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Description of the Parameter Manifold and
Its Applications to Analysis of Virus Dynamics

Abstract: To investigate a system that lies behind observed time series data using a state space model,
which is supposed to describe the system, together with unknown parameters, the problem to tackle is the
estimation of the parameters. For this kind of problems, it is necessary to care about the identifiability of a
model, that is, whether its unknown parameters are uniquely determined from the data. Especially if they are
not uniquely determined, a parameter vector which is obtained in some way is just a part of a set of possible
parameter vectors, and hence, such typical approaches result in losing information that is determined from
the data and the model. Against this, we propose a method to describe the information determined uniquely
from a state space model and time series data as the parameter manifold, which is a manifold that consists
of possible parameters. Besides, we apply the proposed method to a model that describes the dynamics of
virus in vivo, and then, show that a new insight overlooked by conventional approaches is actually obtained
by our method.
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Fig. 1 Perfect data that is generated for patients 1-H, 2-D and

3-D. For each patient, 5 x 10%, 10 x 10%, 15 x 106(IU)
of IFN was administrated respectively. We use the data

that is shown in solid lines as perfect data y(t).

TIVEEDD, ZIT, N=2THhHAILIZFEEL, &
Q(ay, as, as, ar)[z2, x3,y, dws /dt, dzs /dt, dy/dt, d?xo /dE?,
d2xs/dt?, A2y /At 1T T 2L T TV ERDES ITED S

_ dx asa dx
I'={ G — “%%2s3 + aax, G — (1 — a5)asr2 + arzs,
d25112 agar dzg +a4 dzo d213

Atz Tag dt dt 0 dt2?

— (1 —as)as%z,

dz dy dz dzy d’z
+ar dtS Y — T35 qr — dt3 s de2 T dt23 >(15)

V7 F—HEOFFEICAY, UTFOZEMEEATS :

dwz d21'2

X1 X3 X5 T2 a2
. d d?
Xo Xo Xo | = 23 T G
v, Y, Y dy &y
1 2 3 Y @ ae

INSDEHEMNT, A TFT7IVIICHTEIVTF—
HJERD S, Singular DT F T LiE, ROEYTHS :

ring r=(0, a4, ab, a6, a7), (X6, X5, X4, X3,
X2, X1, Y3, Y2, Y1), 1p;

ideal I=X3-(ad*a7+*X2)/ab6+ad*xX1l, X4-(1-ab)*ab*X1
+a7*X2, X5-(ad4*a7*X4)/a6+ad*X3, X6-(1-ab)*ab6*xX3
+a7*X4, Y1-X2, Y2-X4, Y3-X6;

stdhilb(I);

%8, Ip FHHEAEY & UTHEAF 2525 2 L2k
T INTERY, RIERT TV T F—HEEGS.

_[1]1=Y3+(a4+a7)*Y2+(ad*ab*xa7)*Y1
_[2]=(ab*a6-a6)*X1+Y2+(a7)*Y1
_[31=x2-Y1
_[4]1=(a6)*X3+(ad*xa6)*X1+(-ad*a7)*Y1
_[51=X4-Y2
_[6]1=(a6)*X5+(-ad*a7)*X4+(ad*ab)*X3
_[71=X6-Y3
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y(t1) ~ 4.1136 x 104, % (1) ~ —0.6708 x 104, T4 (1) ~
15174 x 104, y(t2) ~ 0.8616 x 10%, % (¢,) ~ —0.1308 x 10%,
LY (ty) ~ 0.0029 x 10* &7z, 72, Th5ER (17)
ARATNIE, (v,v2) = (—4.9069, —32.3517) 233 5 h
5. WERF 1-H, 3-DIZOWVWTHAKDOFET, =T
1, (v1,v2) = (—0.0007, —47.6106), (—15.2059, —38.5831)
7. miRIZ, FE (3) TROAHSEEKR (16) D
B c1(a),cala) £V, agasar = vi,a4 +a7 = vy 2155,
ZZT, ar AHETNE,

v = a4a5(v2 — a4). (18)

BESN, 2z, FIE 4) TRDZv,m %2, THUEN
H22Y, RIA—REREVRONE. ZOLIIZLT
Bontz, WERE 2-D, 3-DITHNT B85 A — 24Kk %,
M 22779,

4.3 /INT A —8 BEK%E W AT

ZIZTI, EA2EITHEIZNT A =R EEEZHAWT, 2
DOEN 2T, REFEOFIMEZHERT 5.

9, WERHE 1-H 26T 5 v OED, Mo &
LT, MOTHNINWZLIZEHL, X (18) ITBWVWT, v
20T D, WE 1-HICNT 57 A —2L A2 L
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? 25=4.9069/(a4(32.3517+a4))
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B 2 #%# 2-D, 3-DXNTBT—X yqa(t) LETINV (12)—(14) »
S5EoNT, RTIRA—RLRMR. ZZTlE, #PHZE 0<as <
5,0<a; <1TIZRELTHRLEZ., BB, Kbo&lk, Th
0, FH (1) TBWTHEI NI A -2 2KT.

Fig. 2 The parameter manifold for patients 2-D and 3-D ob-
tained from the model (12)—(14) and the corresponding
data yq(t). They are drawn under the limitation such
that 0 < a4 < 5,0 < as < 1. The dots in the figure rep-

resent the estimated paraemters in the procedure (1).

T a4a5(47.6106 + a4) = 0 D3FONB. T I T, 5 4.1 Hi
THARZE S, ay >0 THD70, 476106 +a4 #0 T
H5B. FlZ, 0<a5 <1 THBENH,

(19)

2195, 205, WEBRHE 1-HIZHT 585 A =X SRR
(19) &, B 21TRU7=#BRAE 2-D, 3-D T 585 X —
REBADS, HEEIIZ AR B Z e D3nhb. £z, 6] 1CH
W, #iBRE 1-H &, R 2-D, 3-D iz L CElEn
F2OANARAFITAN, KRESERDZEVHERIN
THh, IFN OBREEDE NI LD EDE BRI N,
ZOERE, BEFIEICKBMIERIZ—HL, Zhick
D, RIRAXA=RLREDOERMANMEEICEHT 52 LT,
XA FITADEZRISND BT LWRBI NI,
BT, HERE 1-H T 587 A — X ZERAK (19) 122
W, BTV VI DBENSGELRT B, ag = 01, G
fahs, BHIAMANIZEC LR WZ 2 2EKT. —HT, a5 =0
&, IFN 2Afe LW Z &2 RT. [6] I2BWVWT, HERE
I-HZDWTHE, BT O FE R A8 TR\ AT AEME
NHdeEFERINTVWED, —hT, X (19) »51%, TFN
DEEREL COW AR WHBEME B H D Z e b, KB, [6) T
d, NIRX=RMEEIZL>THLNT (ag,a5) = (0,0.75)
WDOWTHERLTWA7D, FiFDOERFARIEONDS
2, ZDEDRELE, 8T A — ZHEE O PR E IR
T4, TR, |BEFIERL, T A—-RLERAEORR
&Y, RIA-RHEETIHRFZLINT W, ROXA
FIVAZET EH AR ERL N TE,
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5. F&o

ARIFE T, RERTREBERETIVE, FERIIT—X
POEEBHERE, NTA-XLHAKE LT, —RIZEHR
TEHEFERZIRE L. T A—XEREORITIE, AH
HEBRAZIEHLZ. ARAOBERROE R IZHD, /75
NTVWBEAHNT—XDBELTHB I L 2RE LT, ik
WIEE FTREMERRT O FIEZIGH U7z, 72720, IRETFEE,
NT A= R LR DFLROFIEL L UT, BlllEhizT—
AMOEERENT -2 2ERT 5720, BHlEhHN
T—RADERTRVWE S REMBEICS, HAMETHS.
KB, AT, EERATAI VAL FIZA[6]I2DWN
T, BEFERZHOTHITL, BEFETRESNE2 -
EHIRZEL., SBOFBEE UTE, REZBOYILIEA
BONTWRWEEIZDOWTS, HMHATEE RS X 512F
EaRWET L2 enBIFon, BAERIITIE, REZEBOY
i % 5 58 U 7= s i [E] 8 ] R MR O Rl 2 B AT 5 2
LEMELTWS,

BEE AWIZEE, JST & &%) (JPMJPRIGEC) 123
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