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WFFE R R O (#32) : In this project we have developed effective and efficient
quantifier elimination algorithms for optimization problems. We had many original
results on quantifier elimination algorithms and published them in international
academic journals. Moreover, we also published textbooks on quantifier elimination
and optimization.

A IR E R
(REHAT - 1)
[ERESES ] R & &t
2009 R 3, 600, 000 1,080, 000 4,680, 000
2010 4FRE 3, 200, 000 960, 000 4,160, 000
2011 £ 3, 200, 000 960, 000 4,160, 000
2012 fF R 3, 200, 000 960, 000 4,160, 000
ik 13, 200, 000 3, 960, 000 17,160, 000

f/b%‘@’(?)

WHIEoT By - B CE R -
P D3R - AE S

F—U— N HERLEE, Foi b, BiE - BEUEAaEHR

1. WFZEBRAEYS WD 5

FHR OIEF (IR E e R Rl R
B L LTHZAZENTS, FO0KE
(LR RE % % < 51k O F g3 B3 oo o
WCH7e BT A 087 MIFEFICREWES
2%, BIZIE., DI VITEBNTIE, EE
AL FIEDN R DR WY — L &
o TND, SFEIERREFERAWME LA
VMIERE « (S HEME 2 i 2 72 - AT A DR
HERRSEENTEY . 2D DERZERK

T 5728, £ EHRFHOMEEEEE 72 H5
Rl E L CERE L, WICEER s b Bk
Z AW TRER GO mEE % X
5T EMThbILTV5,

UL, et B - (K= X Meloxhd
LERESZHMT IR =— A EE L
L TR ST 572010, Fxr b5 D3 ViR
BEAEMEE L T, M Tt LW Etkrelb
NRD LN D LR E O —J7 T3 MM
DEMELR KD LN TND, T HDER



2722572012, Fil-lrxdEibo T 7 a—
FEWE L, VAT DO - 3Gt - REEF
HEHAELTW ZENABLR-oTND,

2. WO HBY

AT TIE, FE  REGHRICE S < K
Al - WP EAEEICER LT, £0%h%
B2t E T LT X AR — VOGS %
Hfed, foh - MEGHE IS < b B
(2 & o T, WERDBAE B b 15 TR R
T & o 7= FE T R 0 K88 0 i iR & 1AL
WM ZERNRT AN w7 ICHEE R (5
TR REff A ATREREIR & L TR 5 - FeidifiR %
NI A=HfFETRDB)RT AN v I &
Wikl NAREL B2 ThHD, ZOREL

E Ly B LWRE 2l (b FIE 2B L,

Bl ZiE, bS5 Y OEREHIBITHH L)
RENIRREHEDHENLEAT 9,

3. Wik

REXRORBOIRETH S TTRETHE
(Quantifier Elimination: QE)| <CJ7fE=
ZOREMfiFEED 7 L7 F FJE (Groebner
bases: GB) | DFFEIEIZIESW T8 LW
M7 b FEDBRR 2R AR 5,

GB & QE X, ZZ v REAmT B OVIEARER
BMOBEFHIZE SR T LT Y XLT
BB, RWFFETIL, QE ZH0 & L= 5308k
T OREGHE R OMFFEICE R Z B Z, QE
OT N Y AL FIH LTz i bk o B
EmEd b Z TV, MR SRR b TFE
Y AV =k = I

BARICIZ, AT OT7T—~ %L L THF
TaHEtET B,

(1) FRBEEMOBEGREZI D T, 2hFm
T FEREGMMEHET L ITY X AEEET S,

(2) FEBROME GHERZ) 208 L, RiE
OfEE « Bt 2R L7270 3 U X A& B3
T 5,

(3) FEEELRAEST = Bl &5 - RERG
FAEG U3 st i 2 BT 5,

4. WFIEARE
(1) QE FHREIC BV THREE & 72 D ARE LR IARG
B Dynamic evaluation Z i L7-J7=c
W RGEAT < BUEF R A @S L7 Bk a4
RLZOFEZT- T2 (BEKO).,

QE FHEDH 5 — DD & 70 5 BRI
DONTH, mE b TFIEGFEERO) & KB ZIE
RATHN DT HIR D A 5 i3l 55 F15 % B %%
L7,

FRELH RO TE N B 7 (R E D 4y i
DT, FEROSGEIC, ARG
T 5 Frobenius G OWEFF 2 L
e B LT 6D .

4 R FF CH M T A RELORE Y 7
2R QE TR Y X AOEE Lo L

7e D imBE A O ML FIEZ B Lsdb &
FEHL U7z GHEED)

Fo. BRI W T, REEGRE
B 52T, FEHR ORI OfifyE D H
By —ntinnd, ZENA T TIVEE (K8
EBDOATTAD T LT F—HEEE) O%)
DT, TV 27 —HEOKB 117,
MO EER— L, Bz L, 47
TR AT T NDAREDLY  ARFEFE R P,
EY a7 —HIENFE O Y REE L e
NOBNRCEA TEDHZ LR LI (FBE
), AT T NVEISEHEOEILE LT,
AT TNDLOMFEEADCFIHTE D
FiEERR Lz EEED)

(2) HIEERIZKIT D2 WL OO EE /R
BICx L CTREMTFEEZEALZHT LW
Eina e LEESE, EERMRETORER L,
BRETIE, U Ay FHERRONEE L
(B£EOQ)., B AA 7V v FEEEIC
£ % H2 #IfHCoRlEgRsEHE (BERO), £
H ALY MV ROREEF1E GEREQD)
BRETHA,
IR SR 2 IR > AT LD IERRIE
FA UBIBE IERECSR D D QB IR L72HT
LWHEERE LT (BREQ, HEO),

(3) /NT A — & % G ie e fiF A A - Faon
A7V v REEIZESWO TR LT
DIFEIERFELZHEALETLTY XL
DORIERFECEEK LT (BEROD), —
HOMFFER R X, E SR CEE Theoretical
Computer Science |ZELEk ST~ D)

(4) EFEo QF oFtREE#ELOMEIX, Fx T
BAFET D QE /X A —3 [SyNRAC (Z3FEET |
ZhER % F2EHE LU 7=, SYNRAC D — 13 Web 7 B2
E—'ﬂo

(5) KO EOT 7 N —FiEEHE L
T, iR EE(ETFEOTEET LT Y XA
Thd QB IZHONWT, ZHE TORREEARIC
FLO[QE OHET ALY XA EZFD)HHA—
BT L % faifb] &2 HRR L 72,

F 72, QB 1T &L 5 i b Bk & T iAo
(EFEE2Z V=T REBREENITICROE L
FRFL L 7o R E TR i b o FE i 7 A
K ZHiR L7z,

5. ERFERE
(BFgEfFeE . WFFE s K ONEEAF TR 12
IR

GRS (B 13 1)
@O H. Anai, S.Hara, M. Kannno, K. Yokoyama,
Parametric polynomial spectral
factorization using the sum of roots



®

and its application to a control design
problem. J. Symb. Comput. & AH,
44(7): T703-725 , 2009

M. Kida, G Renoue, K. Yokoyama. Quintic
Polynomials of Hashimoto—Tsunogai,
Brumer and Kummer , International
Journal of Number Theory, @A, Vol.
5, No. 4, 555-571, 2009

M. Kanno, H. Anai, Computer Algebra for
Guaranteed Accuracy. How Does It Help?,
Japan J. Indust. Appl. Math. &HA
Volume 26, Number 2, 517-530, 2009

M. Kanno, K. Yokoyama, S. Hara, H. Anai,
Algebraic Approach to Discrete—time
Polynomial Spectral Factorization,
Journal of Math—for—Industry, Kyushu
University. Vol.1 JMI2009A-8, A&t
57-68, 2009

K. Yokoyama, A Note on Distinct
Nilpotency Decomposition of
Polynomial Ideals over Finite Fields
Commentarii Mathematici, niversitatis
Sancti Pauli,Vol. 59, No.2, &t A
145-164, 2010

NI, BEUMBRICE S RT A —
HZERNEIC X B e A NflfRE R T
Sataml , ppl5-18, AFeHE, 201143
A5

S. Gandy, M. Kanno, H. Anai, K
Yokoyama, Optimizing a Particular Real
Root of a Polynomial by a Special
Cylindrical Algebraic Decomposition,

Mathematics in Computer Science, gt
A, 5(2): 209-221, 2011
H. Ichihara, H. Anai, An SOS—QE

Approach to Nonlinear Gain Analysis
for Polynomial Dynamical Systems,

Mathematics in Computer Science, &gt
A,5(3): 303-314, 2011

H. Iwane, H. Yanami, H. Anai, A
Symbolic—Numeric Approach to
Multi-Objective Optimization in

Manufacturing Design. Mathematics in

Computer Science, % 7t A , 5(3):
315-334, 2011
T B, R R, SXOE 2R, B

RS FEAIE L HERBOBEA I L 25
fE~OT7 7a—F (> e Ry M
HWRIZAND ). N LHAE TS5,
27(5), pp483-491, 2012

=R FE , SO R, B (.
TF 5 15 WA I L 2 8EE CAD %)
K72 924, (Computer Algebra : Design
of Algorithms, Implementations and
Applications, %% ¥ fi# AT b 98 Fr i 20 8%
1815, ppl43-151, 2012.10
S. Orange, G. Renault

K. Yokoyama,

(2

)

Efficient Arithmetic in Successive
Algebraic Extension Fields Using
Symmetries, @t A, Mathematics in
Computer Science, pp217-233, 2012

H. Iwane, H. Yanami, H. Anai, K.
Yokoyama, An effective implementation
of symbolic—numeric cylindrical
algebraic decomposition for
quantifier elimination. Theoretical
Computer Science vol. 479, 43 - 69,
2013

&) (GF201F)

M. Kanno, S. Hara, H. Anai:
Plant/Controller Design Integration
for H2 Control by Symbolic—Numeric
Hybrid Optimization Based on Sum of
Roots Characterization. 3rd IEEE
Multi—-conference on Systems and
Control (MSC2009), 2009. 7.9
M. Kanno, K. Yokoyama, H. Anai, S.
Solution of Algebraic Riccati
Equations Using the Sum of
Roots, International Symposium on
Symbolic and Algebraic Computation
(ISSAC) 2009, 2009.7.9
H. Iwane, H. Yanami, H. Anai, K.
Yokoyama: An Effective
Implementation of Symbolic—Nuneric
Cylindrical Algebraic Decomposition
for Quantifier Elimination. 3rd
International Workshop on
Symbolic—Numeric Computation (SNC)
2009. 8.4
H. Anai: A Symbolic—Numeric Approach
to Multi-Parametric Programming for
Control Design: ICROS-SICE
International Joint Conference 2009,
2009. 8. 20
H. Noriko, H. Anai, S. Hara: A Maple
toolbox for parametric robust control
system design using symbolic
computation, ICROS-SICE
international Joint Conference 2009,
2009. 8. 20
M. Kanno, K. Yokoyama, H. Anai, S.
Hara: Solution of Algebraic Riccati
Equations Using the Sum of Roots,
International Symposium on Symbolic
and Algebraic Computation (ISSAC)
2009, 2009.7. 30
H. Iwane, H. Yanami, H. Anai, K.
Yokoyama: An Effective
Implementation of Symbolic—Nuneric
Cylindrical Algebraic Decomposition
for Quantifier Elimination. 3rd
International Workshop on

Hara:




Symbolic—Numeric Computation (SNC)
2009, 2009.8.4

H. Anai: A Symbolic—Numeric Approach
to Multi-Parametric Programming for
Control Design: ICROS-SICE
International Joint Conference 2009,
2009. 8. 20

EARTFIE, JOOEZR, B CAD I
BT 5 i-projection operator EAIZ
X% QE o, BRI S
K%, 2010.06. 12

H. Anai: Computer Algebra — what does
it bring to control system design?
SICE Annual Conference 2010,
2010. 08. 19

H. Anai: A symbolic—numeric approach
to nonlinear  dynamical system
analysis. SIAM / MSRI Workshop on

Hybrid Methodologies for
Symbolic—Numeric Computation
2010. 11. 19

HEA, EMRFE, SHFZF: On
parametric optimization techniques
for solving recursive formulas, [R
ERE T CoORMERELET Y
7' 85 7 EIBFgES:, 2011.01. 29
WMz, NAEZEM: RS A R
Hrizxtd 25 SOS-QE 7 7' m—F, &5 11 [8]
aT B B A e s A P oK 2
2011.01. 28
MERARF, LR, EREVE, SIE
ZFn: &g E -7 v T
BIHIE O L, & 11 [\ FHTE
il BT R<, 2011, 01. 28
Sz, 15 B AR~ D REGR T T
n—F, BEFHEHRBEFE YA T 4
2eEt v ay, MEEAETHO
AR & BRI IR R b~ Dk ] Ak iE
K=, 2011.9. 13
N FE 72, Computational Real
Algebraic Geometry and its
Engineering Applications, H ZAXZ21F
RELZ AAR-BINEmE 7t I —
ESF-JSPS Frontier Science Conference
for Young Researchers “Mathematics
for Innovation: Large and Complex
Systems” 2011.3.1
PrimmerR, XA ZEm, e T v &2
W FIMERE T DFR A= A FRFt 3 5 05
15, WL 5 133 Mg /N7
—w AL a—T 4 TR
S BB Eva—FK"TIH56 5,
2012. 3. 26
METEFN, SRS, BRE, SORZEm,
F—=7 v ar AN=RLDEZEXER
EIREFLFHEEEHWIZ A =X A
et HEk, BAF L — 9 v

XYY —FREARERRREES,
2012.9.13

K. Yokoyama, Usage of Modular
Techniques for Efficient Computation
of Ideal Operations, Computer Algebra
in  Scientific  Computing  CASC,
2012,9.4

@  FOGEZER, ARBE )T T o —FIc LD
LA AT LAOfFENT, FHI B B 1
T B 13 [EIHIENERPI RS Rl A
[HIE & BUE DR BT EEEE O
Bi) , 77 v AfEE, 2013.3.8

X&) G214

O SR, AELFNEL, ERRR RS,
QE OFET AT XL LZOIHA—%%
FALHRZ & % Ak, 2011 4F, 264

@ SRHZER, GESAL, BELRGEC O K
4 K. 20134, 160

(Z Dfh)

R— BR— A

SYNRAC &' 7o m— R8—3

http://jp. fujitsu. com/group/labs/techin
fo/freeware/synrac/

X E R AR — A=
http://www. utp. or. jp/bd/978-4-13-061406
-1. html
http://www. kspub. co. jp/book/detail/1565
104. html

6. WFFEHRK

() IrgefREHE

JHE 22N (ANAT HIROKAZU)

TINKRZE s~ R e T 3T « £ XAV
JEHT - B

W78 %5 20417520

Q) gz

BEL FnBA (YOKOYAMA KAZUHIRO)
SLEORES - B - iR

WFgeE 35 1 30333454

(3) M TR

ENF {5 (YANAMI HITOSHI)

B AmaFgEET - 7 b U = 7 AR AIRSERT -
=]

9835 : 70417533

IR F5E (HIDENAO IWANE)

& EEgeET - Y 7 b o = 7 HEARRRSEAT -
=]

9535 : 00470360



