-5
o
"
\W« ow
L
7
e




b gl oliscay;

Lo, 5 oledig oty atws

=8
8


http://sharif.edu/~mtefagh/
http://soal.math.sharif.edu/

A A
1S0AL

Solwdig Sl

PV Y-9Y
B soleang
- S5
6}1%*\-"3%

*

\ & Aodde Y

¢ S5 b leang ¥

\z PRSI R ¢

AY SIsbe S gl 0
\_ J

WY 5D BT SEE G s


http://sharif.edu/~mtefagh/

S
— 1S0AL

Solwange Sl

PRV

S oleang
S5

Lg‘}g')r’mbj

Solwag Sle )

AR \F- - kw5 el G srime


http://sharif.edu/~mtefagh/

A
i o - 2011,

Solwange Sl

sl A8 e J315 de gazma Sl Ak g5 a0 ol b3l dadkie

S oleang

=S
el 5 g5 VU b s g 31 4l 55 o oty o o

Lg‘}g')r’mbj

[

AR - ol sl 6


http://sharif.edu/~mtefagh/

el glalll olscay )

« Convex Combination/Set
* Extreme Points

* Hyperplanes

« Half-Spaces

* Rays

« Direction of a convex set
* Extreme Direction/Ray

» Convex Cone

» Polyhedral Set/Cone
XZ F' Y

MRIBIRL V- ol s sl

Ao Jde
X2 & ,/’--"‘\\ ] ® Jg> Solwarg
/ .
/ E ) ® S
S { ./'\I .
X / : REBLELE
\ . .
e24 4 % ,’ Two point One point S
& -
- - e ”
> >
el XI %
F
2
H
H+
Disc
¢ Polyhedron
7 Xf
H- *s*o 7
>
! Annulus
B



http://sharif.edu/~mtefagh/

sl e
. — = 01

Solwang Sl
Ao Jde
. .Lﬂ .
Fa+ (1= Ny) < Af(@) + (1= V() = PP
Convex functions S J"“LJ‘
Nonconvex functions

A

W=

» »
L4 L4

f()\a:+(1—)\)y) < max{f(x |

SAB ..



http://sharif.edu/~mtefagh/

sl e
’ o = 0L

Level vs sublevel set

Y4 Sileaig Sle
Y24 f(xy, x2)=x%+,r% <c Aadda
ALY B Gl
\ }.\'3 = v
>
S X
¢ 5 / |
»
X

-
X

SABEL r ol sl o e



http://sharif.edu/~mtefagh/

A
’ o = 201

$ > Ode (Gl

Solang Sle
Tl sbas samme (55, ol @‘33 Solwatg

Aadla
. Lol Jlte S
b ileag
Minimize 52 4 42 55 am)0 Gan gl 0 =S
1 u‘l’"ﬂ“
> = C e
y—x O dee GJLMALV\“J
z=0 sL-’-' 6_9\.....4\.:9\.:9?.
~ Y
' 4
X
\YY )\v VPeo gl 5 el o\ s



http://sharif.edu/~mtefagh/

S
» *S0AL

Xy 4
3 Silwang sl
~VF(X) £y =70 f(x)=90

POV
= 80 f(x) =100 b ileag

J () by

% 4
— (x)
Vi (x)

>
X1

\Y‘Y j‘/\ \foo O\'L‘“A)‘)_}L‘."\ﬂ. LBL&S :..


http://sharif.edu/~mtefagh/

Shwlme glalle alizcay;

oA

maximize

subject to

No feasible
solution

7S0AL

Ty + T
= S el
o1+ 20y <2 B> Sl S
20 + 1y <2
Ao Jde
L1, T2 2 0
oA wj
\
\'\\ Y
\

Optimal
solution

v

X



http://sharif.edu/~mtefagh/

Sl glable wliacay;

L o &
Minimize vs. Maximize Cost vector becomes the

right-hand side vector de Al

[PRIMAL] : [DUAL] P «sﬂ:w
X I v

minimize 7 = [c; ¢, - cy] |72 i maximize 7 = [by by - by |2 Sromb
o um

subject to E subject to

(ay ap - ay)[a] [B] 0 [an aa - an ][0 €| B

o AR | R P 1{3 | |an an a2 [«

ayy ayn o ayn] [xv] alby E any asy o ayy||yul 4 en

X A 1 [W

2120 2 & 7|20

«\N i | YM

Inequalities are reveresed
Right-hand side vector
becomes profit vector

5\ e :



http://sharif.edu/~mtefagh/

sl e
i o = 9SOAL

minimize Z=(eT), X nx maximize Z=(b7) ;Y s s
subject to subject to
_ e _ b S5l

ijo j=12,...,N 4——p (HJ )lxMnylSCj j=12,...N géj
xjeR j=12,..,N ——> @imyua=c; j=12,....,N Ls)i{'*ﬂ\{z
@)ixn¥nx 2b; i=12,...M —> y;20 i=12.... M
(@) 1xnvXNx) =b; i=12,....M &—» y;eR =Ll 0

ay ap Eﬂlji apN

az ax ' Ayj axnN

| | }

A =1 1
MxN : a!l at_z “es al:j sen aw E _*a’

AR .


http://sharif.edu/~mtefagh/

SR
- — = 01

(A) Determining the Terms Appearing in the Left-Hand Side of Each Dual Constraint

Coefficient Respective
Associated of X, in This Term(s) in the Silwang sl

Primal Constraint Dual Variable Constraint Dual Constraint
yS,x; =0, Viel A 5 ZS A S

jed i

g LB LB .

-x; <-LB,, Vjel 7 -1 - B soleang

i . UB UB :
X;sUB;,, Vjel I | U, oy

5 y4als
(B) Determining the Right-Hand Side of Each Dual Constraint SRS

Right-Hand Side Value of the

Coefficient in the Primal Dual Constraint Associated
Primal Variable(s) Objective Function with This Primal Variable
x;, VjeJ—-{b} 0 0
X, | |

(C) Determining the Coefficient of Each Dual Variable in the Dual Objective Function

Right-Hand Side
Value of This Respective Terms in
Associated Dual Primal the Dual Objective
Primal Constraint(s) Variable Constraint Function
3S,x,=0. Viel A, 0 04
jel
. LB LB
-X;<-LB;, Vjel U, -LB, -LB
» . UB URB
x,sUB,, Vjel M, UB, UB, u,

Y i gine


http://sharif.edu/~mtefagh/

Y
) LR 2
\f

sl e
i o = S0AL

\MJU\S

Solang Sle

Ao Jde
o ol Sealins asle Sl L e
Fosnz b iledig il Wbl o =5
LQJ'UM\{J-:

Sl b (3luarg a5be sl ¢ s 2

sl o b asl Jbolol, e

Ol e 5 W& (231 8l Gy gmikie ®
e s A5l ol e ige ®

Ollas )y Gy Al mlio wiigs

Je ity J58 a5l J 8 Giliien slaas L
ey ) aile S5 555 0

S ol sl ol 5 551

2



http://sharif.edu/~mtefagh/

e
’ o  — %S0,

Loy 5 o3 ol Ul

Solang Sle

minimize ., 5.y, s i
subject to X, — X, = ALY, Gy X, viel, te{l,... Tj—1} ok sl
S5
Lijyi; < Cij < wijyij, Vi,jel
LQ}.JMUJ:‘
Yij € {0, 1}, Cij €R, Vi,jg el -
(@) (b)
Gene Gene j A
Cij

Expression level (X;)

I\ Y ‘


http://sharif.edu/~mtefagh/

sl e
. — = 01

DNA microarray .sls
Silwag Sl

MINIMIZE 35, 3, 1 1,y (S + ;) pasiie
subject to X,,.\ — X, - AtY,, Oy Xy = 5§ — Sy, Viel, tefl,....Ty—1} s> 65\?“‘*
=S
lijyi; < Cij < uijyij, Vi,jel .
JJt] J JJt) 6;1)"“\4;{
Dier Zje[ Yij < y -1
yi; €{0,1}, C;€R, St S; >0, Vi,j el

Break point

ymax_j - ymax

Network complexity (Z > .\',-j)

i€l jel

5110 :
AARRENESS I Y G (s

bror (3% 5553
i€l eT=(Ty)

A\ J



http://sharif.edu/~mtefagh/

St 201

Solwdig Sl

PRV

s Solwang
P

Aodie Y

O e s s 35 ne


http://sharif.edu/~mtefagh/

S
*S0AL

13 . . LS)L*"\-*-.&C-’ LS‘L‘"'
However, many things have a plurality of parts and are not merely a

complete aggregate but instead some kind of a whole beyond its parts.” e

Aristotle, Metaphysics 8.6 i 3kt

S

S oreb
s

KEGG sosls o@u“\; 5 Sl g S S

31 \Y .



http://sharif.edu/~mtefagh/

Sl glable wliacay;

1000 = R
. Knockout analysis, Integrating
] Pathway analysis, expression as
i . Predicting evolution constraints
L H. influenzae endpoint
] sequenced l
Metabolic +
1 Transcriptional
" Networks
S i 1st Genome-scale
S 1st Exp Validated __ Model
8 Prediction (H. influenzae)
— |
= 100
-g — 1st Prediction
[a
(]
2
)
i
=} -
£
35
U =l10
=
B
3
L 1 1
1985 1990 1995 2000 2005 2010 2015

Scaled (0.5x)

3 AA .


http://sharif.edu/~mtefagh/

A
1S0AL

Silwag Sl
As 2o
Kinetic Modeling Stoichiometric-Based b leang
S5
» Metabolite concentrations » Annotated genome .
S Rode '
* Diffusion rates * Experimental or thermodynamic B> st
* Enzyme levels reaction reversibility information = «5;;\1“5\*
* Enzyme turnover  Condition-dependent accessibility
* Enzyme saturation to reactions
* Allosteric regulation * Ad hoc biomass reaction
* Michaelis—Menten kinetics (mmol/gDW+GAM ATP)
« Hill-type kinetics » Metabolite Compartments



http://sharif.edu/~mtefagh/

Shwlme glalle alizcay;

*S0AL

Solwaie B,
Flux Balance FBA with s A

Dynamic FBA ppmm

Analysis (FBA) s MD-FBA biologi.cal
M / p;g:m?:mstramts Ao
B i Extreme Monte Carlo FBA o bh | Context Analysis
ementary pathways K Geometric FBA FBAME
Modes Sampling ek _ FBAWMC . X
:;:'::‘I Exometabalome Flux {/ , E-flux Metabolite g‘h’ S\
= Effectoninternal  Variability Essentiality .
I'“;'““" States Bayesian MOMA Gene u“"s >
ik Cattars o FBA .~ FFCA o8 o Deletion
ternate Coupling (€' Npal Analysis .
Network-based optima Pl ot Reductive ' Drug S ol
Pathway Analysis 2 Evolution Qff-target ..
Q .S‘..; ROOM © : £l 1:
2 ), Simulation Analysis 7“;
Message-Passing Q‘j& %
. o
Symbolic Flux Analysis - \ (2; Gene §. . ‘5),\-“),\{
MADE ) cbLs deletion .
-1000 GED desi &5x
N FBA esign
t . -1 ,n =1 FSEOF OptGene
GIMME « %, Constraints from SA/SEAs
Shlomi- OptORF
NBT-08 pmgp =
= 5 EIMII.iu! Reaction
n 5] optFo addition
GeneForce F Y - design
< RobustKnoc Optknock
E jective n
FFBA mm : N Tilting Reaction
: ' . @ erturbation
SRFBA idFBA mics <3 P -
Regulatory Thermodyna @9 design
Mechanisms Flux Algorithmic
Minimization _, Evolutionary A NISE Gap-filling
Thernait eA SA search AR
Realizability loopless o o cian =FPFOA GapFind/Gapfill
: TMFA COBRA Vo GrowMatch OMNI .
Thu=.-rmn:::|:ly|1||:,arm{c:| i el Loop ObjFind ‘BOSS En::::“"‘b'" sed  Gap-filling
paraamnea;r;i:se removal Objective funtion
development

Vel 5 b Era



http://sharif.edu/~mtefagh/

Sl glall wlacan )

oo 5 sa g3 lesl (S ale laass

O R O —— e —
[c]:
[c]:
[c]:
lel:
[e]
[c]:
[e]
[c]:
[c]:
[c]:
[e]

HEXI
PGl

PFK
FBA

TPI
GAPD
PGK
PGM
ENO
PYK
PDH
GLClex
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EX_glcle)

Biomass

atp + gle-D — adp + gbp + h
gbp < fop

atp + f6p — adp + fdp + h

fdp & dhap + g3p

dhap = g3p

g3p + nad + pi & 13dpg + h + nadh
3pg + atp = 13dpg +adp

2pg & 3pg

2pg 2 h2o + pep

adp + h + pep — alp + pyr

coa + nad + pyr — accoa + ¢o2 + nadh
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galP
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Z| o3 Cle]—»Dic]+Ec AlEJ [0 0 0 0o 1 0 0 - 0 0 0]
| rxnd: Elc] +— Fc] Ble] | o o o0 0 0 1 0 0 =1
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TABLE 3.1 Typical Lower (LB) and Upper (UB) Bounds for Different Types of Reactions. b 5 L:“\*"e"

M is a large positive number (e.g.. 1000). 7
Type of Reaction (LB,.UB;)
Irreversible (0, M)
Reversible (-M.M)
Exchange reaction for metabolites not in the growth medium (0, M)
Exchange reactions for metabolites available in excess in the (-M.M)
growth medium
Exchange reactions for limiting substrates in the growth (e M) c>0&c= M
medium’
Non-growth ATP maintenance (NGAM) (c.c).c>0 &c M
Reactions with experimental flux measurements (V}"i"'m. 1';’."“'“")

' The value of € depends on the limiting substrate and organism.
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* OptGene uses a genetic algorithm to solve the OptKnock problem

« SimOptStrain simultaneously identifies reaction deletions and non-
native reaction additions

 BIMOMA uses the minimization of metabolic adjustment (MOMA)

* OptReg models flux modulations as upward and downward devia-
tions from steady-state flux values in the wild-type

» OptORF directly pinpoints optimal metabolic, regulatory gene dele-
tions, and metabolic gene overexpressions coupling the biomass
production and product formation

» OptForce 1s a multistep procedure to identify multiple types of in-
terventions and where incorporation of kinetic expressions leads to
bilevel mixed-integer nonlinear optimization formulation

» CosMos is a strain design protocol that identifies continuous modi-

fications in reaction fluxes to enhance the production of a target
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