

AT

727U, T % a, 0, PEE STk Dag,, "a 2RL, T=00L&E-T=0 &¥5.

a, I'—A '—A,a
_l—la,P—PA (_‘ﬁ ) I‘~—>A’—1ﬂa ( —1_|)
—g, I'—A (=V . —) -ph, I'—A ( Vv.)
—@Vb), T —A 1 —aVh), T—A 2
I'—A, Ma T—A, b
T=a, —@Ap N T=a,—(ahp) 7N
~a,T—A —bT—A T—A,—a T—A,~b
(=A=) T—2, - @Vb) (==v)

—(@aAb), T—A

REESOEAIZL ) BERBHRUOTRIZHZICHENLT—F aAb, aVb - REEZET—FE LA

(E&4) (FDOER)
A T—A » GFA TV EETHIL L &, GFAFT—A L #H[L.

COrE, (1] ABIZLT FA & GFA PSHEMICFETH A 2 LAY Lo,
(Z®1) aa,,a,bb, b #7—FETHLE, ROZEHPHEYILD.
(1) a<b 2 FA THY D% 6L GFAa — b

(2) GFAFay, **,a,~> by, =, b, %2 S\E a) A+ Aa,< b V-V b, D FA THY LD,
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2. BORRA

GO HAN (cut rule) & [T %2 R O HERRA GROBRAY (mix rule)) £ E 2 5.
(E#S5) (ROBA (mix rule) DEFH)
r+-A 3—1I

T, S*—A% 1 ()

REL, x%B7-FLET, S, A00 x 2T XTRYBRVZbDEEFRERS* A* LT 5.

(E#6) (GFA* DEHK)
GFADYIDRAEZROBMBI TR EM L 6% % GFA+ LT 5,
GFA* = GFA — (cut) + (mix)

Bl EFEBICLT, kO EIHY D,
(E®2)
GFAFT—A <& GFA++-T—A

3. GFA* TOHR

(E#&7) (GFA* DEH)
GFADSYIOHAIZIY B 1R % GFA* LT 5.
GFA* = GFA — (cut) = GFAt — (mix)

(Bl EEBICLT, ROZEFBY LD, Thid, cur BEEBROEHICHV OIS GFA* TOEELHKTH 5.

(E#3)

(A) GFA*-T—=A =—= GFA*-[T ]—[A]

(B) GFA*FT—-A =—= GFA*+[-Al—-[—-T]

7L, T FOHEBRHIT OPIcHs 2~ x OBNOT— F4LT x TEERITT »5B5h500% [P ] &
5, " x ORUADIDIREDTITHY, [~ x]=m0x BT B,
<EERD
GFA*FT—AYL$hH. T—>A D GFA* COEHE P OR S (LR T2 HERBROME) N 2oV TORMES
DA EB ERABIIRT. Thhbid, GFA*FT =A% F*T—A L ®L I E2T 5.
(Case1l) N=0 (2Fh I'—=A PHER) DL &,

(1.1) #X2T (Bl) DL %iX, HLHTHhA. 0—
(1.2) taXAS (B2) Dt %, (A) HWHLH»THB, B): 0

(1.3) #&3\A% (B3) mE &, (1.2) LM THh 5.
(14) #6325 (B4) DL &, RO3IBYDOFEEEZS.
(14.1) a D—FENROREIELE D ~ TLEVHE (EREEHRDBHELEYL)E, [0, adl=a,~a TH 5.
(142) a="¢ T c O—HBNAORBELEEN - TLVIBEEE, (o ~adl=[—"¢c, " cl="cc THA.
(143) a=""¢c OHFEIR, [, al=[""¢c, - cl=¢c,—¢c ThH5.
WFROBRED x,—x (F7243 o x, x) OBILBDD
(A) F* [a, > al—[b, 7 b] HEY LD,
B F*[~—b,—bl=["a —al bREEICE DD,
(Case2) N>0DL .,
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T—A ® GFA* TOIEHE P Dlastrule ® R &5 5.

@1) R MECHT s EREHoL 5. L5 0

r—A
OB Lt [T[alchy, LTEAL
(A) . BREDRE»S H*[T]-[AlTHY, [T1=ia] ®)
(B) : RMEEORENS H* [~ 8 ]—~[~T] ThY, [[:AA‘%:E:;I]] (5)
72720, R EMTLHERBRAIE S &7 5.
a, '—A
22) R (N:i—) DL A, m(/\l—*)
(A) : BWMEDREDS * [o, T]->[A]l THY,
fa, T ]—[A] .
a, [T]-[A] (A=)

aAb, [T]-[A]
B#O ()i, blLa=""c DBEAICE, lal=cilBB0T (m—=) 2foT a 2T 2LEFHBI L

2ET.
B) . BMEOEELS F* [-A]-[-T,—a] THH,

[mal=[—-T] —~(aAb)
(23) R#E(>A)prx, [=4a T80
T—A, al\b
(A) : BREDREDS H*[T1-[A, al 2 F*[T]=[A, b] Thh,
[rI—[a,a] [T]-[A,b]
[TI=[A)l e [ri1={ale
[T]—=[A) and

B) : BMEOREPS H* [-a,7A]=>[~T ] »2 ' [-b,~a]>["T] THD,

(=NA)

[(ma,~Al=[-T] [—b,—~A]-[—T]
—a, [CAT>(=T] -b,[7A)>[-T]
“aAb), [~Aa]-[—T]
(24) R (—=V) DLEIF, (22) LI TH 5.
(25) R (V=) DL &, (23) LANTH 5.

(26) R (m——) Dr&. — 72 ()

(m A=)

(A) . B) KHTARMEDEELS F*[-A]l—=[—T] kYo,
B): F*[—T]=[--A]& F*T—A LALTHY, A)KRETIENEDRE,SKD L.

@7 R#¥ () ora. 2IZ8
- g, T'—~A
(A) I BRBEDREDPS F¥a, T ]-[A]1THDY, la, T1-2]
a,[T]-[A]

[m—a,T]& a[T]EELTHA.

B) : BREDREDD F*[~A]l=[-T, 4]l THY, s
[(mAl=»[—-T] ~a

(-7, a]iE [~T]) ~a EEALTH 5.
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(28) RH (———) ok, Q7 &BHHTHS

(29) R (—Vi—) DL &I, FEMIC (22) LEARKICTES.
(210) R % (——V) 0L &iE, REMIC 23) LAKICTES.
(211) R (=AY Ok, 29 LFHTHA.

(212) RH (mA—) kXX, (210) LB THS.

(FEBA#)

4. cut RRETEHE

TR 3 2T, GFAY TOD cut (mix) REEHLTHT 5.
(EH®4) (cuBrEEn)
T—A ¥HEEORETHEE, ROTLIEY D,

GFAT* F-T—A &= GFA*T—A

CREHD
— Ho,TH5.
== GFAY*FT—A £T5%. T—A D GFA* TOFEHIZ E»LR T, BAIEDLI TV S mix e H¥RDOFETH
5T 5.

SR =T o
r,2*—A*1

(x)

CnLE, B7—FxORBEGUEEINI2RBESOBR LEE r iionTO2ERMETRT, (2], B8]0
G.Gentzen DHE) 2T, ELR(T=A)DEAT LIV~ Y MOABIZRT - F x 258K L THATWVWA XS
By=4v b (ELERDEL) OBBEELHLE, FOEATLOBEKME, rank, & T 5. FRICrank, F 2 T
r=rank,+rank, £ T 5. rank,>1, rank, > 126 r>2Tdh5.

BWEDRELS, F*T—A 2 F*3S—1 Thh, F*r,3*—A%1 Z2REITE V.

(Casel) r=20DL %,
(1.1) EER (T—A) #» (Bl) DL &,
x—x Z—1 s—1
x,3*=1 () 12 x,3*—1
(1.2) FEX (53— 1) #* (Bl) ok i, (1.1) EBHHITES.
0—+A =—1 0—A*%1

i ————
0,3* A% () 0,5*—A% 1

(14) =1 %% (B2) L&, RO2ODBPEHVFITELS,
(14.1) T—A % (B4) T s—1 » (B2) DL &,
O—»
(0) ix —-=10 RERTE5,

a,a—>—0,1

(14.2) EOHZBAI R 4% (—w) T=—1 2% (B2) DLk,

(e—) {(c—) TEHBTES,

(13) °T—A 2% (B2) DL &, IERTE 3,

a,7a—>0,70 0—1I
a"a—0,1

r—A
r—-a,0 0—1 '—A
. 0) iZ =—— IERTES.
r—a,1 () r—A,I =

(15) T—A %% (B3) vk xix, (14) ¢BHIZTEA.
(16) =—1 2% (B3) & &iX, (1.3) LBHCTEAE,
(1.7 T—A 7% (B4) D& &, ROBEIZFITITERLS.
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(s)
171 b FBRT—Forx, @_e~b7b S~ ®)

a,"a,S*¥—+p1

r=250ALEKX (S 10) $E (Bl), (B2), (B3), (BY) THAHH I/, #mBA 5 2° w—), (A=), (V—),
(=), (m==), (2Vi—), (DA=) DT THS.
(1.7.1.1) =— I %% (Bl), (B2), (B3) MFHAX, +heFh (1.2), (14), (16) LALTH 5.
(1.7.1.2) 3— 1 2% (B4) DOBKE.

a,a—=*b,b b, b—>c, ¢

(b)

a,7a, " b—>"b,c, ¢
hi3, ROLSICERTXS,
—b—>"h a,7a*c, ¢

E QAP

a,a, "b—+"b,c, ¢ a,"a,b—"b,c,7¢c

©am b b _BPRGTC (G ) b mCERTE B,

a,"a,b'—"bc,7c

(1.7.1.3) E0#RBR s (w—) OHBAE.

T b="1b OEFE.

S—1
a,"a—=>b,7b b,3—1 >—1
$] ] I [ S S— —»m: 3
a,—a,3>bl ®) & a,—a,>—b1 CERT L.
(1.7.14) GO#EHRBA S5 (Ai—) & (V=) OFEE, (—A), (—»V) 2E¥E-TTFO (1717, (1.718)
EENEFNEEICFEREICTE S,
(1.7.15) HO#ZRA S o7 (———) DBPA.
S—1 S—=10 ¢ c¢c*a,a
a,—a— "¢, ¢ -3 ( ) LS AT E,ﬁc—»ﬂo’a,—la (c) CEMCED
a,-a (m 1) >——c—s e °Y T =a-a(1=[-—c-3] = '

(L7.1.6) ADHERMRA S % (—m~—) DA,

c,=2—1 a,7a—>c,7c¢c ¢, 21 ©
—Tg—> 1"l 1T b | — a,ﬁa,EO—V—"c’H ¢
a, a C, [ C,z H (—'_‘C) ‘i L:Eﬁfg Z).
a,"a,Z—*""ﬁc,H a,_|a’2—>_|—l—|c’]1

(1.7.1.7) Ao#HBA S » (—~Vi—) DOBA.

-, 21 a,"a—*c, ¢ -, =1 (=)
a,—a——(cVd), " (cVd) —(cVd),S—1 a,7a,3"—c1 ¢
—(eVd)) i WEBRTES.
a,"a,S—>—"(cVd), I (7 (eva)) a,a, >—>cVd 1 &

a,7a, 23— (¢Vd),I
(1.7.1.8) BOHERBEI S ¢ (~A—) DFE.
e, 2—~0 —d,32—1
a, 7 a—"(cAd),m— (cAd) “(cAd), 31
a, -—‘aaz‘*—'—-‘(c/\d)vn

(m(eAd) 3, kOIS EHRTES,

a, "a—*c¢, ¢ -, 2—11 a, "a—>d,0d —d,Z—1
a, "a,30%—clI (e) a, 7 a,3¥d 1
a, 7a,3—>cl a,"a,3—dl
a, 7a,l,—cNd 1
a,7a,>—+"(cAd),1

(—d)
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(17.2) b R7—Fok 2id, (1.7.1) LXENICFABIZTE 5.
(1.8) 3—1 % (B4) oL =X, (1.7) LB TE 3,
(19) E0#ZHREIR » (—w) DL A,

r—A
r—a,x 3—1 r—Aa

d 3 —— T ED.
T,3*—A, I () 4 T,S*—a, I RERTE2

(1.10) BOHERBRE S5 (w—) DL &, (1.9 LPHITES.
(L11) ZEOHRBE R #° (—A) DEBE, SH (A,~) OBELTEZRALEV,
'+A,a T—~Ab a3—1

T'—A,aA\b aNb,2—1
r,Z—A I

T'—A,a a,Z—*]I( )
a
(anb) i r,s*—4&1 ICERTED,
I, Z—A I

(112) RS (—V) Ok &R, s (V=) OBEZTEZEZNTI VA, (111) RHicTE 5,
(L13) R#* (m—") DL &R, RO4BYDHFEIHFTITTERS.
(1.13.1) § #% (m——) OHA.

a,I'—A 2—1,a S—0,a qI'—A (@
a
S A—="T,"a =g I—-—3 3, =10 A
> t] —_ ‘i 4 d ‘: . —G 6-
A, D= (D), s (9 A - D (—r)f oy CERTE

(113.2) $ % (———) DHFE.
—a,—A a,Z—1

ﬁA—»ﬂI"—:—\a —1—1a,2—>[[
A S~ (PDOND

(——a)

Chi, ROLHSWCERTEL., BMREOKRELEH-I S F* [A]l—=[-T][~—d THY,

[-A]J=[=-T][~—d] as—1
[—-A)ze—[-ThI

A ZE— (MDY

(a)

(1133) § 2% (—V,~) DFA.
aVh,T—A —1g, 21
—A——T,7(aVb) —(aVb),S—1
-AS—~ (mD)%I

(—(aVh))

ZhiE, RDEHERTEL. BMBEORELERID»S F* [~ I]=[~3][-—d THY,
[- IIJ—’["'E],["—'a]
[~O]+[~=)aVb aVhT—A
[(-O]lr—[-3]aA
[~AL[~[~S[I+[~(r) ] [-[—- 0]

—~4a,2— (PD))SI

(aVb)

(1.134) S 4% (~A—) DBE.
alAb,T—A =1g,2—=01 —bp3—1
= A——T,7(aAb) —(aAb) ,2—1
A= (m)%1

(—(aAb))

L, ROEIICERTESL. RMEORELER3I S H* [~ D]—=[-3][~—ad] o
F* (- I]l=[—=)[~—b] THY,
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[—O]=[-=)[~—a] [~ T]>[—=][~—b]
[~ O]>[—~=2)aNb aAb,T—A
[(~HLro—[—-3]A
[~AL[~[=S—=[=(T) L[~[-1]]
.............. T
(1.14) § 2% (——") Dk &iF, (113) LB TE 5.
(115) R &% (—»——) DEER, S (-——) OHELEFEELRITIW,

(aAb)

T'—Aa a,3—1
T—A,7a g, S—1 r—Aa a3—1 .
r,3—A,I (—m—a) & [ 3* =A* I (a) WERTES,

r,s—A,I
(1.16) R ¢ (——V) DL &iX, $2 (~V,—~) OBELETZEZRITE V.

I'—A, a T—A, b —a, X1

T—A,—~@Vh)  —(@Vh),s—~1 , r—A,—a —a3—1 L
F,E'—’A,H ( (a\/b)) i I‘,z*——»A*,Hv ( a) kZ{ﬁ'C‘%Z:
T,3—A,I

(L17) R 2% (—=—=A) TSH (mA—=) k&, (116) LPHICTES.
(Case2) r>2m & &,

(21) T—A 2 (B]) Ok &, (1) tMLTHA.

(22) -1 % (Bl) mk&i3, (21) EBHICTES.

(23) T—A * (B2) DL &L, (13) LML THA.

(24) =—1 » (B2) O &,

=4, (T, Ay (R)
r—a 0_>H p, A 17 o
r—4A, 0—1 r,—4a, 0—1
0) (—————( )
r—(a)h I I, (a) 1 (R)
r—A%1

(25) T—A 2% (B3) k&, (24) BRI TES.
(26) =—1 % (B3) w&&ix, 23) WHICTES.
27) T—A D (B4) DL I, ROBEIFITERS.
(271) b PRT—FOLE,
5, 0,(3,~
a,7a—>b, b >—1
a,"a,3*¥—>—p,1
r>2 IVELERGE~>DPERCLDZILRE2VOT, ROIBYICFITTERS.
(27.1.1) A0HFRFA S HHECHT AHRRAOBER, LD (210) THEIND.
(27.1.2) FEo¥RBA S PRELSCHTIHERBANT S FPRAOELORHEL T ICHTLHER, HLD (212) 1T
&Ihs,
(2.7.13) EO#ERRA S FROELORBEREBICHTLINTRTI—F b FET7— FTRVEHER, LD (2.14)
ZEEhs,
(27.14) #ERBE S » (A=) Thb=cAdPET— FOBA.
e, 2—1
a,a—+cAd," (cAd) cN\d,=2—1
a,7a, S*—+(cAd),1

1D (s

()

(eNd)
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Thid, ROXHICERENRS,
a,—a—+cAd,"(cAd) c,2—1
a,a—>c, ¢ a,a,c,3*—>"(cAd),I
a,7a,a, "a, (3%)'—~c,(cAd),1
a,7a,2*—>"c, 7 (cAd),1
a,7a,Z*—"(cAd),I

(cAd)
{c)

(27.15) GOERBE S 2° (V=) Tb=cVdPET - FORFE.
2—=10 4dz—1
a,7a—>cVd,(cVd) cVd,Z—1
a,7a, 3> (cVd),I
Zhid, ROXHICERTE S,
a,"a—+cVd - (cVd) ¢ =—1
a,a—>c,T¢ a,"a,c¢,2*=>(cVd, I
a,7a,a,"a, (¥)0—=—¢,(cVd,1 () :
a,"a,*>"c,(cVd),I a,7a,3%%=>"d,~(cVd,I
a,7a3*>—(cVd),"(Vd, I
a,7a,2*>"(cVd),I

(2.7.16) HBHA S 25 (0—) Thb=—c PET—-FOFELE, Q1715 tARKQALTHA.
(27.1.7) BEOHRBE] S ¢ (—m——) Thb=——c BET— FOBS.
c,2—1I

a,a—*" ¢,V VT —'_'C,Z“’H

{eVd)

(cVd)

= -e
a’ﬂa'z*—b_l—'l_lC,H ( )

CHRIRROELICERTESL. BRHEDORELEHI»L H* [ 2 ][] THY,

a,a—c,7c¢ ["¢3]—[1]
a,a[ZP—="¢[1]

()

(27.1.8) #R/BH 5 A (V=) Th="(cVd PET- FOBEIE, (2714) EEXRWICEBRICTES.
(27.1.9) #R/BAI S #° ("A—=) Tbhb="(cAd) PE7—FOHEEIE, 2715) tFARHWCRARCTES.
(272) ~b PRT-FOE EIL, 271) LARMCEAKIITES.

(28) =— 1T %t (B4) DL &ix, 27 LBz TE S,

(29) EDHRHA R HE T 2 HBHRAWOB S, ROIBEYICHTTERS.

(29.1) R (—w) T, x€ADHAIL, (19 LELTHS,

(292) RA* (—w) T, xEATHY, x WL ET—FDBE.

r—a
I'—Ax 2—1 r—-A 3—1 -
Taoann @ # Tpzoang W RRRTES
(29.3) 20M0BE .
I,—A4, r,—a, s—I
— (R) (x)
r—a s—1 T, 3*— (AD* 1 i
T,3*=>a% 1 A T srearg  (R) KERTEZ.

(2.10) JEV)?E%ﬁE!J S PHEEICET A ERBRIOBEIE, (29 LIFICTES,

(211) Eo#HBH R P ROELDORHEES ICH T 2EFHAOL &,
r—A (T,—>A) r—~A s=—1 r,—~A s=—1
Le (Tiva) Lotd 3ol (roes 3ed )

R
r—A (R) 51 T, S*—A% 1 T, S*— A% 1
T,S*—A*1 T,S*—A%T

x) &

R) WCEWRTE S,
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(2.12) HEo#HHHRR § FRNOLGAOKERTICETLERBNO L 21, 211) ERHICTCE 5,
(2.13) A0H#HBE R PROELORELFICHE T ARBRHEM TR - F x BPET—-FTLVEE,
r—A (T—A,)
r—A (R) S—1
T,3*=>A%1

() 13, REMIC 211) EEBCERTE S,

(2.14) HO#FRA § PROLDOFELT HTLHERRUTR T - F x FET-FTRVEER, (213) &R
HIZTE B,
(215) R#H (=A), SH (A=) T x=alAb FPET-FDLE,

T—Aa T—A,b a,3—1
T—A4,aAb aAb s~ 1 : ,
‘; AT @AB) 13, RO3ED I TELS.

(2.151) xEA, x ESDEE.

I'>A,a aAb,S—1 T—Aa/Ab a—1

(aAb) (aAb)
F’E*_»A*,‘LH Fyay 2*_,A*7H ( )
a
[,3*T0 (2%)0— (A% %A% 1
r,3*—A%1

(2152) xEA, x & S DHEA.

T'—A, Ab,S—1
a a b (@AB)
I, 2—A*a 1 a,>—1
I',=,30— (A%)9,101
I',S—A%1

(@)

(2153) x ¢ A, x€SOHAR, (2152) LBIHITES.
(216) R #* (—=V,), § » (V=) Tx=aVbHFET—FDL &, (215 LB TE 5.
(217) R H* (—=—V), §# (V=) T x="(aVbh HPEI-FDOLE,

'r—-A,ma T'—A,7b g, 31
r—A,~(@Vbh) —(aVb),S—1
“(aVh
I S* oA T (—(aVbh))

Zhid (215) EAREMICERKICTE 5.
(218) R #* (== A), $H (mA—) T x="(aAb) HEV—FDEEIZ, (217) LB TE 5.
(IR M (=) TxHF SOET—FDEEIL, RDL4FYDBEIIDTTITELS.
QI R A (m—=7), § b (m—==) Tx="a ¥ET—-FOEAE, (1131) LFEALTHA.
(2192) R % (m—71), §2% (=) Tx=""a PET— FOHE. BHEORELEEI »H
F*la, 2 ]1=[0] THY, F*q[=]— 0 22 IE (1.132) LEXREMICEAMKICTE S,
(2193) R A (m—=7), $ ¥ (2V,=) Tx="(Vh FE7~FOHFIE, (1133) LAREMARITES.
(2194) R ¥ (m—>7), S 8% (A=) T x="(aAb) FET— FOBEIE, (1.134) LXEHICFAKICTES.
(220) § 7% (m—>") Tx A SOET—-FOLEZ, (219 &Mtz TES,
221)R M (=—==), §SHF (=) Tx=""aFET7-FDLE, BHEODRELEEI »S,
F*T—{ALa & +*q, (3] 1T %#@xIE (1.15) EXREMICFERIITE S,
(FEEA#)
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5. FA DRERBEM

(E#8) BHRT7— FOER)
7—F a DRBFT— FEEOEEE S(a) TEL, RO X IBMICERT 5.
(1) a PEEF-EIERDOL &
S(a)={at
2) ab HFT—FDLE
S(aAb)=1aAbtUS(a) US(b)
S(aVb)=1aVbtUS(a) US(b)
S(—a)={—alUs(a)
S(—(aVb))={—(aVb) lUS(—a) US(—b) US(aVh)
S(— (aAb))={— (aAb) tUS(—a) US(—b) US(aAb)

Bgic, 77 VAR (FA) FPRETETH S L ERT.
(EHES5) (FA DRETREM)
a<b d* FA TRYTEDEIDPERETHL-ODERNFREIHEET 5.
<REH>
EFHILEH2LERANS, a<b P FA THITAIPEILEHET L2021 GFA* Fa— b BRI T ALY
IPEHETHIT I, GFA* Tk “BRF7 - FORR” (FRERBMAOLROPICHNL 7 - FiX, Lhb 20l
RHAAOTRENLT— FOBES T — FOATHAHLEVIHRK) 2F-oTwa. 57T, a—b O GFA* 2B}
HAHE P OFICHTL AT —FITRTa k b DERBF7T—FOATHE. /2, —RICEHHGFD 1 20K
BREIL7 - FiZE4 6 (MBIC3ET2) ZUBRNLLICTHILNTESL. LoT P OPITHTL 5TEHD
HOIRADBHERIEBRETHE. ThODEFBRBEOREF T a—b OXEBE P PELET LD rOHEIZEBRDY
s -3 (W

(GE#)
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BEAOHERIEE (1)

J1[1F: A S

Teaching English Translation in a Technical College

KAJI Akashi

This paper aims to build up a teaching method in English translation from Japanese. The levels of vocabulary and sen-

tence structures in this report are limited. Due to the fact that vocabulary and sentence structures used here should be

learned in technical college students' junior high school days. The author clarifies one process of translation.

Lo

BEEMEROZLELIT., BHEAEIET5)A5 B
XEERTHE, HRFLEBLOELR VLB VELE
FELTORWEZAHICHEEH L, £FO—D20FL LT,
FEOLDHTH, ThbLbLEEIMMTTH2O9EEH
Ly ED) LI ICEXEMANTHOD, 2FETEL
TRV ENENDE, FRICBVWTHEEL Lv,
FHENEEICET MBS, HoMMRI L ET
HEEREFEONBFTER, HERETHLLIRLT(HHBT S
TEMNTELNWILILD D, DFVHEALVARE. [/
N L% Lzl EWIBRTOBIIHIL, S Ld
DERA LT THAT LI L2 ESIR LAV,

AFRETR—XDOLPTEREMAELEDLLI LIS
Did, FLT, EEIEDLo> TV DIZORTEEI
Hol-BEANBIEINDLDTH B, 06T %, BAREN
AhoTVAHRICIE, EELERMLA-XTLRLD, T+
BFENDNDL, T, ROBERTIILV,

COEEIILVRIREES D, ZOERIZDVT
WL [¥HoRiTs, BUOHETAWE] Bhd
BAVEYD, WhidbFEFIih2LHIbB2 T
T, BEIEAREILZOTL I D

— /MG [BhH S ARV E50] pl38

9. BRI, ZO—X0h,i30bb, (S, B
2ET. E540TLEI) [$5] s s ERHIE
[CDEXIZLVRREES7:DIZ] Thb, [BLT T
T 2 ERE, ATICESPNR TRV, HoTE

2BE, [RICR] TH2, LT, [LHLOTLLES
i REFZVOTLLI D] LEORLETAS
LI, FDERY [REN] LREADR D, 28,
[E3BDTLEID] DRICHS [BREA] 3, FE
RRETAEFERLTH, FHTRRVY,

LA, EXO—LIZBVWTEBIEDLLZ LT,
HIYWRZIbhLv, —XOELITIR, —DDEFEL
WIDONEERTHD, 23 ), —XOREICBVT, ¥
ICEFEEIMr L) B, EFEZHIBICILELD
THbo

FRCE, FEHICHLT, S0LH 2EBAY - T
WAHEE X RRLIBEET LI, EHLAbInE
5% ARTI., BELEOERENEDOTRMERIES
ZEEHWET S,

FDOIZ, EENIOORLRLT v VD100 E
BEOHBAXZHICED, ERITILLE, DXL
EZTRT. L) ExRELAV, ZOB3O>OR
BT VORMLEHMEL L, ERTEHEIC. EHv
IMBEASHLEON, FLELFELLRTALY,

1. WEROL XN

EREFELBIIKRDBLE, EOLANVETERD
NITLVDTHAS I He ThALHY LIFRANES %
HEREE EALZAERLOEHE, MRHEFELERT
EXITHETTH, ERILBL A, BRRA-1) L
L. [8#]% [HEANEELATHHEERHT L]
PN R T BRLEBL, ThE2ERTEHILT,
SO EMAMIIRY, RBILL o TEBLLTVWECS
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20T EVE, b, EEL V) L Y)AEECSE
WTHDEWHZ ZINZ 5 LU, HRMETL LI
MAT, 3I—2H%,

EZBHF, WCHLBVRZELTHEARETR PR
TVEEEFB-oTH, FEIEIFH LVWHFECET D
2 BRI T A HEFERRBANBVOP L T, %K
HRZOEFFEBELTCLEIT LD DD, 25D,
BEXOBAEIIAIETETCLE ). £DEKRTE,
MXERLBHTLMEEI VDb, HRITE S,

MARBELO», BT, MEFHAHPT N, LWIHD
TiAv, ZAESMERREZECEE T, KEHRITB
A, BHMBRLFIZETIEEZLEVI LBV,
B E D,

BODESEXDI L, BLITHHAZELHE > THE7
T, AL LLTPIRNT HEIHEOFICIED S,
PEH, BRAREXTRLEV, COLICEFHIEDLES
DI, 72 TVEENRIT T )| EEOBF G
THEMENRITVWE T LIk B,

FNTE, BVRIDIA TR, EH0) bOPBER
LNddh, KES DT, Z2FFELZV,

—DOD Yy A Fid, EFETHROHIZERL T EHEGI
EEMRBIATTHE, 1275L, FEEOTHVLE
B LEFPERIEMTERDLDL SVDOATHREE
RTWE0D, FNULOEEDOSOTHHEEIATVS
DOPZEoT, EXDWMEEIIR LS, T TIIEREE
BEFRATAZLGEENE (F4T7 1)

b —0oDF 14 TiE, BEXOHFELS L Sz
HTEIZEoT, EXEZERATAHEIDIETEIATTH
5 (#472)e 05, BRBIZBVWTELVIESO
HEEDOME S TEHFERIEM HVOERER LS
HCHBPIBLIATEIAT2-1ET 5, FhIZxL
T FAT2 -2 LBETHHOIX. EXDOBAFELKE
OBRENEKR (2F hBL) 2HY BIFT, HERIE
B OBERLELZE->THAL LI LTEHDTH 5,

7ol ZFEXCBVTC [ 2D &) BRI ZWT
b LT, 21 LRV TI [FDE ) 2TEE
UrHE2b Lhkv] LBRTLZOFLT, 2—-2
LAV TIE [FDL DS RTHEENS .1 L5512
F s, EXTIEZTWS [DroklLizn, 20D
LhZzwl, Zudpdlhiwvn] En), EoEhLE
WL BWERHESIE. 2 - 2 LU TIEBLY S A
EHxBRV,

BB, FHIELT, #471d, #4726,
SEMLOLVOEERLIELZBRFAL L TEXHFT VMR
Thhb, COE&)LRRRZT-HFOBBEEFTIT,
XL LCORMBEIRL, Burd Lhiwn, 25, 724

(i

HRAE $34% (1998)

SADERZAMAL LD B[AARL) LRIz &) LR
ML, REATEHI LD, PERIEHOEFELFUR
Lo LFREIROONLIEFRDNITHL L, EEIE
2_&0

»
g‘l,l
%IEII

1V r—xA

JE3C
HENIBLEHREVIDDERRMTL2OWGFETH
50 LPLEXZTHANEIARERLDIOTHS, FT 5
ANBERHLTE25F, BT A2ARIEBBLTIRL
LhWEWHIEZRFETLIDTHA ) D%
(- 2B ThNh, BLEBNF-BITHILEoT
dBHITT7)

— AL [EETO Yy 71258 2 5] (232)

HARA-1
The Japanese like to distinguish love from respect. This
idea seems to be strange. Could it be possible we should
not respect someone we love or should we not have affec-

tion for the one we respect?

HERA—2
The Japanese often think that loving someone and thinking
someone is important, are different. This idea is strange to
me. Shouldn't we look up to people while we love them?
We must not love someone just because we think that per-

son is great?

ORI, —RL7EZAH, PRYFLICC W, &
BN, PRVBRVMROLNETH LD TH 5,
ZITC, BXOXRESFRE V) L HiE, £XICoVT,
ERLPTVHERFBICETI L 2R AL, 20K, T
L&Y, EXORBILAENTIHIICERZ T V&L,

FFTERE NI LD EVIEHHRTH AP, Zhid
(B8] O—FETVWES ), EFI[FLERIOFTEIC
D2NT [~2nH3dD] EE->TWVAHELTH, 2D
[~(v) bDIL] 3BREEZL0T, ERICED=2a
TUVARIEZAHZLIZ, ELBIOARETHELEER L,

2BT [RT 5] LWwIHEHRTHIP. Z20EZ
Fd b

F 4" —oid “distinguish A fromB” &\ ) KB FIH T
b Thit. BEHKHEEICHTNS, AL [BLEHK
ERTAE] LEVEYD, ThbE[HAAR, BLE
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BLEEUTADONFETHEIEVINEER L, [HF
& Td 5 Lid “like to” #fE\>. “The Japanese like to distin-
guish love from respect.” & RFRA —1ICTRET,

LU, B8 (respect) &\ ) BEELR ML LV AERFIZY
Rz, 22T, [HEk] DRORREERTH b,

72 & 2 ¥, Hornby & O &% “Idiomatic and Syntactic
English Dictionary” “Ci3 respect % pay attention to b L < iZ
bear in mind & {8 L TV 5 2%, attention % bear & V> ) B
BIEIEHAEIIL ST, ZLAII VL, TRIBHTS
BV, FIT, RELVBEEAFICEERRID L, k2
EZI%b, [BMAAVERLZATHHEERD], T4
bbb, HAACHLTEELZLR ) Z L FAMBMIZIIE
BIarLtwi ey Liihb, 22C (8] %
[~RBETHHLEXHIL] L) LEEAVTE
BYaZ e TE2, 8L, AT HBEEIIT
BLrE), BREARPOHTLBLDTHLI LN
VERE, [~Z25] b [~VEETHL] bHERTE
SHETHE, Thbb, [~E25] 2BEFALANT
(~Fx5Z 8] ERTFENIGMTEDL, 20 [B
# #. thinking someone is important & 3R 3 J7 [ |2 5K
THIENTE S,

RITRBTBIE VI BFTH LA, BEEICLST
BLLAANDT L, BEAEDHKZTH > T distinguish
EVHHFARBEVWHFEII(WEEDNRE, 2T, £
3, [ALBLIIRZ2D| LBRLEL, 20 (85
AEBTHILEBMAALERLELEZHILIIRLRE]
LMLz,

~XBOBRBORZD [~DOIFFETHB) D0 T
NS [~HF& ] 2 —5EDT, [FELLBRLAIL
2LIFLIETRIEEVRZ S, 25, TR
PHEICTHIEVITETH S, _

AETO—XebhIRLTVEERRICEFLDDHLE, Kk
DEHhb, [BERANI, BAIAEETHILERLA
YUBTAILRIRLS, LLIELEERD] &, £h
RERTBHELERDE 2% S, The Japanese often think
that loving someone and thinking someone is important are
different. (AFRA~2)

E_XHEMAD, [EXTAHANT] OWFTHEHH5,
REZTHDHP, L) EBELCTHBLATBRAIE
LEHRERRTAERXFOVTTH A, FhIZDN
TAADEZEDSLT, LvoTwaDTH L,

Ll [Zhd] #2508, EXOBAETIIH
BihoTwiWnizd, TITEIXNEXNEE
TAZ) Tld%ed, A4DREBLLTO [R] &EZ
5o THDL, [Rid, F—XDOEZILOVTERZDHC
59 LBRT 2, ZLT. SITHR, E5TTHT,

[CDFEZZ] EEXRBTIEILT S,

XY (RERTHL] 1220 T, I TAHTW
e STTHELNTVA[ARE|I, HFHLLL Vo
ZEOLDTIRRV, ROBEZX TR, ETXORER
DHBEZELICHAL TS, BEXEDOLMNDH» S
FABNE DX, BXrEo [ 7] L»r[RERL
W]EVSHOERLTHE, TIhLEEIIIAER]
#[HWTHLILBRLERB L,

BEoXOEXEEIZ, w2 [ToFEZIZO2VWTIE,
FICRFWTHSL] EVHHAEAXKELZHLEDOLOT
¥ A, This idea is strange to me. %23, RRA— 1T,
(B THEEHIICERIE] DEICTHREDO=27 R
EMZTHhiz

B=XHEHD, TOXTR, [FXXRY Lo Lk
Y RBDESLIDILBEMERT NI TS, 5\
. Bvibo BT, THEOFELXRIHI LT
HLLBIRTEL, 2% 0, COBEMD» LT, THEMEDS
ZVOTRLZVD, EVIEXLNDEINAZLDTHS,

L2L, EXET, BEZ2b-oT [#F2iddh kv
EFoTVEDLITTId RV, EFNZLEBIIRLTWS
DN ROBEDIZLDOX, [7-L 2 BEETHN, B
B —RT5H5ZLEoTHAHETE] (THRIZEEC
£%.) Thh, LIIROXDHEHE [~ThHhh] o %
ERF 550 LAV L2 RTIREEND =27 >~
A ELITHBRAOBEIREAVOTHS, 2FH
[ChDHBREZ L, RYIITRLEDEAHI D] &
V) BREFRICT S BRRA-D. 285 BEERES
LB LVWERLZFEAELVEESL S, FDEH) L
B, CIDZaT Y AREBEWTINVERS (RRA-2),

ST, [RhiroZ Lid, V2507235 Hh] LRX
MRRTVEAREIE, [BTH2AIERL TR ELE]
EVIABLERTAHRICIBL T ELEn]EN
INBLOMANL ) ICAhZ b, —RThidRL KL%
D, MLBERE-oTw5,

EIAN, BELOHFADGELERELEERFT L LN
IE—XOUEHMLEI ., [ERTHEWVI LR
THEVHIT LR, COBE=ZXDFTHRFTRET
HHLEBEIEZD, BELRL, HE—XLIOHEZH
FL—2DEEOEIPTRRLNTVWEIEERNSLTH
b,

2% 0, FHI, EXPRMERITPITVIAEE
Zo0HDZ L LTERT 5, Bz b, [[ET
DZARERL T L2500 A5WVIIERT 2 ERICIE
BLTRZLLW]] EwIFER L, FXHRE2T
TWBEDTH b,

FNTIE, BXOBEEIBVTRBESATWER
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BERTHD, ZOORBFLHIZ, [~LTRELLWV]
TLHLLORATWE, £2TEZ HNAHRKEIT, must
not3B & Ushould not TdH %, mustnot D[~ 5 &L %%k
LTV 3 |EEREETOICI L., shouldnotid, [~F <
ETRERV]EN)FEREET must & should & DD
(213, obligation (FEH)EL VD HIZBVTHBENH 5,
LAaL, TZTSwan (1980) i2X B Z2NRHADEED
NBGZRDERE B THIZV,

T, mustDFNETH 5B,

Generally, when must is used, the obligation comes from

the speaker as in the two examples.

I really must stop smoking.
You must be here by 8 o'clock at the latest.

If we talk about or report an obligation that comes from
‘outside’ (a regulation, or an order from somebody else,

for example) must is possible, but have to is more common.
1 have to work from 9.00a.m. till 5.00p.m.(394)

D HHRICTIHESLENRICLA, BLFEAVHE
BTMPrE2 LR2TNIRLR2WEEZZRIEDRLLD
. must TH 5,

U LT should DV E I, SO X HITHHALT
Hb,

Should and ought to are used to express obligation and
duty, to give advice, and in general to say what we think it
is right or good for people to do. -** In most cases, both
should and ought to can be used with more or less the same
meaning. There is, however, a very slight difference. When
we use should, we give our own subjective opinion; ought
to has a rather more objective force, and is used when we
are talking about laws, duties and regulations (or when we
want to make our opinion sound as strong as a duty or law).

(550)

2%V, shouldid, [NADHAEIL%THDIE, B
ZER] v EHLFOMRERIIBIE) bOT
%,

EC, EXIIR-THhDBE, [AEELI ] &, BEX
PEZTVAARE [RBTHLH] LEAMNLY, &
DHEBHIZ ~LxThidzohv] LBoTVWIRAET
B, “BRIZBWEBDLRTWIEBTHL, 2T,

EEF [~TReshwv] OWFPZEET 2D, must
not % &X', shouldnot & EFRT 2 Z & F:8A 75,

R~ L TR %L LVIHABTICOWTTH 5, 72098
B LAD[EHILALYT A0 L%, BHREICT
BEFBFELICEEIN TR, T4bb, ZZTE
XICTHRDEF DR EZHEEE TS, T
HE, HXICE, BoEh 3B IRTWEVDTH S
A, EDOACDH, CORIBRIEO EHERZDIENTES,
WX, " BHEILERRIZBICAVORS,
welyow/they DAL EFELBRZ L FEZ b,

LAl &1L, youRthey ¥ E5E & L GEIT RV, &
Hho, TOZOEE, EXEFNTWARAKICIZM
BN ETHILY, HUADOARIZIE, dTirT S,
VAT LERLTLE )DL THE, TDHweZBR
ELBEARRKRD [~LTlibin] ZLodBRIZEDSL
ZEBTRTH S,

Thbb, TZEITORXOEEL [Rb] &L,
PEDIH BN 2LOPFRRA-2TH 5, B, R
RA—1RARA-2ICFRTBNFETICREICREHI &L
bDTH5b,

DF.EXY 7V [4F—AB] BEU [H—R&C] #
NENICARB—-1LC—1,ePHb, TNHHA—1D
EELEARE, BXOBEFEDOLANVICBEIZRLEZLD
ThH5b,

(2) ¥ —AB
-9'8
BRIZA—/1N—RA 7T, PRY)2EWE L, A
FESESE, WLELHE, Fhic, ETEIBFE
LR E R o7, F—HIZh22ER, #lRD
Fil. T VHEEI LR,
—ZuEN TFFshzg4] (97)

RiZL B F-b0id, FERREHHAT L EFEAN,
W DB HEFIERTWBARDOANPHETH S, HAE
DEXHFICBWTEET H2H5ICE, [ETEY] ® [F
—HIChPRI] DL 2EEFoTE IR TNDED
255, INLEFOTTERT DL, BHL7ELEX
M LB B,

L2L, EXOBFELL(RTAHABE, &m (L))
2ELfFEoTVBLD, HEVFELI LICHEHFL LV,
FATRE LN TV S BARZIIIIGT 5 EFRIST i,
HoEDELEXIZRBIETTHE, Thbh, b
REBRFB—2THRBTEAW:, 2Dk, AFAB—1
BREUXTHEOIIL, RRB-2TRAXLTHEIZ L
s EoW AN
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F2B-20%HhTid. EXOBAGEICHTL 51FEH
DEEZEZTVWELIAbHD, BETo0BEHD
W, F—A1ITLALIZ, BT 2ERE 2R
BRlICHB LA ORT L., BRBLOLLHLEHI . W
RICZZTIX, RRB—1LB—-2 2V LCART I L
123 %,

HARB—1
Shimamura did a lot of shopping at a supermarket. He
mainly bought canned food, and raw fish. He also bought
vegetables to be eaten raw and fruits, which made his shop-
ping bags full. In his uniform, he did not look good with his
both hands full.

BEXO—XBiE. %) 2BY] & [72{ SADE
WE L] LBABLD, [EvYE L] &) BEGE
PEHFATE L2, ZO83%* did a shopping L&RT

ZXHTHB, ZITR [ENE--bDR] &)
HAZEL# > TRT. & T, what he bought was T %
OB LbER I, LEL. CORBRI. X TED
Lot

¥, ZOOBEANH L, —2i3, TLAHoZL
CEMZz25%, EVWHIHEBH, bIVEODBHAIEZ, LD
HEFBLOOLHENERTHOILTHE, 2Fh, BX
DOWXE TR, [~&id.] EEARDEBIZOVWTERL
T3, BXEIT*—REELTILDHEE, RXOD
TXEDOXNEEL, BEozbDTiEn<L, BEotAY
DHEHZHTHENETHA ), LEROBHI S, &
FiE MEE~%2EBo) LEEE M) CLTRT S
izl

ET, BHPE-7-0DTH LN, [HhAZEDE] Td
5, Thit, [HlF] LERTEINTVRELIADLR
T HICEOONL AR L BT A LI, BHZE, 2
0, [EEDHS] v BFE “can” DBEFARE B
T, [BY] 2BHT5, Tabb, ZXEE&ALTRDX
IR T,

He mainly bought canned food, and raw fish.

Z ZTCEEMfood & raw fish & OEIZT v~k AN
DL, mainly BERT A DIidfood T TTH A & 2 EH
LTWwa:HTHhb,

=EXHIBL, ZXHEBLDHD [FhiZ] 122V T,
ERPEPAERCHEUNCEALLDONH S, LR
WL [EEDPAZOLCRFISNZL, £/, Bo7)
L# % A L Healsobought i %,

(ETR)BERLEYFH ST 7] OBFERET
51213, Zo0BEAPBERLTL 5. T2bb, [RI]
E [&E3] THd, Z03b, [hEITo7] 24K
LTid, BlREL &2V, LA L, [BJIIHFEIZF
BFATHLDELTHRICLIITEETH %,

9 (o] ORBET L, CZOBPHETHE
o TwaDIE, BEoWr v TwaETHAS, &
BgIEo, Tbb, STERTELEIL, [Hot2P
P, BBt wolfwic L EL R, B3
LB RBEvErvsidnice L]k b
259, £ZT, [FERIOFKREFIIEIN, ROER
ERY o

Things made the shopping bags full.

RICIEI] OMBEEZ L, [ETRI] 0k A
MidThHos, [ETEI | P*BEHLTV2E0[HE]D
VPO THLE, [ETERLONE] EVIZITHICE
5, FCT [ETREIBELRY] 2, 0L TF, “veg-
etables which were eaten raw and fruits” & L T8 <, BE
RLOMRTELRHTIAE) LRI TIIEIPA TS
DI, FEEOBEIF “be” % ‘were” LBEFICL T
501k, ~XELZXENAELBENILLLT, &
ENDETEEIHNOTHS, =XHIR, —XHLXZXH
LRICHDIL LR HONERIES S,

SETOZODOBHFACHTLIBALZILDOTAL L,
RDE %D,

Vegetables which were eaten raw and fruits made shopping
bags ful. — ©

LaL. ZOERESORTICIEZ. He also bought %% %,
He also bought® 9 L A2, @% oW TEREHEAS
& BERAAZECHMNIC, 2R 2BHAI 0K
Z>TL X9, “Healso bought” & “-made shopping bags
full” ® X H i,

ZoNOEF bought & made & DV F % KA S H
AILiETERV, ThTR, Lo zMEREFL
EUHOFOEEAICLTATRE I D, LEZTAD,
EX I made 2 BRRBFANSINIHOBEL LTER
TH7,

%G, b L., bought AR EFE DO P DOEYE &
LTERBLLE, EREDHLDHEIAHIRTFELS
LRAPLETH D,

LIZHH, bought DEFE. “he” ZMBRRELFLLTE
REOHILETELY, €% 6, b L. He who also
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bought vegetables which were eaten raw and fruits made
shopping bags full. L &< &, BVPEL —HIZL7zDiE,
Wy ichh, Bomdbn kb, HFIZHEENH
HFB-oTLE S

S5 ICBRRBF whoDEATHLMEF “he” LE R
A LIIHEBRBAOBZRHE L TiddH Y 22, ¥k
O, BRAEFEHTLEHOY— A — L 25 FEOM
i TERALE] LVIEERT LI, REALLT
BBELTVLEDLTHL, MEDIHITERXB L,
made % BRAAFHAOBF & L THRS L DIz v,

DL HWI#EZ D E, “vegetables and fruits made shop-
ping bags full.” % “which made shopping bags full” & &
{2 &% b, $%bH, “which made shopping bags
full” %% “vegetables and fruits” DIEHIED & L CTHERET
ADTHbH,

LaL, STCTHEISHTL %, BICRL, [&THE
IBELRY] ORLBRRBEAZAVTVLDTH S,
Thbb, WEITORFREDEHLETALE, T
DEHIL B,

He also bought vegetables which were eaten raw and fruits

which made shopping bags full.

COEIREXLETERTVE L, BREIARLT WV,
%L, THEOWBRREFAIRTEITHAE b
72hb s FR LTV APDEHICRZEPH, &)
BHOLDTHD, TNTIE, I L6 L0DH,
“which were eaten raw” T RE B THEET L &%
EZAH5DTH b, “which were” THBE L T, 7273,
“eaten raw” % “vegetables” D) LAIfHFMZ DT
bRVWIL LAk,

L2»L. #Hid “tobe eaten raw” 2MZ %, €%
b, BZFLL, EAAFE--HERREYI, PRTH,
WOTHETERSLIENTEIYESL ), BIFAIER
DR EFICEA SN TR LT 5L S ICAVWLI A
EHRFELLT, AEFAVD L. AEAEFEZIT, Fl
D—BEEDERBFICELDRTIRET LI LNTE S,

E=XHOEROEKKE L LT, fruits & which & D H W72
Wary=eimacs. #5356, BATAOAE
BEIC[HFELCREYITE R, [HESLRYEE- -2
EINEINTLBDHTHE, EEXHOEKITRD &
I b,

He also bought vegetables to be eaten raw and fruits, which

made his shopping bags full.

MALE %345 (199)

EXEICZ X2 Rss, BRTLLEDL ELC
LEREDEEER L, [ (ED) F—WIC (BWEE)
AR, fREE VLD, T VEFNELL L
Vo |EBRT A, 22T, BEXDOFRIZH 2585
B T (D) £, »FWRFSE{2V]THE, &
DHAEX SLIRREEDL L, [HIZ, T BT
(ARG oT]e kb, £T T, ZDOES % He did not
look good. L &R Z L IZF B,

EXBO%2»T, $ERLTOLRWEHSI[FE I
(B5s%) mzrzll HREEFECVL:0] L THD,
WMAEd, BHOBRFERBEL VS, ZORTLHEH%
BAwg, 20rb ) ICHEBEFRZHAVWTRT L, ZRHIE
(BB LRV, ERLTWARVESI. #RER
By & LTERT &, with his hands full ([HEE I
LTJ]) &inhisuniform&i2% 5,

RICHBADEEBBTICOVWTEL S, dL. @b
ZaT YV ADBRANELCDOTHNIT, ZhSORERA
BRICRLAZEXDOBREDIC. ROL ) ICHARTH
51259,

He did not look good in his uniform with his hands full.

[HIRRE AT, RBRUFHB L W] DTHSHD 5, look good
EVWIHIBFAMDH) LAT, BAHAVE T AIZ0n his
uniformZ B RETH DL, FLT, &5 [MEH—
W) RHEREDOBHEN L 2V, L) £HFIonTR
ELTWADT, in his uniform® % L % |2 with his hands

| full D B,

LAY, BEXERA L, [HROFH. JLFaTR
PonTwasEHIC, COWFIIMIL T, RHYDARFK
NEeEEBH L TwbLITHD, FOILhH.
¥, in his uniform £ EXEHEOLHEIZ, boTLHZ L
%%Z3Z 72 $% b5, In his uniform, he did not look good
with his hands full. ¥ ¥5, 29 ¥ 52 & T, AEHFH
BiFat X vy, EBDELDOTIIRTHIREIZ DS
CEMFVIEVOENPRF L BVDE, LR
HI &Il A,

PEoRiE. AEFATEIET. TELLTEFD
BRI EEHZ DD THE, LrL. 506479
HAAB—21E. EXOAFEFEOEIXYLNE LD
BEEV, L2l AFZEL(LEIEBENTHHO
Thb, 72 FPLRTERI, BEXIH-T, £
DEFRTEZHLH LN, BROFNIZE > T, FEX
OHFFFIIZLVIDEMZBIEdD B,
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HARB-2
Shimamura bought a lot at a supermarket. He had full bags
in both hands. In the bags, there were food in cans, raw
fish, and many fresh vegetables and fruits.
Shimamura wore his uniform while shopping. He did not
look good in his uniform when he was carrying shopping
bags in his both hands.

IV, EXO—XHTHS, [P h2E YL L]
. [z 8ABo7] LBIRLET, T%bb5, He
bought a lot at a supermarket. & 836

K, BXOZXHE=ZXHL2RAH L, BHHR-
LOORKEENLbONEIN TS, 2Eh,
XHEZXHEICHTL S, @REIY LIFTAaB L,
PAGEORE, WE. BE. RUTHL. 205 PA
FOFETPNRTCEVET L, [HEOFICA-TVS
Y| (foodincans)® %2 5,

I, ZXHOBRTH S, [ETHE) | BERCED
i, FRThVE, ETRERLGILV, 2220, [H
i ] L) IBBE % X fresh vegetables and fruits & 3
2, 2L T, ThLO[FELERYHF P ET o]
WA, [ SAOHELRY] LBRLEBT, T4
bbb, BELEYICHET 287 ORIL, many fresh veg-
etables and fruits & %2 %,

T, DPAEDELZ L. BPRIIARLRA TS

9, LEBEBrEL 25, [(HD) BvLici
~hHol] L, ZXBBIU=ZXBEETLHHIL
BREPIZEZDLIENTEDL, FZ T, thee X2 FH
THEIELEERD,
There 313, WOHFLELKRIMILTHS, LA L There
isfare L LB E N B, Here isfare DXL b H 5, HHIL,
FEIARYWEOWEYEREIBNDDH D, HRYICE
HMETRIZ, Here isfare 2 5, LA L. WFho
Bice s, FEFFHO LoD ELTHVLONS
T ENE,

7o 2. BHETIAROBIRIC OV TV TV D R
BEHETIE, ROLH)HEET - T 5,

Look at this picture on the wall. There is a beautiful bird in
it. It lives in the Sarawak rain forest in Malaysia.

— New Crown English Series 2 p28.
(THRIZEEIZL Z0)

ZOBDOZIXHMIRT & 5 I There XL OBEWR LD EFE
X, “a beautiful bird” T&H b, “a” PRLTWEEFERI
i, REOE®RSMZON TRV, #LT, XOXT

FEEHF I LD, CITHREFERSE, TDXHIC
There  CIZFERDRMB OB L LTH <,

% b &b &9, & 51Zin his shopping bag % i < fi
BA EXDILHEDD, HHVIILKIEL D22
WTEZTHRIV, BEXERTAS &, [BRVHE] v
FTERIE, ESITHHTI RV, L2L, A—723—T
BvPi Lzl enshdATHRE, BPHELHE-T
BBToZLEBERTINE, BATHA S, BEXD
—XHLZXEBIU=XHLDHEx AR RN L
T5:010, ERCBVTH, [BEVPLICERT 512
W BIR[~ D5 llHoJETHLIDHEBELR TV
DT D) D,

Halliday (1976) Si2k5&., $L 30D HAHEXT
o, LHMEFXLHRENBETLLE, HO0RAMN,
CORBHMICEBL TS, FOAHDEIX, reference; sub-
stitution; ellipsis; conjunction; lexical cohesion TH 5, THh
LA, EIV) bOrEMBEIICRTE

FTTUERINTVAIABTNI L. BEDLOHF_E
BB IC#YREINLZ LI DD, DL X, reference
DEFMERL-TEE, - 2IREFAPHVLND, ref-
erencell & > TN BEENIATIR, HIBENPERE
NTVWHABTEDLDHEFR, EDLOPEINTWVS
VIALBMEDLDTHL, I2L 2L ROFMIZBNWT
reference DIRXFE R/ LTV EDIITHAEML LR
they CTdH 5, & Halliday 5 I3FHBE L T 5,

Three blind mice, see how they run!

They all ran after the farmer's wife,

Who cut off their tails with a carving knife,
Did you ever see such a thing in your life,
As three blind mice? (31)

ZZ TCthey B RLTWADIE, BICEREN TV 5 three
blind mice TH V), 52 DRATHATIER WV,
DEDZONEMR. substitution & ellipsis T 5 A%, %
D reference L Fkk, BV BELOBIZBVWLNE, UL,
reference £ B o TWA DI, reference HSER LD
E L TdHBHDIZAT L substitution & ellipsis & DT H & b
D, XELOBYELEZRTDIEDLN S, substitution
TRABILLZEE. ZLZAETICRTHOLZ P Done
LREMELNAEZDIZA L, ellipsisTid, #hHEIhB L
ZAEH < T T Tldsubstitution DFIE HIT 5,

My axe is too blunt. I must get a sharper one.

oneFRLTVEHD, TLbbERAFRLVOI., )
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NERPEL 2o T 5, REMIFE> TWEETIELV,
LKLV, FLLT, §0FIN D, ILPRBHET
Hb, ThoE, oneHRLTVEHDE, axe TH 5,

ROEH conjunction i21d, FIZHHEF (and; but’z &)
HEVEERFEFAL L) L@ X 2§ 55 after all
&) »& ¥ h b, Halliday 5 i3, conjunction ® FHLX 5
bfToTWV3HS, ZZTlrfhiv,

B#OERN, lexical cohesionid. HEFENSEH, S
BHETELNOSELFH-> T, DAIERLA-Z L LOME
HERLRLEI LRV, 72T ROFIERTHLY,

There's a boy climbing the old elm. That tree isn't very safe.
(280)

Z DA, theold elm Z# D E5 b DT, that tree % H
WVWTW 5, that tree ¥ lexical cohesion & L THEBEL T 5
DThH5bB,

Ll kD Halliday 512 & 5, A2 cohesive devices & &
BHICBEWT, BRICRES, T4L, [R0PECR~2DH
ol2] T2 [~FEVHHICHo] LT5LY
BIARTVER ), Thbb, RFRTidIn the bags &
EXOXHEIZBN/-bDIZT 5,

BXMNXBE%2R%. 7. Z200853c37Th b,
E—85 UTOLT5) . BHEmFE—HIcEEHFo
Tl &55%, BT WUTOLTH (. [1RidH
BREECNIIET D, 72720, 22T [Enphic] &
VIBFAMEZ MR TEL, BT GTOLT
%) Mg, SESE L hbol e T5h, 22BN
WEE ETTHBEE VI BELMZ 5.

3T, QT BNPFRVWYEEZ SIFTWABETSH
5. T Z ¥, “He had full bags in both hands.” L &RT, €
LT, ShELBERLAXO1XEEL 2XHEDOMIC
Bl [z EADEWY] & [EvEodg] &
D, DEVPYORIAPBEARLTELEER ). Tibb
1XHD [72{ SADEVY] % BAERIC “full bags” &
BE{ZET, [RICEVRI TS, SHICHERRI,
DFFRERS1E, “In the bags” EHAT B, ROJL~NEAL
GLLTOREBRLLTVE, Q¥ ANL T ETEH
B, T EABALLZ L ICHT AL T2

Ri@E@L xR, 2Zhbik, BHOBWY R
HLwHr0b, BHEROROB/EL L TELX 5, £
CTC. EXOHAREFEOLIZBITA XA F LI
HCTEEZWBOL, TbEQDFEELXHe I2THLD D
Shimamura D F G Y R T % b, EBH,

72, QEDVTTHHH, IR LABRTTIE, “with
his bags full” & L7, 2@ “with” OfFEWE (IR

#YhE, EXFRCRVTELZ L>L Vv, 725, 2
DFENFIE, PEROBHEFIIHTI L, £575
& ZITHBEVRAPBELS S, [ROMREE, ~
Ol BIF L] LEFRIBRL, [~k &
i, [HFECHECWELZF > T0LRIC] LEX 5,

(3) ryr—AC
BRIGBA P ORIIEEOHHEE < BRI
WTThb,

B3
FRTE IR H RSB LIRE L X, 2 L TKIEI3E
(1585) IZIX100FADEEFRISAKL . MTHTIIR
BOLZRREL LT, MFRRICRKE-RFE-ES
ERENPDY . EREATZHN S EIMRKISHE
DOEBELD, BEZLPZI T,
— [RCHEER - KMl (54)

EAZAAIE, BEFES LWHETH L LEHIE
Zbho BEEL LLBRLAZBHIEIZ 252, $7T—200
BHIEZ, —XOLDT, KPLRNEEFEHIEDLoTW
LT Eidhb, ZHI0HE, FEFLEFRIIHIETLE)
FEEEICRAAIENTELL, BRLERTLIOI
L RVIETS,

CDF—ADDH)—D2OHFEL Liid, Avnbh
TVWAHEVPHAROEF L2 KIZ2LENHLILTH
b, BRAEZED., WRICI R BEREIT 50,
CCTOMBRLLDBEDL D ¥—ACIKBVWTHHEAR
C—1&C—2LEMILTRT,

HIRC—-1

In the Muromachi period (1333-1568), Tsutsui Junkei built
the Koriyama Castle. Then in 1585, a controller worth one
million koku (a unit of measure based on rice production)
of land, Toyotomi Hidenaga occupied the castle. (Since
then satellite towns developed greatly).

In the Edo period, the owners of the castle changed a lot;
first there was Mizuno, next there was Matudaira, and then
there was Honda. Finally in 1724, the castle became the
Yanagisawa's residence. The family controlled land worth
150 thousand koku. They lived there till the beginning of
the Meiji period.

9., —XB%E2RL, ZZ T, ZADOAWAEEEIC
SPEoTVD, — AN, BIREEX, b —ANFEE
BWTHRICBOHEAL, Lwi 2 LTha, EXTR.
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2V Tw—3ziE, —2D ¥y s ERENFTINTKY
EDN5DITHEDT, RFAUBVTH, —AT 2N
Foll bt —XT28THRY,.

[EEIB LU [REIZE] . HRMBOEST
HHEDOT, BRTHBICT, AEOEREFEIMZ 5,
Zhe EEBICEAMBOTHAERSTH L, (R
WL THHBEEMALREL LR, 22Tk, T
HkmiEic Lz, LHhoOFtEEM] LHALMR 5,

I, COEXOE—-—XehkrBLTRS L. B
DELEDERNBEIN TV H, ETRIIHLT (38 T BT
BRBHL2RBE LT 220w Tid, HREBE LT
ERPTREROET () DerIiTWDIIV, k€%
L, SO BESKE LFBL ) LEolzhilo
WTEIPRTVWEDTH-> T, BEHAFIZOVTIIER
ENTVRWDTHE, DEEEA, BEXOE X%,
ZONEXPLHULEE DL, Thbh, HHEEIION
TOX UTOLT2), BEFRICOVWTOX UUTO®
E35), BEFEEWHELBTRHORRAYIZOWT
DX BUTFO®LTE) ThHab, Thbb, EXNE—X
EERLAR TR IC 22 COEBERD LTS,

@ In the Muromachi period(1335-1568), Tsutsui Junkei
built the Koriyama castle.

(® Then in 1585, a controller worth one million koku (a
unit of measure based on rice production) of land,

Toyotomi Hidenaga occupied the castle.
(® (Since then satellite towns developed greatly).

BEXO_NXH®*RA, COXIIBWTiE, FEFHiE
IZiXEPNR TRV, ) THENDT, ERT L2012
MEBLLI) LWV EFEEM D). ELT, ZOXIIBVT
b, IEZ LR TRTI L2 E R b,

EX_XHOBOORS ([2by] £T, UTOL
T5) I3, BEWRALEbo7:2WwH)TexdHbbl
TWb, TDOROES ([&ih] FT, UT®LT
5) Tk, 2WiZid, BAWMRERO DIZR o7z, v
T EREDLT, EXE_XBICBIL0EORENE
4 BUTOLT5) &, MREFSREDN $ FHERALC
GTol, EnHTEERDLTVS, THbE, EXZ
XHTIHIFRR BT IREDERBNT - TH b,

FOEXZXHIIBWT, $b)EBL->TWEHA
XOE®AFE MRISFADOEE] Thd, (FTRIZES
WLk 2,) COTHESE MHRRRZIAFEFOREL%E
HiBL TV LEBRTIZOPRYESSH, (UTOEY

%) LU, BEIX. TRES %@ Yanagisawa's resi-
dence LISESHZDRBIHEL W LIZHE, T4hbb.
FREF LR ETCTHRESLOL Y BEES T L0, BE
THb, '

ELRL, ®ITBWTIE TMIRK] »Brake LTk
DRTVBEDITH L, THRESIIBBMRKNIER
ELTHERDATVE-OTHD, Thbhb, 2¥DL)
LEXERZEDONLVESH,

Finally in 1724, the castle became the Yanagisawa's
(The family controlled land worth 150 thousand

koku) residence.

FhbiE, EI3THIEE VD, EEI@EEKRD
LT CIC@IEBENDTIIR . QIZABHENC. £DOT
WD E2E LI, [BICAS] = [REET 5/
BT2 LWHIZETHIH,0. QNERICHREL LO
() ARLELSTH, REAS R, YL
ZOTHbH,

ET, @THHN, EHLIFRIET L, [MIRR
A, BRI 2o 2, BIUBRICEATY] ER
FiIXE v, bolkwvzid, HERAOKRD Y GEIZIZ,
WEAMREDBRTH o 200 &) i, FHE T
LhwEETHb, UL, BERRICA - - 48,
BAMREDSDOTH o755, LBBIIDL, 20
720, (BB OED Tk, BSOS EMREDOAL)
X, FIEATW] CRUTHRIE TR Y,

@ In the Edo period(1600-1868), the owners of the castle
changed a lot; first there was Mizuno, next there was

Matudaira, and then there was Honda.

Finally in 1724, the castle became the Yanagisawa's res-

idence.
® The family controlled land worth 150 thousand koku.
@0 They lived there till the beginning of the Meiji period.

BEXOHFRERZXZTTHEH, ERICLTAHAS L,
THRBSEED T ko7, BEOLIIZLTHNW
bR, RERC-1TH 5,

8T, ZORRC—-10FELIT, #HXE LTIIEXD
AEESTVBDOT, ARG, FEARTV. LA L.
worth % i& U ® occupied / satellite /developed /residence &
Vorz, PEEIREIIRWES ) BEEMN, 1 SABTE
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TWwb, £IT, bo LHEOLNERELENZERL
NVGEVEERFA LRI L THALZV, (BRERC—-2)

ARC—-2

In the Muromachi years, Tsutsui Junkei built the
Koriyama castle. In 1585, Toyotomi Hidenaga, who was a
land owner of one million koku (here koku means a unit of
land measure) moved to the castle. (Towns around the cas-
tle began to be busy after that.) In the Edo years(1600-
1868), the owners' family of the castle changed one after
the other; first the Mizuno family, next the Matudaira fami-
ly, and thirdly the Honda family.

Finally in 1724, the Yanagisawa began to live there.
They had land of 150 thousand koku of rice. They lived in

the castle until the Meiji years began.

—XE»LR5, —XHZRARC-1LFARDOERD
TNW—=THTTRT. 9, BROOIH7:5E25
ThHbo UTALTS) ZZTldperiod HlE L %) 2B
ETHAH0D, periodDfNb Y iCyears &S Thbb,
In the Muromachi years, -+ £ &R¥,

@ In the Muromachi years, Tsutsui Junkei built the

Koriyama castle.

FOROOICH =5 L H TR, KR LIIEX
vERD, UTQEL¥2) —#FEI, @icbwT [R
#%] & LT 7% [a controller worth one million koku
(a unit of measure based on rice production) of land,
Toyotomi Hidenaga] % Toyotomi Hidenaga, who was a land
owner of one million koku?® X 5 (ZBARMR BT BV /18
Xzl ZhidE#EE D SBRREAOKT I, ¥BE
PRI Twa, LEEPER-7-OTH 5,

b —HBiFT. BXTEXL AR, TA] OFEBEHS
Td A, C—1Tidmeasure % based on rice production 757%
BEMLZ, Lol BIFOBHRSFICL 2658 (&<
CRESH) . BRARFICERLLVEEBLEY
LBbhb, €T, [H] PMAEEEICL-BNTHS
PCEfEA I, [THE2IEN] THEZLDOAEE
HTsZ izl

$-OTREEROASRE [HDB] LV HERTR
L7z 2O, HARLEBEREDSWZII,
L0, EZITETHT0d LwL,
FLEVWTHo2hb L, YL hoER. &
BEROARELS7-DTH B,

EZAN, RRC-21cBVTik, HERORLHEHD

BRPERLT, BEL L TEERFBLRICB /-2
EEBRTVE, ZOFRICIE AR oA A=V EL
THEEEND [HRVLOBLEIT] IRBERA TRV,

@ In 1585, Toyotomi Hidenaga, who was a land owner of
one million koku (here koku means a unit of land measure)

moved to the castle.
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@3 (Towns around the castle began to be busy after that.)
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@ In the Edo years(1600-1868), the owners' family of the
castle changed one after the other; first the Mizuno family,

next the Matsudaira family, and thirdly the Honda family.
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@ Finally in 1724, the Yanagisawa began to live there.
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@0 They had land of 150 thousand koku of rice.
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@ They lived in the castle until the Meiji period began.
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Measurement of Pressure Loss and Flow Visualization in the
Flow of Viscoelastic Fluids through Cylinder Arrays

Takashi Koshiba, Noriyasu Mori*, Kiyoji Nakamura*

BEL AT —2%43 Vol.26,No.1,pp.27 ~ 34,1998
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Evaporation-Induced Cellular Convection In Thin Liquid Layers

Wen-Jei Yang*, Kai-Hua Guo**, and Masahiko Sakamoto

Experimental Heat Transfer, Vol.10 No.3,pp.191-206.(1997),

Two types of natural convection are well-known. One is induced
by the buoyancy force, called the Raylegh-Benard type and the
other is by the surface tension force, being referred to as the
Marangoni-Benard type. In common to the two type is the require-
ment for a negative temperature gradient in the direction normal to
a liquid layer, namely heated from below or cooled from above.
Recently, temperatures were measured at different depths in both
liquid layer and air layer above the liquid free surface during the
evaporation of liquid pools. It was concluded that (i) cellular con-
vection occurs when the liquid layer is cooled from below and (ii)
the temperature profile in the layer is nonlinear. However, no
attempt was made to explain the mechanism. In this study, cellular
convection patterns inside very thin liquid films for three organic liq-
uid are observed by means of the Schlieren method. A model is
developed to explain the mechanism of the evaporation-induced
cellular convection.

The experiment was perfomed in an atmospheric environment at
room temperature of about 20°C. These organic liquids, ethanol
(C;H;0), methanol (CH,0), and acetone (C3HgO), were employed
as test liquids. A test run was made by filling the desired amount of
liquid into the stationary test pool and covering it with a glass plate.
‘When all evidence of fluid motion was absent and the temperature
in the liquid layer was believed to be uniform (after waiting bout
half an hour), the cover was removed carefully. Evaporation of the
liquid layer started immediately at this moment and the liquid sur-
face was cooled by evaporation. At a certain moment, abut 2-3 sec-
onds after removing the cover, a convection pattern appeared on the
screen and the photograph was taken.

Results are summarized in the following. (i) Convection cells
induced by thermocapillary in an evaporating liquid layer evolve
from small to large size, when the evaporation process begins with
aliquid layer which is quiescent and isothermal. In other words, the
wave numder of the cellular convection decrease from its onset
state to the final stationary state. This kind of transient process is
generally observed in systems with a moderate Marangoni number,
say, Ma less than 2000. (ii) The stationry cell size depends on the

*Dept. of Mechanical Engineering and Applied Mechanics,
The University of Michigan
**Guangzhow Institute of Energy Conversion, Chinese

dominate system parameter, the Marangoni number. The cell wave
length is larger, or the cell wave number is smaller, for a large Ma.
(iii) The convection pattem depends mechanism. For thermocap-
illarity-dominated convection, the pattern is in a tessellated cell
configuration, which can be generally idealized as uniform hexag-
onal cells; while for buoyancy driven flows, the pattern will involve
vermiculated rolls, which may be idealized as two-dimensional
rolls. (iv) When the Marangoni number is sufficiently large, say,
Ma=5000, the stationary tessellated cell pattern becomes unstable;
unsteady ribs appear and cell partitions keep moving and re-forming
new cells in a chaotic way. When the Marangoni number increas-
es further, it is expected that a fully turbulent flow patten will be
found in a evaporating liquid layer.

Figure 1 depicts three possible temperature profile in a thin liquid
layer which we have proposed. This model has been developed to
explain the mechanism of cell convection in a thin liquid layer with
the upper layer undergoing evaporating and the bottom layer being
cooled, adiabatic, or heated. This model suggests the formation of
two regions in the liquid layer with the occurrence of cellular flow
patterns in the top heated. The mechanism is distinctly different
from those of the Rayleigh-Benard and conventional Marangoni-

Benard type cellular convections.

y Atmospheric Environment
¢ Te Free(Top) Surface

Upper Liquid Region hin Liquid Layer

Lower Liquid Region

i
7o 1 2 3 & » Bottom Surface
'YX A\ ‘l\ \\\TT.Ett s

Cooled . . Heated from
from Below  Adiabatic Below

Line 1: positive temperature gradient due to cooling from below
2: zero temperature gradient due to no heat flow from below
3: negative temperature gradient due to heated from below

4: negative temperature gradient due to surface evaporation

Figure 1. A model for evaporation-induced natural convection in a

horizontal thin liquid layer of thickness of 1 mm or less subjected

to cooled, insulated, and heated from below (line 1,2, and 3) as

compared with Rayleig-Benard and Marangoni-Benard convec-
tion (line 5).
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Tool Wear in High Speed Turning of Nodular Cast Iron
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DEPENDENCE OF TEMPERATURE ON SURFACE TENSION
AND SHAPE OF DROPLET ON A HORIZONTAL FLAT PLATE

T.Nakata, T.Hosokawa,* and Y.Fujiwara*

Proceedings of the Sixth Australasian Heat and Mass Transfer Conference,(1998), Begell House, Inc.,337-344.

On dropwise condensation, it has been well known that the
behavior of condensate drops on a condensing surface has a
main effect on the heat transfer characteristic. And autbors
have investigated the relation between the behavior of con-
densate drops and the heat transfer. From previous papers, we
found that it was very important to make clear the shape of
droplets on a condensing surface. We firstly investigated the
dependence of temperature on surface tension by maximum
bubble pressure method, because the shape of a droplet was
influenced by the surface tension. Figure 1 shows the experi-
mental results for each mole concentration of SLS solution.
However, we can not usually obtain the close shape of a

droplet while the condensing drops are grown up with time.
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Fig.1 Relation between ¢ and T

* Himeji Institute of Technology.

Therefore, in this paper, we estimate the shape of a droplet on

unwettable flat plate in the air. We discussed the shape of a

droplet by using CCD camera and compared the experimental

results with its calculated results. Figure 2 shows the relation

between the diameter D and the aspect ratio (height h divided

by diameter D) of a droplet for several surface tension ¢ .
Conclusions were drawn as the followings;

1. The dependence degree of changeable temperatures on
surface tension was obtained under 100 C.

2. For several surface tensions, limit diameters of droplets
which we were able to estimate as spherical shape were

obtained.
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Application of Bubble Column Fermentors to Submerged Culture of
Schizophyllum Commune for Production of L-Malic Acid

Mikio Kawagoe, Keiichi Hyakumura, Shin-Ichiro Suye,

Koujirou Miki and Kazumitsu Naoe

Journal of Fermentation and Bioengineering, 84, 333-336 (1997)

Some mushrooms produce useful materials such as organic
acids, vitamins, enzymes and polysaccharides that have been
evaluated as anticancer agents. Litchfield et al. investigated
the submerged culture of morel mycelia employing a glass
bottle with an aeration tube as a culture vessel for the purpose
of large scale production. Tachibana found that one strain of
Schizophyllum commune efficiently produces L-malic acid,
which is used as a food additive, from glucose and calcium
carbonate. They inferred from their experimental data that
L-malic acid in the culture of S. commune IFO-4928 was pro-
duced through the following reaction called CO,-fixing fer-
mentation:

CgH ;04 +2C0O, — 2C,H0; n
They investigated in detail the effects of various components
in the medium on L-malic acid production in shaking flask
culture and the effect of pressure in a jar fermentor.

Cultures of mushroom mycelia are aerobic. For such aero-
bic cultivation, bubble columns, which have been used as gas-
liquid reactors in the chemical industry and bioreactors in the
biochemical industry, are considered to be adequate because
they have high oxygen transfer rates and excellent mixing
properties despite their simple construction. In this study, to
find optimum designs and operating conditions for the large-
scale culture of mushroom mycelia in bubble column femen-
tors, we investigated the effects of air flow rate, cultivation
temperature and composition of medium on the production of
L-malic acid by S.commune using two types of bubble
columns.

Maximum yields of L-malic acid were attained at a superfi-
cial air velocity of 0.7 cm/s for the standard bubble column
and 1.7 cm/s for the external-loop airlift column. The opti-
mum temperature was 27 ‘C for both types of column, and
the optimum concentrations of both calcium carbonate and
glucose were 50 g/l. The yield of L-malic acid under opti-

mum conditions for the airlift column was larger than for the

standard bubble column.

From the comparison of the production rates of L-malic
acid in flask culture, a jar fermentor, an airlift column, and a
standdard bubble column, the airlift bubble column was found
to be most suitable for the culture of S. commune for L-malic

acid production.
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Fig. 1 Effect of tempreature on L-malic acid yield for the

airlift column and the standard bubble column.
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Fig. 2 Effect of superficial gas velocity on L-malic acid yield

for the airlift and the standard bubble columns.
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