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Bioinformatics problems Models 9, 10, 11 Multiscale FBA quad-precision MINOS

» Conservation analysis
Find subgroups conserved by biological systems

» Flux balance analysis (FBA)
Find fluxes in multiscale metabolic networks

Numerical software

» Sparse matrix factorization

LUSOL S = LDU with L and possibly U well-conditioned
SPQR (Davis 2011) SP = QRor S'/P = QR

» Sparse linear equations and least squares
MINRES, MINRES-QLP Symmetric Ax = b
LSQR, LSMR, LSRN Ax = b, min |Ax — b||

» LP
MINOS, SQOPT, CPLEX, Gurobi, Mosek, Soplex, Xpress, ...

» NLP
MINOS, SNOPT, PDCO, CONOPT, IPOPT, Knitro, ...

» Multiscale LP and NLP
quad-MINOS

S = stoichiometric matrix

Conservation analysis

Reduces to finding rank(S) and null(S7):

de(t
T ( ) — ZTSV(t)
dt
Z is a conserved moiety (group of chemical species) Need S’z = 0

» Partition rows of S into (Sind>
éidep

0= %{ZTC(t)} =z

dependent and independent species: PS =

» Compute link matrix N that describes the relations among
concentrations of dependent/independent species: S = NSj4

Dense SVD of S7

Singular values of models 1-8
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SP = QR

Householder QR factorization

» P=colperm Q'Q=1
» Nearly as reliable as SVD
» Dense QR Vallabhajosyula, Chickarmane, Sauro (2006)
» Sparse QR (SPQR) now available Davis (2011)

R diagonal rank(S) = rank(R)

» model 9 (Recon1l) 2800 x 3700 0.1 secs
model 10 (ThMa) 15000 x 18000 2.5 secs
model 11 (GlcAer) 62000 x 77000 0.2 secs(!)

rank(S) by LDU LUSOL

PSP, = LDU

Sparse LU with Threshold Rook Pivoting

» Py, P, = perms D diagonal rank(S) ~ rank(D)

L, U well-conditioned
» Lij = U; =1, “_,ﬂ and |Uij| < 2.0 (say)
» LUSOL.: Main engine in optimizers MINOS, SQOP

, SNOP

» model 9 (Recon1l) 2800 x 3700 0.1 secs
model 10 (ThMa) 15000 x 18000 4.1 secs
model 11 (GlcAer) 62000 x 77000 186 secs

SVD, SPQR, LUSOL on stoichiometric S

SVD and sparse QR

| m n rank (S) | | time
model | SVD SPOR | nnz (S) nnz (Q) nnz (R) | SVD SPOR
Reconl | 2766 3742 26074 2674 | 14300 2750 21093 | 17.5 0.1
ThMa | 15024 17582 14983 14983 | 326035 844096 10595016 | 1llhrs 2.5
GlcRAer | 02212 776664 ? 062182 | 913967 1287 916600 | infty 0.2
LUSOL with Threshold Rook Pivoting: S = LDU, |L;j|, |Ujj| < 2.0
model | m n rank (S) | nnz(S) nnz (L) nnz (U) | time
Reconl | 2766 3742 2074 | 14300 4280 16463 | 0.1
ThMa | 15024 17582 14983 | 326035 30962 346122 | 4.1
GlcAer | 02212 7To6064 62182 | 913967 635571 1810491 | 186.2

LUSOL with Threshold Partial Pivoting: § = LU, |L;| < 2.0

rank (S) | nnz(S) nnz (L) nnz (U) | time

Reconl | 2074 | 14300 721 13585 | 0.1
ThMa | 14983 | 326035 7779 324483 | 0.2
GlcAer | 62182 | 913967 533 913781 | 0.4

LUSOL with TPP finds rank(S) efficiently, and also Sinq, Sqep

Step 1: double-MINOS, cold start, scaling

Problem name GlcAerWT EXIT —-— the problem 1s 1nfeasible
No. of 1terations 62856 Objective value —-2.4489880182E+04
No. of infeasibilities 41 Sum of infeas 1.5279397622E+01
No. of degenerate steps 33214 Percentage 52.84
Max x (scaled) 68680 4.4E+06 Max pi (scaled) 54979 1.4E+02
Max x 62607 1.0E+09 Max pi 25539 3.0E+02
Max Prim inf (scaled) 134382 6.5E+00 Max Dual inf (scaled) 70913 1.2E-05
Max Primal infeas 129844 1.0E+04 Max Dual infeas 23177 2.0E-05
Time for solving problem 9707.28 seconds

Step 2: quad-MINOS, warm start, scaling
Problem name GlcAerWT EXIT —-- optimal solution found
No. of iterations 5580 Objective wvalue —-7.0382449681E+05
No. of degenerate steps 4072 Percentage 72.97
Max X (scaled) 59440 3.7E+00 Max pi (scaled) 40165 8.1E+11
Max x 61436 6.3E+07 Max pi 25539 2.4E+07

11436 4.4E-19
24941 8.6E-27/

83002 3.8E-16 Max Dual inf (scaled)
83602 1.7E-07 Max Dual infeas
3995.58 seconds

Max Prim inf (scaled)
Max Primal infeas
Time for solving problem

Step 3: quad-MINOS, warm start, no scaling

Problem name GlcAerWT EXIT —— optimal solution found

No. of i1terations 4 Objective value -7.0382449681E+05
No. of degenerate steps 0 Percentage 0.00
Max x 61436 6.3E+07 Max pi 25539 2.4E+07

142960 1.3E-19 Max Dual infeas 06267 9.4E-22

00.07 seconds

Max Primal infeas
Time for solving problem
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