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HRIPIE Problem Set

We share three problems which HRIPIE are currently working on:

1. BHFIERLIL
2. U B2 B
3. FEEZGHY <N - HEWT 1R R A

the corresponding mathematical topics include:

1. Convex Optimization and Statistics
2. Numerical Linear Algebra, Statistics and ODE Parameter Estimation (Nonlinear Optimization)

3. Category Theory
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2 MBI

2.1 Intro to Pharmacokinetics (PK)
Ceftazidime PK can be described by a two-compartment mamillary system:
d
Vi SCi1) = Q[Calt) — Cr(0)] ~ CL- Cy(t) Vi C4(0) = 1800 mg

%-%Cg(t):Q~[Cl(t)—02(t)] V2 C2(0) =0

where V1 =945 L, V, =4.79 L, Q@ = 7.07 L/hr, CL = 6.73 L/hr.

To solve C1(t) and Cy(t), we can re-write:

Cl=—146-Cy +0.748 - Cy  C1(0) = 190
Ch=+148-C; —148-Cy  C(0)=0

The standard solution that I was taught:

J Laplace Transformation

sél(s) — 01(0) =—1.46- 01(8) + 0.748 - CQ(S)
5C5(s) — Ca(0) = +1.48 - C1(s) — 1.48 - C(s)

which was

_ 190
Ci(s) = 146 0.748 x 1.48
s s+ 1.48

Cals) 1.48 x 190
S) =
2 (s + 1.48)(s + 1.46) — 0.748 x 1.48

J Inverse Laplace Transformation

C1(t) = +94.1e7 252 4 95.9¢~0-418¢
Co(t) = —134e7 252 4 134704180

Now, we can solve it by matrix eigen-decomposition, which naturally supports linear PK systems of all kinds,

even globally non-linear but locally linear PK systems.
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We re-write the linear differential equations system as:

- 218 (59007

—1.46 0.748

Given the eigen values A\; and Ay and their corresponding eigen vectors ©; and 5 of { 148  —1.48

} that

satisfy the initial condition, we can directly write solution as:
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the initial condition is [ Vy Uy ] 1= L then we can solve eigen values and eigen vectors as:

[ 941
A =—252 7=
—134

[ 95.9
A = 0418 7y =
134

Cy(t) and Co(t):
Ci | - - eMt ][ 941 ] osy 95.9 | _o.418¢
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2.2 [A

e compute area under curve (AUC) of Cy by

Dose
CL

b) integrate AUC = fooo Cy(t)dt = fooo 94.1e72:5% 4+ 95.9¢~0-4181 gt

a) AUC =

—1.46 0.748

e the eigen-decomposition was achieved by running eigen of matrix { 148 —1.48

} to get the unitary

. . . . s - L 1
eigen-vectors and eigen-values, then by solving a linear system of initial condition [ y Uy ] [ ] =

80 . Can you develop a faster eigen-decomposition algorithm that iterates with initial condition

and therefore directly outputs 7/} and /57
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2.3 EEHHEZHIL
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2. WARGER (RFFPD, MEMHFLN

— N, ERRS R ARMIESN, EHPDEH SRR ER (FWIRER) B5%. & T PKHPDHL AT
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R B FAZ L RIC (1))
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2.3.3 PKHHIRER
PKIBFF 712385 N

L MZE AP MNHENEIHE AR EYELIL (biotransformation) 41 5,
2. BENY) RE LWL FR AR RS
3. M5E R AR SRS RIS 2 PR

4. RS HREHAMAETTSEL

E
E

SMPKEIE R EEA . FEEBSHD, SHGITIREER, HFEAREMAGRE . o, LEZH
2% (RPPBPK) HIRHBRILRE, HAIEWERMEMBIEARTSSEE RMNAYILE, EXIESE K
HIZVIHIE - EREEHEESACES, IERSSENAYIRERSE, BFE NEREHmAITT L. Fty
B2 RSN F BN ER S RS, BOTFEMGITHZSERE, RASHE T RREERE .

2.3.4 PDMIBIFRTER
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Mo
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2.3.5 EERAHEZAIRRK
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WFIRE N A, XA OE R R A 9 7 5E -
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WP ATTHE o WRBATEELLE M A E R, ML EPKPDHIEZHEE D - ZHE TR E AL

A=/ DA FEMMRSE (metabolism) -~ HEME (excretion) 1FH2
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A T FSERR T, PRIEZ AR RS0 E - —80E, WX B R AGUEZ R R, AT
2 BARIE WL BE T RIS A A S5 R X

2.4 A

o UTE—IPKESEILGHLER, BEABEART

Parameter

A
ar
E
er
C
cr
A2
ar2
E2
er2
Cc2
cr2

P2 bAb Confidence Intervalf PAFinal Estimate s A/Cr X FR X 8] 2

Initial
Value

232.0
11.40
45.00
0.6700
18.00
0.2000E-01
8137.
2.800
665.0
0.3000E-01
469.0

0.2000E-02 0.2101E-02

Final
Estimate

164.1
23.24
118.1
1.296
14.40

0.2498E-01

8137.
2.830
665.0

0.3225E-01

469.4

SE (CV%)

4.973
28.90
6.316
9.004
11.55
24.29
0.7090
3.766
11.38
22.84
13.74
20.57

Confidence interval (95%)

[
[
[
[
[
[
[
[
[
[
[
[

147.8 , 180.4 1
9.809 , 36.68 1
103.2 , 133.0 1
1.063 , 1.530 1
11.08 , 17.73 |
0.1284E-01, 0.3712E-01]
8022. ,  8252. 1
2.617 ,  3.043 1
513.7 , 816.4 1

0.1752E-01, 0.4698E-01]

340.4

, 598.4 |

0.1236E-02, 0.2965E-02]

o EEMPAEIE T 0ET, TALBES RAEAMZIT BT —FEIEmE R 7% BER
B 2 # R UFEAN BBV E N5 Z X BRI T 2 &, UG RIS RIREARM S, PRELEL
Fella (BURTZHWEL) , BEIRHEHSEIUAE-



3 WEAR<AHE-HER &R
3.1 A

o IHER—MRABHIAFAZR (e.g. Peano axioms to construct N; Euclid’s axioms of plane geometry)

e See figure [1] a weighted graph representing cost of traveling between z,y, z. What is minimal cost of
traveling from y to 2?7

Figure 1: a weighted graph

a short tutorial of solving minimal-cost problem by enriching path with Cost = ([0, oc], >,0,+)) will
be given for further discussion on generalized matrix multiplication
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