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2.4  Stochastic behavior of FastADR responses of a multi-type building air-conditioner 
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6.1  Collection of time-series data of power and temperature responses of FastADR 
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6.1 Outline of a sample office building 

Item Specification 
Type of building General purpose office 
Dimension  2 story, area app. 1600 m2 
No. of outdoor units 5outdoor units  
No. of indoor units 6 for each outdoor units, total 30 
Rated Cooling Capacity 40, 40, 45, 68, and 73 [kW] 
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6.3  Averaging effect of the variations of the FastADR power curtailment using 

superimposition of measured data 
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(a) Histogram with normal distribution reference  (b) Aggregated step responses 
6.2  Distributions of FastADR control redisuals and FastADR aggregated step responses 
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6.4 Comparison of a LNG thermal power plant sample and FastADR 
negative watt samples. 

(a) EDC step response of the thermal plant #15 of IEEJ AGC30 model  

(b) Thermal power plant response (Enlarged figure) (c) FastADR aggregation responses 
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6.5  Definition of evaluation factors. 
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GA3.R 
# GA:  
 
library(GA) 
library(purrr) 
 
#'  
#' 
#' @param datasetList  
#' @param x (=TRUE)/ (=FALSE)  
#' 
#' @return  
#' @export 
#' 
selectDataset <- function(datasetList, x){ 
  return(datasetList[x==1]) 
} 
 
#  
#' PLA  
#' 
#' @param datasetList  
#' @param x (=TRUE)/ (=FALSE)  
#' 
#' @return PLA  
#' @export 
#' 
getAggregatedPl <- function(datasetList, x){ 
  hit_dslist <- selectDataset(datasetList, x) 
  hit_vals <- map_dbl(hit_dslist, ~ .[.$index==1, "Pl"]) 
  return(sum(hit_vals)) 
} 
 
#' GA PLA, N  
#' 
#' @param datasetList  
#' @param target (PLA) 
#' @param targetSize  
#' 
#' @return GA  



 

#' @export 
#' 
doFitsness <- function(datasetList, target, targetSize, target.margin = c(target, target
)){ 
  #  
  populationFun <- function (object, ...) { 
    population <- matrix( 
      as.double(NA), nrow = object@popSize, ncol = object@nBits 
    ) 
    idxSet <- 1:object@nBits 
    for(i in 1:object@popSize){ 
      population[i, ] <- (idxSet %in% sample(idxSet, targetSize)) * 1.0 
    } 
    return(population) 
  } 
   
  #  
  crossoverFun <- function (object, parents, ...) { 
    fitness <- object@fitness[parents] 
    parents <- object@population[parents, , drop = FALSE] 
    n <- ncol(parents) 
    children <- matrix(as.double(NA), nrow = 2, ncol = n) 
    fitnessChildren <- rep(NA, 2) 
    crossOverPoint <- sample(0:n, size = 1) 
    if (crossOverPoint == 0) { 
      children[1:2, ] <- parents[2:1, ] 
      fitnessChildren[1:2] <- fitness[2:1] 
    } 
    else if (crossOverPoint == n) { 
      children <- parents 
      fitnessChildren <- fitness 
    } 
    else { 
      cidxSubparents <- (crossOverPoint + 1):n 
      #print(paste(crossOverPoint + 1, n, collapse = ",")) 
      subparentA <- parents[1, cidxSubparents] 
      subparentB <- parents[2, cidxSubparents] 
       
      lengthA <- length(subparentA[subparentA == 1]) 
      lengthB <- length(subparentB[subparentB == 1]) 
       
      if(lengthA != lengthB){ 
        idxA <- (1:length(subparentA))[subparentA == 1] 
        idxB <- (1:length(subparentB))[subparentB == 1] 
         
        if(lengthA > lengthB){ 
          subparentB <- rep(0, length(subparentB)) 
          subparentB[sample(idxA, lengthB)] <- 1 
           
          subparentA <- rep(0, length(subparentA)) 
          if(length(setdiff(idxA, idxB)) == 1){ 
            chooseIdxA <- union(idxA, idxB) 
          } else { 
            chooseIdxA <- union(idxB, sample(setdiff(idxA, idxB), lengthA - lengthB)) 



 

          } 
          subparentA[chooseIdxA] <- 1 
           
        } else if(lengthA < lengthB) { 
          subparentA <- rep(0, length(subparentA)) 
          subparentA[sample(idxB, lengthA)] <- 1 
           
          subparentB <- rep(0, length(subparentB)) 
          if(length(setdiff(idxB, idxA)) == 1){ 
            chooseIdxB <- union(idxA, idxB) 
          } else { 
            chooseIdxB <- union(idxA, sample(setdiff(idxB, idxA), lengthB - lengthA)) 
          } 
          subparentB[chooseIdxB] <- 1 
        } 
      } 
 
      children[1, ] <- c(parents[1, 1:crossOverPoint], subparentA) 
      children[2, ] <- c(parents[2, 1:crossOverPoint], subparentB) 
       
      if(length((children[1, ])[children[1, ]==1]) != targetSize){ 
        browser() 
      } 
      if(length((children[2, ])[children[2, ]==1]) != targetSize){ 
        browser() 
      } 
    } 
    out <- list(children = children, fitness = fitnessChildren) 
    return(out) 
  } 
   
  #  
  mutationFun <- function (object, parent, ...) { 
    mutate <- parent <- as.vector(object@population[parent, ]) 
    oneIdxSet  <- (1:length(parent))[parent == 1] 
    zeroIdxSet <- (1:length(parent))[parent != 1] 
    onej  <- sample(oneIdxSet,  size = 1) 
    zeroj <- sample(zeroIdxSet, size = 1) 
    mutate[onej] <- 0 
    mutate[zeroj] <- 1 
    return(mutate) 
  } 
   
  #  ( ) 
  fitnessFun <- function(x) { 
    hit_dslist <- datasetList[x == 1] 
    hit_vals <- map_dbl(hit_dslist, ~ .[.$index==1, "Pl"]) 
    sum_val <- sum(hit_vals) 
    if(sum_val >= target.margin[1] && sum_val <= target.margin[2]){ 
      return(0.0) 
    } 
    err <- abs(target - sum_val) 
    ret <- -err 
    return(ret) 



 

  } 
   
  GA <- ga( 
    type = "binary",  
    fitness = fitnessFun,  
    nBits = length(datasetList), 
    maxiter = 1000, 
    run = 100, 
    #pcrossover = 0.9, 
    #pmutation = 0.2, 
    popSize = 50, 
    population = populationFun, 
    mutation = mutationFun, 
    crossover = crossoverFun 
    #monitor = function(...){} 
  ) 
  summary(GA) 
  plot(GA) 
   
  return(GA) 
} 

 

20170915_Average_Effect_6.R 
source("average_effect_per_n.R") 
source("common.R") 
source("GA3.R") 
library(scales) 
library(stringr) 
library(tidyr) 
 
# Function ---------------------------------------------------------------- 
 
createResult <- function(x){ 
  xNum  <- length(x) 
  xMean <- mean(x) 
  xVar  <- 1/xNum * sum((x - xMean)^2) 
  xSd   <- sqrt(xVar) 
  return(list(num=xNum, mean=xMean, var=xVar, sd=xSd)) 
} 
 
# Main -------------------------------------------------------------------- 
 
#  
if(!exists("bacds_list")){ 
  bacds_list <- load.all_datasets() 
  bacds_idx  <- 1:length(bacds_list) 
} 
 
# N=10, ..., PL=5, ...kW  
n_list    <- c(1, 10, 20, 50, 100) 
target    <- 5 
offset    <- 0.1 
max_times <- 20 



 

 
if(!exists("all_pair_list")){ 
  all_pair_list <- list() 
   
  for(n in n_list){ 
    t_pla <- target * n 
    t_pla.margin <- c((target-offset), (target+offset)) * n 
    print(paste0("n=", n, ", pla=", t_pla, "kW, margin=", paste0(t_pla.margin, collapse 
= " ~ "))) 
    info <- paste0("n=", n, ", pla=", t_pla, " kW") 
     
    if(n==1){ 
      candidates_idx <- bacds_idx[map_lgl(bacds_list, function(ds){ 
        abs(ds[ds$index == 0, "Pl"] - t_pla) <= offset 
      })] 
       
      candidate_pairs_list <- lapply(candidates_idx, function(c){ 
        x <- rep(FALSE, length(bacds_list)) 
        x[c] <- TRUE 
        return(x) 
      }) 
       
      num <- ifelse(length(candidate_pairs_list) < max_times, length(candidate_pairs_lis
t), max_times) 
      pair_list <- sample(candidate_pairs_list, num) 
       
    } else { 
      pair_list <- list() 
      sub_bacds_idx  <- bacds_idx 
      sub_bacds_list <- bacds_list 
      cnt <- rep(0, length(bacds_list)) 
       
      is_reset <- FALSE 
       
      while(TRUE){ 
        # GA  
        info <- paste0("n=", n, ", pla=", t_pla, " kW, i=", length(pair_list)) 
        print(info) 
        ga <- try( 
          doFitsness(sub_bacds_list, t_pla, n, target.margin = t_pla.margin), 
          silent = FALSE 
        ) 
         
        #  
        if(class(ga) == "try-error" || abs(ga@fitnessValue) > offset){ 
          break 
        } 
         
        #  
        candidate_pairs_list <- unlist(apply(ga@solution, 1, function(row) { 
          list(bacds_idx %in% sub_bacds_idx[row==1]) 
        }), recursive = F) 
         
        #  



 

        candidate_pairs_list <- setdiff(candidate_pairs_list, pair_list) 
         
        #  
        if(length(candidate_pairs_list) <= 0){ 
          next 
        } 
         
        # 1  
        j = sample(1:length(candidate_pairs_list), 1) 
        pair_list <- c(pair_list, candidate_pairs_list[j]) 
         
        cnt <- cnt + as.numeric(candidate_pairs_list[[j]]) 
         
        #   
        sub_bacds_idx  <- bacds_idx[cnt<=3] 
        sub_bacds_list <- bacds_list[cnt<=3] 
         
        #  
        if(length(sub_bacds_list) < n){ 
          break 
        } 
         
        #  
        if(length(pair_list) >= max_times){ 
          break 
        } 
      } 
    } 
     
    all_pair_list[[info]] <- pair_list 
  } 
} 
 
#  
if(!exists("all_aggds_list")){ 
  all_aggds_list <- list() 
  for(pair_list_name in names(all_pair_list)) { 
    pair_list <- all_pair_list[[pair_list_name]] 
    ds_list <- map(pair_list, ~ selectDataset(bacds_list, .)) 
    aggds_list <- list() 
    for(ds in ds_list){ 
      aggds <- aggregate_bac_dframes_by_sum(ds) 
      aggds_list <- c(aggds_list, list(aggds)) 
    } 
    all_aggds_list[[pair_list_name]] <- aggds_list 
  } 
} 
 
#  
bac_data_info <- data_frame(id=bacds_idx) 
bac_data_info["P_LB"]  <- map_dbl(bacds_list, function(ds){ ds[ds$index ==-1, "Pl"]}) 
bac_data_info["P_LA"]  <- map_dbl(bacds_list, function(ds){ ds[ds$index == 0, "Pl"]}) 
bac_data_info["u_P_B"] <- map_dbl(bacds_list, function(ds){ mean(ds[ds$index <  0, "P"])
 }) 



 

bac_data_info["u_P_A"] <- map_dbl(bacds_list, function(ds){ mean(ds[ds$index >= 0, "P"])
 }) 
bac_data_info["diff_A"] <- map_dbl(bacds_list, function(ds){  
  sum_p  <- sum(ds[ds$index>=0, "P"]) 
  sum_pl <- sum(ds[ds$index>=0, "Pl"]) 
  diff <- (sum_p - sum_pl) 
  return(diff) 
}) 
bac_data_info["E_PLA"] <- map_dbl(bacds_list, function(ds){  
  sum_p  <- sum(ds[ds$index>=0, "P"]) 
  sum_pl <- sum(ds[ds$index>=0, "Pl"]) 
  erp <- ((sum_p - sum_pl)/sum_pl) * 100.0 
  return(erp) 
}) 
 
# N  
for(pair_list_name in names(all_pair_list)) { 
  n <- as.numeric(str_match(pair_list_name, "n=([0-9]+)")[[2]]) 
  pair_list <- all_pair_list[[pair_list_name]] 
  cnt <- rep(0, length(bacds_list)) 
  for(pair in pair_list){ 
    cnt <- cnt + as.numeric(pair) 
  } 
  bac_data_info[paste0("cnt(n=", n, ")")] <- cnt 
} 
 
write.csv(bac_data_info, file = "bac_data_info.csv") 

  



 

D  
 

 
 

D.  BEM1.1  

. . 5.1  
 

Building 
No. 

Building 
type 

BEM 
type   OU AE 

type 
Room 
type  

1 

Medium-
sized 
office 

building 

BEM1.1 

1F 
E 1 Type1 shop  

W 2 Type1 lobby  

2F 
W 3 Type3 storage1  

E 4 Type3 storage2  

3F 
W 5 Type1 office1  

E 6 Type1 office2  

4F 
W 7 Type2 server1  

E 8 Type2 server2  

5F 
W 9 Type3 confroom1  

E 10 Type3 confroom2  

6F 
W 11 Type1 office3  

E 12 Type1 office3  

7F 
W 13 Type1 office4  

E 14 Type1 office4  

8F 
W 15 Type2 server3 CAD  

E 16 Type2 server3 CAD  

9F 
W 17 Type3 confroom3  

E 18 Type3 confroom4  

10F 
W 19 Type2 lunchroom1  

E 20 Type2 lunchroom1  

 



 

D.  FastADR   

. . 5.2  
 

OU 

No. b 
 

  

7 8 9 10 11 12 13 14 15 16 17 18 

1 

 6 6 6 6 6 6 6 6 6 6 0 0 

 29.0 26.0 26.0 26.0 24.0 24.0 25.0 25.0 25.0 25.0 26.0 26.0 

 0.3 1.0 1.0 1.0 1.5 2.0 1.5 1.5 1.5 1.5 1.0 1.0 

OptOut 5.0 2.0 2.0 2.0 0.5 0.5 2.0 2.0 2.0 2.0 2.0 2.0 

2 

 0 6 6 6 6 6 6 6 6 6 0 0 

 29.0 28.0 28.0 28.0 28.0 28.0 28.0 28.0 28.0 28.0 29.0 29.0 

 0.5 1.0 1.0 1.5 1.5 1.5 2.0 1.5 1.5 1.5 1.0 1.0 

OptOut 5.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 5.0 5.0 

3 

 6 6 6 6 6 6 6 6 6 6 6 6 

 29.0 29.0 29.0 29.0 29.0 29.0 29.0 29.0 29.0 29.0 29.0 29.0 

 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

OptOut 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 

4 

 6 6 6 6 6 6 6 6 6 6 6 6 

 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 

 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

OptOut 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 

5 

 0 6 6 6 6 0 0 0 6 6 0 0 

 29.0 25.0 25.0 25.0 25.0 29.0 25.0 25.0 25.0 25.0 29.0 29.0 

 0.3 0.7 1.0 1.3 1.5 0.3 0.3 0.3 0.5 1.0 0.3 0.3 

OptOut 5.0 1.0 1.0 1.0 1.0 5.0 1.0 1.0 1.0 1.0 5.0 5.0 

6 

 0 6 6 6 6 0 6 6 6 6 6 6 

 25.0 25.0 25.0 25.0 25.0 29.0 25.0 25.0 25.0 25.0 25.0 25.0 

 0.3 0.5 1.0 1.0 1.0 0.5 1.3 1.3 1.5 1.5 1.5 1.5 

OptOut 1.0 1.0 1.0 1.0 1.0 5.0 1.0 1.0 1.0 1.0 1.0 1.0 

  



 

OU 

No. b 
 

  

7 8 9 10 11 12 13 14 15 16 17 18 

7 

 6 6 6 6 6 0 6 6 6 6 6 6 

 22.0 22.0 22.0 22.0 22.0 22.0 22.0 22.0 22.0 22.0 22.0 22.0 

 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

OptOut 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

8 

 6 6 6 6 6 0 6 6 6 6 6 6 

 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 

 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

OptOut 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

9 

 0 0 0 6 6 0 6 6 6 6 0 0 

 29.0 29.0 29.0 25.0 25.0 29.0 25.0 25.0 25.0 25.0 29.0 29.0 

 0.3 0.3 0.3 1.0 1.0 0.3 1.3 1.3 2.0 2.0 0.7 0.7 

OptOut 5.0 5.0 5.0 1.0 1.0 5.0 1.0 1.0 1.0 1.0 5.0 5.0 

10 

 0 0 6 6 0 0 0 0 6 6 6 6 

 29.0 29.0 25.0 25.0 29.0 29.0 29.0 29.0 25.0 25.0 25.0 25.0 

 0.3 0.3 1.0 1.3 0.3 0.3 0.3 0.3 1.5 1.5 1.5 1.5 

OptOut 5.0 5.0 2.0 2.0 2.0 5.0 5.0 5.0 2.0 2.0 2.0 2.0 

11 

 0 6 6 6 6 0 6 6 6 6 0 0 

 29.0 25.0 25.0 25.0 25.0 29.0 25.0 25.0 25.0 25.0 29.0 29.0 

 0.3 1.0 1.0 1.0 1.0 0.3 0.7 0.5 0.5 0.7 1.0 1.0 

OptOut 5.0 1.0 1.0 1.0 1.0 5.0 3.0 3.0 3.0 1.0 1.0 1.0 

12 

 0 6 6 6 6 0 6 6 6 6 0 0 

 29.0 25.0 25.0 25.0 25.0 29.0 25.0 25.0 25.0 25.0 29.0 29.0 

 0.3 1.0 1.0 1.0 1.0 0.3 0.7 0.5 0.5 0.7 1.0 1.0 

OptOut 5.0 1.0 1.0 1.0 1.0 5.0 3.0 3.0 3.0 1.0 1.0 1.0 

13 

 6 6 6 6 6 0 6 6 6 6 6 6 

 26.0 26.0 26.0 26.0 26.0 29.0 26.0 26.0 26.0 26.0 26.0 26.0 

 0.5 1.0 1.0 1.0 1.0 0.5 1.5 1.5 1.5 1.5 0.5 0.5 

OptOut 5.0 2.0 2.0 2.0 2.0 5.0 1.0 1.0 1.0 1.0 3.0 3.0 

  



 

OU 

No. b 
 

  

7 8 9 10 11 12 13 14 15 16 17 18 

14 

 6 6 6 6 6 0 6 6 6 6 6 6 

 26.0 26.0 26.0 26.0 26.0 29.0 26.0 26.0 26.0 26.0 26.0 26.0 

 0.5 1.0 1.0 1.0 1.0 0.5 1.5 1.5 1.5 1.5 0.5 0.5 

OptOut 5.0 2.0 2.0 2.0 2.0 5.0 1.0 1.0 1.0 1.0 3.0 3.0 

15 

 0 6 6 6 6 6 6 6 6 6 6 6 

 29.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 

 0.3 0.7 1.0 1.0 1.0 0.3 1.3 1.3 1.3 1.0 1.0 1.0 

OptOut 3.0 1.0 1.0 1.0 1.0 2.0 0.5 0.5 0.5 1.0 1.0 1.0 

16 

 0 6 6 6 6 6 6 6 6 6 6 6 

 29.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 

 0.3 0.7 1.0 1.0 1.0 0.3 1.3 1.3 1.3 1.0 1.0 1.0 

OptOut 3.0 1.0 1.0 1.0 1.0 2.0 0.5 0.5 0.5 1.0 1.0 1.0 

17 

 0 0 0 6 6 6 0 0 0 0 0 0 

 29.0 29.0 29.0 26.0 26.0 26.0 29.0 29.0 29.0 29.0 29.0 29.0 

 0.3 0.3 0.3 1.0 1.0 1.0 0.3 0.3 0.3 0.3 0.3 0.3 

OptOut 5.0 5.0 5.0 0.5 0.5 0.5 5.0 5.0 5.0 5.0 5.0 5.0 

18 

 6 6 6 6 6 6 6 6 6 6 6 6 
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