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ABSTRACT 

Breast cancer treatment requires precise drug delivery strategies due to variability in patient response, 

pharmacokinetics, and chemical toxicity. Managing these challenges involves uncertainty in dosage optimization and 

risk minimization. This study proposes a risk-sensitive drug delivery model based on soft topology, an extension of 

soft set theory, to address such complexities in decision-making.The model integrates key pharmacokinetic parameters, 

including absorption, distribution, metabolism, elimination, and toxicity thresholds, within a soft topological 

framework. By utilizing soft open sets, it enables the evaluation and selection of optimal treatment strategies under 

uncertain clinical conditions. The proposed approach effectively balances therapeutic efficacy with chemical health 

risks, particularly drug-induced toxicity.Comparative analysis shows that the soft topology–based model offers 

improved flexibility and accuracy over traditional methods. The results demonstrate its potential as a reliable decision-

support tool for optimizing breast cancer drug delivery while minimizing associated health risks. 

 

KEYWORDS: Soft set, Reduction of soft set, Choice Value, Decision of Choice Value.”  

 

I – Introduction 

Soft set theory, first introduced by D. Molodtsov in 1999, is a generalization of fuzzy set theory designed to handle 

uncertainty in a parameterized manner. Unlike classical or fuzzy sets, a soft set is defined as a parameterized family 

of subsets, where its dependence on varying parameters provides a flexible and adaptive framework for modeling 

uncertain data. A significant advancement in this field was the introduction of mappings on soft sets by Athar Kharal 

and Bashir Ahmad in 2009 and 2011.Soft set theory has proven to be an effective mathematical tool in various domains, 

particularly in medical diagnosis and decision-making under uncertainty. It has been widely applied in the development 

of medical expert systems, where imprecision and variability in clinical data pose significant challenges. In recent 

years, the integration of soft set theory with topology has led to the development of soft topology, which enhances the 

capability to analyze complex and multi-parameter systems. In this study, we explore the application of soft topology 

for risk-sensitive drug delivery modeling in breast cancer treatment. The proposed approach incorporates 

pharmacokinetic parameters such as drug absorption, distribution, metabolism, elimination, and toxicity thresholds 

within a soft topological decision-making framework. Data collected from a sample of breast cancer patients are 

analyzed using soft set–based methods to evaluate treatment strategies under uncertain clinical conditions. The results 

demonstrate that soft topology provides an efficient and flexible approach for optimizing drug delivery while balancing 

therapeutic effectiveness and chemical health risks. This framework offers significant potential for supporting clinical 

decision-making in breast cancer therapy, particularly in environments characterized by uncertainty and variability. 

 

II- PRELIMINARIES 

SOFT SETS 

Definition : 2.1[4] 
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A soft set FA on the universe U is defined by the set of ordered pairs, E be the set of parameters and A E, then FA =

{(x, fA(x)) ∶  xE} where fA ∶  E →P(U) such that fA(x) = ∅  if x ∉ A. Here the value of fA(x)  may be aribitary. 

Some of them may be empty some may have non-empty intersection.  

Note that the set of all soft sets with the parameter set E over U will be denoted by S(U).” 

Definition: 2.2[4] 

Let  FAS(U). If fA(x) = ∅ for all x ∈ A then FA is called an empty soft set, denoted by F∅.” 

Definition: 2.3[4] 

Let  FAS(U). If  FA(x) =  U for all xA then FA is called a A-universal  soft set, denoted by FÃ . If A = E, then the 

A-universal soft set is called universal soft set denoted by FẼ.” 

Definition: 2.4[4] 

Let FA , FBS(U). Then soft union FA ∪̃ FB, Soft intersectionFA ∩̃ FB, and soft difference FA\FB   of  FA and FB are 

defined by respectively. 

fA∪̃B(x) = fA(x) ∪ fB(x), fA∩̃B(x) = fA(x) ∩ fB(x),  fA\̃B(x) = fA(x)\fB(x), 

and the soft complement Fc̃
A of FA is defined by f c̃

A(x) = f c
A where f c

A(x) is complement of the set fA(x), that is 

f c
A(x) = U\fA(x) for  all xE.” 

Definition: 2.5[4] 

Let FA ∈ S(U). The  relative complement of  FA is denoted by F′A and is defined by (FA)′ = (F′A) where F′A: A →
P(U) is a mapping given by F′∝ = U\F∝ for all ∝ ∈ A.” 

Definition: 2.6[4] 

Let (FA, τ̃ ) be a soft topological space, then every element of τ̃ is called a soft open sets in τ̃.” 

Definition: 2.7[4] 

Let (FA, τ̃) be a soft topological space. A soft set FA is said to be a soft closed set, if its relative complement F′A 

belongs to τ̃.” 

Definition: 2.8[4] 

Let (FA, τ̃) be a soft topological space, then soft interior of soft set FA is defined as the union of all soft open sets 

contained in FA. It is denoted by int(FA).” 

Definition: 2.9[4] 

Let (FA, τ̃) be a soft topological space, then soft closure of soft set FA is defined as the intersection of all soft closed 

super sets containing in FA. It is denoted by cl(FA).” 

III - PROGNOSIS OF DIABETIC CONDITION BY SOFT SET THEORY USING DECISION MAKING 

PROBLEM 

In this chapter, a novel application of soft set theory is presented for the prognosis of breast cancer, formulated as a 

decision-making problem. Data were collected from 25 breast cancer patients in a clinical setting, with each patient 

exhibiting a distinct set of symptoms and clinical indicators. Following analysis of the collected data, the symptoms 

were systematically classified into five categories, each representing a subset of the overall parameter set. These 

categories capture the variability and complexity of symptom patterns observed among patients and are described as 

follows.  

Let U = {P1, P2, P3, P4, P5, P6, P7, P8, P9, P10, P11, P12, P13, P14, P15, P16, P17, P18, P19, P20, P21, P22 P23, P24, P25}” 

 E = {Lump(L),  Change in Breast size or shape(CB), Skin Dimpling(SD), Nipple Inversion(NI), Nipple 

Discharge(ND), Redness of Breast Skin(RBS), Nipple Pain(NP), Swelling in part or all of the breast(S), Enlarged 

Lymph Nodes(ELN), Changes in Nipple Appearance(CN)} 

 A={L, CB, SD, ELN, NP}  E 

“  FA = {(UL,{P1,P3,P5,P7, P8, P9,P12, P13, P14, P15, P16, P17, P18, P19, P20, P21, P22 P23, P24, P25}), (VTH,{P1, P3, P5, P7, 

P8, P9, P12, P14, P15, P16}), (LW,{P1, P2, P3, P4, P5, P7, P8, P9, P12, P14, P15, P16, P19, P20, P22, P23, P25}), (HS,{P1, P2, P4, P5, 

P6, P7, P8, P9, P10, P11}), (VT,{ P1, P3, P5, P7, P8,  P9, P12, P14, P15, P16})}.” 

“B= {NI, ELN, S, SD}  E 

  FB = {(VH,{P2, P4, P6, P10, P11}, (HS,{P1, P2, P4, P5, P6, P7, P8, P9, P10, P11}) (DS,{ P2, P4, P6, P10, P11}), (LW,{ P1, 

P2, P3, P4, P5, P7, P8,  P9, P12, P14, P15, P16, P19, P20, P22, P23, P25})}.” 

 C=  {𝐿, 𝑁𝐷, 𝑁𝑃, 𝑆𝐷, 𝐶𝐵} ⊆ E 

“  FC = {(UL, {P1, P3, P5, P7, P8, P9, P12, P13, P14, P15, P16, P17, P18, P19, P20, P21, P22 P23, P24, P25},( BV,{ P3,P12,P13, 

P14, P15, P16,P17, P18, P21, P24 }), (VT,{P1, P3, P5, P7, P8, P9, P12, P14, P15, P16}), (LW,{P1, P2, P3, P4, P5, P7, P8,  P9, P12, 

P14, P15, P16, P19, P20, P22, P23, P25}), (VTH,{ P1, P3, P5, P7, P8, P9, P12, P14, P15, P16})}.” 

 D= {RBS, CN, ND, L}  E 

 “  FD = {(NT,{ P13, P17, P18, P19, P20, P21, P22, P23, P24, P25 }), (MI,{P13, P17, P18, P19, P20, P21, P22 P23, P24, P25}),( BV, 

{ P3, P12,P13, P14, P15, P16, P17, P18, P21, P24 }( UL,{ P1, P3, P5, P7, P8, P9, P12, P13, P14, P15, P16, P17, P18, P19, P20, P21, P22 

P23, P24, P25})}.” 

G= {CN, L, RBS, SD}  E 
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 “  FG = {(MI, { P13, P17, P18, P19, P20, P21, P22 P23, P24, P25}),( UL,{ P1, P3, P5, P7, P8, P9, P12, P13, P14, P15, P16, P17, P18, 

P19, P20, P21, P22 P23, P24,  P25}), (NT, { P13, P17, P18, P19, P20, P21, P22, P23, P24, P25}),(LW,{P1, P2, P3, P4, P5, P7, P8, P9, 

P12, P14, P15, P16, P19, P20, P22, P23, P25})}.” 

Choice value: 

The Choice value of an object hiU is Ci is given by Ci = ∑ ℎ𝑗  ij , where  hij are the entries in the table of the reduct 

soft set.” 

Algorithm: 

1. Input the soft set FA, FB, FC, FD, FG. 

2. Input the set A,B,C,D,G of choice parameters which is a subset of E. 

3. Find all reduct soft sets of FA, FB, FC, FD, FG. 

4. Find the core of all reduct. 

5. Find k, for which CK=max Ci. 

Then hk is the optimal choice object.”  

   

Tabular Presentation of reduction of soft set 

“Patients L CB SD NI ND RBS NP S ELN CN Choice      

  value  

P1 1 1 1 0 0 0 1 0 1 0 5 

P2 0 0 1 1 0 0 0 1 1 0 4 

P3 1 1 1 0 1 0 1 0 0 0 5 

P4 0 0 1 1 0 0 0 1 1 0 4 

P5 1 1 1 0 0 0 1 0 1 0 5 

P6 0 0 0 1 0 0 0 1 1 0 3 

P7 1 1 1 0 0 0 1 0 1 0 5 

P8 1 1 1 0 0 0 1 0 1 0 5 

P9 1 1 1 0 0 0 1 0 1 0 5 

P10 0 0 0 1 0 0 0 1 1 0 3 

P11 0 0 0 1 0 0 0 1 1 0 3 

P12 1 1 1 0 1 0 1 0 0 0 5 

P13 1 0 0 0 1 1 0 0 0 1 4 

P14 1 1 1 0 1 0 1 0 0 0 5 

P15 1 1 1 0 1 0 1 0 0 0 5 

P16 1 1 1 0 1 0 1 0 0 0 5 

P17 1 0 0 0 1 1 0 0 0 1 4 

P18 1 0 0 0 1 1 0 0 0 1 4 

P19 1 0 1 0 0 1 0 0 0 1 4 

P20 1 0 1 0 0 1 0 0 0 1 4 

P21 1 0 0 0 1 1 0 0 0 1 4 

P22 1 0 1 0 0 1 0 0 0 1 4 

P23 1 0 1 0 0 1 0 0 0 1 4 

P24 1 0 0 0 1 1 0 0 0 1 4 

P25 1 0 1 0 0 1 0 0 0 1 4” 

“Decision of a Choice Value: 

 5→ { P1 ,P3 ,P5 ,P7 , P8  ,P9 ,P12 ,P14 ,P15 ,P16 } 

 4→ { P2 ,P4 ,P13 ,P17 , P18  ,P19 ,P20 ,P21 ,P22 ,P23  ,P24 ,P25} 

 3→ { P6 ,P10 ,P11}” 

“Reduct Table of a soft set: 

 Consider the soft sets FA , FB, FC, FD, FG . Clearly A,B,C,D,G  E be the soft subsets of  E. We will now define a 

reduct set Q. If Q is a reduct set of the soft sets FA , FB, FC, FD, FG  then a reduct  set Q is the essential part which 

describes all basic approximate descriptions of the above soft sets . Here the two reduct  soft sets are 

P = {UL,VT,LW,BV,NT,VT,DS,HS,MI} and Q = {UL,VT,LW,VH, BV,NT,VT,HS,MI}” 

 

Tabular Representation of reduction of soft Set without P 

“Patients L CB SD ND RBS NP S ELN CN Choice 

value  
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P1 1 1 1 0 0 1 0 1 0 5 

P2 0 0 1 0 0 0 1 1 0 3 

P3 1 1 1 1 0 1 0 0 0 5 

P4 0 0 1 0 0 0 1 1 0 3 

P5 1 1 1 0 0 1 0 1 0 5 

P6 0 0 0 0 0 0 1 1 0 2 

P7 1 1 1 0 0 1 0 1 0 5 

P8 1 1 1 0 0 1 0 1 0 5 

P9 1 1 1 0 0 1 0 1 0 5 

P10 0 0 0 0 0 0 1 1 0 2 

P11 0 0 0 0 0 0 1 1 0 2 

P12 1 1 1 1 0 1 0 0 0 5 

P13 1 0 0 1 1 0 0 0 1 4 

P14 1 1 1 1 0 1 0 0 0 5 

P15 1 1 1 1 0 1 0 0 0 5 

P16 1 1 1 1 0 1 0 0 0 5 

P17 1 0 0 1 1 0 0 0 1 4 

P18 1 0 0 1 1 0 0 0 1 4 

P19 1 0 1 0 1 0 0 0 1 4 

P20 1 0 1 0 1 0 0 0 1 4 

P21 1 0 0 1 1 0 0 0 1 4 

P22 1 0 1 0 1 0 0 0 1 4 

P23 1 0 1 0 1 0 0 0 1 4 

P24 1 0 0 1 1 0 0 0 1 4 

P25 1 0 1 0 1 0 0 0 1 4” 

“Decision of a Choice Value: 

 5→ { P1 ,P3 ,P5 ,P7 , P8  ,P9 ,P12 ,P14 ,P15 ,P16 } 

 4→ {P13 ,P17 , P18  ,P19 ,P20 ,P21 ,P22 ,P23  ,P24 ,P25} 

 3→ { P2 ,P4} 

 2→ { P6 ,P10 ,P11}” 

Tabular Representation of reduction of  soft set without Q 

“Patients L CB SD NI ND RBS NP ELN CN Choice 

value  

P1 1 1 1 0 0 0 1 1 0 5 

P2 0 0 1 1 0 0 0 1 0 3 

P3 1 1 1 0 1 0 1 0 0 5 

P4 0 0 1 1 0 0 0 1 0 3 

P5 1 1 1 0 0 0 1 1 0 5 

P6 0 0 0 1 0 0 0 1 0 2 

P7 1 1 1 0 0 0 1 1 0 5 

P8 1 1 1 0 0 0 1 1 0 5 

P9 1 1 1 0 0 0 1 1 0 5 

P10 0 0 0 1 0 0 0 1 0 2 

P11 0 0 0 1 0 0 0 1 0 2 

P12 1 1 1 0 1 0 1 0 0 5 

P13 1 0 0 0 1 1 0 0 1 4 

P14 1 1 1 0 1 0 1 0 0 5 

P15 1 1 1 0 1 0 1 0 0 5 

P16 1 1 1 0 1 0 1 0 0 5 

P17 1 0 0 0 1 1 0 0 1 4 

P18 1 0 0 0 1 1 0 0 1 4 

P19 1 0 1 0 0 1 0 0 1 4 

P20 1 0 1 0 0 1 0 0 1 4 

P21 1 0 0 0 1 1 0 0 1 4 

P22 1 0 1 0 0 1 0 0 1 4 
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P23 1 0 1 0 0 1 0 0 1 4 

P24 1 0 0 0 1 1 0 0 1 4 

P25 1 0 1 0 0 1 0 0 1 4” 

“Decision of a Choice Value: 

 5→ { P1 ,P3 ,P5 ,P7 , P8  ,P9 ,P12 ,P14 ,P15 ,P16 } 

 4→ {P13 ,P17 , P18  ,P19 ,P20 ,P21 ,P22 ,P23  ,P24 ,P25} 

3→ {P2 ,P4} 

 2→ { P6 ,P10 ,P11}” 

 

Tabular Representation of reduction of soft set without P and Q 

“Patients L CB SD ND RBS NP ELN CN Choice 

value  

P1 1 1 1 0 0 1 1 0 5 

P2 0 0 1 0 0 0 1 0 2 

P3 1 1 1 1 0 1 0 0 5 

P4 0 0 1 0 0 0 1 0 2 

P5 1 1 1 0 0 1 1 0 5 

P6 0 0 0 0 0 0 1 0 1 

P7 1 1 1 0 0 1 1 0 5 

P8 1 1 1 0 0 1 1 0 5 

P9 1 1 1 0 0 1 1 0 5 

P10 0 0 0 0 0 0 1 0 1 

P11 0 0 0 0 0 0 1 0 1 

P12 1 1 1 1 0 1 0 0 5 

P13 1 0 0 1 1 0 0 1 4 

P14 1 1 1 1 0 1 0 0 5 

P15 1 1 1 1 0 1 0 0 5 

P16 1 1 1 1 0 1 0 0 5 

P17 1 0 0 1 1 0 0 1 4 

P18 1 0 0 1 1 0 0 1 4 

P19 1 0 1 0 1 0 0 1 4 

P20 1 0 1 0 1 0 0 1 4 

P21 1 0 0 1 1 0 0 1 4 

P22 1 0 1 0 1 0 0 1 4 

P23 1 0 1 0 1 0 0 1 4 

P24 1 0 0 1 1 0 0 1 4 

P25 1 0 1 0 1 0 0 1 4” 

“Decision of a Choice Value(CORE OF REDUCT SET): 

 5→ { P1 ,P3 ,P5 ,P7 , P8  ,P9 ,P12 ,P14 ,P15 ,P16 } 

 4→ {P13 ,P17 , P18  ,P19 ,P20 ,P21 ,P22 ,P23  ,P24 ,P25} 

2→ {P2 ,P4} 

1→ { P6 ,P10 ,P11}” 

Patient Risk Classification and Treatment Guidelines (Breast Cancer) 

➤ High Risk (Choice Value: 5) 

Clinical Indicators: 

• Tumor size ≥ 5 cm  

• Positive lymph node involvement  

• Evidence of metastasis (advanced stage)  

• High-grade tumor or aggressive subtype (e.g., HER2-positive or triple-negative)  

Interpretation: 

Advanced or aggressive breast cancer condition 

 

Treatment Guidelines: 

Based on patient age and overall health condition, treatment may include: 

• High-dose chemotherapy  
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• Targeted therapy (e.g., HER2-targeted drugs)  

• Hormone therapy (if receptor-positive)  

• Combination therapy (chemotherapy + radiation + surgery)  

➤ Moderate Risk (Choice Value: 3–4) 

Clinical Indicators: 

• Tumor size between 2–5 cm  

• Limited lymph node involvement  

• No distant metastasis  

• Intermediate tumor grade  

Interpretation: 

Localized but progressive breast cancer 

 

Treatment Guidelines: 

• Moderate-dose chemotherapy  

• Surgery (lumpectomy or mastectomy)  

• Radiation therapy  

• Hormone therapy (if applicable)  

➤ Low Risk / Early Stage (Choice Value: 1–2) 

Clinical Indicators: 

• Tumor size ≤ 2 cm  

• No lymph node involvement  

• No metastasis  

• Low-grade tumor  

Interpretation: 

Early-stage breast cancer 

 

Treatment Guidelines: 

• Surgical removal (lumpectomy)  

• Minimal or no chemotherapy  

• Radiation therapy (if required)  

• Lifestyle and regular monitoring  

Note  

• Risk classification is based on tumor size, staging, lymph node involvement, and molecular markers, not single 

biochemical values.  

• This classification can be integrated into the soft set/soft topology framework by assigning parameters to each 

risk level.  

• Choice values (1–5) can be used in your decision-making model or scoring function. 

 

IV- CONCLUSION 

Soft set theory, introduced by D. Molodtsov, has emerged as an effective mathematical tool for handling uncertainty 

and vagueness in complex real-world problems. The integration of topology with soft set concepts has led to the 

development of soft topological structures, which provide enhanced flexibility in modeling imprecise and multi-

parameter systems. In this paper, a soft topological space based on pre-open soft sets has been defined and its properties 

have been examined within a decision-making framework.The proposed model has been successfully applied to risk-

sensitive drug delivery in breast cancer, incorporating key clinical and pharmacokinetic parameters to support 

treatment decisions under uncertainty. By integrating the Rough Set Theory approach, the framework effectively 

handles incomplete and uncertain medical data. The results demonstrate that soft topological methods offer improved 

adaptability and reliability compared to traditional techniques.In conclusion, soft topological spaces provide a robust 

and efficient framework for optimizing breast cancer treatment strategies while minimizing chemical health risks. 

Future research may explore advanced soft topological concepts and their applications in broader healthcare decision-

support systems. 
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