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Abstract

The concept of soft derivative, introduced by Molodtsov in 1999, is one of the fundamental concepts in soft analysis.
The handled paper defines partial soft derivative and studies some of its basic properties, such as the relation between
partial soft derivative and boundedness, some basic partial soft derivative rules, e.g., sum rule, constant multiple rule,
and difference rule, the relation between soft derivative and partial soft derivative, the relation between classical partial
derivative and partial soft derivative, and the geometric interpretation of partial soft derivative. Moreover, it exemplifies
the theoretical part of the study and provides figures for the geometric interpretation. Finally, this study discusses the
need for further research.
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1. Introduction

Molodtsov [1] has introduced soft sets and discussed their relationships with several mathematical tools. Moreover, the
author has investigated soft sets’ applications to stability and regularization, game theory and operations research, and soft
analysis. Molodtsov has studied soft limit, soft approximator (soft derivative), and upper and lower Riemann and Perron
integrals in soft analysis. Afterward, the author has written a book entitled Soft Set Theory [2] that contains many topics related
to soft sets. Then, Molodtsov et al. [3] have widely explored the basic concepts of soft analysis. Further, Molodtsov [4] has
suggested higher-order soft derivative and higher-order almost soft derivative. Besides, the author [5, 6] has analyzed the basic
concepts of rational analysis. Additionally, Acharjee and Molodtsov [7] have proposed soft rational line integral. However,
since most of the aforesaid studies are in Russian, soft analysis studies have not become widespread.

On the other hand, despite the considerable developments in classical analysis, the fact that there are many types of
uncertainty in real-life problems and that increasing the need for new mathematical tools makes soft analysis worth studying.
Therefore, this paper focuses on the partial soft derivative, one of the essential concepts in soft analysis. Thus, this study aims
to increase the widespread impact and make soft analysis studies more accessible. Moreover, the partial soft derivative will
shed light on the concepts of higher-order partial soft derivative and soft gradients. Hence, this paper provides ideas concerning
further studies to researchers. Section 2 of the present study provides some basic definitions and properties to be required in the
next section. Section 3 defines partial soft derivative and studies some of its basic properties. The final section discusses the
need for future studies.
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2. Preliminaries

This section presents some of the basic definitions and properties to be needed for the following section. Across this paper,
the notations Z, R, R*, and R>° represent the set of integer, real, positive real, and non-negative real numbers, respectively.
Moreover, R? := R xR and P(U) denotes the set of all the classical subsets of U.

Definition 2.1. [1, 2] Let U be a universal set, E be a parameter set, and f : E — P(U) be a function. Then, f is called a soft
set parameterized via E over U (briefly over U).

Example 2.2. Let f : Z — P(R) be a function defined by f(x) = [x+2,x+4]. Then, f is a soft set over R.

Definition 2.3. [I, 2] Let M be a set called a model set, U be a universal set, E be a parameter set, and f : M X E — P(U) be
a function. Then, f is called a soft mapping parameterized via M X E over U (briefly over U).

Definition 2.4. [/, 2, 3] Let ACR, f: A — R be a function, a € A, 7¢(a) # 0, and L € R. Then, the real number L is called a
(7,&)-soft derivative of f at the point a if x € Ty(a) = | f(x) — f(@) — L(x — a)| < &(a). The set of all the (t,&)-soft derivatives of f
at the point a is denoted by D(f,a,7,€). If D(f,a,7,€) =0, then the (1,€)-soft derivative of f at the point a does not exist.

Here, 7: R — P(R) and € : R — R are two functions such that 7(a) is a set of points that are close to the point a but not
equal to a. In addition, 7¢(a) = t(a) NDom(f), for all a € R, where Dom(f) stands for the domain set of f.

3. Partial Soft Derivative

This section defines the concept of partial soft derivative and studies some of its basic properties. Throughout this section,
let7,A,x:R? - P(Rz), g a,B: R2 - R>0 and § : R - R* be seven functions such that 7(a,b), A(a,b), and k(a,b) are sets of
points that are close to the point (a,b) but not equal to (a,b). Besides, let 7¢(a,b) = 7(a,b) "Dom(f), for all (a,b) € R2.

Definition 3.1. The set of all the points belonging to 1(a,b) and the plane y = b is defined by t,(a,b) := t(a,b) N (R X {b}).
Similarly, the set of all the points belonging to (a,b) and the plane x = a is defined by ty(a,b) = t(a,b)N({a} XR). Therefore, the
set of all the points belonging to 1(a,b) and whose first components are greater than a is defined by t%(a,b) :=1(a,b)N((a,0) XR)
and the set of all the points belonging to t(a,b) and whose first components are less than a is defined by t7(a,b) := 1(a,b) N
((—c0,a) XR). Similarly, the set of all the points belonging to t(a,b) and whose second components are greater than b is defined
by T;(a, b) = 1(a,b) N (R X (b,0)) and the set of all the points belonging to 1(a,b) and whose second components are less than
b is defined by T;(a, b) :=71(a,b)N (R X (=00, b)).

Moreover; if (a,b) = 0, for all (a,b) € R?, then this mapping is called by t-right mapping, and if Tt (a,b) = 0, for all
(a,b) € R?, then this mapping is called by .-left mapping. Similarly, if 7y (a,b) =0, for all (a,b) € R2, then this mapping is
called by ty-right mapping and if T;' (a,b) = 0, for all (a,b) € R?, then this mapping is called by T,-left mapping.

Furthermore, t5(a,b) is defined by

75(a,b) = {(x,y) eR? :0< J(x—a?+(y-b)?<d, b)}

Thus, 7s(a,b) = 15(a,b) N ((a,00) X R), 7_s(a,b) = 75(a,b) N ((=00,a) XR), T;S(a,b) =1s5(a,b) N (R X (b, 0)), and 7,5(a. b) =
T5(a,b) N (R X (—00,b)).

Note 3.2. It must be noted that 7(a,b) = 7y(a,b) Uty (a,b), 7(a,b) = 7{(a,b) Ut} (a,b), 15(a,b) = 7(a,b) Ut 4(a,b), and
75(a,b) = 7i5(a,b) U T 5(a, b).

Definition 3.3. Let A X B C R?, f:AXB — R be a function, (a,b) € AX B, t¢(a,b) # 0, and L € R. Then, the real number L is
called a partial (t,&)-soft derivative of f with respect to x at the point (a,b) if (x,b) € T¢(a,b) = |f(x,b) - f(a,b) - L(x—a)| <
&(a,b). The set of all the partial (t,€)-soft derivatives of f with respect to x at the point (a,b) is denoted by Dy (f,(a,b),T,€). If
D, (f,(a,b),T,&) = 0, then the partial (t,&)-soft derivative of f with respect to x at the point (a,b) does not exist.

Definition 3.4. Let AX B CR?, f:AXB — R be a function, (a,b) € AX B, t¢(a,b) # 0, and L € R. Then, the real number L is
called a partial (t,&)-soft derivative of f with respect to 'y at the point (a,b) if (a,y) € T¢(a,b) = |f(a,y) — f(a,b) - L(y—b)| <
&(a,b). The set of all the partial (t,)-soft derivatives of f with respect to y at the point (a,b) is denoted by Dy (f,(a,b),t,&). If
Dy (f,(a,b),7,&) =0, then the partial (t,€)-soft derivative of f with respect to'y at the point (a,b) does not exist.

Note 3.5. Each of the concepts of partial (1,€)-soft derivative with respect to x and y is a soft mapping parameterized via
®(AxB,R)X(AX B) X CD(RZ,P(Rzg) x ®(R2,R>) over R such that 0 # Ax B C R”.
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Example 3.6. Let f : R?> — R be a function defined by f(x,y) = x> +2y* and £(~1,3) = 2. Since
(x3) e (-LIHNK* & 0< Ja+D?+3-372 <!
e 0<|x+1l<4
then, for all (x,3) € T1(-1.3)N R?,

1f(x,3) = f(=1,3)—L(x+ 1| <2 & B3 +1-Lx+ 1) <2

o —xX-1-2<-Lx+D)<-x*-1+2

3
x’+1 2 x’+1 2
@m_m<l< + —

2

& X

<:>L€[3 23

Therefore, Dy (f,(—1,3),7'%,8) = [%, 24—3] Similarly, as

(—l,y)eT%(—l,S)ﬂRz s 0< \/(—1+1)2+(y—3)23%
=3 0<|y—3|§%
then, for all (—1,y) ET%(—1,3)OR2,

If(=1.y) - f(-1.3)-L(y-3)| <2 & 2> - 18- L(y-3)| <2
& 22 +18-2<-L(y-3)<-2y>+18+2

22-18 2’18 | 2

e e =

S 2y+6-— <L<2y+6+|y 3
o Le9,15]

Thus, D, ( f,(—1,3),'r%,g) = [9.15].
Theorem 3.7. Let AX B C R?, f:AXB — R be a function, (a,b) € AX B, and t(a,b) be bounded. If D(f,(a,b),7,) # 0,
then z = f(x,b) is bounded on 7 ¢(a,b).
Proof. Let AXBC RZ, f1AxB — R be a function, (a,b) € AX B, t¢(a,b) be bounded, and D, (f,(a,b),7,&) # 0. Then,
T(a,b) # 0 and there exists an L € R such that
(x,b) e T¢(a,b) = |f(x,b)— f(a,b)— L(x—a)| < &(a,b)
= f(a,b)+L(x—a)—¢&(a,b) < f(x,b) < f(a,b) + L(x—a) + &(a,b)

= f(a,b)+ in(f b){L(x—a)} —&(a,b) < f(x,b) < f(a,b)+ sup {L(x—a)}+e(a,b)
xET/ a, xETf(a,b)

Since
f@a,b)+ inf {L(x—a)}—e(a,b)eR and f(a,b)+ sup {L(x—a)}+e(a,b)eR
xETf(u,h) xETf(u,h)
then z = f(x,b) is bounded on 7¢(a,b). O

Theorem 3.8. Let AXBCR?, f:AxB — R be a function, (a,b) € AX B, and Tr(a,b) # 0. If z= f(x,b) is bounded on 7 ¢(a,b),
then there exists a function € : R? = R such that D, ( f,(a,b),T,e) 0.
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Proof. Let AXBC RZ, f:AXB — R be a function, (a,b) € AX B, 7¢(a,b) # 0, and z = f(x,b) be bounded on 7(a,b). Then,
there exists an M € R such that |f(x,b)| < M, for all (x,y) € 7¢(a,b). Then,

(x,b) € t¢(a,b) = |f(x,b)| <M
= —-M- f(a,b) < f(x,b)— f(a,b) < M — f(a,b)
= |f(x,b) = f(a,b) —0(x —a)| < max{|M + f(a,b)|,|M — f(a,D)|}

Hence, for any function & : R> — R such that &(a,b) = max{|M + f(a,b)|,|M — f(a,b)|}, 0 € D(f,(a,b),t,&). Consequently,
DX(f?(avb)>T»8)¢®~ O

Theorem 3.9. Let AXBCR?, f:AxB— R be a function, (a,b) € Ax B, and 7(a,b) be bounded. If Dy(f,(a,b),t,&) # 0,
then z = f(a,y) is bounded on ty(a,b).

Theorem 3.10. Ler Ax B CR2, f1AXB — R be a function, (a,b) € AX B, and t¢(a,b) # 0. If z = f(a,y) is bounded on 7 r(a,b),
then there exists a function € : R2 - R such that Dy (f,(a,b),r,&) # 0.

The proofs are as in Theorems 3.7 and 3.8, respectively.

Theorem 3.11. Ler AX B C R, f 1 AXB — R be a function, and (a,b) € AX B. If D (f,(a,b),7,&) # 0, then

D, (f,(a,b),7,&) = [ sup

(x.b)et¢(a,b)

(f(x, b)-f(a,b) &(a,b) fx.b) - fla.b) S(a,b))]

x—a |x—al ),(.X,b)e‘ff(ll,b)( x—a |x—al

Proof. Let AXBC RZ, f:AxB — Rbe afunction, (a,b) € AX B, and D, (f,(a,b),7,&) # 0. Then, 7¢(a,b) # 0 and there exists
an L € R such that, for all (x,b) € 7¢(a,b),

|f(x,0) = f(a.b) - L(x —a)| < &(a,b) = —(f(x,b) - f(a,b)) —£(a,b) < ~L(x—a) < = (f(x,b) = f(a,b)) + £(a, b)

{ f&b)—fab) 8)(Ca_,11:) <L< f(x,b))c:i(a,b) 4 &ab) (x,b) € TH(a,b)NA X B

x—a x—a ’

fxb)-f(a,b) + ga,b) <L< fx,b)—f(a,b) _ &ab) ()C b) c T_(a b) NAXB
’ X )

xX—a x—a — T — x—a x—a’

x—a [x—al x—a \x al ®

{ f(x,b)—f(a,b) &(a, h) <L< f(Xb) f(llb) F(a b) (X b) €T+(Cl b)ﬂAXB

fb)~fla,b)  &lab) <L< Sfx,b)— f(ab) 4 gab) (x,b) € 77(a,b)NAX B
X—

x—a [x—al

* Teal

= f(X’b)*f(ll’b) 5(“ b) <L< fGx.b)—f(a,b) + &(a,b) (x’ b) c Tf(a,b)

X—a Tx=al X—a |x—al *
Hence,
fx.b)—f(a.b) _ &la.b) : fb)-flab) | sa.b)
su e <L and L< inf e
(x,b)e'r_If)(a,b)( x—a Tr=al ) (x,b)e-rf(u,b)( x—a [x—al )
Consequently,

Dx(f,(a,b),r,s)z[ sup (

(x.b)er¢(a,b)

Jf(x,b)—f(a,b) &la,b) f(x.b)~ fla.b) 8(a,b))]

x—a |x—al )’(x,b)erf(a,b)( x—a |x—al

Theorem 3.12. Let AX B C R, f:AXB — R be a function, and (a,b) € AXB. If Dy (f,(a,b),7,&) # 0, then

Dy (f,(a,b),7,e) = [ sup

(@y)ers(ab)

(f(a,y)—f(a,b)_s(a,b)) inf (f(a,y)—f(a,b)+£(a,b))
y=b ly = bl | @yersab) y—b [y -5l

The proof is as in Theorem 3.11.

Theorem 3.13. Let AXBCR?, f:Ax B — R be afunction, (a,b) € Ax B, and B(a,b) < a(a,b). If D, (f,(a,b),7,B) # 0, then
D, (f,(a,b),r,a) # 0. Moreover, Dy (f,(a,b),7,8) C D, (f,(a,b), T, ).
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Proof. Let AXBC RZ, f:AXB — Rbeafunction, (a,b) € AX B, B(a,b) < a(a,b), and D, (f,(a,b),7,5) # 0. Then, 7¢(a,b) # 0
and there exists an L € R such that

(x,b) e t¢(a,b) = |f(x,b) - f(a,b)— L(x—a)| < B(a,b) < a(a,b)

Therefore, D, (f,(a,b),,a) # 0. Moreover, since 8(a,b) < a(a,b), then

wp (f(x, b)—f(a,b) _a(a,b) ) . (f(x, b)=fla,b) _pa.b) )
(xbyer (@) x-a lx—al ]~ (cpersab x—a lx—al
and
(f(x,b)—f(a,b) ﬁ(a,b)) . (f(x,b)—f(a,b) a(a, b))
+ < inf +
(x.b)et f(a.b) x—a [x—al (x.b)et (a.b) x—a [x—al
Thus,

— b)-fla,b) _ pla,b) fb)-flab) | plab)
D (f,(a,b),'r,ﬂ) - su f(xf_f > T =
X (x,b)erfr)(a,b)( x—a |x a|) (x,b)erf(a,b)( x—a |x al)

fb)-flab) _ ala.b) fb)—fab) | ala.b)
[(x,h)ET]If)(a,b)< e el ) (X”’)Eff(“’h)( e bl )}

= Dx(f,(a,b),T,(Y)

O

Theorem 3.14. Ler A X B C R?, f:AXB — R be a function, (a,b) € AX B, and 5(a,b) < a(a,b). If D, (f,(a,b),7,p) # 0, then
Dy (f,(a,b),7,a) # 0. Moreover, Dy (f,(a,b),7,5) C D, (f,(a,b),T,a).

The proof is as in Theorem 3.13.

Theorem 3.15. Let AX B CR2, f:AXB — R be a function, (a,b) € AX B, and 0 + A¢(a,b) C t¢(a,b). If D, (f,(a,b),7,&) %0,
then D, (f,(a,b),A,&) £ 0. Moreover, D, (f,(a,b),T,&) C Dy (f,(a,b),4,¢).

Proof. Let AxBCR?, f:AxB — R be afunction, (a,b) € AXB, 0 # Ar(a,b) C1y(a,b), and D, (f,(a,b),7,&) # 0. Then, there
exists an L € R such that
(x,b) € A¢(a,b) = (x,b) € T¢(a,b)

= |f(x,b) = f(a,b) - L(x-a)| < &(a, b)
Therefore, D, (f,(a,b),A,&) # 0. Moreover, since 0 # A¢(a,b) C 7¢(a,b), then

sup (f(x,b)—f(a,b)_S(a,b))< sup (f(x,b)—f(a,b)_s(a,b))

(xb)eds(ab) X—a lx—al] " (xperpab) X—a |x—al
and
f(x,b)=f(a,b)  &(a,b) , J(x,b)— fla,b) &(a,b)
+ < inf +
(x.b)et (a.b) x—a |x—al ]~ (xbeds(ab) x—a [x—al
Thus,
fGb)—=fla.b) _ ela,b) . fGb)—flab) | ela,b)
D ( 9(a’b)’T’8) = su f(x—__ 5 lnf —_—— 4
" (x,b)ET_If)(u,b)( =) (x’b)ETf(“’b)( i)
fb)=flab) _ eab) : fb)=flab) | eab)
c su e =) inf B e
(x,b)E/l]Ic)(a,b)( e =l ) (xb)ed f(a,b)( xa be=al )

= Dx(f.(a.b),4.¢)
O

Theorem 3.16. Let AX B CR?, [ AXB — R be a function, (a,b) € AX B, and 0 # Af(a,b) C t¢(a,b). If Dy (f,(a,b),7,e) #0,
then Dy (f,(a,b),A,&) # 0. Moreover, D, (f,(a,b),7,&) € D, (f,(a,b),,¢).

The proof is as in Theorem 3.15.
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Theorem 3.17. Let AX BCR?, f.8:AXB — R be two functions, and (a,b) e AXB. If D (f,(a,b),r,a) # 0 and D (g,(a,b),,B) #
0, then D (f +g,(a,b),k,&) # 0 such that O # ky4g(a,b) C p(a,b) N Ag(a,b) and ala,b) +B(a,b) < &(a,b). Moreover,
D)C(f’(avb)7Taa)+Dx(g7(a’b)7laﬁ) g Dx(f+g7(a7b)ak98)

Proof. Let AXBC RZ, f,& : AX B — R be two functions, (a,b) € AX B, D, (f,(a,b),7,a) # 0, and D, (g,(a,b),1,B) # 0. Then,
there exist L, L, € R such that

(x,b) € t¢(a,b) = |f(x,b) - f(a,b) - Li(x—a)| < a(a,b)

and
(x,b) € A4(a,b) = |g(x,b) — g(a,b) — Lr(x—a)| < B(a,b)

Therefore,
(x,D) € kpig(a,b) = (x,b) € Ty(a,b) A(x,b) € Ag(a,b)

= |f(x,b) - f(a,b) - Li(x—a)| < a(a,b) A|g(x,b) — g(a,b) — La(x—a)| < (a,b)
= —a(a,b)-pB(a,b) < f(x,b)— f(a,b)— Li(x—a)+g(x,b) —g(a,b) — Lr(x—a) < a(a,b) + B(a,b)
= |(f +8)(x,b)— (f +g)a,b)— (L1 + L2) (x—a)| < a(a,b) +B(a,b) < &(a,b)
= Li+Lr, e D (f+g,(a,b),k,&)
= D,(f+g,(a,b),k,e)#0

Moreover, for all L € D, (f,(a,b), 7, @)+ D,(g,(a,b),A,B), there exist L; € D, (f,(a,b),r,a@) and L, € D (g, (a,b), A,) such that

L=L{+L,. Then,
(x,b) e tp(a,b) = |f(x,b) - f(a,b) = Li(x—a)| < a(a,b)

and
(x,D) € A4(a,b) = |g(x,b) — g(a,b) — Lo(x—a)| < B(a, D)
Hence,
(x,b) € kp1g(a,b) = |(f +8)(x,b) = (f + g)a,b) — (L1 + L) (x — a)| < a(a,b) +p(a,b) < &(a,b)
Therefore, L = Ly + Ly € Dy (f + g,(a,b),k, ). Thus, D, (f,(a,b),t,a@) + Dy (g,(a,b),A,8) C Dy (f + g,(a,b),k,&). O

Theorem 3.18. Ler Ax B CR2, f.8 :AXB— R betwo functions, and (a,b) € AXB. If D, (f,(a,b),7,a) # O and D, (g,(a,b),A,) #
0, then Dy (f +g,(a,b),k,&) # 0 such that ) # k. 4(a,b) C 7r(a,b) N Ay(a,b) and a(a,b) +B(a,b) < &(a,b). Moreover,

Dy (f’ (asb)’T9a) +Dy (g3 (aab),/l3ﬁ) g Dy (f+g’(a$b)sk’8)
The proof is as in Theorem 3.17.
Theorem 3.19. Let Ax BC R?, f:AXB — R be a function, (a,b) € AX B, and t # 0. Then, D, (f,(a,b),1,&) # 0 if and only if
D, (tf,(a,b),T,|tle) £ 0. Moreover,
th (f’ (a9b)’Ta 8) = D)C (tf7 (aab)7T’ |[|S)

Proof. Let AXBC RZ, f:AXB — Rbe a function, (a,b) € AX B, and ¢ # 0.
(=): Let D (f,(a,b),7,&) # 0. Then, 7¢(a,b) # 0 and there exists an L € R such that

(x,b) € typ(a,b) = (x,b) € t¢(a,b)
= |f(x,b)— f(a,b) - L(x—a)| < &(a,b)
= [l f(x,b) = f(a,b) - L(x—a)| < |f|e(a, b)
= |tf(x,b)—tf(a,b)—tL(x—a)| < |tle(a,b)
= [(/)(x,b) = (tf)(a,b) — tL(x - a)| < |f|e(a,b)

Thus, tL € D, (tf,(a,b),7,|tle). That is, D, (tf,(a,b),7,|tle) # 0.
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(e): Let Dy (tf,(a,b),7,|tle) # 0. Then, 7,7(a,b) # 0 and there exists an L € R such that

(x,b) € t¢(a,b) = (x,b) € 74¢(a,b)
= [(tf)(x.b) = (tf)a.b) - L(x - a)| < |tle(a,b)
= |tf(x,b)—tf(a,b)— L(x—a)| < |tle(a,b)
= [t f(x,b) - f(a,b) - £(x—a)| < |tle(a, b)

= |f(x.b) - f(a.b) - £(x—a)| < &(a.b)
Thus, ’7“ € Dy (f,(a,b),7,&). That is, D,(f,(a,b),7,e) # 0. Moreover, for all L € tD,(f,(a,b),T,&), there exists an L* €
D, (f,(a,b),7,&) such that L = ¢tL*. Since L* € D, (f,(a,b),7,&), then tL* € D, (tf,(a,b),T,|tle) from the proof of the existence.
That is, L € D, (tf,(a,b),T,|tle). Hence,
th (f’ (a’b)’Ta 8) g D)C (tf7 (a’b),T’ |t|8)

In addition, for all L € D, (tf,(a,b), T, |tle), % € D, (f,(a,b),, &) from the proof of the existence. Hence, L = t% etDy(f,(a,b),T,€).
Thus,

DX (tfa (Cl,b), T’ |t|8) g tDX (f» ((l, b)7T7 8)
Consequently, tD, (f,(a,b),t,&) = Dy (tf,(a,b),7,lt|e). O

Theorem 3.20. Let AX B CR?, f:AXB — R be a function, (a,b) € AX B, and t # 0. Then, Dy (f,(a,b),7,&) # 0 if and only if
Dy (tf,(a,b),7,|tle) # 0. Moreover,

tDy (f’ (a’ b)? T’ 8) = Dy (tf9 (Cl, b)’ T» |t|8)
The proof is as in Theorem 3.19.

Corollary 3.21. Let AXBC RZ, f,g:AXB — R be two functions, and (a,b) € AXB. If D (f,(a,b),r,a) # 0 and D, (g,(a,b),A,B) #
0, then Dy (f —g,(a,b),k,&) # 0 such that O # ky_g(a,b) C T¢(a,b) N\ Ag(a,b) and a(a,b) +B(a,b) < &(a,b). Moreover,

Dx (f’ (Cl,b),T,CL’) _D)C (gv(a’b)7ﬂ7ﬁ) Cc Dx(f_g7 (a,b),K,S)
Proof. Let A,BCR, f,g:AXB — R be two functions, (a,b) € AX B, D(f,(a,b),7,a) # 0, and D,(g,(a,b),A,8) # 0. From
Theorem 3.19, for t = —1, —D,(g,(a,b),A4,8) = D,(-g,(a,b), A,B). Therefore, from Theorem 3.17, D, (f — g, (a,b),«,&) # 0 such
that 0 # kr_4(a,b) € 7r(a,b) N Ag(a,b) and a(a,b) +B(a,b) < &(a,b). Moreover,
Dx(f’(a’b)sT’a) _Dx(ga(asb)v/lvﬂ) = Dx(f’ (Cl,b),T,al) +DX(_g’ (asb)’/l’ﬁ) c Dx(f+ (—g),(d,b),K,S) = Dx(f_g’ (Cl,b),K,S)

O

Corollary 3.22. Let AXBC RZ, f.8:AXB— R betwo functions, and (a,b) € AXB. If D, (f,(a,b),7,a) # 0 and D, (g,(a,b),A,) #
0, then Dy (f —g,(a,b),k,&) # 0 such that ) # kr_g(a,b) C 7r(a,b) N Ay(a,b), and a(a,b) +B(a,b) < &(a,b). Moreover,

Dy (f, (a9b)sT9a) _Dy (83 (asb)3/l3ﬁ) Cc Dy (f_g’(a$b)’K’8)
The proof is as in Corollary 3.21.

Theorem 3.23. Let AX BCR?, f,g: Ax B — R be two functions, (a,b) € AX B, and k,l € R. If g(x,y) = f(x,y) +kx +1y, for
all (x,y) € ¢(a,b) = t4(a,b), and D, (f,(a,b),t,&) # 0, then D,(g,(a,b),7,&) # 0. Moreover,

D, (g,(a,b),1,¢) = Di(f,(a,b),T,6)+k

Proof. Let AXBC R2, f.g : AX B — R be two functions, (a,b) € AXB, k,l € R, g(x,y) = f(x,y)+kx+ly, for all (x,y) €
Tr(a,b) = 14(a,b), and D, (f,(a,b),7,&) # 0. Then, 7¢(a,b) # 0 and there exists an L € R such that

(x,b) € Tp(a,b) = |f(x,b) - f(a,b) - L(x—a)| < &(a,b)



Therefore, for L* = k+ L and for all (x,b) € 7¢(a,b) = t4(a,b),
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lg(x,b)—g(a,b)—L*(x—a)| = |f(x,b) +kx+1b— f(a,b)—ka—1Ib—(k+L)(x—a)

|f(x,y) = f(a,b) - L(x - a)|
&(a)

IA

Thus, L* € D(g,(a,b),t,¢). Thatis, D, (g, (a,b),T,&) # 0. Moreover,

.b)—=g(a.b) _ ela,b) gx.b)—=gla.b) | ela,b)
x »(X,b)ETg(a,b)( X—a [x—al ) (x,b)ETg(u,/ﬂ)( x—a |x—al )
fx.b)+kx+Ib—f(a,b)—ka—Ib  &(a,b) fx.b)+kx+Ib—f(a,b)—ka—Ib | &(a,b)

= su - ) — + —

| ctrerat) roa ) oab)ev(a,w( rma e )]
_ fx,b)—f(ab)  e(ab) . fx,b)-f(ab) | e(ab)
= sup e Y 4 inf ol D S k

»(x,b)ETf(a,b) X—a [x—al ) (x,b)ETf(a,b)( x—a |x—al )
— sup (f xb)—flab) _ E(a,b)) (f (x.b)—f(a.b) S(a,b)) +k

ceran 0 Y N abeapt e ke
— sup (f(x,b)*f(a’b) _ 8(a,b)) i (f(x,b)ff(a,b) + e(a,b)) +k

[hersap)” 1 AP peryan el

D, (f,(a,b),1,e) +k

O

Theorem 3.24. Let AXBCR?, f,g: Ax B — R be two functions, (a,b) € AX B, and k,l € R. If g(x,y) = f(x,y) +kx +1y, for
all (x,y) € t¢(a,b) = t4(a,b), and Dy (f,(a,b),7,&) # 0, then D, (g,(a,b),7,&) # 0. Moreover,

Dy (g,(a,b),7,&) = Dy(f,(a,b),7,8) +1

The proof is as in Theorem 3.23

Example 3.25. Let f,g:R> >R, 1,4,k :R> > P(Rz), and a,B,& : R? = R0 be seven functions defined by f(x,y) = x> + 2y,

g(x,y) =2x+y, 7(x,y) = T1(x,),

_ 2 o2
/l(X,Y)Z{(X(),y())ERZ :0< \/(x 9)60) +(y 1;0) < 1}

K(x,y) =K1 (x,y), a(x,y) = x|+ [y, B(x,y) = max {|x],Iyl}, and &(x,y) = 2(|x| + [y]), respectively. Here, for all (x,y) € R?, 7(x,y) C
Ax,y), k(x,y) C1(x,y) N Ax,y), B(x,y) < a(x,y), and a(x,y) +B(x,y) < &(x,y). From Theorem 3.11, for (2,—1) € RZ,

and

D (f,2,-1),7.8) = [3,5]

4 8
D, (g,(2,-1),4,8) = [3’5}

From Theorem 3.13, since B(2,—1) < a(2,-1), D, (f,(2,-1),7,a) # 0. Therefore, from Theorem 3.11,

and thus,

Dx (f’ (2’_1)’7-’0') = [2’6]

Dx(f’(27_1)77-’ﬁ) = [375] - [276] = Dx(f’(27_1)77-’a,)

From Theorem 3.15, as t¢(2,-1) € A7(2,-1), Dx(g,(2,-1),7,B) # 0. Hence, from Theorem 3.11,

D, (g.(2,-1),7,8) =[0,4]
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a’ld lhus,
Dx(g’(27 1)’1’[3) 3’3

Moreover, from Theorem 3.19, D, (2f,(2,—1),7,12|a) # 0 and D, (—g,(2,—1),4,| - 1|8) # 0. Thereby, from Theorem 3.11,

c [034] = Dx (g’(z’ _l)’T’ﬁ)

D, 2f,(2,-1),7,[2a) = [4,12]

and

8 4
Dy (8.2~ 1), 0]~ 1|B) = [—5,—3]
Therefore,
2D, (f,2,-1), 1) =2[2,6] = [4,12] = D, 2f,(2,-1),7,|2|a)
and
Dy (82— 1)) = —[g 2} - [—2—‘5‘] = Dy(-g.2.~1). LI~ 18)

From Theorem 3.17, because 0 # Kp1(2,—1) C1£(2,-1)NA(2,-1) and a(2,-1)+B(2,~-1) < &(2,~-1), then D, (f + g,(2,~1),x,&) #
0. Hereby, from Theorem 3.11,
71 119
D + ’25_15’ =
o (f+8.2,-D).k.€) [ 1 4}
and thus,

= Dx(f+g’(27_1)sK»8)

From Corollary 3.21, since 0 # ky_g(2,—1) C17(2,—-1)NAg(2,~1) and a(2,-1)+p(2,~1) < &(2,-1), then D (f — g,(2,~-1),k,&) #
0. Herewith, from Theorem 3.11,

87 103
Dx(f_g7(2’_1)ak,8): |:_Z’ T:|
and thus,
D (f.(2,=1),7,@) = Dy (2,(2,-1),4.8) = [2,6]-[%.§]
-5 2]
= Dx(f_g’(za_l)ak98)

Besides, for the function h : RZ 5 R defined by h(x,y) = f(x,y) +3x—5y, from Theorem 3.23, D,(h,(2,-1),7,a) # 0. Hence,
from Theorem 3.11,

wIN

N

N
=%

Dy(h,(2,-1),7,a) =[5,9]

and thus,
Dx(f,(z,—l),T,CY)+3 = [296] +3 = [5»9] = Dx(h,(Z,—l),T,a)

Note 3.26. For the functions [ and T in Example 3.25, (a,b) = (2,-1), and £*(2,-1) = % D, (f,2,-1),71,&") = [%, %] and
Dy(f,(2,-1),7,&*) = 0. Similarly, for the function h : RZ SR defined by h(x,y) = 252 +y2, D, (h,2,-1),1,&") = 0 and
Dy (h,(2,-1),7,&") = [—%, —%] Hence, it is clear that the existence of partial soft derivative with respect to x does not require
the existence of partial soft derivative with respect to y and vice versa.

Note 3.27. As in classical analysis, for a function with the variables x and y, if taking the partial soft derivative with respect
to x, then y is fixed and vice versa. Thus, partial soft derivative turns into soft derivative. In other words, for a function
f:AXB — R and (a,b) € AXB, if L € D\(f,(a,b),7,€), then L € D(g,a,7",&") such that g : A - R, 7 : R —> P(R), and
£ 1R — RV are three functions defined by g(x) = f(x,b), 7"(x) = {x e R: (x,b) € 7(a,b)}, and &*(x) = &(x,b), for all x € A,
respectively. Similarly, for a function f : AXB — R and (a,b) € AX B, if L € Dy(f,(a,b),7,&), then L € D(h,b,v*,&") such
thath: B — R, 7 : R = P(R), and £* : R — R=" are three functions defined by h(y) = f(a,y), T*(y) = {y € R : (a,y) € 7(a,b)},
and £ (y) = &(a,y), for all y € B, respectively.
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In Theorems 3.28 and 3.29, the notations (A X B)° and (A X B)/ denote the set of all the interior and accumulation points of
A X B according to the usual topology in R?, respectively.

Theorem 3.28. Ler Ax B C R?, f:AXB — R be afunction, and (a,b) € (AX B)° N (A X B),. If fi(a,b) € R, then there exist T
and &* such that D,(f,(a,b),t,&*) # 0.

Proof. Let AXBC R2, f:AXB — R be a function, (a,b) € (AXB)°N(AX B),, and fy(a,b) € R. Then, there exists an L € R

such that b b
Fula,b) = lim LD =@b)
x—a Y—a
Therefore,
,b)— f(a,b
Ye>0,35,>03 ((x,b) € By((a,b),6:)NAXB = f(x,0) - f(a,b) P 8)
x—a

Thus,

Ve > 0,30, > 03 ((x.b) € Bo((a,b),6) NAX B = |f(x,b) - f(a,b) - L(x - a)| < &lx - al < £6,)

Hence, for an € > 0,
(x,b) € Ty(a,b) = | f(x,b) - f(a,b) - L(x—a)| < &"(a,b)

such that 7(a,b) = Bo((a,b),d.) and £*(a,b) = €d.. Thereby, L € D.(f,(a,b),7,&"). Consequently, D,(f, (a,b),t,&*) # 0. |

Theorem 3.29. Let Ax BCR?, f: Ax B — R be a function, and (a,b) € (Ax B)° N (A X B). If fy(a,b) € R, then there exist
and & such that Dy(f,(a,b),t,&") # 0.

The proof is as in Theorem 3.28.

Remark 3.30. The geometric interpretation of the partial soft derivative of a function f with respect to x at a point (a,b) is the
tangent of the slope angle of the bandwidth 2& bounded by two linear functions f(a,b)+ L(x —a) + &(a,b) and f(a,b) + L(x—
a) — &(a,b) which contain the entire graph of z = f(x,b) on the set T(a,b) "Dom(f). Similarly, the geometric interpretation of
the partial soft derivative of a function f with respect to y at a point (a,b) is the tangent of the slope angle of the bandwidth
2¢& bounded by two linear functions f(a,b)+ L(y —b) + &(a,b) and f(a,b) + L(y — b) — &(a, b) which contain the entire graph of
z = f(a,y) on the set Ty(a,b) NDom(f). For example, for the functions f, T, and a and the point (2,—1) € R? in Example 3.25,
D, (f,2,-1),7,a) = [2,6]. Moreover, consider the following linear functions and ordered pairs:

g1 =f2,-D+L(x-2)+a2,-1)=2x+5 A} =(x,g1(x))
hx)=f2,-D+L(x-2)—a2,-1)=2x—-1  Bj =(x,h1(x))
X)) =f2,-)+L(x-2)+a2,-1)=3x+3 Az =(x,8(x))
hx)=fQ2,-1)+L(x-2)—a2,-1)=3x-3 By =(x,h(x))
5 =f2,-D+L(x-2)+a2,-1)=4x+1 A3 =(x,83(x))
() =f2,-D+L(x-2)—a2,-1)=4x-5 B3 =(x,h3(x))
g4(0) = f(2,-D+L(x-2)+a2,-1)=5x-1 A4 =(x,84(x))
ha(x) = f2,-D+L(x-2)—a(2,-1)=5x-7 By =(x,hs(x))
&) =f2,-D+Lx-2)+a(2,-1)=6x-3  As=(x,85(x))
hs(x)=f2,-D+L(x-2)—a2,-1)=6x-9  Bs =(x,hs5(x))

for L=2¢€[2,6],

for L=3¢€][2,6],

for L=4€[2,6],

for L=5¢€[2,6],

for L=6€[2,6],

Then, it is clear that for all i € Is = {1,2,3,4,5} and for all (x,—1) € 7.(2,—1)NR?, hi(x) < f(x) < gi(x) and the Euclidean
distance of the ordered pairs A; = (x,gi{(x)) and B; = (x,h;(x)) is 2a such that |A;B;| = \/(x—)c)2 +(gi(x) — hi(x))* = 6 = 2a.

Figures 3.1 and 3.2 show the graphs of the functions hj, f, and g;, for all i € Is, on the set T«(2,—1)NR? from different
perspectives.
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flzyy) = =* + 2y*

hife) =22 —1

Figure 3.2. Graphs of the functions %;, f, and g;, for all i € I5, on the set 7,(2,—1)N R? (another perspective)

Besides, for all L € D,(f,(2,—1),7,@) = [2,6], the pairs of all the linear functions & and g form two bundles of lines (see
Figure 3.3).

4. Conclusion

This study defined partial soft derivative and investigated some of its basic properties. This paper demonstrated that
o Every function with a partial soft derivative is bounded,
e Every bounded function has a partial soft derivative under certain conditions,

e A partial soft derivative of a function can be considered a soft derivative of the function (see Note 3.27), and
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70 & /

=10 &

Figure 3.3. Bundles of lines formed by the pairs of all the linear functions 4 and g, for all L € [2,6]

e Every function with a classical partial derivative has a partial soft derivative under certain conditions

and investigated algebraic properties and the geometric interpretation of partial soft derivative. Moreover, it clarified the
theoretical section by examples and provided figures for the geometric interpretation. When the results herein are compared
with those of in the classical analysis, the following comments can be briefly made:

e While the classical partial derivative of a function (if any) is equal to a real number, the partial soft derivative of a function
(if any) is equal to a closed interval.

e While a bounded function does not always have a classical partial derivative, it has a partial soft derivative (see Theorems
3.8 and 3.10).

e While equality is valid for the sum rule in the partial derivative, inclusion is valid for the partial soft derivative. Similarly,
while equality holds for the difference rule in the partial derivative, inclusion holds for the partial soft derivative.

e Geometrically, while a tangent line is obtained in the partial derivative, two bundles of lines are obtained in the partial
soft derivative.

Partial soft derivative is a fundamental concept of soft analysis. Therefore, researchers can study this concept and its
applications. Moreover, the concepts of higher-order partial soft derivative and soft gradient, associated with partial soft
derivative, and the concept of directional soft derivative are also worth studying.
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