APPENDICES
# Due to the page limit, the code only contains analysis for one community. The analysis for another community is very similar, except that the data is different.
library(readxl)
library(haven) 
library(ggplot2) 
library(networkR) 
library(igraph) 
library(summarytools)

# Import data and plot social network graphs
ant1 <- read_excel(“D:/Master Study/CAN404/Resit Assessment/insecta-ant-colony1-day01/ant1.xlsx”)
ant1_matrix <- as.matrix(ant1)
ant1_adjacency_matrix <-graph_from_data_frame(ant1_matrix)
deg_ant1 <- igraph::degree(ant1_adjacency_matrix, mode = “all”)
plot(ant1_adjacency_matrix, vertex.size = deg_ant1 / 4, edge.arrow.size = .0015, vertex.color = rgb(0.1, 0.7, 0.8, 0.5))
# This (layout_randomly) works for another community (dataset) as a comparison:
plot(ant2_adjacency_matrix, vertex.size = deg_ant2 / 4, edge.arrow.size 
     = .0015, edge.curved = .1, vertex.color = rgb(0.1, 0.7, 0.8, 0.5), 
     vertex.frame.color = "#555555", 
     vertex.label.color = "black", 
     vertex.label.cex = .7)

#density and number of edges
graph.density(ant1_adjacency_matrix, loops = FALSE)
gsize(ant1_adjacency_matrix)

#degree centrality
degree_ant1 <- igraph::degree(ant1_adjacency_matrix)

# descriptive statistics for degree centrality
summarydegree_ant1 <- summarytools::descr(degree_ant1)

#degree distribution
degree_dis_ant1 <- degree_distribution(ant1_adjacency_matrix)
degree_dis_ant1 <- as.data.frame(degree_dis_ant1)
qplot(degree_dis_ant1, data = degree_dis_ant1, geom = "histogram", binwidth = .001)

#betweenness centrality
betweenness_ant1 = igraph::betweenness(ant1_adjacency_matrix)
summarybetweenness_ant1 = summarytools::descr(betweenness_ant1)
sort(betweenness_ant1, decreasing = TRUE)

#closeness centrality
closeness_ant1 <- igraph::closeness(ant1_adjacency_matrix, mode = "all") 
summarycloseness_ant1 <- summarytools::descr(closeness_ant1)

#eigenvector centrality
EigenCentrality_ant1 <- eigen_centrality(ant1_adjacency_matrix)
EigenCentrality_ant1 <- as.data.frame(EigenCentrality_ant1)
summaryeigen_ant1 <- summarytools::descr(EigenCentrality_ant1$vector)

#community detection based on edge betweenness (NewmanGirvan)
ceb_ant1 <- cluster_edge_betweenness(ant1_adjacency_matrix)
plot(ceb_ant1, ant1_adjacency_matrix)
length(ceb_ant1) # number of communities
modularity(ceb_ant1) # how modular the graph partitioning is

#community detection based on greedy optimization of modularity
cfg_ant1 <- cluster_fast_greedy(as.undirected(ant1_adjacency_matrix))
plot(cfg_ant1, as.undirected(ant1_adjacency_matrix))
V(ant1_adjacency_matrix)$community <- cfg_ant1$membership
colrs <- adjustcolor(c("gray50", "tomato", "gold", "yellowgreen", alpha = 0.6))
plot(ant1_adjacency_matrix, vertex.color = colrs[V(ant1_adjacency_matrix)$community])

#K-means 
# Optimal number of clusters and # Add subtitle "Elbow method" 
fviz_nbclust(ant1_matrix, kmeans, method = "wss") + labs(subtitle = "Elbow method") # Add subtitle "Elbow method"

#PageRank 
PR_ant1 <- page.rank(ant1_adjacency_matrix)$vector 
summary_PR_ant1 <- summarytools::descr(PR_ant1) 
sort(PR_ant1, decreasing = TRUE)

#Neumann_Kernel
Neumann_Kernel <- function(graph, gamma) {
  X <- as_adjacency_matrix(graph, sparse=F)
  my_K <- crossprod(t(X), X)
  K_inverse <- solve(diag(vcount(graph)) - gamma * my_K)
  K_hat <- crossprod(my_K, K_inverse)
  return (K_hat)
}
gamma_ant1 <- 1 / max(igraph::degree(ant1_adjacency_matrix))
NK_ant1 <- Neumann_Kernel(ant1_adjacency_matrix, gamma_ant1) 
K_ant1 <- NK_ant1[ , c(1 : 113)] 
d_ant1 <- diag(K_ant1) 
sort(d_ant1, decreasing = TRUE)

