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-Computation of Grobner basis for polynomial

systems with floating-point coefficients-
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The Nash bargaining solution in game theory is a way of thinking about the result of consider-
ing the balance of the whole, based on the opinion from a personal standpoint. To get the Nash
bargaining solution, first find the total social benefit function and find the Nash bargaining solution
with the Pareto solution. The total social benefit function is the sum of the benefits of both, and
the benefits of both can be represented by approximation polynomials with parametric variables,
which are polynomials with some minute floating-point coefficient term. It is not possible to compute
Grobner basis in order to eliminate parametric variable from such both approximation polynomials
and obtain a relational expression of approximation polynomials.

We show how to calculate the Grébner basis in such a case, and graph the total social benefit func-
tion using the elimination ideal of the Grobner basis for the remaining budget of medical institutions
for COVID-19 and the compensation for self-restraint of commercial activities.

*1 T 658-8501 S IRLMA i X [ A 8-9-1 E-mail: takahasi@konan-u.ac.jp
*2 T 654-0131 L IRMA B R AR 9-5-1



1 B8

Bk % 7327 — LRI TR 7V A ¥ — OB EIIH BIZEE L 7L 1 ¥ — 25 2 FIFOMIE 72 1) T <,
DT LAY —DEIEIZERIET D, TDESRTVA Y —DOMHAEKRERGRERIT ZEANZET LN
W T — L Th b, MMEEDNIHIINI->T, TV A Y- HZMELERT 2548, ROBRITFNERS
BN LlF, BTV Y —HED TFHA (RBER) 2EIZELSPENSIZETHD, TTDOT LA
Y—O8AN, MBEOHP SR TEY O EHTEREEZEDRITNIX RS, [1)

Ty Y aRERIE, RBFERIZBWT, 2 AD T VA Y —DRHE LD S OFIEFEIN S O & ek b % s
EIAERE TRy VA BHURBIRETH D, IET 7 1 VBN S OMNE, WFME, ZE R DL —
N e, MEEER AR S OMNEDAH 2 TR TH D, [2]

T Y aRBREMRBIRTERT 572012, 2019 4F 12 A2 51T L 72 COVID-19 (2% 3" 2 %R
DX R TR & EREE) B N9 2 6lifE %2 B & 9 2B, 2SR R e T 5 2 BB E L
5, FEFREBEONETHERE S EANEH AT 2 MEZAGEEE X5 LR ERERIX. Z0
Wi DM TH 0. T DWiHDRIHIENZRNZ X 5 EBZHATRE, BUNRZE/NURBOTHA AT 5
ZHA L0 5, TD XS BEEDOFEOEMSEHRARY» SENZHZHEL, MHEORBRRRZ KD B2
X, TOEEDOLHA TRV 7 FREZHET LI IETERY, 20X S RMUNZENBURE D IH
AT LZHERNRO IV T FHEERFRT 2 H1E%2R L. ZJVTFEEDOHEEA T TNVEHANE, tHhaW
RSB D75 7 DRD % RT,

2 o (IEICIEBHT ER)

ARz, fkizg# 3 52 &8 (Mathematica Z FAWTCEHE L7 71 IV) DEFHAZTT D,
COVID-19 DIETHEZET 57— X & LT Johns Hopskins KEWER L TWE T —X [3] 2L 7=,
HWIW~E TR EERD 7S T72RT, WInh 1 DOWM»SREEZERT LI 2E X, BOW
ERFLLUTERTLILII U, EHE NI LU THEEMOBREBN VD LIEL T, Y
MERRFEMEDN S & UH 28 e T 5088 (ZHNX) TEBU 72, HRIEEE I8 5 liEe
LA EEHRE T8 (2ERX) TELL, WESHEIIARE 2 L3725 E sin B DLS x5 L
KE U7z, 25 EEEBID COVID-19 O 5 THEM S FRIGE X N T WS L4 % 500 (£, FEFEHEH
RGBT BB Y I DR (REESE) 2THE 1 AT LT 1000 A& U, HEKRHERERD 75 7
DROFER LT,

B

AFIEOFEIZ BT, BUNFBINEREOEE AT 50N HARD SENLRENEL, FLTF
IS FET 52 L I20WT, fekk M SRR 4S80 S W RIS 280 £ Uk, 2 CE#o
BERLUET,

Z & X ®
[1] R # (2021). 07 —ABEGR) . AR
2] #efm R (2018). [T& /5] Oimi-th e B R~ DOHEA) . REEHE
[3] https://coronavirus.jhu.edu/region/japan



F#x%-Mathematica” 1% = L

n-= country = "Japan";
126 < 860 < 299;
urlCovidl9 = "https://pomber.github.io/covidl9/timeseries.json";

population

data = Map[Association, Association[Import[urlCovidl9]] [country], {1}];
ddata = {DateObject[#["date"]], #["deaths"]} & /@data;

firstday = ddata[[1, 1]];
Last[ddata]

out-J= { Day: Sat 24 Dec 2022 |, 55 027}

n-j= 14 = Map[{QuantityMagnitude[#[[1]] - firstday], #[[2]]} &, ddata];
raw = Map[First, Gather[i4, #1[[2]] == #2[[2]] &]1;

rawModified[1] = raw;
gl = ListPlot[raw, PlotStyle -» AbsolutePointSize[3]]
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(» B1ELSOITER (R5H) 2V 3 VRTFVYAKRDT—=ITIZ7ICLEHD *)

mp= hl = Fit[raw, {1, x, x*2, x"3, xA4, xA5, x"6, x 7,

x"8, x*9, x*10, x*11, x"*12, x*13, x"14, x"15, x"16}, Xx]
ouf-l- —~580.905 + 589.89 X - 40.0381 x? +1.12356 x> - 0.0172986 x* +
0.000166123 x> - 1.06868 x 107 x® +4.81197x1072 x" - 1.55898 x 10711 x& 4
3.69361x 107 x% -6.44335x 1077 x'® 1 8.25627 x 1072% x11 - 7.66922 x 10723 x1?
5.02039x 1072° x13 - 2.19451x1072° x!* 1 5.74606 x 10733 x5 - 6.81292 x 10737 x1©

(* TOTFT7ZEIL, LEEDEZED16RDEZEXNTEBULIRHER *)

g2 = Plot[hl, {x, 0, 1060}];



2 | ff.nb

Show[gl, g2]

Out[+]=
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h2 = Expand[hl /. x > t+220]

(» 5K, 220HEL538sHEEFTOREMEZEZEYT (FES5FKOYBAZ0ETHEMCTS) »)

ouf-- 1499.72 +9.40944 t - 0.229704 t* - 0.000528637 t> + 0.0000405179 t* +
7.06408x107°t%-2.01903x10°t%+4.69321x 10712 t7 +3.50032x 1071 t8 -
1.79423x 107 %+ 8.50767 x1072° t19 1+ 1,40837 x 1072 t11 - 4,83021 x 10724 12 +
7.75186x 10727 t12 - 6.94008 x 107 %° t1% 4+ 3.34791 x 10733 t1° - 6.81292 x 10737 t*©

h3 = h2 /. t > x (* ZEZEXICEY *)
ouf-- 1499.72 +9.40944 x - 0.229704 x> - 0.000528637 x> + 0.0000405179 x* +
7.06408 x 107 %% -2.01903 x107% x® +4.69321 x 10712 x” + 3.50032 x 107 1% x& -
1.79423 x 107 x% + 8.50767 x 1072° x1® + 1,40837 x 1072 x1! - 4,83021 x 10724 x12 +
7.75186x 1072 x1® - 6.94008 x 107 3° x1* + 3.34791 x 10733 x1° - 6.81292 x 10737 x*®

h4 = h3 /. x>0 (x BE5KEDOYHDEZ0ETS (FHIE) *)
ouf-]= 1499.72

h5 = h3- h4 (» ES5KDPHDEZET S (fHIE) *)

ouf-- 0. +9.40944 x - 0.229704 x> - 0.000528637 x> + 0.0000405179 x* +
7.06408x 107 x°-2.01903 x107% x® +4.69321 x 10712 x” + 3.50032 x 107 1% x& -
1.79423 x 107 x% +8.50767 x 1072° x1® + 1,40837 x 1072 x}! - 4,83021 x 10724 x12 +
7.75186x 1072 x1® - 6.94008 x 1073 x* +3.34791 x 10733 x1° - 6.81292 x 10737 x*®

h5 /. x>0 (% R »)

outf-}= ©.

h5 /. x> 165 (* E5RDIRBEHDIE »)
ouf-]- 4900.95
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delta = Apply[Subtract, Map[Reverse,
BlockMap[Transpose, Select[raw, @ < #[[1]] < 650 &], 2, 1], {2}]1, {2}1;
g3 = ListLinePlot[Map[Last, delta], PlotRange » {Automatic, {0, 250}}]
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h6 =D[h1l, x] (* hlEIETEBRDOREHTHZIDT.

UEBOELEMNINT B L ZERT Bcdic. RETOBEBEMNT D,  *)

589.89 - 80.0762 x + 3.37067 x* - 0.0691943 x° + 0.000830615 x* -
6.4121x10°° x> +3.36838x108x5-1.24719%x107° x" +3.32425x 10713 x& -
6.44335x 1071 %%+ 9.0819x 1071 x1°-9.20306 x 10722 x!! + 6.5265 x 1072% x*? -
3.07232x 10728 x12 1 8.61909 x 10732 x1* - 1.09007 x 1073% x1°

h7 = Expand[h6 /. x > t +460]

(» EEEDEIEDISDT—FICHILE BfcbbheZ460H D FITHEIZ TS, *)

44,7349 -0.163934 t + 0.00669739 t2 + 0.0000121485 t3 -
6.91449x 1077 t*-4.11097x107° t°+2.1291x 107 t® + 4.82257 x 10715 t7 -
2.98832x 1071 t8+3.16585x1072% t°+2.14639x 10721 t1° - 9,2747 x 1072° ¢! -
7.7066 x 10727 t124+5,64639%x 10730t 4+ 1.09763 x 10732 t1* - 1.09007 x 103> t1°

h8 =h7 /. tox (x ZHZXICEY, *)

44,7349 - 0.163934 x + 0.00669739 x> + 0.0000121485 x> -
6.91449x 107" x* - 4.11097 x1071% x®> +2.1291 x 1071 x® + 4.82257 x 107 1° x” -
2.98832x 1071 x%+3.16585x1072% x® +2.14639 x 10721 x1® - 9,2747 x 1072° x!! -
7.7066 x 10727 x12+5.64639%x 1073 x*® +1.09763 x 10732 x* - 1.09007 x 103> x*°

g4 = Plot[h8, {x, 220, 385}]; (» ES5RDETERDELDI ST «)
h8 /. x 220 («+ HB5RDWADTELER «)
1.29724

h8 /. x> 385(x ES5KDKREHDTETER )
20.4302

| 3
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n-1= h9 =D[h8, x]3; Solve[h9 = 0, x]

ouf-]= {{X > -434.875}, {x > -387.624}, {x—> -332.909}, {x > -269.301},
{x > -203.001}, {x > -81.6082}, {x > 12.2097}, {x - 81.3583}, {x -» 195.215},
{x > 313.82}, {x > 405.664}, {x > 493.334}, {x > 553.986}, {x »593.538}}

(* BEROE—VIF, AZ/OVHEDOT—YD314HBETHZ I EDDD Do *)

nf-]= 314 =220 + 7
ou-]= 101

(+ EEHMOE— L, EEWMMRE>THSHETHD.
ZO—BE%E. BRI EE>TNS5101HETH S, +)

n-1= Show[g3, g4]
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(» FEEOBERZRIL, VS 7Z2ERTRZ L. EMNCBELVIHERERS. *)

n-= up = 5000 - h5

our - 5000. - 9.40944 x + 0.229704 x> + 0.000528637 x°> - 0.0000405179 x* -
7.06408x 1072 x°+2.01903 x107° x®-4.69321x10 12 x" -3.50032x 1071 x5+
1.79423 x 1071 x° - 8.50767 x 1072° x1® - 1,40837 x 102! x* + 4.83021 x 1072* x12 -
7.75186x 10727 x12 + 6.94008 x 1073 x1* - 3,34791 x 10733 x1° + 6.81292 x 10737 x*°

(» EEEEONETEREZuUup &L, up=5000-h5 (REOEMIEX. —FHH) &3 )

nj=up /. X - 165
outf-]- 99.0483

(»+ BERDBREADEREBONRTHZE «)
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n-1= Plot[up, {Xx, ®, 165}]
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(» BEROERBEONRFEIZEDI T +)

- h1@ = 1500 Sin[ (3.141592 x) / 330]

ouf-}= 1500 Sin[0.00951998 x]

(» HESEIIAHEX £TBHEE, 165AT1500 (REDELNIIF. —FHME) &4&D, sin
DESICHEZBEREL. 1500s1in (7x/330) ZHRBEMUTESRODEBXTOZERET S, )
EH<,

mn-1= h1ll = Series[h10, {x, 0, 15}]

ouf-- 14.28 x - 0.000215699 x> +9.77438 x1071% x> - 2.10917 x 107 1° x” +
2.65492x 10721 x% - 2.18741x 10727 x1 +1.2708 x 10733 x13 - 5,4844 x 107 x¥® + 0[x]*®

= W12 = 14.279963636363636° X -
0.00021569870417874156" x> +9.774380139017499" %"-10 x°

ou-l- 14.28 x - 0.000215699 x> +9.77438 x 10719 x5

n1= us = h12
ou-l- 14.28 x - 0.000215699 x> +9.77438 x 10719 x5

(» BEFEEBERICHT 2MEEEZUsET D, *)

n[-]= €gqn = Uup +us
ouf-- 5000. +4.87052 x + 0.229704 x> + 0.000312938 x°> - 0.0000405179 x* -
6.08664x 107 x%+2.01903 x107% x®-4.69321x107 12 x" -3.50032x 1071 x8 +
1.79423 x 107 x° - 8.50767 x 1072° x1® - 1,40837 x 1072 x! + 4.83021 x 10724 x12 -
7.75186 x 10727 x13 + 6.94008 x 10739 x1* - 3,.34791 x 1073 x!° + 6.81292 x 103" x*®



6 | #Mf.nb

Infe]:=

Out[+]=
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(* SNSDREDET, HIMBTORBEBEZASMCT D, EEIITE.
REE—AYLDICHITIEEEREOMNKFELEN 1 BICHEIT Z2EEHOEHZ KD,
ZOEEDEBEEZ 2,

MRS (ECOVID-19DFE 5RICK T2 HFEE L U TEN S500BADFEBEEZ T TLDIH,
COVID-19DFTEHMEZ DT LITL> T, COMKRERFHLT S, 2L T,
EIZCOVID-19DE S EM AKX > THSEFFEDOERICH LT 1 BIC150BMABELRITNIERS T,
BRIEIEMNYT %,

ZOER, HE2EINSEZIBREDLSICTREN?

—F. BEERFZTEHIEE ZTEEMEDH S 6.

EEEEIIROZERICAIT THRBEEZTEDRITEZ<ELTEE W,

ZDEE, HEMEE (AYvtEVHYR) ZEDESIKERTZ2hZ2EZ S,

v a1 ORBERENAT IEFREBAONEFEEEFEBERICT T IHEOETIE.
FRSERIC L 2HEITETH DL LT, HRWHRER%Z uprus ELTEZ S,
EEMEE E HEZZ I Z2ALADBT. /L—MREEZRET 3 ICE.

up+us ZRRICT B I ENRDS5ND, up+us DT T 7 (xDEK) IE. UTDESIC1BZ,  *)

Plot[eqn, {x, 0, 165}]
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hl3 = D[eqn, x]; Solve[hl3 = 0, Xx]

{{Xx > -207.347}, {x > -168.029}, {x » -117.588}, {x » -49.3038}, {x » -11.38},

(X > 70.4248}, {x > 245.878 - 71.9147 i}, {x > 245.878 + 71.9147 i}, {x —» 382.178},
{X > 528.78 -58.09311i}, {X > 528.78 +58.0931i}, {x > 731.383 -72.3621i},

{X > 731.383 +72.3621i}, {X > 847.949 -30.4311i}, {X > 847.949 +30.4311i}}

(» COFEBEMPITZIETRABEBDIIENTES,
(0,165) DEIDRKEZIZxDEEIE70.4248 THDZ EN DD S,
up+us ZERKICTD x &, 70 £TF 3, *)

eqn /. X-> 70
5776.25
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(» EEEBONKEEBERICOVWTELAVWET I EEZDRIDREAE.
101H (94B+7H) &9%, (COVID-19DFE5KI BT > T1e1HET.
EEEEEED, WRERALHEZILEDZION, v 1 KRBBOBANS,
EDLSBER HRNBEROSORR) ICRINEEXDIIENTES,
101HET. EEEREALEN. WEKEBRLHEZIEDLEZOD.,
up+us DfEIX. 5776.25 TH D, *)
(» 2ZH5, VLT FEEZRVWTHESHHBEL uptus DI T T7ERDDIIEEEZD, *)

uup = up - p

5000. - p - 9.40944 x + 0.229704 x2 + 0.000528637 x> - 0.0000405179 x* -
7.06408x 1077 x°+2.01903x10% x®-4.69321x1071? x" -3.50032x 1071 x8 +
1.79423x 1071 x% - 8.50767 x 1072° x*® - 1.40837 x 107! x!! + 4.83021 x 10724 x12 -
7.75186x 1072 x*® + 6.94008 x 107 %° x1* - 3,34791 x 10733 x° + 6.81292 x 10737 x*®

uus = us - q

-q+14.28 x - 0.000215699 x> + 9.77438 x 10 ° x°

GroebnerBasis[{uup, uus}, {x, p, q}]

{1.}

(» EAETETVRW ! FENED OHNGRBOSERRICH UL T,

JLI7FTEEZHETDIENTERN, ZIT,

EHxIC183sZRAUVTsZEHETHZHEARICH LT, JLTFEEZHET S
(ZE#xIC183sZRAT 2 DIE. upDERERDEDFEYZ 1 IESTBHETRE U, ) *)

uup = Expand[up-p /. x> 183 *s]

5000. - p-1721.93 s+ 7692.57 s2+3239.74 s> -45441.4s* - 1449.81s°+
75831.3s%-32257.2s7-44026.8s%+41298.85s%-3583.62s'®_-10856.2s!+
6813.65s'? -2001.11s'3+327.853 s -28.9428 s'°+1.07783s'®

uup = 5000 - p - 1722 s + 7693 s2 + 3240 s> - 45441 s* - 1450 s® + 75831 s®°-32257s" -
44027 s® +41299s°-3584s®_-10856 s'!+6814s'2-2001 s +328s*-29s5, sl€

5000 - p- 1722 s+ 7693 s? + 3240 s> - 45441 s* - 1450 s® + 75831 s° - 32257 s" -
44027 s®+41299s%-3584s1°_10856s' +6814s?-2001s'3+328s™ 2955510

uus = -q+2613s-1322s%+201s°
-q+2613s-1322s%+2015s>

GroebnerBasis[{uup, uus}, {s, p, q}]
Length[%]
4

(* %1'%73‘_(%50 *)
%%[[1]1]

g=%

| 7
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- %%%%[[2]1]

n-1= Factor[g]

gl = ContourPlot[g == 0, {p, O, 6000}, {q, O, 6000}];

g2 = ContourPlot[p+q = 5776, {p, 0, 6000}, {g, O, 6000}];

n-1= Show[gl, g2]
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