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Abstract 
 
In this work, a health analytics system has been proposed by forming a 

knowledge repository of patient’s symptoms and medicines dosage to 

prescribe the precise quantum of medicine to cure an ailment and also 

prevent drug abuse. It also attempts to provide a comprehensive medical care 

when lack of knowledge exists on ailments and medication. A Quantum 

based Fuzzy Neural algorithm has been proposed to analyse the entire 

knowledge repository and provide inferences based on symptoms and lab 

tests. Based on these inferences a set of rules formulated and the diagnosis is 

decided.The Quantum Fuzzy Neural algorithm has been analysed on about 

10,000 data sets and the processing time has been reduced by about 32%, 

compared to Fuzzy Neural algorithm.  
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1 Introduction 
 

  In today’s world it has become essential that knowledge on medical 

diseases has become mandatory. Further despite eradication of several 

diseases, there is a likelihood that the disease recurs at a later point of time.  

In several conditions medical experts may not have adequate knowledge and 

timely diagnosis becomes critical.  An ailment or disease may occur in some 

part of the world where the disease may appear to be a rare condition.  In 

order to overcome the same it has become necessary to create a knowledge 

repository where all possible ailments, symptoms are stored and it should be 

possible to make future predictions whether a combination of any of these 

symptoms would result in some other possible ailment.  In this work a fuzzy 

rule base is formulated where a complete analysis of all possible 

combinations are made. Based on this analysis, critical rules are identified for 

inferences. The reason to restrict the rule set is to minimize the processing 

time and also ensure the reliability of inferences.   

Again this fuzzy neural processing algorithm tends to consume more 

time despite reduction in the number of rules. The main reason for this is 

when the processing takes place using classical bits the amount of 

information transmitted is minimum. At any point of time a bit can transmit 

only a “0” or “1” and not simultaneously transmit data. This tends to make 

the process more time consuming owing to a huge volume of data. To 

resolve this issue it would be ideal to use quantum processors which work on 

qubits and qutrits. The property of qubit is superposition and tends to 

simultaneously transmit data. For instance a qubit has 4 states namely, 

00,01,10 and 11 and a qutrit has 8 states namely, 000, 001, 010, 011, 100, 

101, 110, 111.This reduces the process time to a large extent and provides 

reliable diagnosis in a timely manner. 

The Quantum Fuzzy Neural algorithm has been analysed on about 

10,000 data sets and the processing time has been reduced by about 32%, 

compared to Fuzzy Neural algorithm. The paper is organized as follows: 

Section 2 highlights the literature reported. Section 3 explains the proposed 

model with a block diagram and the algorithm. Section 4 discusses the 

simulation results in detail. Section 5 concludes the work and presents the 

Future scope of work. 

 

2 Literature Survey   

A fuzzy based health diagnosis system based on rule based analysis was 

presented by Pradheep and Srinivasan in [1]. This model shows how the rules 

have been formulated. It also highlights the intuition provided by the rules 

based on the rule strengths computed. The model provides a cloud based 

architecture in which doctors and patients have access to a particular  
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repository. Data mainly is hosted on a hybrid cloud. Part of data constitutes 

the patients case history. General inferences are migrated to the public cloud 

without any patient references. Only drawback of this model is it consumes 

very large processing time.  

The Knowledge repository could contain more medical images in 2D and 

3D which could be obtained after some medical processing. This processing 

helps in matching the image precisely based on the users query. This gives 

more reliable understanding about the growth or abnormality observed by the 

patient. It also adds information about the dimensions of the growth for 

surgical intervention. In some cancer patients the dimensions are of high 

importance as discussed by Karthika et al in [2].  

Further, the Fuzzy sets are an approximation of the Rough sets it also 

makes a precise assessment on the membership functions and fuzzy rule base 

to obtain inferences as explained by Duraivelu et al in [3]. It also formulates 

critical rules based on the rule strength for high reliability of the inferences. 

Another approach on using Fuzzy based qutrits was discussed by 

Pradheep in [4]. This model highlights what degrees of freedom could be 

provided with the qubits and qutrits. Since qubits can transmit information in 

multiple states using the superposition principle it would reduce processing 

time. In addition to the above by providing intermediate states by the fuzzy 

process we could attain more freedom in the states to transmit more data for 

further reduction of process time. 

Several quantum processing algorithms have been proposed like 

Grover’s Algorithm, Shor’s Algorithm, Simon’s Algorithm, etc as discussed 

by Emma Strubel in [5]. Grover’s algorithm attempts to search for an 

element from a database. It uses an Oracle unitary operator. Grover’s 

algorithm attempts to search for an element based on phase shift as explained 

by Camilo and Zang in [6]. The qubits are modelled functionally as points on 

a Bloch Sphere as discussed by Krahn in [7]. The Grover’s algorithm 

attempts to search for an element through the entire database based on the 

unitary operator in a Hilbert Space. The phase shift was later coupled with an 

amplitude modification by incorporating a multiobject search as explained by 

Chen et al in [8]. Shor had proposed quantum analysis using periodic 

functions by using a finite number of iterations as discussed by Baumer et al 

in [9]. In some cases, more iteration may be required for optimal 

computations as discussed by Cooper in [10]. The optimality was improved 

by incorporating additional constraints as discussed by Martin et al in [11]. 

The Bloch sphere points could be modified suitably for optimal bounds 

as explained in Simons Algorithm by Watrous in [12]. Quick optimization 

could be providing by Monte Carlo assumptions as discussed by Somma et al 

in [13]. Quantum based Simulated Annealing was carried out on optimal 

bounds by Aasish Kumar and Pradip Maharajan in [14]. Despite these efforts  
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in Quantum computing optimality could not be assured as certain 

assumptions need to be incorporated in a timely manner. 

 

3 Proposed System  

The model extracts data from the internet and cumulates the data in a 

knowledge repository. The knowledge repository is basically an aggregation 

of symptoms, test results, medications for the same. A rule base is formulated 

which analyses the complete repository to extract inferences. This algorithm 

also attempts to obtain inferences when the data is not clean and has missing 

attributes. The analysis is carried out by prioritizing the factors for an ailment 

based on symptoms, lab tests, etc. After this process a repository which 

contains only inferences is formulated.  

Based on the rule strength, a threshold is computed. The threshold 

signifies the point at which the rule base attains optimality. A difference 

measure between the rule strength and threshold is computed. A negative 

difference indicates that these rules are irrelevant and only positive rules are 

selected. 

Based on the modified rule set, the number of qubits is decided. 

2^n = No. of rules in modified rule set. 

Here n is the number of qubits.   

For instance, if the original rule base contains 200 rules with all possible 

permutations and the modified rule base contains 60 rules which have a 

positive difference value. 

The number of qubits or qutrits is computed based on the modified rule 

set. 

The block diagram of the proposed model is shown in Fig 1. The data is 

captured from the internet to form a knowledge repository.  The quantum 

Fuzzy neural algorithm formulates the inferences and stores the same in 

another repository. Critical rules are identified and based on this analysis the 

patient’s query is assessed to provide a diagnosis. 
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Fig 1. Block Diagram of Health Care System 

 

 

The Health Care system attempts to form the knowledge repository as 

shown in Fig 1 which  is a combination of datasets. The datasets are formed 

by clustering a number of data points based on relevance and significance. 

The datasets relevant for a particular inference are analysed using Quantum 

Fuzzy Neural Algorithm.  

The raw data points obtained from the internet may have missing 

attributes and hence need to be cleaned and then grouped together as 

datasets. This attempts to reduce the processing time for inferences. The 

original rule set proposed would need extensive analysis to provide 

inferences. But the Quantum Fuzzy Neural Algorithm would reduce this 

processing time in formation of the Inference Repository. Further the 

patient’s query is analysed using the critical rules. 

In rare cases, the inferences may not be available in the inference 

repository where the critical rule set processes the knowledge repository to 

find the missing datasets or data points to obtain the inference. 
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3.1 Algorithm Explanation 

The following steps are involved: 

 

1. Critical Rule Identification  

2. Mapping qubits against critical rules 

3. Grouping qubit outputs into states 

4. Analysing states for inferences 

5. Diagnosis for Patient 

 

       3.1.1 Critical Rule Identification 
 

Critical rules are identified from the fuzzy rule base by eliminating rules 

whose Rule Strengths are less than the Threshold. These rules have no 

significance on the inferences.  

The rules with rule strengths greater than the threshold adversely impact 

the inferences made. 

The Fuzzy Rules are formulated along with the factors to be considered 

for assessing the data.  The factors for assessing the data are shown in Table 

1. 

 
             Table 1. Factors and Corresponding Weights 

 

S No. Factor Weight 

1 Symptoms 3 

2 Lab Tests 2 

3 Age 1 
 

 

The symptoms has higher weight of 3 and Age has minimal value of 1. 

Next the membership functions are chosen. Here Triangular membership 

functions are chosen. The membership functions for the above 3 factors of 

Symptoms, Lab tests and Age are shown in Fig 2, 3 and 4 respectively. For 

VL and VH it is partly trapezoidal and for L and H it is triangular 
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Fig 2. Membership  

 

 
Fig 2. Membership function for Symptoms 

 

 

 

  

   

 
 

 

                                                      Fig 3. Membership function for Lab tests 

 

 

 

 

 

                                        

 

 

 
                          Fig 4. Membership function for Age 

 

The Linguistic variables, the values and mid value is shown in table 2. 

 
                  Table 2. Linguistic Variable, Value and Mid Value 

S.No. Factor Value Mid Value 

1 VL 0 to 25 12.5 

2 L 26 to 50 38 

3 H 51 to 75 63 

4 VH 76 to 

100 

88 

 

 

 

VL (0 to                     

25) L (26 to 50) 
VH (75 to 

100) 
H (51 to 74) 

VL (0 to 

25) L (26 to 50) 
VH (75 to 

100) H (51 to 74

 ) 

VL (0 to 

25) L (26 to 50) 
VH (75 to 

100) H (51 to 74

 ) 
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For VL value being 0 to 25 and mid value is computed as 12.5. Similarly 

for other variables the mid value is computed.  

The rule base with all rules, rule strengths and validity is based on 

threshold in shown in table 3. 

 

        The rule strengths are computed using the expression in (1) 
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The threshold of the rule base is computed using the expression in (1) 

Threshold is computed using the formulae 
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Rules whose rule strength is less than threshold are eliminated from the 

analysis. 
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Table 3 Rule Base with Rule Strengths and Validity based on Threshold 

 

 

Rule 

No. 

Symptoms 

(3) 

Lab 

tests 

(2) 

Age 

(1) 

Rule 

Strength 

Rule No. 

* Rule 

Strength 

RS- T Remark 

1 VL VL VL 12.50 12.50 -47.47 Invalid 

2 VL VL L 16.75 33.50 -26.47 Invalid 

3 VL VL H 20.92 62.75 2.78 Valid 

4 VL VL VH 25.08 100.33 40.36 Valid 

5 VL L VL 21.00 105.00 45.03 Valid 

6 VL H VL 29.33 176.00 116.03 Valid 

7 VL VH VL 37.67 263.67 203.70 Valid 

8 L VL VL 25.25 202.00 142.03 Valid 

9 H VL VL 37.75 339.75 279.78 Valid 

10 VH VL VL 50.25 502.50 442.53 Valid 

11 L L L 38.00 418.00 358.03 Valid 

12 L L VL 33.75 405.00 345.03 Valid 

13 L L H 42.17 548.17 488.20 Valid 

14 L L VH 46.33 648.67 588.70 Valid 

15 L VL L 29.50 442.50 382.53 Valid 

16 L H L 46.33 741.33 681.36 Valid 

17 L VH L 54.67 929.33 869.36 Valid 

19 VL L L 25.25 479.75 419.78 Valid 

20 H L L 50.50 1010.00 950.03 Valid 

21 VH L L 63.00 1323.00 1263.03 Valid 

22 H H H 63.00 1386.00 1326.03 Valid 

23 H H VH 67.17 1544.83 1484.86 Valid 

24 H H VL 54.58 1310.00 1250.03 Valid 

25 H H L 58.83 1470.83 1410.86 Valid 

26 H H H 63.00 1638.00 1578.03 Valid 

27 H VH H 71.33 1926.00 1866.03 Valid 

28 H VL H 46.17 1292.67 1232.70 Valid 

29 H L H 54.67 1585.33 1525.36 Valid 

30 VH H H 75.50 2265.00 2205.03 Valid 

31 VL H H 37.75 1170.25 1110.28 Valid 
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32 L H H 50.50 1616.00 1556.03 Valid 

33 VH VH VH 88.00 2904.00 2844.03 Valid 

34 VH VH H 83.83 2850.33 2790.36 Valid 

35 VH VH L 79.67 2788.33 2728.36 Valid 

36 VH VH VL 75.42 2715.00 2655.03 Valid 

38 VH H VH 79.67 3027.33 2967.36 Valid 

39 VH L VH 71.33 2782.00 2722.03 Valid 

40 VH VL VH 62.83 2513.33 2453.36 Valid 

41 H VH VH 75.50 3095.50 3035.53 Valid 

42 L VH VH 63.00 2646.00 2586.03 Valid 

43 VL VH VH 50.25 2160.75 2100.78 Valid 

891.00 Total      2078.00 53431.25   Valid 

Threshold  59.97       

 

 

3.1.2 Mapping Qubits Against Critical Rules 
 

The qubits are mapped against the critical rules. The qubits are a source 

of information carriers. Each qubit is modelled as a Hadamard gate. 

 

       3.1.3 Grouping Qubits as States 
 

The outputs of qubits with similar outputs are clustered together to form 

states. Each state has multiple qubit outputs. The states also represent 

datasets required for inference analysis. 

 

3.1.4 Analysing States for Inferences 
 

The inferences are analysed using the rule based analysis to provide 

inferences. The inferences are formulated and stored separately based on the 

ailment. 

 
3.1.5 Diagnosis of Patients 
 

The inferences are analysed based on critical rules to match the patient’s 

query. The query of the patient may be complex in which case multiple states 

may need to be assessed to provide the correct diagnosis. 

In some cases the inferences available may not be sufficient for the 

diagnosis and may require additional processing to provide an accurate 

diagnosis. 

The salient points of the algorithm are provided below: 
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mq 2                                                                                                (3) 

Where m is the number of modified rules and q is the number of qubits or 

qutrits 

(4)                                                                                                 
q

m
S   

Where S is the number of states 

 

 Steps of proposed algorithm 

 

 Step 1:Formulate the Rule base 

 Step 2: Compute Rule Strength (RS) 

 Step 3:Compute Threshold (T) 

  If (RS<T)  

 eliminate the rule 

  else  

  Retain the Rules in modified rule base 

 Step 4:Compute the number of qubits or qutrits and States 

        for each state 

 Design a Hadmard gate for the state 

 for each qubit or qutrit: 

Evaluate the output 

If (RS = output) 

Provide inference 

                else 

Check other qubits 

 Step 5:Map the qubits inferences to Hadmard gates for each state 

If patients query = Hadmard gate output 

 Print diagnosis 

        else  

  Repeat procedure for other Hadmard gates till match is found. 

 End the Procedure. 

 

4 Simulation Results 
 

The algorithm has been simulated for about 10,000 data sets using IBM 

Q, Qiskit package. 

 

4.1 IBM Q Tool 
 

 This is a platform provided by IBM which uses Python packages like 

Qiskit Pyquil. It provides a hardware realization using Quantum logic gates  
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for an algorithm.Quantum Computing mainly involves Qubits and Qutrits to 

transmit information.  The IBM Q tool provides a hardware quantum circuit 

realization using gates like Pauli X, Pauli Y, Pauli Z, Hadamard, Controlled 

NOT (CNOT), etc. 

The combination of these logic gates would form a Quantum ALU which is 

fundamental building block of a quantum computer. 

 

4.2 Dataset Details 
 

 The data set consists of a number of data points. Each data point has the 

attributes like symptoms, test result ranges, Medicines prescribed and 

diagnosis. The data points are clustered based on relevance of symptoms and 

medications. The ailments under treatment are Diabetes, Tryglycerides, 

Cancer, Tumor, etc.  

 The symptoms would include a wide range of factors. This would 

include minor factors like fever, uneasiness and also major factors like Blood 

in Sputum. The algorithm attempts to first cluster the data points forming 

small data sets and then a rule based analysis is carried out to obtain 

inferences. 

 

4.3 Performance Metric 
 

The fundamental metric used to compare the Simulation results is the 

processing time. The processing time is the time duration involved to analyse 

query of a patient, identify the required data sets from the knowledge 

repository, apply a rule based analysis and provide inferences. 

The data points being clustered together as data sets based on relevance 

and significance. Despite this fact, datasets may be widely scattered across 

the knowledge repository. In some cases although data cleaning is carried out 

extensively some attributes may be missing which may be vital to provide 

inferences. 

 The processing time has been compared between the Quantum based 

Fuzzy Neural based algorithm against the Fuzzy Neural based algorithm. The 

logic circuit generated with the Hadmard gate is as shown in Fig 2 and 3. 

Fig 2 shows a bit wise generation of the Hadmard gates involved. It also 

indicates how the rules are mapped to qubits. The qubits are later modelled 

as states. Only limited Hadmard gates are shown in Fig 2 to identify only 

critical rules required to assess all datasets relevant to the query provided by 

the user. 

 Fig 3 shows the integration of states and measurement of information 

being provided to form inferences. It also shows how the rules are assessed  
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to identify critical rules. More sub states have been created forming qubits 

this provides an extensive analysis for the datasets. 
 

.  

 

Fig 2. Hadmard gate realization for the qubits generated 

 

 
 

Fig 3. Hadmard gate realization and information transmitted being monitored 
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The processing times of the algorithms have been tabulated as shown in 

Table 4. 
Table 4. Comparison of Processing Time (Quantum based Fuzzy Neural based 

Algorithm Vs Fuzzy Neural based algorithm) 

 

Comparison of Processing Time 

Number of 

Data Sets 

Processing Time (Secs) 

Reduction (%) = 

((FN-

QFN)/FN)*100 

Fuzzy Neual 

Machine 

learning 

algorithm (FN) 

Quantum based 

Fuzzy Neural 

based Algorithm 

(QFN) 

500 15.56 9.45 39.27 

1000 21.65 14.56 32.75 

1500 28.78 18.34 36.28 

2000 34.65 23.45 32.32 

2500 41.65 28.56 31.43 

3000 48.65 32.56 33.07 

3500 51.56 34.56 32.97 

4000 57.65 39.56 31.38 

4500 61.45 42.34 31.10 

5000 65.76 42.34 35.61 

5500 69.56 47.67 31.47 

6000 73.45 50.65 31.04 

6500 78.65 53.45 32.04 

7000 81.56 56.56 30.65 

7500 85.67 59.56 30.48 

8000 88.76 60.45 31.89 

8500 91.65 63.45 30.77 

9000 94.56 63.54 32.80 

9500 96.54 67.54 30.04 

10000 98.56 68.56 30.44 

Average 64.32 43.86 32.39 
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The average processing time for the Quantum based Fuzzy neural 

algorithm and Fuzzy Neural Algorithm obtained has been observed to be 44 

secs and 64 secs respectively (vide Table 1) and the reduction in processing 

time for Quantum based Fuzzy neural algorithm has been 32 % compared to 

the Fuzzy Neural based algorithm. The processing times have been compared 

as shown in Fig 4.  

Fig 4 shows that the quantum processing reduces the time significantly 

as compared to normal fuzzy neural algorithm. This is due to the fact of 

using qubits and integrating states to get the required inferences. 

 

 
Fig 4. Plot comparing the processing times (Quantum based Fuzzy Neural Algorithm 

Vs Fuzzy Neural Algorithm) 

 

The reduction in processing time has been indicated in Fig 5 and it could 

be observed that for 500 data sets a maximum reduction has been obtained. 

As shown in Fig 5, the reduction of processing time varies with increase 

in data sets. But the minor variations could be due to the fact that data points 

may not be always complete as some attributes may be missing. Hence this 

would require more processing effort on the algorithm to gather the 

inferences. 
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Fig 5. Plot showing Reduction in Processing time for the Quantum based Fuzzy 

Neural Algorithm 

 

5 Conclusion and Future work 
 

In this work a quantum based health care system has been proposed. The 

quantum based fuzzy neural algorithm attempts to reduce the processing time 

significantly when compared to implementing the fuzzy neural algorithm 

directly on the knowledge repository. It also assures that reliable inferences 

are made by identifying critical rules without compromising on the 

processing time. 

The quantum based fuzzy algorithm could be fused on hardware by using 

Josephson Junction circuits to emulate qubits. Sensors could also be 

incorporated on the circuit to capture the required data to the knowledge 

repository 
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