TITLE

AUTHOR

TITLE

RESEARCH THESIS

SUBMITTED IN PARTIAL FULFILLMENT OF THE REQUIREMENTS FOR THE DEGREE OF MASTER OF SCIENCE IN FOOD PROCESSING

AUTHOR

SUBMITTED TO THE SENATE OF THE TECHNION — ISRAEL INSTITUTE OF TECHNOLOGY ADAR, 5758 HAIFA MARCH, 1998

THIS RESEARCH THESIS WAS SUPERVISED BY MY LOVELY ADVISOR AND DR. Z Q UNDER THE AUSPICES OF THE ELECTRICAL ENGINEERING DEPARTMENT

ACKNOWLEDGMENT

I am grateful to ...

I wish to express gratitude to...

THE GENEROUS FINANCIAL HELP OF MR. G AND MRS. HH IS GRATEFULLY ACKNOWLEDGED

Dedicated to ...

Contents

Abstract vii

List of Symbols 1

1 Preface 3

2 First Chapter 8 2.1 First Section of First Chapter . . . . . . . . . . . . . . . . . . . . . . 8 2.1.1 First Subsection . . . . . . . . . . . . . . . . . . . . . . . . . 8 2.2 Second Section of First Chapter . . . . . . . . . . . . . . . . . . . . 8 2.2.1 Second Subsection . . . . . . . . . . . . . . . . . . . . . . . . 8

3 Second Chapter 11 3.1 First Section of Second Chapter . . . . . . . . . . . . . . . . . . . . 11 3.2 Second Section of Second Chapter . . . . . . . . . . . . . . . . . . . 11

4 Distributed Calculatiuon in UNIX 12 4.1 Definitions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

5 Basic commands in LaXeT 14 5.1 IBM PC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

CONTENTS v 5.1.1 Einstein . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 5.1.2 T.EXE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 A Computer Programs 18 B Second Appendix 19 C Third appendix 20 References 21 Hebrew Abstract g

List of Figures

1.1 First English Caption to LOF . . . . . . . . . . . . . . . . . . . . . . 6 1.2 Second English Caption to LOF . . . . . . . . . . . . . . . . . . . . . 7 5.1 An example of interesting figure . . . . . . . . . . . . . . . . . . . . . 15

List of Tables

2.1 First Table for LOT . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 3.1 Second Table for LOT . . . . . . . . . . . . . . . . . . . . . . . . . . 11 4.1 Third Table . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

Abstract

This is only an example. This should be the abstract of the thesis, in accordance to the standards and demands listed by the Graduate School.

This abstract is part of the thesis, not the advertising abstract which is to be submitted as a separate item.

List of Symbols

u^∗_i :component of the vector u Φ :outer the diameter of the piece ϕ :inner diameter of the piece u^∗_i :component of the vector u Φ :outer the diameter of the piece ϕ :inner diameter of the piece u^∗_i :component of the vector u Φ :outer the diameter of the piece ϕ :inner diameter of the piece u^∗_i :component of the vector u Φ :outer the diameter of the piece ϕ :inner diameter of the piece u^∗_i :component of the vector u Φ :outer the diameter of the piece ϕ :inner diameter of the piece u^∗_i :component of the vector u

LIST OF SYMBOLS 2

ϕ :inner diameter of the piece u^∗_i :component of the vector u Φ :outer the diameter of the piece ϕ :inner diameter of the piece u^∗_i :component of the vector u Φ :outer the diameter of the piece ϕ :inner diameter of the piece u^∗_i :component of the vector u Φ :outer the diameter of the piece ϕ :inner diameter of the piece u^∗_i :component of the vector u Φ :outer the diameter of the piece ϕ :inner diameter of the piece u^∗_i :component of the vector u Φ :outer the diameter of the piece ϕ :inner diameter of the piece u^∗_i :component of the vector u

Chapter 1 Preface

This is the preface.

An integral equation of the first kind Kf = ∫_b a k(s, t)f(t)dt = g(s) (1.1) An integral equation of the first kind K : L_2[a, b] −→ L_2[a, b], k ∈ L_2([a, b] × [a, b]) (1.2) is known to be an ill-posed problem.

R(K) + R(K)^⊥ = K : L_2[a, b]L_2([a, b] × [a, b] (1.3) K : = L_2[a, b] (1.4) Kf = ∫_b a k(s, t)f(t)dt = g(s) (1.5) The following is an example. It’s but a short exerpt from a thesis which was subsequently submitted in a modified version. An integral equation of the first kind Kf = ∫_b a k(s, t)f(t)dt = g(s) (1.6)

K : L_2[a, b] −→ L_2[a, b], k ∈ L_2([a, b] × [a, b]) (1.7) is known to be an ill-posed problem.

The solution of (1) is the least square solution of minimal norm, and whenever g belongs to R(K) + R(K)^⊥K : L_2[a, b] −→ L_2[a, b]k ∈ L_2([a, b] × [a, b] such a unique solution exists. R(K) is the range space of K and R(K)^⊥ its orthogonal subspace.

It is also well known that, whenever the kernel k belongs to L_2, the integral operator is compact (see Groetsch [10], pp.11-12). Thus, arbitrarily small changes in g may cause arbitrarily large ones in f. It has already been pointed out that this sensitivity of f will be the more severe, the faster the singular values of K tend to zero (see Golberg [9], pp.36-40, Groetsch [10], p.2).

An integral equation of the first kind Kf = ∫_b a k(s, t)f(t)dt = g(s) (1.8) K : L_2[a, b] −→ L_2[a, b], k ∈ L_2([a, b] × [a, b]) (1.9) is known to be an ill-posed problem.

As an expression of this ill-posedness, for many numerical methods (e.g. Galerkin, collocation) the approximate solution of (1) fails in general to converge to the exact solution f. And even if it does converge, faster decrease of the singular values of the operator K will involve faster increase of the condition numbers for the matrices approximating the operator. It is thus important to estimate the

(1.10) growth of these (spectral) condition numbers.

Lower bounds of the condition numbers are given by G.M.Wing in [12] for both the Galerkin and collocation methods.

An integral equation of the first kind Kf = ∫_b a k(s, t)f(t)dt = g(s) (1.11) K : L_2[a, b] −→ L_2[a, b], k ∈ L_2([a, b] × [a, b]) (1.12) is known to be an ill-posed problem.

The main object of this work is bounding the condition number from both sides, in terms of the singular values of the operator K, the numerical method being a variant of finite-dimensional Tikhonov regularization (see Marti [13], [11], Groetsch [10]).

Corollary 1 : Under the assumptions of Corollary 2 - Corollary 1 and Theorems 2,3 hold when using the basis ṽ and H_1 = H_2 = L_2[0, 1].

Proof: The condition number is the same in the basis v as in ṽ. □

Figure 1.1: First English Caption dpey‘x dnbec :1.1 xei‘

Figure 1.2: Second English Caption dipy dnbec :1.2 xei‘

Chapter 2 First Chapter

2.1 First Section of First Chapter

2.1.1 First Subsection

First Subsubsection Let H_1 and H_2 be real Hilbert spaces 5, 14, C, 20 with respective inner products (., .)_1 , (., .)_2, and K a compact, linear, non-degenerate operator from H_1 into H_2.

2.2 Second Section of First Chapter

2.2.1 Second Subsection

Second Subsubsection

1. hjsdfhjsdf 2. kdfmnmnc

3. fdndf

(a) hjsdfhjsdf (b) hjsdfhjsdf (c) bndbndf (d) kdfmnmnc i. hjsdfhjsdf ii. hjsdfhjsdf A. hjsdfhjsdf B. hjsdfhjsdf C. bndbndf D. kdfmnmnc E. bndbndf iii. bndbndf iv. kdfmnmnc v. bndbndf (e) bndbndf 4. bndbndf

Second Section of First Chapter

Bla bla bla...
  \L{comment}
  verylongline  verylongline  verylongline  verylongline

Nr. crt. Fruit Quantity 1. apples 2kg. 2. oranges 4kg. 3. bananas 2.5kg. 4. mango 3kg.

Table 2.1: First Table cg‘ xtqn dlah :2.1 dlah

              verylongline  verylongline  verylongline

verylongline  verylongline  verylongline  verylongline

   |            |                    |              | |

#%&&_!$)*(!$_|\"‘‘dfl’’

Second Section of First Chapter

Here you can see an example of a table.

Chapter 3

Second Chapter

3.1 First Section of Second Chapter

Let H_1 and H_2 be real Hilbert spaces with respective inner products (., .)_1 , (., .)_2, and

K a compact, linear, non-degenerate operator from H_1 into H_2. See the following

table

3.2 Second Section of Second Chapter

This is a another section. This is the second section of the this chapter.

Nr. crt. Fruit Quantity 1. apples 2kg. 2. oranges 4kg. 3. bananas 2.5kg. 4. mango 3kg.

Table 3.1: Second Table miizy xtqn dlah :3.1 dlah

4 wxt

UNIX-a xfean aeyig

ipy x‘zl ick mi‘ad miwxta mda ynzype ,miiqiqad mibyend z‘ xicbp dfd wxta .C_1(r) -e C_0(r) zenewr ly dfetxenhn ly minzixebl‘

zegpde zexcbd 4.1

cklzdl zeleki D ixhnxtd megza zepey zecewp izyn xzei mb ,illk ote‘a ,oaenk ozip ,sqepa .xicp ce‘n ‘ed dfd dxwnd la‘ ,(4.1 dlah d‘x) icnn-zlzd agxna lkl dzrny gipp okl .jynda x‘ezny letihl dnec ote‘a dfd xicpd dxwna lthl zecewp izy weica yi (R(t, r) ieewd ghynd ly invr jezig zcewp) P ∈ S dcewp

zenk zextd beq xtqn eliw 2 apples .1 eliw 4 oranges .2 eliw 2.5 bananas .3 eliw 3 mango .4

yely xtqn dlah :4.1 dlah Table 4.1: Third Table

13 UNIX-a xfean aeyig .4 wxt

.P dcewpl zeni‘znd D ixhnxtd megza zepey z‘vnp d‘xn zecewp bef lky ,xekfp .zeaeyg zeibeleteh zepekz yi d‘xn zecewpl .xhnxtd zeey dnewrd ly invr jezig zcewp zexicbne t_1 = t_2 = t_0 reaw onf jxra ly C(s) = R(t_0, s) xhnxt zeey dnewr ly zywd jxe‘ divfixhnxt s diidz zecenv d‘xn zecewp ly zebef izy xear .reaw onf xhnxt mr ieewd ghynd xy‘k ,{(t_0, s_3), (t_0, s_4)} -e {(t_0, s_1), (t_0, s_2)}

R(t_0, s_1) = R(t_0, s_2) = P_1, R(t_0, s_3) = R(t_0, s_4) = P_2 s_1 < s_3 < s_4 < s_2 xnelk .i = 1, 2, 3, 4 xy‘k ,s_i xhnxtn dphw diihq s̄_i -a onqp

s̄_1 = s_1 − ε_1, s̄_2 = s_2 + ε_2, s̄_3 = s_3 + ε_3, s̄_4 = s_4 − ε_4

ynzynd ici-lr xcbend ohw xhnxt ‘ed ε_i xy‘k (4.1 dlah d‘x) ,s̄_i = s_i ± ε_i e‘ ghynd ly xhnxt ieey zenewra miinvrd mikezigd weliq ly jildzd lr helyl ick .R(t, s) ieewd xy‘k ,R(t, s) ieewd ghynd ly C(s) = R(t_0, s) xhnxtd zeey dnewra opeazp .s ∈ [0, 1] -e t_0 ≡ reaw

5 wxt

zixara dkinzl zeiqiqa zecewt LaXeT-a

.LaXeT-a zixara dkinzl zeiqiqad zecewtd z‘ xikp df sirqa jetd oqkela zeligzn LaXeT zecewt .LaXeT-a mb zeniiw L^ATEX ly zecewtd lk jqnd lr mizrl d‘xp oqkeld Einstein a micaer xy‘k .zeize‘ ly dxciq eixg‘e .dcewtl oinin ‘vnp ‘ed eli‘k

\sethebrew dcewtd.ilbp‘ ‘ed ixwird daizkd oeeik uaewd lr dceard zligza

ixwird oeeikd z‘ dxifgn \unsethebrew dcewtd .zixarl ixwird oeeikd z‘ dpyn .ze‘wqt oia wx ritedl zeleki od .dwqt jeza el‘ zecewta ynzydl xeq‘ .zilbp‘l dcewta miynzyn ifrel hqwhle mixtqnl ,zipnf oeeikd ztlgdl \ L{. . . string . . . } miynzyn ifrel hqwh jeza zixara hqwh zqpkde zipnf oeeik ztlgd jxevl dcewta \ R{. . . zixara hqwh . . . } oepiwd wner zlabd ‘ll oeeikd dpey xak eay rhw jeza oeeikd z‘ zepyl ozip oiiprn xei‘l dnbec :5.1 xei‘ Figure 5.1: An example of interesting figure

:dnbecl He said “ dywaa lwy 12 il oz ”, so I did.

oi‘ zixar dwqit jeza zeihnzn ze‘gqep zaizkl if‘ ,einstein a miynzyn xy‘k zaizkl ,z‘f mr cgi .oeeikd z‘ mb silgn zihnzn daizkl xarnd ,dty xarna jxev ze‘gqepa irahd oeeikd ik lbxq xearl c‘n i‘ck ixar hqwh jeza zeakxen ze‘gqep iepiy mr j‘ ,oeeikd zkitd ‘ll od mb zeazkp zefkxenn ze‘gqep .oinil l‘nyn ‘ed .lbxq

IBM PC zxfra jnqnd zpkd :gtqp 5.1

oiihypii‘ 5.1.1

icarn x‘y lkn ea epxga .uetp (ilbp‘ ixar) ipeyl-ec mililnz carn ‘ed oiihypii‘ da dxeva ely dceard uaew z‘ xneyy icigid ‘edy meyn meik miniiwd mililnzd zipyn dty ly zeize‘ zxinyl mihxcphq ipy miniiw .hlwd z‘ ze‘xl dvex L^ATEX drtedd xcq itl mze‘ xenyl ‘id dvetpd dhiyd .uaew jeza jetd daezk oeeika .d‘ixwd xcqn jetd uaewa eritei zixara zeize‘d ef dhiya .scd lr e‘ jqnd lr miaygnd ceiva .”c” seqale ”p” eixg‘e ”i” mcew ritei uaewa ”ipc” aezkp m‘ dnbecl .‘ixw ixar azk lawp zqtcna eqitcp e‘ jqnd lr uaewd z‘ bivp m‘ ,libxd ilbp‘d mcew z‘xwpy ze‘ .d‘ixwde daizkd xcqd zeize‘d lk z‘ zxney dipyd dhiyd m‘ jetd daezk d‘xz zixard dfk uaewa .”i” ”p” ”c” azki ”ipc” .uaewa mcew ritez carn lk .epl dyexcd dxevd ef .dpkeza letihl xzei dlw dxev ef j‘ ,uaewd z‘ qitcp .epizxhnl mi‘zi ef dxeva zeize‘d z‘ xneyy xg‘ mililnz

T.EXE 5.1.2

eze‘ zenwnny zeivte‘e zecewt likn ‘ed .heyt mihqwh jxern xzei ‘ed oiihypii‘ jeza zeniiw .eke miqkcpi‘ ,dybcd ,fekxin oebk zecewt .mililnz carn ly dnxa zecewt yenn jxevl .TEXa miliawnd milkl ziqgi zeiaihinixt el‘ j‘ ,oiihypii‘ lirtdl ji‘e izn exear mipnqny micgein mipniq uaewd jeza xi‘yn oiihyi‘ dl‘ ekezn zetpl yi ,TEXl oiihypii‘ zxfra xvepy uaewd zxiqn iptl .dl‘d zecewtd z‘ .dl‘d mipniqd z‘ ly ixewnd hwqicd lr dievnd T.EXE zipkezd zlrtd ici lr z‘f zeyrl ozip .einstein

Appendix A Computer Programs

Following is a short presentation of the FORTRAN sources, one of the input data sets we used, and the results we obtained.

Appendix B Second Appendix

This is just a test example.

End test.

b gtqp

iyily gtqp

:)TEX fonts( mipeyd miptebd mr dcear o‘k wecap .^1ixar gtqpl ‘nbec

. . . mkpevxk mipteba ynzydl ozipy d‘xn j‘ zxvw ‘nbec

. . . mkpevxk mipteba ynzydl ozipy d‘xn j‘ zxvw ‘nbec . . . mkpevxk mipteba ynzydl ozipy d‘xn j‘ zxvw ‘nbec . . . mkpevxk mipteba ynzydl ozipy d‘xn j‘ zxvw ‘nbec . . . mkpevxk mipteba ynzydl ozipy d‘xn j‘ zxvw ‘nbec . . . mkpevxk mipteba ynzydl ozipy d‘xn j‘ zxvw ‘nbec . . . mkpevxk mipteba ynzydl ozipy d‘xn j‘ zxvw ‘nbec

oexg‘ ‘l j‘ oey‘x .1

aeh la‘ ipy .2

ycg (‘) dpey la‘ ycg (a)

ozip ok enk .zifrela oze‘ bivdl aeh xzeiy dl‘k mb yi j‘ ,zixara od z‘f dfiza ze‘nbecd aex^1 .zg‘ dxeyl miqpkp ‘ly ce‘n mikex‘ mixaqd siqedl

21 iyily gtqp .b gtqp

2dxvw dwqt heyt • ztqep dwqt • mipta dwqt .i mipta dwqt cer .ii mipta ztqep dwqt .iii 3mipta dpexg‘ dwqt .iv yaca getz •

bgd zevn • gzta dwepg (b) zekeq hrn cer (c) daeh dpy .3 . . . dpexg‘ dpexg‘ dwqt .4

mixvw mixaqd aezkl ozip o‘k^2 . . . o‘k mb^3

zexewn zniyx

.1997 ilei ,miilyexi ,Pitman .l‘xyil mely .reyedi‘ .a.‘ [1]

.1997 ilei ,miilyexi ,Pitman .l‘xyil mely .reyediz .a.‘ [2]

[3] C. T. H. Baker and G. F. (Eds) Miller. Treatment of Integral Equations by Numerical Methods. Pitman, London, July 1985. Based on the proceedings of a symposium held in Durham, in July, 1982, organized under the auspices of the London Math. Soc.

[4] J.C. Gohberg and M.G. Krein. Introduction to the theory of linear nonselfadjoint operators, volume Vol. 18 of Transl. Math. Monographs. AMS, 1969.

[5] J.C. Gohberg and M.G. Krein. Introduction to the theory of linear nonselfadjoint operators, volume Vol. 18 of Transl. Math. Monographs. AMS, 1969.

[6] J.C. Gohberg and M.G. Krein. Introduction to the theory of linear nonselfadjoint operators, volume Vol. 18 of Transl. Math. Monographs. AMS, 1969.

23 zexewn zniyx

[7] J.C. Gohberg and M.G. Krein. Introduction to the theory of linear nonselfadjoint operators, volume Vol. 18 of Transl. Math. Monographs. AMS, 1969.

[8] J.C. Gohberg and M.G. Krein. Introduction to the theory of linear nonselfadjoint operators, volume Vol. 18 of Transl. Math. Monographs. AMS, 1969.

[9] M. A. Golberg. Solution Methods for Integral Equations. Plenum, 1979.

[10] C. W. Groetsch. The Theory of Tikhonov Regularization for Fredholm Integral Equation of the First Kind, pages 11–12. Pitman, 1984.

[11] J. T. Marti. On a regularization method for fredholm equations of the first kind, using Sobolev space. In Treatment of Integral Equations by Numerical Methods. Academic Press, 1982.

[12] J.T. Marti. On the convergence of an algorithm for computing minimum norm solutions of ill-posed problems. Math. Comp., 34:521–527, 1980.

[13] G.M. Wing. Condition numbers of matrices arising from the numerical solution of linear integral equations of the first kind. J. Integral Equations, 9, (Suppl.):191–204, Sept. 1985.

zxzekd

xagnd my zxzekd

xwgn lr xeaig

x‘ez zlawl zeyixcd ly iwlg ielin myl mircnl xhqibn oefn ceaira

xagnd my

l‘xyil ibelepkh oekn — oeipkhd hpql ybed 1998 uxn dtig g”pyz xc‘ iley ’texte ily aed‘d dgpnd zkxcda dyrp xwgn lr xeaig lnyg zqcpdl dhlewta

dcez zxkd

... lre xwgnd ialy lka mzxfr lr ’‘ g’’textl dcez xiq‘ ippd ...l zycwen ef dcear

izenlzyda daicpd zitqkd dkinzd lr ’c xnle ’b xnl dcen ip‘

...l zycwen dceard

mipipr okez

vii zilbp‘a xivwz

1 milnq zniyx

3 ‘ean 1

8 oey‘x wxt 2 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . oey‘x wxta oey‘x wlg 2.1 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . oey‘x wxt-zz 2.1.1 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . oey‘x wxta ipy wlg 2.2 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ipy wxt-zz 2.2.1

11 ipy wxt 3 11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ipy wxta oey‘x wlg 3.1 11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ipy wxta ipy wlg 3.2

12 UNIX-a xfean aeyig 4 12 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . zegpde zexcbd 4.1

14 LaXeT-a zixara dkinzl zeiqiqa zecewt 5 16 . . . . . . . . . . . . . . . . . . . . . IBM PC zxfra jnqnd zpkd :gtqp 5.1 c d mipipr okez 16 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . oiihypii‘ 5.1.1 17 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . T.EXE 5.1.2 18 aygn zeipkez ‘ 19 ipy gtqp a 20 iyily gtqp b 21 zexewn zniyx g xivwz

mixei‘ zniyx

6 . . . . . . . . . . . . . . . . . . . . . . . . mixei‘d zniyxl dpey‘x dnbec 1.1 7 . . . . . . . . . . . . . . . . . . . . . . . . . . mixei‘d zniyxl dipy ‘nbec 1.2 15 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . oiiprn xei‘l dnbec 5.1

e

ze‘lah zniyx

10 . . . . . . . . . . . . . . . . . ze‘lahd zniyxl cgeina cg‘ xtqn dlah 2.1 11 . . . . . . . . . . . . . . . ze‘lahd zniyxl cgeina miizy xtqn dlah 3.1 12 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . yely xtqn dlah 4.1

f

xivwz

-pi‘ ze‘eyn ly miixnep zepexzita mixeywd miniieqn mihaid zxweg z‘fd dceard .oey‘x beqn zeilxbh .oey‘x beqn zeilxbhpi‘ ze‘eyn xear miiyrn miyeniy ly zeax zenbec zeniw .miixnep zepexzita mixeywd miniieqn

g