NC STATE UNIVERSITY @

Gene library based Resource Allocation in
Time Sensitive Large Scale Networked
Control Systems

Preliminary Exam Presentation
Unnati Ojha

ADAC Lab, NCSU 1



Outline

Objectives, Motivation

!

System Description

[}

Gene Library

!

» Biological Background
» Formulation

it

Adaptive Bandwidth Management
» Formulation
» Analytical Solution using Lagrange Multipliers
» Results

» Case Study — Gene Library based Bandwidth Allocation for
Intelligent Transportation System

Conclusion and Future Work

!




Objective and Motivation | ADAC

!

= Objective:

» To develop a real-time resource allocation algorithm based on a gene
library for large scale networked control system such as the
intelligent transportation system

#» To introduce Artificial Immune System based update algorithms in
order to tune the gene library

Motivation

L]

» In large scale network control systems with hard real-time
constraints, such as the intelligent transportation system, bandwidth is
a limited resource that should be allocated efficiently according to the
need of the vehicles, thus it is necessary to develop a real time
bandwidth allocation algorithm

» Study on extraction of relevant features that indicate the
risk/abnormal behavior in large scale systems can reduce the
dimensionality of the problem
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System Description | ADAC _
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System Description | ADAC _

» Local Agents

X, = f(x,,u,,t)+f’(-) = Dynamics for of i agent

T

_ _ . -th
X, —[xi’l X, v xl.’n] = State variables of i agent
= " = Input variables for i" t
u,=lu, u, u;, | = Input variables for i agen

f’(-) = Disturbance on i" agent

_[ T T T _ :
X=|X, X, - XN:| = State variables from every agent
y, =h (x,,u,) = Measurement vector from i" agent

U9, (¥,,¥,,s.) = u- = Local controller for i agent

= Environmental Sensor Agents

EJ:[E

J.1?

T
E,..E ] = State variables of j" environmental agent

. j,Lj

T
E= [EIT E,...E, ] = State variables from all environmental agents

q; = hy(E;) = Measurements from j " environmental agent
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System Description

Bandwidth constraint expressed as a sampling rate
assignment problem

(!

F__(t)(samples/sec)=¢-B__(t)(bits/sec),

max

_ D(samples | packet)
Q... (bits | packet)

Supervisory Agent

(!

» supervisory agent will use a multi-rate sampling technique to perform
smart sampling in order to conserve bandwidth

T
T T T T T T
Y, =[yl’k,yz,k,...,yN’k,ql’k,qz’k...,qNE’k] = Data from local agents

Z.., =f(1,,Y, )= Selective sampling of available data

T .
T, = [Tl,k’rz,k"‘TN+NE,k:| = Sampling rates for each agent
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System Description | ADAC _

= Relevant measurement for each agent

Z., =f (W / k) = Measurement vector associated with i" agent

1

W, = Neighborhood of i" agent

» Decisions from supervisory agent

G:v.(Z,,L)— T, =sampling rate assignment

£ = Gene Library
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Biological Background | ADAC

= (Gene — a locatable region of genomic sequence, corresponding to
a unit of inheritance, which 1s associated with regulatory regions,
transcribed regions, and or other functional sequence regions

Regulatory Region Transcribed Region
N, A
4 A\ r N\

= Phenotype: The set of observable characteristics of an individual
resulting from the interaction of its genotype with environment.
E.g. eye color, blood type, hair type,

= Genotype: The genetic code carried by all living organisms, that
holds the critical instructions that are used and interpreted by the
cellular machinery to produce the or Phenotype of the individual.
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Biological Background | ADAC

= For every phenotypic trait, there 1s a specific genotype that
encodes 1it.

= A genotype may contain the transcribed region from one or
more genes

Protein

Genotypes Phenotypes

Pale blue

Sturm, R.A. & Frudakis, T.N. Eye colour: portals into pigmentation genes and ancestry. Trends in Genet. 20, 327-332 (2004)
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Biological Background | ADAC _

» Allele: An allele 1s a viable
DNA (deoxyribonucleic
acid) coding that occupies a
given position (gene) on a
chromosome. It is one of
two or more versions of a
gene(s)

*Image from www.wikipedia.org
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Biological Background | ADAC _

= (Gene Expression: process by which information from
a gene 1s used 1n the synthesis of a functional gene product
which results in some phenotypic trait.
Transcription 4“_, Translation

Environment Protein
Libraryof | L /peyrow~ N,
genes with .' ~f Mapping from
activation > <:| genetic code
instructions to protein

= Transcription: Process of activation of a gene and creation
a complimentary copy of a the DNA sequence in the
transcribed portion of the gene.

= Translation: Process of decoding the transcribed genetic
code to create proteins

ADAC Lab, NCSU 12



What is a gene library? | ADAC

= Database, mapping Tnpui(s)

= Set that contains the genotypes that map Output
the relevant variations in a phenotypic @ —
trait i

= Phenotypic trait Databots

% system behavior of interest (e.g. facial
expression)
= Genotypes @ @ @
» Genes: lip shape, eyebrow shape S s ;
» 9 genotypes to represent 9 different scenarios @ @ @
» Relevant variations s o A

» Happy, sad, angry, others @ @ @
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Formation of Gene Library | ADAC

« Input Space (Y): Data available to the system
» Y = {y, ¥y V3 ..., Yy} = Gene Pool

w

w

Allele (1,): The value of a i gene in the Gene Pool for an agent

= Genome of an individual (A): The values of all genes for an
individual = [4, 4, ...A\]!

= Dominant genes (G))

B
» For specific phenotypic trait, ® Pt SO | :> i
» Gd= {gdl’ gdZ"" ngd} GdCY Selection
. ’ S of Features Ed.Nd
» Selection of features using PCA, :
Dominant
kernel-PCA, expert system etc Vi Vi oo Va Genes

Genotype (for @)

» Vector of actual values for dominant genes of @ = [1;, A, ... Agngl"

w
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Formation of Gene Library | ADAC

» Genotype — Phenotype Map (GP-Map): A 2-tuple that
contains activator proteins to express the genotype and maps the
genotype to the phenotypic trait associated with it

{=(m, M),

= Activator/Supressor proteins
=z, 7). 71y, | 7, € 0.1}

M= mapping from transcribed genes

to simple proteins
= (M. My, ), M, (A,) = P,
A, ; = An Allele of j" dominant gene
p; = Simple protein produced by the mapping
» Output of the GP-Map 1s a complex protein that partly/fully
expresses the phenotypic trait
Y = complex protein produced by the mapping = H P,

ADAC Lab, NCSU 15



Formation of Gene Library | ADAC _

e aYd N\
Activator/ .
Suppressor Proteins Mapping
'FI ‘A] | Tz | oo | A _r-:lr'f] _':'rfg _ﬂ’f.!,,ru'
2 42
L = L
2 |:> d E:D :{> - ::> IZ:> — o Y, :§ ®
Ji+i At | e || 2R
e A Nd g ’ CI‘JITI]JIEK Ph enolype
. Alleles of Transcribed PSlmglc1 S
P Ay Genes, Genotype for @ roteins
Gene Genome of
an individual S .
Pool AT IEIIEHE Transcription IS Translation
AN

[

If a phenotype needs to be expressed using m proteins
P = W1Y1 +W2Y2 +..t+w Y

m- m?

w. = normalization weight for each protein

l

Gene Library: Collection of GP-Maps ~ = {g“ Y SL}

(!
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Simple Example | ADAC _

= Let Gene Pool = (w, X, y, z), and & _ sin(x) + sin(x) cos(y) +~cos’ (¥)
y
&=([0 1 0 0]sin(g,,))

&,=([0 1 1 0],sin(g,,).cos(g,,))
cos
[[O 01 0] (gdo}
g Y R
oftrfofo] Sinfs«-ﬂ
:9 7 @:> 58] ) [oa]
Genotypd Protein S g ex %
Protein
[0 1]1]0] wmhww
v /) I
x 0.5
=) EDI D O I B
Y 1 ) @ Lompl-:x ®|:‘[>
z 3 Q Genolype| Proteins Protein Phenotype
ool 08 nn é
. =) ) @ED- =)
Con oryp d Proteins Complex
Protein Y
Transcription Translation
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Optimal Adaptive Sampling | ADAC

N Total number of vehicles

T; Sampling time for vehicle i, 7,,;,< 7,< 7,,,,

Tin Minimum allowable sampling time.

. Maximum allowable sampling time. Data from each vehicle should be sampled at least once
within 7,

a; The actual risk measure for vehicle i

L Length of the data packet sent from the vehicle to the supervisor

BW, Bandwidth allocated for vehicle i

BW;, Total bandwidth available for the network

7, Sampling window: The sampling rates are updated every seconds

Jii The number of samples of vehicle i in the update interval

The average risk of vehicle i over sampling window

ADAC Lab, NCSU 19



Objective

Risk

time

= To selectively sample data
from the vehicles under the " —
bandwidth constraint such
that the changes in the risk 9
1s accurately captured in /

order to reconstruct the risk time
signal

T zflj’r';‘lr'l |
Tw | 27,

| Recalculate Sampling rates |

Risk

ADAC Lab, NCSU 20
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Objective

\ ADAC

= Mathematically,

Prioritization
by risk

Bandwidth
Constraint

o (t)—o,(kT,)

dt

Error between the
reconstructed and
original signal

Sampling time to
bandwidth conversion

Select the sampling times 7; to minimize the cost J

ADAC Lab, NCSU
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Objective Function

» Simplification by using Taylor Series Expansion

n, (k+D)7;

J=i3,.z [ ek, + ke, )¢ —kz,)+ HOT — ke, )| de

i=1 k=1 gz,

N ___ n (ktD7 N __n (k+D)7;
J=3ay, | fate)a-ke)ldi=3 e Y aks)| [ |a-ke)|d

i=1 k=1 iz, i=l k=1 kt;

N (k+D); N n 73
=20y (atke)” [ (—ke)idi=3 a3 (@ke))

i=1 k=1

=1
1 N— 3 . 2
I =32 T Y (kD)) = gy

A\ N
PO\,
| \\\\\\\\\\\\\\ N :

AR -
TN

Risk (o) sampling time (1) (s)

Risk (o) sampling time (7) (s) Risk (o) sampling time (7) (s)
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Solving Optimization using
Lagrange Multipliers @

NC STATE UNIVERSITY

» By replacing (@) with -3 and noticing that ->(@«o) is the
average of «»’ over t,;

IS¢~ 5 =3
Japprox zgzlai Ti ni a'i

1 N __ -
. . T _ 1 )
» Considering n =->, appron =3 TWZ“f Y
Ti i=1
= Thus we can represent our optimization problem as:

) N szl.
min J, = Z W

i=1

S.t.
N

BW, >BW,.., > BW,=BW,
i=1

where,
L — 5
BW,=—, w,=a,d;
T,
1

ADAC Lab, NCSU 23



Using Lagrange Multipliers | ADAC _

. . o o o o . N L2Wi N '
Changing inequalities to equalities min s, :;wwgy’ . D BW, = BW, ~NxBW,,

!

where,

BW, = BW,, +BW,

al

» The lagrangian thus becomes 1=} (BLV;”,")z +i(ZBW;—(BWT—N ><BWmm>]

To find the optimal point, we have

L]

N } e e - - — N — = — — = — = = — = = = = = — =
2L2(Z%j I Y ]
oL__=2Lw, 4y A= R R SRR R R TR LSS R
anV, (BVV,)3 (BWT _NXBWmin )3 | | | | | | | | | | | | | |
oL I : T
a:(IZI‘,BWI.)—(BWT—NxBWm):o BW, = gj_(BWT—NxBWm)
- -~

1

= Thus, optimal bandwidth is given as

(BW,)" = BW,, +—~——(BW, ~NxBW,, )

where

52
W, =a

ADAC Lab, NCSU 24



Simple Case Study: Results

Adaptive Bandwidth Allocation: 2 Vehicle Scenario . ‘ Rem"s"uf‘ed Signal ‘
80 T T T T T —— Agent1
sol — Agent 2
Z 401 i
20~ -
0 | | | | | | 1 |
0 2 4 6 8 10 12 14 16 18 20
Time (s)
10
5 |-
Comparison between Constant Sampling and Adaptive Sampling
O r 4500 r T T T T T T T 1
_5 |
4000 - .
-10
3500 - .
1
3000 - .
i ] 3
0.5 5 2500 - 7
Q.
:,:ﬁ
» 2000 - — 4
0 1 1 1 1 1 1 1 1 1 o
0 2 4 6 8 10 12 14 16 18 20 o
|
BW, BW, 1500 - |-
|
|
|
1000 - L
|
— Using Optimal Adaptive Sampling \‘
500 - —— Using Constant Sampling T\
|
O L L L L \J 1 1 1 \
0 5 10 15 20 25 30 35 40
Time (s)
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Connecting the Dots | ADAC

Gene Optimal
Lib Resource
rary Allocation

Supervisory Agent

Bandwidth
Constraint

Within the Supervisory Agent

[Tl'Tz} i I\?]4-[8 Wl,BWZ' . BWN]

Communication
(Cyber) Layer

Y D
on-board actuator on-board .
Environment
control agent agent sensor agent
Agents

Local Agents

Overall structure
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Gene Library in ITS | ADAC

Gene o Protein Behavior
Pool Transcription Mapping

[ KM
T

@00 000
|
v

Lane
Departure
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Gene Library for Rollover Risk <@EEp

2h,a cos@+2h, sin @
[=—F2 R m, mass (kg) 2205
L, gcos@
I, (kg m?) 5512
. (6 .
0.3739xv* Xsin ( hg, Height of c.g. (m) 0.7
n
a. = L., Wheel base (m 1.75
' 7*(4L,) w (m)
k, Spring Stiffness (N/m) 20000
. : . Dampi fficient (Ns/ 3900
(Ixx +mh, ) @ =ma, h, cos p+mgh, sin @ ¢, Damping coefficient (Ns/m) 0
1 [, (m) 1.5

—Eklf COS @sin (o—%clf (cos2 (p) )

=  R.Rajamani, et al., "Real-time estimation of roll angle and CG height for active rollover prevention applications," in American Control
Conference, 2009. ACC '09., 2009, pp. 433-438.

= Y.Jangyeol and Y. Kyongsu, "A rollover mitigation control scheme based on rollover index," in American Control Conference, 2006, 2006, p. 6
pp.
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Step 1: Dominant genes | ADAC

[

Phenotype, ® = Rollover Probability

» Rollover Index (RI) can be expressed as

_

2hya, ., _ 2hysing

Rl =a+b, a= =
L.g L,gcosg

[

Candidate Complex proteins, Y', =a, Y, = b, such that
» O=w, Y, +w,Y,

- - [0 43]
05 Velocity (m/s) (0 — 100mph)
Steering Angle
) 3 o [-270 270]
oz

-0.2
04 05
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Step 1: Dominant genes

| ADAC

O = a has almost

J linear

il . relationship

. to ®

e = Error is
Rollover Probabilty ve @ (The relationship s smest near) 45— —s75—5—ois R small at low

~ Rollover Probability vs. b values of g

= If we use a

ol ' o to represent

rollover

a 1, risk, then

S we can save

b computation

Error when using b to represent the rollover phenotype t'
1mec

0.1 | | I I | | | I I
-05 -04 -03 -02 -0.1 0 0.1 02 03 04 05

Error when using a to represent rollover phenotype
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Step 2: Create GP-Map { ADAC J

Gd :{hR7ay,Lw}

g = [O 1 001 00 O OO0 1],2gd,1,gd’2, 1
9.8 845

m
hg
g =Dy
L. Dt [ ER EERER | ’/|Fzge.] | 24298 | ligas | E
- Jl
| = £
H Llrp( e [l O B b o« R
C Ao -
; : Complex
I Al Genotype PSrLﬂ:;i Ll Phenotype
7| B A y
I - - -
L, A | Transcription Translation
Gene Genome of

Pool a agent
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Evaluating Gene Library | ADAC _

= Case 1: Step velocity input (from v = Sm/s to v =30m/s)

*********************************
*********************************

777777777777777777777777777777777

777777777777777777777777777777

3 Error when using GL
x 10 g
0.01 25 : : : : : : : .
0.009 T T— B
s R
0.008} yd — ol i
e

0.007 r —
z
T 0008 B 150 |
8
°
o 0.005¢
g
2 0.004- e 4L
S
o

0.003F

0.002 B oslk

0.001

o L L L L L L L L o . . . . .
° ! 2 8 4 ﬂmg © 6 7 8 i 10 0 1 2 3 4 5 6 7 8 9 10
Time (s)

= Case 2: Step theta input (from 6 = 0.2 to 6 = 5.12 rad)

i
**********************************
77777777777777777777777777777777777
7777777777777777777777777777777777
,,,,,,,,,,,,,,,,,,,,,,,,,,

’’’’’’’’’’’’’’’’’’’’’’’’’’’’
**********************************
———————————————————————————————————

0.14 Error when using GL

e E— ] 0.03

. . .

0 . . . . . . I .

00000 T\mes ©) 6 7 8 s 10 0 1 2 3 4 5 6 7 8 9 10
Time (s)
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Ramp Velocity input (10-40m/s in 5 secs)

Case 3

Error when using GL

-3

x 10

Actual

Estimated using GL

0.018

0.016

0.014

, , ,
1 8 6
S S =3
S S S

0.012f

s oS
Angeqoid 1enojioy

0.004

10

Time (s)

th Dwell

Sine wi

Case 4

Error when using GL

x10°

Actual

Estimated using GL

3.5

25

0.06

2.5

2

1.5

Time (sec)

Time (s)

Time (s)

34
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Improving Performance

» Assigning weight for a

D :wlYl +W2Y2 +..+w Y

m

m?

w;, = normalization weight

w =1.1385 (using linear regression)

b =wXa

RI

0.8

0.6

0.4+

0.2

ot

0.2

04f

0.6

0.8

% Actual
O Using Gene Library

0.5 -0.

I Il Il Il Il Il I Il
4 03 02 -01 0 0.1 02 03 04
a

0.5

Eror

0.35

031

o ¢ KX

o

)

A
T

IIRI - all,/RI

o
L)

0.151

Previously

0.1 | | I I | | | I I
-05 -04 -03 -02 -0.1 0 0.1 02 03 04 05

a

e T

0.1

0.08 -

0.06 -

0.04 -

0.02

R M vy

0 1 n
0.5 -04 -03 -02

1 1 1
-0.1 ] 0.1 0.2 0.3 0.4 0.5
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Improving Performance - Results

8
8
<3
I
B
2
3
5
e

0.01 T T T T T T T 0.01 T T T T T T T
0.009 " 0.009F — S —
0.008 b 0.008+
Actual 4
0.007 o 0.0071 Actual 7]
Estimated using GL -
0.006 4 £ 0.006F Estimated using GL | |
30
8
0.005 1 o 0.005F 1
5]
0.004 4 3 0.004F ]
2o
&
0.003 7 0.003 4
0.002 R 0.002- i
0.001 b 0.001F i
% 1 P 5 s 7 s s 10 0 y : . : . :
Time (s) [ 1 4 5 6 7 8 9 10
Time (s)
Error when using GL x 10° Error when using GL
0.025 1.4r T T T T T T T
12-
0.02 T
1-
0.015 -
0.8-
0.01 - 0.6-
0.4-
0.005 -
0.2-
0 . . . . . . .
0 1 4 5 6 7 8 9 10 o—— L L L L L L
Time (s) 0 1 4 5 6 7 8 9 1
Time (s)
3 E he ing GL
Error when using GL 25X 10 Tor when using
0.035 T T T T T )
0.03 B
2 4
0.025 al
15 g
0.02 B
0.015 1 1 b
0.01 4
0.5 b
0.005 b
0 : " % i 5 6 7 8 s 10
0 4 6 7 8 10

Time (s)

Rollover Probability

0.018 0.07
Estimated using GL
0.016 0.06 9
0.014
0.05 A
0.012 >
E
0.04 A
0.01 8
[
0.008 £ 003 4
°
4
0.006
0.02 1
0.004
0.01 A
0.002 J——
0 . . . 0 :
0 4 5 5 9 10 0 0.5 1 1.5T © 2 2.5 3 3.5
Time (s) 1me 8
x10° Error when using GL
2 Error when using GL
0.01 T T T T T T 1
0.009
0.008
0.007
0.006
0.005
0.004
0.003
0.002
0.001
0 . I . . . . .
0 0.5 1 1.5 2 25 3 35
Time (s)
x 10 Error when using GL
x10 Error when using GL 6 T T T T T T
35
3F q s 1
251 4 4 ]
2t B 3 |
151 i
2 4
1k 4
1 4
0.51 i
0 . . . . . .
L L L 0 0.5 1 15 2 25 3 35
0 4 5 6 10 Time (s)
Time (s)
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Resource Allocation using Gene
Library

NC STATE UNIVERSITY

\ ADAC

» Recall

%

BW =BW_ + (BW, —NXBW,, ),

min

%

i
i=1

where,

W, = Elalz
o =P (calculated using Gene Library)

Vehicle 1
Vehicle 2

v = 22 m/s, Delayed Sine with dwell (1s)
v = 22 m/s, Delayed Sine with dwell (2s)

Estimated and Actual Rl for Vehicle 1 Estimated and Actual Rl for Vehicle 2
0.05 0.05

RI
RI hat

RI
RI hat

-0.05 : -0.05

Total Bandwidth (bytes/sec) 100
Data Packet Size (bytes) 5
BW,., 90%
BWmm 10%
| T, (S€CS) 0.05
T, 0.5s

Bandwidth Allocated to each vehicle, BWmax = 100 bytes/s

0.5

T T T T T T T T T 1

\ Vehicle 1
Vehicle 2

0.8

1 2 3 4 5 6 7 8 9 10

Sampling Time for each Vehicle, ts i = 0-05s

0.6~

0.4+

0.2r

Vehicle 1
Vehicle 2 ||

ADAC Lab, NCSU
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Resource Allocation - Comparison &P

Vehicle 1 v =22 m/s, Delayed Sine with dwell (1s)
Vehicle 2 v =22 m/s, Delayed Sine with dwell (2s)
Estimated and Actual Rl for Vehicle 1 Estimated and Actual Rl for Vehicle Estimated and Actual Rl for Vehicle 1 Estimated and Actual Rl for Vehicle 2
0.05 0.05
‘ — 0.05 0.05
Rl Rl — Rl —— Rl
RI hat RI hat —— Rl hat
0 0 0 0
|
i
-0.05 -0.05
-0.05 -0.05
0 5 10 0 5 10 0 5 10 0 5 10
002 MSE =1.1038e-005 004 MSE =1.2756e-005 MSE =9.91750-006 MSE —9.73950-006
: : 0.03 0.03
5 5 5 5
& 0.015 & 0.03 2 2
c c L L
S 5 c 0.02 c 0.02
g 0.01 T 0.02 2 2
£ £ E E
2 0.005 J 1 £ oot 5 001 g 0.01
0 5 10 0 5 10 0 s 10 0 : 10
time time . .
time time
Using Constant Bandwidth Using Adaptive Bandwidth
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Resource Allocation - Comparison &=
BW, Constant Bandwidth | Adaptive Bandwidth | Percent Improvement
(bits/s) | Vehicle 1 | Vehicle 2 | Vehicle 1 | Vehicle 2 | Vehicle 1 | Vehicle 2
50 3.0e-5 2.56e-5 | 2.098e-5 | 2.606e-5 42.99 -1.77
100 1.104e-5 | 1.276e-5 | 9.917e-6 | 9.739e-6 11.32 31.02
200 5.919¢-6 | 6.808e-6 | 4.998e-6 | 6.180e-6 18.43 10.16
300 4.012e-6 | 4.603e-6 | 3.395e-6 | 4.578e-6 18.17 0.55
400 3.244e-6 | 3.709e-6 | 2.726e-6 | 3.199e-6 19.00 15.94
500 2.557e-6 | 2.952e-6 | 2.137e-6 | 2.500e-6 19.65 18.08

ADAC Lab, NCSU
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Conclusion | ADAC _

(!

fl

(!

L

A formulation for gene library was introduced. The gene
library store the genotype-phenotype maps.

An optimal adaptive bandwidth scheme was presented that
minimized the error in signal reconstruction

Preliminary results on developing a gene library for
intelligent transportation system were shown. The
dimensionality and the computation time to calculate the
rollover risk was reduced by using Gene Library.

The Gene Library was used for resource allocation in an
intelligent transportation monitoring system. The
improvement over the static (equal) bandwidth allocation
scheme was as high as 42%

ADAC Lab, NCSU 40
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What Next?

Formulation of Gene Library

A 4

Formulation of Optimal Adaptive Resource Allocation
V-
Gene Library based Resource Allocation

A4

Sensitivity Analysis of Gene Library in Network Control Systems (NCS)
N 7

Adaptive Gene Libraries

Sensitivity Analysis: Determine performance degradation after introducing delays,
packet loss in the communication process of the NCS and introduce methods to
alleviate the performance loss

Adaptive Gene Library: Use Artificial Immune Systems to adaptively update gene
library
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Thank You

Questions ?
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