il (lag ) £ 53 (e Agan Ja gy pea Ay puaS ALl i alaa
Sl Gy mlla 4t AUl (e a8
) )
dena deal a2 s gaclall ae deaf o]
saldiaal)
(A S Alialatl) ¥ aleall saaadl aad) dadll Jilise ars (a8 Al ) 532
& 55 (e Agan Jag i Adadi pe Ay pull Aplaliil) iV aleall (e 4 il daksll
Ll ¢ J ol AlaeS dlaa ) dpaall Jag 53l o s AT 153l 5 sl ey
SisS g i e A sl Al cld sl dedl) Aldd Jslall dilas gy 25n
Ao A8 yie ye Gali lay ) & 55 (e AlalSS Ll Ba2e%e dpaa Ja g iy A
A S Alale Y alaa (ge ¢ i allas Uiy Al Al oy s L) s
et g 5 e AR e e AuLalSS Lalail) Badeie 4 e dgaa Jag yly ddagi e
AS ey alS an cld 4y S Aliales Aalae ae AN Alial) Calalad | ualiveg
Alall 4 4Ll Ll soaeie dpon Jag il ddagi pe ddlide Caiy e 535S
Sl (osind (Al g balae 4y juS 4 yite Aalail 3 ga gl 4y ylai yy sy o 683 day) )
adasi yo 515085 Glay)-did gl (e Adlidie 4 5uS GBI e 7 93 e i )
Alall b Glivn Gl JalSi 5 Alae e ALalS5 Jaliall 3a0mia dgday y5 da g
A S Alialai dlalae Jad g4y ) 53 e 40U A Lo g il das  seia a2 dusalall
Jslall dlan 55 0 g 50 n 3 a ) Al 3 gaal) elliy dasi o LalSS aa il
Lo g il mdd )5 3 p0al) sa0eie Aplad ual) 4y 5okl Abalal g5 plS Alalad]
U i o3 08 s )l 8 m g ) il gl ey 5 Sl 5 Jaliil] a2ee Ayaa
(X) Aadea (A YR o3 Jialdi a3 o (S SCI las A pill Ll b



Fractional differential equations with Riemann-Stieltjes type
boundary conditions

By

Ymnah Salah D Alruwaily

Supervised By

Prof. Ahmed Alsaedi and Prof. Bashir Ahmad

Abstract

This thesis studies some new boundary value problems of
fractional differential equations and coupled fractional-order systems

supplemented with Riemann-Stieltjes and some other kinds of nonlocal

boundary conditions. As a first problem, we discuss the existence and
uniqueness of solutions for a Caputo type fractional order boundary
value problem equipped with non-conjugate Riemann-Stieltjes integro-
multipoint boundary conditions on an arbitrary domain. In the second
problem, a coupled system of Caputo fractional differential equations
supplemented with coupled non-conjugate Riemann-Stieltjes type
integro-multipoint boundary conditions is investigated. The third
problem deals with a fractional integro-differential equation involving
Caputo derivatives of different orders equipped with integro-multipoint

boundary conditions. In the fourth problem, we develop the existence



theory for neutral fractional order coupled systems containing mixed
Caputo and Riemann-Liouville sequential fractional derivatives,
complemented with nonlocal multipoint and Riemann-Stieltjes integral
multi-strip conditions. In the fifth problem, we introduce a new concept
of dual anti-periodic boundary conditions and solve a fractional integro-
differential equation equipped with these conditions. The last problem is
concerned with the existence and uniqueness of solutions for a
nonlinear multi-term Caputo fractional differential equation subject to
Riemann-Stieltjes integro-multipoint boundary conditions. The results
presented in this thesis have been published or accepted for publication

in SCl journals. The details of the articles can be found on page x.
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