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Céc phuong trinh vi phan dai s6 (cac DAE) nay sinh trong mot loat cic ing dung.
Vi vay, phuong phap giai tich va sé cia ching déng mot vai trd quan trong trong
toan hoc hién dai. Bai viét nay gi6i thiéu vé chi d&¢ DAE. Cac vi du vé cac DAE
duogc xét cho thiy tam quan trong cta chung ddi v6i cac bai toan thuc té. Chung toi
ciing gidi thiéu mot s6 khai niém chi s6 phd bién. Trong bdi canh cta ERNSORIE
RERISOAl, tinh ton tai va duy nhit cia cac nghiém dbi v6i cac DAE tuyén tinh chi
s6 thdp duogc ching minh. Cac phuong phap s6 dap dung cho nhirng phuong trinh
nay dugc nghién clru.

Differential-algebraic equations (Cac DAE) arise in a variety of applications.
Therefore their analysis and numerical treatment plays an important role in modern
mathematics. This paper gives an introduction to the topic of Cac DAE. Examples
of Cac DAE are considered showing their importance for practical problems.
Several well known index concepts are introduced. In the context of [iCHIGCIADIIN

M8 cxistence and uniqueness of solutions for low index linear Cac DAE is
proved. Numerical methods applied to these equations are studied.

G161 thi¢u chung
Trong bai bao nay, ching ta xét cac phuong trinh vi phan an

In this report we consider implicit differential equations

trén khoang 3 c R. Néui—f, khong suy bién, thi c6 thé tim x trong (1) theo cach

binh thudng dé thu duoc mot phuong trinh vi phan thuong. Tuy nhién, néu ;C—f, suy
bién, diéu nay khong thé thuc hién duoc nita, va nghi¢ém x phai théa man cac rang
budc dai sé nao d6. Do d6 phuong trinh (1) trong d6 ;C—f, suy bién duoc goi 13 cac
phuong trinh vi phan dai s6 hoic cac DAE.

on an interval I C R. If §£; is khong suy bién, then it is possible to formally solve
(1) for X in order to obtain an ordinary differential equation. However, if dX is
singular, this is no longer possible and the solution x has to satisfy certain algebraic

constraints. Thus equations (1) where dX is singular are referred to as differential-
algebraic equations or Cac DAE.



These notes aim at giving an introduction to differential-algebraic equations and
are based on four lectures given by the author during his stay at the University of
Auckland in 2003.

Muc dich cua bai giang nay 1a giéi thiéu cac phuong trinh vi phan dai s6 va dugc
dya trén bdn bai giang cua tac gia tai Pai hoc Auckland vao nam 2003.

The first section deals with examples of DAEs. Here problems from different kinds
of applications are considered in order to stress the importance of DAEs when
modelling practical problems.

Phan dau tién xét cac vi du vé cac DAE. O ddy, cac bai toan tir cac loai ing dung
khac nhau duoc xét dé nhin manh tam quan trong cua cac DAE khi m6 hinh hoa
céc bai toan thuc té.

In the second section each DAE is assigned a number, the index, to measure it's
complexity concerning both theoretical and numerical treatment. Several index no-
tions are introduced, each of them stressing different aspects of the DAE
considered. Special emphasis is given to the tractability index for linear DAEs.
Trong phan thtr hai, mo61 DAE dugc an dinh mdt sd, chi s6 dic trung cho su phuc
tap ctia nd lién quan dén ca phuong phap 1y thuyét va s6. Mot s6 khai niém vé chi
s6 duoc dua vao, mdi khai niém nhin manh nhirng khia canh khac nhau cuia DAE
duoc xét. Bac biét chung ta sé tap trung vao chi sb dé kiém soat d6i vai cac DAE
tuyén tinh.

The definition of the tractability index in the second section gives rise to a detailed
analysis concerning existence and uniqueness of solutions. The main tool is a pro-
cedure to decouple the DAE into it’s dynamical and algebraic part. In section three
this analysis is carried out for linear DAEs with low index as it was established by
Marz [25].

Pinh nghia vé chi s6 d& kiém soat trong phan thtr hai lam nay sinh phan tich chi
tiét lién quan dén su ton tai va duy nhat cua nghiém. Cong cu chinh 13 mot quy
trinh dé phan tich DAE thanh phin dong hoc (dong Iue) va dai s6. Trong phan ba,
phan tich nay dugc thuc hién cho cac DAE tuyén tinh véi chi sé thdp nhu di duoc
thuc hién béi Marz [25].

The results obtained, especially the decoupling procedure, are used in the fourth
section to study the behaviour of numerical methods when applied to linear DAEs.
The material presented in this section is mainly taken from [18].



Céac két qua thu dugc, dac biét 1a quy trinh phan tich, dugc sir dung trong phﬁn thir
tu dé nghién ctru dic tinh ctia cac phuong phap sé khi 4p dung cho cac DAE tuyén
tinh. Céc kién thirc trong phan nay chu yéu duoc lay tir [18].

1 Vi du vé cac phuong trinh vi phan dai s6

Modelling with differential-algebraic equations plays a vital role, among others,
for constrained mechanical systems, electrical circuits and chemical reaction
kinetics. In this section we will give examples of how DAEs are obtained in these
fields. We will point out important characteristics of differential-algebraic
equations that distinguish them from ordinary differential equations.

Trong s6 nhiéu phuong phap khac nhau, phuong phap mo hinh héa véi cac phuong
trinh vi phan dai s6 dong mdt vai trd quan trong dbi véi cac hé co hoc cé rang
budc, cac mach dién va dong hoc phan tmg hoéa hoc. Trong phan ndy, ching ta s&
dua ra mot s6 vi du dé thay dugc cac DAE nay sinh tir nhitng linh vic nay nhu thé
nao. Chung ta s& chi ra cac dic diém quan trong ctia phuong trinh vi phan dai s6,
phan biét chung v&i cac phuong trinh vi phan thuong,

More information about differential-algebraic equations can be found in [2, 15] but
also in [32].

Thong tin thém vé cic phuong trinh vi phan dai s6 ¢6 thé dugc tim thiy trong [2,
15] ciing nhu trong [32].

1,1 Céc hé co hoc c6 rang budc
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