




































Uncertainty-aware

Probabilistic
Service Composition

Fuzzy
Service Composition

Service
Recommendation

Machine 
Learning-based methods

Users or 
Services' Similarity

Constant value

Probability 
Mass Function

Probability
Density Function

Entropy (Information Theory)
Bayesian network

Inference 
System

Multi Criteria Service Selection

Trapezoidal

Zero-order 
Sugeno model

fuzzy genetic algorithm

Linear Regression

Reinforcement Learning

QoS Clustring

Decision tree

Time series

Membership 
Function

Multi-agent
Time-based Learning method (TL)

K-means
OPTIC

ARIMA

Optimistic, Mean value, Pessimistic

Known Distribution

Estimation

Kernel density estimation

t-location
Gaussian

Chebyshev's inequality
Histogram

Multivariate

Importance Sampling
Monte Carlo

Sample-space reduction
Dynamic 
programming method

Greedy method

Simulation

Similarity Analysis

beta distributions

Q-Learning

Probabilistic Skyline

Other
Approaches

QoS values Classifiers

Restricted 
Boltzmann Machine

State action reward
state action (SARSA)

Bootstrap

Recovery strategy (Backward Actions)
Conversation-based
Robust optimization

Mamdani Fuzzy Model

Fuzzy TOPSIS
PROMETHEE

Triangular

Fuzzy LinPreRa

Triangular
Uniform

MO-RL

Quantile-based measure

Rough Theory

Particle filter

Game theory

Gaussian

Grey System Theory Neural Networks

defuzzification 
Yager index

Center of gravity

Fuzzy QoS

Sigmoidal

Rule-based
fuzzy expert system

Hierarchical fuzzy

Interval number

Fuzzy AHP

Fuzzy GraphPlan

QoS matrix 
completion

Trace Norm Regularized 
Matrix Factorization (TNR-MF)

Ranking

Recommendations 
from the social network

Cultural Genetic Algorithm

Similar QoS profiles

Neighborhood-integrated 
matrix factorization (NIMF)

hybrid collaborative filtering algorithm

Association rules

Fuzzy-enabled 
Systems

Fuzzy 
structures

Regression

Multivariate Adaptive Regression Splines (MARS)

Classfication and 
Regression Trees (CART)

Random Forest (RF)

Kalman filtering

Similar WSDL files
Probabilistic Computation Tree Logic

Match making algorithm
Markov decision process







































Sources of 
Uncertainty

Hardware Failure
Power outage

Cloud market-oriented pricing

Network latency

Context change
Different OS and Applications

Ubiquitous service
Mobility of service provider

Internal 
System problems

Topology change and network coverage
Resource Starvation

On the fly service creation/destroyation 
(join/leave to/from IoT network)

Resource limitation

Task placement

Communication

Resource-constrained

Reachability

Lack of globally information about services

Complicated scheduling decisions

Heterogeneous devices

Vendor-specific software/hardware




























































































































