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A New Hybrid Method for Bilinear Order Reduction of Burgers Equation based on
Balanced Truncation and Iterative Rational Krylov Algorithms

Department of Electrical Engineering-Control, Faculty of Technical & Engineering, Imam

H. Nasiri Soloklo Khomeini International University, Qazvin, Iran
. . Department of Electrical Engineering-Control, Faculty of Technical & Engineering, Imam
N. Bigdeli Iy ; o .
Khomeini International University, Qazvin, Iran
Abstract

This paper proposes a hybrid method for order reduction of bilinear system model of Burgers' equation, via balanced truncation (BT)
and bilinear iterative rational Krylov algorithm (BIRKA). The Monte Carlo simulations demonstrates that by choosing the initial
guess randomly, the probability of convergence of the bilinear iterative rational Krylov subspace algorithm method to order
reduction of the Burgers equation is only 41%. In the proposed method, at first, the order of the reduced model is determined by the
concept of Hankel singular values and by minimizing the integral square of the error index. Then, an initial guess of the reduced
bilinear system is obtained by two approaches of Bilinear Balanced Truncation (BBT) and Linear Balanced Truncation (LBT) to
ensure convergence of the BIRKA. Output of BBT is a good stable initial guess for BIRKA, but imposes computational complexity
of solving generalized Lyapunov equations to find its solution. LBT decreases the computational complexity by providing the initial
guess via solving Lyapunov equations. To further decrease the complexity, condition number is replaced instead of eigenvalues in
BIRKA. Finally, performance of the proposed method is compared with some classical methods.

Keywords: Burgers equation, Model order reduction, Bilinear systems, Balanced truncation, Iterative rational Krylov algorithm,
Monte Carlo simulation.

oads 0318 dxwgs 3,5 5 dolee J> g J S gl oeiie slacidla,
Dy-n] el

doddo —)

e |y 6t i s doles e 1118 Jlo 4o

o bawgd melies 58 sk 4 Olgiee ) 550 Aol

S | atws asgs Glapinew [VF] o5 coi Jasgo
T R Gt R R R
Slp ooy jsb 4 hded Glaptans WS (o A0 S s
JeB 5l By Gl g (st Slapians )l s3ldae
sl s V7] LF sl g D10l 0,08 Gl
ot o5 5l S wlad 5 eolinul 3,e VY] S xS0l
Seslaul b e Jhs e slapinew co,d g slagingw
ot cu,E 0925 ol b DVANAL il )5 (g5lus das g0

Wolas olas ool Y] i Jdow 5,8 Lawg baw a5 V] o040
Sledly sloars; 5l 5yl )3 Slos S b 4y 5 0l oaali 5,5
Flae 5 If] L5 Jsl [¥] oVlw Sl Jud 5l o5
ool p 3 5,50 dolee 8,5 8 ool 8,00 [0] S8l b ,>
doles Sy 3,55 aolee [F] codl Sgiah ol alolas 51 loas
ok b agzlye 5o Ll Lo 4 oS cnl (solslan —(sgag
sibdae VT S35 bz sloand aile (Sopd sloonsy
sy00 Vo] 538 Jdow o JAA]l SewsST(yg 0,3 Soi slogge
2l ladle 3wl a8S 13 Sy 5l gl azg

n.bigdeli@eng.ikiu.ac.ir : Sg xS Cany o,0] 0o a5le odiangs
GV bl e

BN Gy b



S sl ey slab s g, ool 5o IVF] woges slers | Hy
Hy p 3 53lotinnS slp GLolS Ol Gy pmpms 3 0l S Ho
maieS Sln pyssdl 93 (ntp g 85 15 eolanal 350 e
St (hSgd prns Jao adye GialS slas By oy g5l
L atbpuons ywshow cVolee a0l laps oSl ool [¥0] wsges
S TBIRKA g, a4l 5 opdle [¥1] gz jo jo aings oad solys
o g D Sleie 1y lag e ol S wadx i)
Wi B Geizmes Wb el H oy Glp Sow kil
“Cagy 5 SahdSS sleplel S anle b e slapenes
@ 8,5 8 (g 950 00D st ey S (o8 03k )0 sy
Lvs] g aeS s H pp oS glasss
mee odls lis o)l chge (gilwancd Sl eslainl b dllas ol 5o
Bl adye Ll piees adgl uds dolas bl b oS sgd
5552 Wolas (ags Jus i je alS 6l BIRKA (o] Sen (il
e gl g oad @l Comlas il 4 4z Lol ZF)
e Joo 4550 285 sl wox (b9, o BIRKA o) S
Jobe 0 gy S 5 bl 58 dolee YL 4 e S
L oassl ials lasgs Jow asye lanl b oliiy BIRKA
s mye JIS5l (gloaneS b 5 pics ofag nolie 51 oslanul
BIRKA ;%00 uils (153 6l s -Consl 005 (s (ISE)
i ye 2l el celio ayl (i Sy sl gl il 9o
Jobee Lo 5l aybe ciln, g0 ol sl oud olgiiy, azily
45,0 bl gienw (LBT) © bs Jobite i s (BBT) ° asgs
3ls ol biews cds aggs Jolate Loy bwg sl Caway atdly
a3l BIRKA (gl canslio gl Lov Sy wlgi oo 5 Sl 5lasl s
Sz alees Byibl) Yol > 4 5L Lo 4 b 0l b
gl oo SO LBT () ;503 ik jhaloe Gl Olosla
5 Jeds 4 a5 Dol Gl b S e ol 3 BIRKA gl K05 ol
Gl sladae sl 5onl Slaslre gz Sl doles S 4
o> Glgie a4y LBT 5 BBT g, lawg odel Caway aibly 4 s
a0 ualS ez s i U Wiy, )15 4 BIRKA jo cslin adsl
Olowlowe poxa i 0l5 (glp 0gd (pad 550 Aolee aidly
Gly ol yo 098 o0 BIRKA ;3 055 polie (35l > sue
b ool oy gl wgoleiiin o9y Iy 5 2L ool ols
Oz bt gd Glaptans adye 285 S slaty,
Zewl 04 4uglie BIRKA 4 BPOD BBT
ol odds AoMS 15 & jgo o dlie Lol (5,514
hFed s Jho a0 5 b iy Jlos e
555 5 olea
Slopis Gl oS5 Al adpe 22 gy (B @
s sl BIRKA § BBT oS5 5 (pine shsgo
9y 99 5o sblre 4
adsl o> Sy @l L BIRKA e uils il o
cowlio

* Bilinear Balanced Truncation (BBT)
® Linear BT (LBT)
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! Proper Orthogonal Decomposition (POD)

2 Balanced Truncation (BT)

? Bilinear Iterative Rational Krylov Subspace Algorithm (BIRKA)
* Truncated BIRKA (TBIRKA)
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! Singular Values Decomposition (SVD)
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