# S-PLUS PROGRAM FILES

# Analysis:  statistical sequential analysis for PSA data 

# Data sets for running S-PLUS program:

# 1. data denoted as ‘psa4’ includes variables of PSA measurements, years of follow up, 

#      years before diagnosis, age at the 1st measurements and PSA status

# 2. data denoted as ‘psatotal4’ includes one variable of  number of PSA measurements 

#      for each subject 

# 3. data denoted as ‘psafreq4’ includes prior probabilities for four diagnostic groups

#     for each subject

# Notations of results: 

# 1. diagnostic groups are denoted as ‘GROUP’:

#     1 for Normal; 2 for BPH; 3 for L. Cancer; 4 for M. Cancer 

# 2. predicted groups are denoted as ‘PDGROUP’:

#:    1 for Normal; 2 for BPH; 3 for L. Cancer; 4 for M. Cancer

# 3. posterior distributions are denoted as: 

#     ‘p1’ for Normal; ‘p2’ for BPH; ‘p3’ for L. Cancer; ‘p4’ for M. Cancer

# 4. indexes of diagnostic groups classified into predicted groups are denoted as ‘CLASS’ 

#     11 for Normal correctly classified into Normal

#     12 for Normal incorrectly classified into BPH

#     13 for Normal incorrectly classified into L. Cancer

#     14 for Normal incorrectly classified into M. Cancer

#     21 for BPH incorrectly classified into Normal

#     22 for BPH correctly classified into BPH

#     23 for BPH incorrectly classified into L. Cancer

#     24 for BPH incorrectly classified into M. Cancer

#     31 for L. Cancer incorrectly classified into Normal

#     32 for L. Cancer incorrectly classified into BPH

#     33 for L. Cancer correctly classified into L. Cancer

#     34 for L. Cancer incorrectly classified into M. Cancer

#     41 for M. Cancer incorrectly classified into Normal

#     42 for M. Cancer incorrectly classified into BPH

#     43 for M. Cancer incorrectly classified into L. Cancer

#     44 for M. Cancer correctly classified into M. Cancer

# Classification rule:

# 1. if p3 or p4 is largest, subject is classified into Cancer

#     else if p3 + p4 >= p1 + p2, subject is classified into Cancer group 

#     else if p3 + p4 >= p1 and p3 + p4 >= p2 subject is classified into Cancer group 

#     else subject is classified into Non-Cancer group

# 2. in cancer group, if p3 >= p4, subject is classified into L. Cancer group

#     else if p4 > p3, subject is classified into M. Cancer group 

# 3. in non-cancer group, if p1 >= p2, subject is classified into Normal group

#     else if p1 < p2, subject is classified into BPH group

# GENERATING POSTERIOR PROBABILITY RESULTS  

allrelt <- function(psa4, psatotal4, psafreq4)

{

   psadata <- as.matrix(psa4)

   psatotal <- as.matrix(psatotal4)

   psafreq <- as.matrix(psafreq4)

   begin <- 1

   end <- 1

   n <- nrow(psatotal4)

   result <- NULL

   j <- 1

   while(j <= n)

   {

      i <- j


ni <- as.matrix(psatotal[i, 1])


      end <- begin - 1 + ni

      freqi <- as.matrix(psafreq[i,])

      freqi <- t(freqi)

      id <- as.matrix(psadata[begin,1])

      data1i <- as.matrix(psadata[-c(begin:end),])

      xrayi <- as.numeric(data1i[,1])

      fagei <- as.numeric(data1i[,12])

      lnpsai <- as.numeric(data1i[,11])

      ti <- as.numeric(data1i[,14])

      t2i <- as.numeric(data1i[,15])

      statusai <- as.factor(data1i[,6])

      lmei <- lme(fixed  =  lnpsai ~ - 1 + fagei + statusai + ti:statusai + t2i:statusai, 

      +              random  =  ~  ti+t2i |   xrayi, method="REML")

      gi <- as.matrix(VarCorr(lmei))

      betai <- as.matrix(fixef(lmei))

      dteta11i <- betai[1,1]

      dteta12i <- betai[2,1]

      dteta13i <- betai[6,1]

      dteta14i <- betai[10,1]

      dteta15i  <- betai[3,1]

      dteta16i  <- betai[7,1]

      dteta17i  <- betai[11,1]

      dteta18i  <- betai[4,1]

      dteta19i  <- betai[8,1]

      dteta110i <- betai[12,1]

      dteta111i <- betai[5,1]

      dteta112i <- betai[9,1]

      dteta113i <- betai[13,1]

      dteta1i <- rbind(dteta11i, dteta12i, dteta13i, dteta14i, dteta15i, dteta16i, dteta17i, 

      +                        dteta18i, dteta19i, dteta110i, dteta111i,dteta112i,dteta113i)

      dteta2i <- as.numeric(gi[4,2])

      gi11 <- as.numeric(gi[1,1])

      gi22 <- as.numeric(gi[2,1])

      gi33 <- as.numeric(gi[3,1])

      gi12 <- as.numeric(gi[2,3])*as.numeric(gi[1,2])*as.numeric(gi[2,2])

      gi21 <- gi12

      gi13 <- as.numeric(gi[3,3])*as.numeric(gi[1,2])*as.numeric(gi[3,2])

      gi31 <- gi13

      gi23 <- as.numeric(gi[3,4])*as.numeric(gi[2,2])*as.numeric(gi[3,2])

      gi32 <- gi23

     dteta3i <- rbind(rbind(gi11, gi21, gi31), rbind(gi12, gi22,gi32), rbind(gi13, gi23, gi33))  

     dimnames(dtetai) <- list(NULL, NULL) 

     dtetai <- rbind(dteta1i, dteta2i, dteta3i)

     data2i <- as.matrix(psadata[begin:end,])

      yi <- as.matrix(data2i[,11])

      xi <- as.matrix(data2i[,12])

      zi <- as.matrix(data2i[,c(22, 14, 15)])

      indexi <- as.matrix(data2i[1,1])

      xray2i <- as.matrix(data2i[,1]) 

      groupi <- as.matrix(data2i[,6])

      agei <- as.matrix(data2i[,3])

      yrsb4i <- as.matrix(data2i[,9])

      psai <- as.matrix(data2i[,5]) 

      inti <- (data2i[,22]) 

      p <- 1

      # p is the number of the fixed effects except terms included in the random effects

      q <- 3

      # q is the number of the random effects   

      g <- 4 

      # g is the number of components 

      alpha <- dtetai[1:p,]

      mu <- dtetai[(p+1):(p+g*q), ]

      mu <- t(matrix(mu, g, q, byrow=T))

      sigma <- dtetai[p+g*q+1, ]

      gm <- as.matrix(dtetai[(p+g*q+2):nrow(dtetai),])

      D1 <- as.matrix(gm[1:3,])

      D2 <- as.matrix(gm[4:6,])

      D3 <- as.matrix(gm[7:9,])

      D  <- cbind(D1, D2, D3)

      freqi <- as.matrix(freqi)

      finalpk <- c(0, 0, 0, 0)

      predik <- 0

      tpk <- 0

      k <- 2

      while(k <= ni)

      {

         xik <- as.matrix(xi[1:k,])

         yik <- as.matrix(yi[1:k,])

         zik <- as.matrix(zi[1:k,])

         nik <- k

         yrsb4ik <- as.matrix(yrsb4i[1:k, ])

         xrayik <- as.matrix(xray2i[1:k, ])

         cpsaik <- as.matrix(psai[1:k,])

         cageik <- as.matrix(agei[1:k,])

         groupik <- as.matrix(groupi[1:k,])

         wik <- solve.Matrix(zik%*%D%*%t(zik) + sigma^2*diag(nik))

         temp <- zik%*%mu

         rik <- NULL

         for (j in 1:ncol(temp))

        {


      rik <- cbind(rik, (yik)-(xik)%*% alpha - temp[, j])


   } 


   hulp <-  - t(rik) %*% wik %*% rik/2


         hulp <- as.matrix(diag(exp(hulp)))


   hulp <- t(hulp)

         hulp <- hulp * freqi


   pkansjk <- t(hulp/sum(hulp))

         pk1 <- as.numeric(format.default(pkansjk[1,], digit = 3,  scientific = c(-1,1)))

         pk2 <- as.numeric(format.default(pkansjk[2,], digit = 3,  scientific = c(-1,1)))

         pk3 <- as.numeric(format.default(pkansjk[3,], digit = 3,  scientific = c(-1,1)))

         pk4 <- as.numeric(format.default(pkansjk[4,], digit = 3,  scientific = c(-1,1)))

         pkansjk <- cbind(pk1, pk2, pk3, pk4)

         finalpk <- rbind(finalpk, pkansjk)

         k <- k+1 

      }

      resultk <- cbind(xrayik, cageik, yrsb4ik, groupik, cpsaik, finalpk)

      begin <- end + 1 

      j <- j + 1

      result <- rbind(result, resultk)  

   } 

   dimnames(result) <- list(NULL, c("ID", "AGE", "YRSB4", "GROUP", "PSA",

   +                                     "p1", "p2", "p3", "p4"))

   print("POSTERIOR PROBABILITY RESULTS") 

   print(result)

}   

allrest(psa4, psatotal4, psafreq4)

# GENERATING CLASSIFICATION RESULTS

clarelt <- function(psa4, psatotal4, psafreq4)

{

   psadata <- as.matrix(psa4)

   psatotal <- as.matrix(psatotal4)

   psafreq <- as.matrix(psafreq4)

   begin <- 1

   end <- 1

   n <- nrow(psatotal4)

   result <- NULL

   j <- 1

   while(j <= n)

   {

      i <- j


ni <- as.matrix(psatotal[i, 1])


      end <- begin - 1 + ni

      freqi <- as.matrix(psafreq[i,])

      freqi <- t(freqi)

      id <- as.matrix(psadata[begin,1])

     data1i <- as.matrix(psadata[-c(begin:end),])

      xrayi <- as.numeric(data1i[,1])

      fagei <- as.numeric(data1i[,12])

      lnpsai <- as.numeric(data1i[,11])

      ti <- as.numeric(data1i[,14])

      t2i <- as.numeric(data1i[,15])

      statusai <- as.factor(data1i[,6])

      lmei <- lme(fixed  =  lnpsai ~ - 1 + fagei + statusai + ti:statusai + t2i:statusai, 

      +              random  =  ~  ti+t2i |   xrayi, method="REML")

      gi <- as.matrix(VarCorr(lmei))

      betai <- as.matrix(fixef(lmei))

      dteta11i <- betai[1,1]

      dteta12i <- betai[2,1]

      dteta13i <- betai[6,1]

      dteta14i <- betai[10,1]

      dteta15i  <- betai[3,1]

      dteta16i  <- betai[7,1]

      dteta17i  <- betai[11,1]

      dteta18i  <- betai[4,1]

      dteta19i  <- betai[8,1]

      dteta110i <- betai[12,1]

      dteta111i <- betai[5,1]

      dteta112i <- betai[9,1]

      dteta113i <- betai[13,1]

      dteta1i <- rbind(dteta11i, dteta12i, dteta13i, dteta14i, dteta15i, dteta16i, dteta17i, 

      +                        dteta18i, dteta19i, dteta110i, dteta111i,dteta112i,dteta113i)

      dteta2i <- as.numeric(gi[4,2])

      gi11 <- as.numeric(gi[1,1])

      gi22 <- as.numeric(gi[2,1])

      gi33 <- as.numeric(gi[3,1])

      gi12 <- as.numeric(gi[2,3])*as.numeric(gi[1,2])*as.numeric(gi[2,2])

      gi21 <- gi12

      gi13 <- as.numeric(gi[3,3])*as.numeric(gi[1,2])*as.numeric(gi[3,2])

      gi31 <- gi13

      gi23 <- as.numeric(gi[3,4])*as.numeric(gi[2,2])*as.numeric(gi[3,2])

      gi32 <- gi23

     dteta3i <- rbind(rbind(gi11, gi21, gi31), rbind(gi12, gi22,gi32), rbind(gi13, gi23, gi33))  

     dimnames(dtetai) <- list(NULL, NULL) 

     dtetai <- rbind(dteta1i, dteta2i, dteta3i)

      data2i <- as.matrix(psadata[begin:end,])

      yi <- as.matrix(data2i[,11])

      xi <- as.matrix(data2i[,12])

      zi <- as.matrix(data2i[,c(22, 14, 15)])

      indexi <- as.matrix(data2i[1,1])

      xray2i <- as.matrix(data2i[,1]) 

      groupi <- as.matrix(data2i[,6])

      agei <- as.matrix(data2i[,3])

      yrsb4i <- as.matrix(data2i[,9])

      psai <- as.matrix(data2i[,5]) 

      inti <- (data2i[,22]) 

      p <- 1

      # p is the number of the fixed effects except terms included in the random effects

      q <- 3

      # q is the number of the random effects   

      g <- 4 

      # g is the number of components 

      alpha <- dtetai[1:p,]

      mu <- dtetai[(p+1):(p+g*q), ]

      mu <- t(matrix(mu, g, q, byrow=T))

      sigma <- dtetai[p+g*q+1, ]

      gm <- as.matrix(dtetai[(p+g*q+2):nrow(dtetai),])

      D1 <- as.matrix(gm[1:3,])

      D2 <- as.matrix(gm[4:6,])

      D3 <- as.matrix(gm[7:9,])

      D  <- cbind(D1, D2, D3)

      freqi <- as.matrix(freqi)

      finalpk <- c(0, 0, 0, 0)

      predik <- 0

      tpk <- 0

      k <- 2

      while(k <= ni)

      {

         xik <- as.matrix(xi[1:k,])

         yik <- as.matrix(yi[1:k,])

         zik <- as.matrix(zi[1:k,])

         nik <- k

         yrsb4ik <- as.matrix(yrsb4i[1:k, ])

         xrayik <- as.matrix(xray2i[1:k, ])

         cpsaik <- as.matrix(psai[1:k,])

         cageik <- as.matrix(agei[1:k,])

         groupik <- as.matrix(groupi[1:k,])

         wik <- solve.Matrix(zik%*%D%*%t(zik) + sigma^2*diag(nik))

         temp <- zik%*%mu

         rik <- NULL

         for (j in 1:ncol(temp))

        {


      rik <- cbind(rik, (yik)-(xik)%*% alpha - temp[, j])


   } 


   hulp <-  - t(rik) %*% wik %*% rik/2


         hulp <- as.matrix(diag(exp(hulp)))


   hulp <- t(hulp)

         hulp <- hulp * freqi


   pkansjk <- t(hulp/sum(hulp))

         pk1 <- as.numeric(format.default(pkansjk[1,], digit = 3,  scientific = c(-1,1)))

         pk2 <- as.numeric(format.default(pkansjk[2,], digit = 3,  scientific = c(-1,1)))

         pk3 <- as.numeric(format.default(pkansjk[3,], digit = 3,  scientific = c(-1,1)))

         pk4 <- as.numeric(format.default(pkansjk[4,], digit = 3,  scientific = c(-1,1)))

         pkansjk <- cbind(pk1, pk2, pk3, pk4)

         finalpk <- rbind(finalpk, pkansjk)

         maxp <- max(pkansjk)

         if      (pk3 == maxp) {predk <- 3}

         else if (pk4 == maxp) {predk <- 4}

         else if (pk3 + pk4 >= pk1 + pk2) {predk <- 9}

         else if (pk3 + pk4 >= pk1 && pk3 + pk4 >= pk2) {predk <- 9}

         else if (pk1 >= pk2){predk <- 1}

         else    predk <- 2

         print("predk1")

         print(predk)

         if      (predk == 9 && pk3 >= pk4) {predk <- 3}

         else if (predk == 9 && pk3 < pk4)  {predk <- 4}

         else predk <- predk 

         predik <- rbind(predik, predk)

         if (predk != 1 & predk != 2) {break}      

         else k <- k + 1

      }

      resultk <- cbind(xrayik, cageik, yrsb4ik, groupik, cpsaik, finalpk, predik)

      lastk <- nrow(resultk)

      lastrsk <- resultk[lastk,]  

      if        (lastrsk[4]== 1 & lastrsk[10]== 1) {classk <- 11}

      else if (lastrsk[4]== 1 & lastrsk[10]== 2) {classk <- 12}

      else if (lastrsk[4]== 1 & lastrsk[10]== 3) {classk <- 13}

      else if (lastrsk[4]== 1 & lastrsk[10]== 4) {classk <- 14} 

      else if (lastrsk[4]== 2 & lastrsk[10]== 1) {classk <- 21}

      else if (lastrsk[4]== 2 & lastrsk[10]== 2) {classk <- 22}

      else if (lastrsk[4]== 2 & lastrsk[10]== 3) {classk <- 23}

      else if (lastrsk[4]== 2 & lastrsk[10]== 4) {classk <- 24} 

      else if (lastrsk[4]== 3 & lastrsk[10]== 1) {classk <- 31}

      else if (lastrsk[4]== 3 & lastrsk[10]== 2) {classk <- 32}

      else if (lastrsk[4]== 3 & lastrsk[10]== 3) {classk <- 33}

      else if (lastrsk[4]== 3 & lastrsk[10]== 4) {classk <- 34} 

      else if (lastrsk[4]== 4 & lastrsk[10]== 1) {classk <- 41}

      else if (lastrsk[4]== 4 & lastrsk[10]== 2) {classk <- 42}

      else if (lastrsk[4]== 4 & lastrsk[10]== 3) {classk <- 43}

      else                                                               classk <- 44 

      temp <- cbind(t(lastrsk), classk)

      lastrs <- rbind(lastrs, temp)

      begin <- end + 1 

      j <- j + 1

      result <- rbind(result, resultk) 

   }

   dimnames(lastrs) <- list(NULL, c("ID", "AGE", "YRSB4", "GROUP", "PSA", 

   +                                                      "p1", "p2", "p3", "p4", "PDGROUP", "CLASS")) 

   print("CLASSIFICATION RESULTS ")

   print(lastrs)

   # Generating Classification Table

   cla11 <- 0

   cla12 <- 0

   cla13 <- 0

   cla14 <- 0

   cla21 <- 0

   cla22 <- 0

   cla23 <- 0

   cla24 <- 0

   cla31 <- 0

   cla32 <- 0

   cla33 <- 0

   cla34 <- 0

   cla41 <- 0

   cla42 <- 0

   cla43 <- 0

   cla44 <- 0 

   h <- 1

   nh <- nrow(lastrs)

   while(h <= nh)

   {

      if        (lastrs[h,11]==11) {cla11 <- cla11 + 1}

      else if (lastrs[h,11]==12) {cla12 <- cla12 + 1}

      else if (lastrs[h,11]==13) {cla13 <- cla13 + 1}

      else if (lastrs[h,11]==14) {cla14 <- cla14 + 1}

      else if (lastrs[h,11]==21) {cla21 <- cla21 + 1}

      else if (lastrs[h,11]==22) {cla22 <- cla22 + 1}

      else if (lastrs[h,11]==23) {cla23 <- cla23 + 1}

      else if (lastrs[h,11]==24) {cla24 <- cla24 + 1}

      else if (lastrs[h,11]==31) {cla31 <- cla31 + 1}

      else if (lastrs[h,11]==32) {cla32 <- cla32 + 1}

      else if (lastrs[h,11]==33) {cla33 <- cla33 + 1}

      else if (lastrs[h,11]==34) {cla34 <- cla34 + 1}

      else if (lastrs[h,11]==41) {cla41 <- cla41 + 1}

      else if (lastrs[h,11]==42) {cla42 <- cla42 + 1}

      else if (lastrs[h,11]==43) {cla43 <- cla43 + 1}

      else                                    cla44 <- cla44 + 1

      h <- h + 1 

   }

   ctota4 <- cla34 + cla24 + cla14 + cla44

   ctota3 <- cla33 + cla23 + cla13 + cla43

   ctota2 <- cla32 + cla22 + cla12 + cla42

   ctota1 <- cla31 + cla21 + cla11 + cla41

   rtota4 <- cla43 + cla42 + cla41 + cla44

   rtota3 <- cla33 + cla32 + cla31 + cla34

   rtota2 <- cla23 + cla22 + cla21 + cla24

   rtota1 <- cla13 + cla12 + cla11 + cla14

   total <- rtota1 + rtota2 + rtota3 + rtota4

   clatable <- cbind(rbind(cla44, cla34, cla24, cla14, ctota4), 

   +                rbind(cla43, cla33, cla23, cla13, ctota3),

   +                rbind(cla42, cla32, cla22, cla12, ctota2), 

   +                rbind(cla41, cla31, cla21, cla11, ctota1),

   +                rbind(rtota4, rtota3, rtota2, rtota1, total)) 

   dimnames(clatable) <- list(c("TrueMC", "TrueLC", "TrueBPH", "TrueNor", "CTOTAL"),

   +                                         c("PredMC", "PredLC", "PredBPH", "PredNor", "RTOTAL"))

   print("CLASSIFICATION TABLE")

   print("L. Cancer: if p3 = max(p1, p2, p3, p4) or “)

   print("L. Cancer: if p3 + p4 >= p1 + p2 and p3 >= p4 or”) 

   print("L. Cancer: if p3 + p4 >= p1 and p3 + p4 >= p2 and p3 >= p4")

   print("M. Cancer: if p4 = max(p1, p2, p3, p4) or”) 

   print("M. Cancer: if p3 + p4 >= p1 + p2 and p3 < p4 or”) 

   print("M. Cancer: if p3 + p4 >= p1 and p3 + p4 >= p2 and p3 < p4")

   print("BPH: if p2 > p3 + p4 and  p2 >  p1")

   print("Normal: if p1 > p3 + p4 and p1 <= p2")

   print(clatable)   

}   

clarelt(psa4, psatotal4, psafreq4) 
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