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SPECTRAL DEFERRED CORRECTION METHODS COLLOCATION FORMULATION
AND EXPLICIT ITERATION

Akramov Ikrom Isroil 0°g’li
Buxoro davlat universiteti

Fiz -mat va AT fakulteti o qituvchisi
Email: ikrom960623@gmail.com

Abstract: Spectral Deferred Correction (SDC) methods are high-order iterative techniques for
solving ordinary differential equations (ODEs) based on refining a low-order approximation using
collocation nodes and correction sweeps. This paper outlines how to formulate the collocation
problem central to SDC and describes the structure of an explicit SDC iteration. The flexibility and
extensibility of SDC make it particularly suitable for solving both stiff and non-stiff initial value
problems (IVPs) in scientific computing.

AHHOTanusA: MeTo/bl CIeKTpallbHOW oTcpodeHHOUW Koppekuuu (SDC) — 3To utepaTuBHbBIE
METOIBI BBICOKOTO MOPSIIKA AJIs peIlieHns] OOBIKHOBEHHBIX U depeHnuraibubix ypasHenuit (O4Y),
OCHOBaHHbIC Ha YTOUHEHUH NMPHOIIKEHUS] HU3KOTO TIOPSKA C UCTIONB30BAaHUEM Y3JI0B KOJUIOKALUH
U KOPPEKTHPYIOIIMX IPOXOIOB. B JaHHOH cTaThe H3IOXKEHO, Kak chHOpMYIHpOBaTh 3ajady
KOJUTOKAIINH, Jiexkantyio B ocHoBe SDC, n onucana cTpykrypa sBHOU utepanuu SDC. I'nOkocts n
pacumpsieMocts MeTofoB SDC nenatoT nx 0co0eHHO MOAXOIAIINMY JUTS PEIIeHHs KaK )KeCTKUX, TaK
n HexkecTkuX 3a1a4 Ko (IVP) B HayYHBIX BBIYMCIICHHSIX.

Annotatsiya: Spektral kechiktirib tuzatish (SDC) usullari — bu oddiy differensial tenglamalarni
(ODT) yechishda past tartibli taxminiy joylashish tugunlari va tuzatish aylanishlari yordamida
aniqlashtirishga asoslangan yuqori tartibli iteratsion usullardir. Ushbu maqolada SDC usulining
asosiy qismi bo‘lgan joylashish muammosini gqanday shakllantirish mumkinligi va aniq SDC
iteratsiyasi tuzilmasi bayon qilinadi. SDC usullarining moslashuvchanligi va kengaytiriluvchanligi
ularni ilmiy hisoblashlarda qattiq va qattiq bo‘lmagan boshlang‘ich qiymat masalalarini (IVP)
yechish uchun aynigsa mos qiladi.

Introduction

Traditional time-stepping schemes like Runge-Kutta and linear multistep methods struggle to
balance accuracy, computational efficiency, and ease of implementation, especially when high-order
accuracy is needed. Spectral Deferred Correction (SDC) methods offer a systematic framework to
enhance time-stepping accuracy by correcting a low-order approximation using information from
spectral collocation points. This idea was introduced by Dutt, Greengard, and Rokhlin [1] and further
extended in subsequent [2,3].

Obtaining the Collocation Problem

Consider the initial value problem (IVP):

d
% = S (s)y Y(ty) =y, L E[lyoty+AL]

Using Picard's formulation, the solution is expressed as: y(t) = y, + L t F(y(s),s)ds

To discretize the integral over [f,,¢, + At], select a set of M +1 collocation nodes {¢,,¢,,...,t,,}

, typically using Gauss-Lobatto or Gauss-Legendre points. The integral is approximated via spectral
quadrature:

y(tm)zyo+ZQm,«f(yj,tj)

Here, Q,; are precomputed quadrature weights, and y; = y(¢,). The objective is to solve for

{y,} that satisfy these integral approximations. Collectively, these form the collocation problem.
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Explicit SDC Iteration
Instead of solving the collocation problem directly, SDC applies an iterative deferred correction

approach, starting with a low-order method and refining it. Let yﬁk) denote the approximation at node
. th . . [
{; during the k™ sweep. The explicit SDC procedure is:
Step 1: Compute yﬁo) using forward Euler: yﬁ)l = yﬁo) +AL 1 ( yﬁ.o),tj)
Correction Sweeps
J
For £k =0to K —1: Compute residual: Rj.k) =y, + ZQjmf(y(k),tm) —y}")

m
m=0

(k+1) (k)

Step 3: Update: y;" =y; +Rj(.k) and repeat until a desired residual reached

Conclusion
Spectral Deferred Correction methods reformulate an initial value problem into a collocation
system and solve it iteratively. By using collocation points and correction sweeps, SDC enables high-
order accuracy with modular implementations. Explicit SDC methods are particularly efficient for
non-stiff systems and form a foundation for advanced implicit and parallel-in-time solvers.
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SATAYA JJIA IICEBAOITAPABOJIMYECKUX MHTET PO — IO OEPEHIINAJIBHBIX

YPABHEHUI C OJJTHOPOJJHBIMHW 'PAHUYHBIMHA YCJIOBUAMMU

b. P. A6oynnaes
(0oxmopanum, Uncmumym mamemamuxu umenu B. U. Pomanosckozo
Axademuu nayx Pecnyonuxu Y36exucman)

B ob6mactu Dy ={(x,t):0<x<1,0<t<T}, paccMOTpUM MCEBAOMAPAOOTHIECCKOTO
YPaBHEHHUS TPETHETO MOPSIKA C KIACCHYECKUMU KPAEBBIMH YCIOBHSIMM:

U (x, 1) — a(Ouprx (6, ) = B(OU (X, 1) = fot K(t—1) ulx,1)dr + f(x,t) (1)
HayaJIbHBIM yCJIOBUEM
u(x,0)=¢kx) O=<x<1), )
U TPAaHUYHBIMH YCIOBHSIMH
u(0,t) =u(1,t) =0 0<t<T), 3)
e a(t) > 0,B(t) > 0, f(x,t), (x)-3ananuble GyHKIUH.
Omnpenenenue. [lox kmaccuueckoe perienneM npsmoi 3aaadn (1) — (3) OymeM moHUMATh
¢byuxmro u(x, t), u3 xknacca
u(x,t) € C2{ (D) n C(Dy).

Jna naxoxxnenus pemenus 3axaqn (1) — (3) ucnons3yem meron Oypoe. bynem nckats
HETPUBHANILHOE pelenne 3Toi 3amaun B popme u(x, t) = X(x) - T(t). Iloxacrasiss sty hopmyry
pellICHUs B ypaBHEHHE M KPAeBbIe YCIOBHS, MOTYYUM 3a/1a4y JIJIsl HAX0XKACHHUS COOCTBEHHOI
byuxmm X (x):

X'(x)+2X(x)=0, 0<x<1, @)
X(0)=X(1) =0. %)
3anaua (4) — (5) uMeeT cOOCTBEHHBIC 3HAYCHUS

M = (@k)?, k=0,1,..,
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