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Figure 1: Simple Data pipeline 



 

 

 

 

 

 

 

 
 
 
 

 

 

 

 
 

 

 

 

Figure 2: Detailed schematic of a RNN unit (left) and LSTM 
block (right) as used in the hidden layers of a RNN 



 
 

 
 

 
 
 
 
 



 
XML to Dataframe 

def xml_process(server, ganglia_char): 

     

    # 1. Read File 

    path = 'Data/' 

    file_name = server + '.slac.stanford.edu-' + ganglia_char + '.rrd.xml' 

    with open(path + file_name) as data: 

        xml_data = BeautifulSoup(data, 'xml') 

     

    # 2. Get Values 

    day4 = xml_data.find_all('rra')[4].find_all('row') 

    day4_time = xml_data.find_all(string=lambda text: isinstance(text, Comment)) 

     

    # 3. Process Values 

    time_sec = map(lambda x: x[1:].split(' ')[4], day4_time[-374:]) 

    value = map(lambda x: float(x.contents[0].contents[0]), day4) 

 

    # 4. Format DataFrame 

    return_df = pd.DataFrame([time_sec, value]).transpose() 

    return_df.columns = ['epoch', ganglia_char] 

     

    # 5. Clean NaN, Make Columns Numeric 

    return_df.loc[pd.isnull(return_df[ganglia_char]), ganglia_char] = -1 

return return_df.apply(pd.to_numeric) 

# get all the data from all the xml files for one machine, data is packaged  

# into a dataframe 

def process_machine(machine): 

    total_df = None 

    for c in characteristics: 

        df = xml_process(machine, c) 



        if total_df is None: 

            total_df = df 

        else: 

            total_df = df.merge(total_df) 

    if total_df is None: 

        return False 

    return total_df 

Converting String to Epoch 

# define function to convert a string to epoch 

from datetime import datetime 

 

def convert_time_string(time): 

    return int((datetime.strptime(time, "%Y/%m/%d") - 

                   datetime(1970, 1, 1)).total_seconds()) 

Identifying Time Gaps and Renaming Server Names 

This process is a quite intricate. For each unique machine name, we grab all the rows in the Ganglia dataframe that 
measure that specific machine. Then, we sort by the epoch and make a copy of the epoch column. We stagger the 
two columns so that they are one time-step removed from one another. By taking the differences between the two 
columns, we can iterate through the column and if the difference is greater than 60 days, it will be set to 1 while the 
other values will be set to 0. Then, we'll use the cum_sum function this array. Using this array, we'll derive the new 
machine names. 

# threshold for determining 'small' or 'large' gap in days 

# curr_machine: machine that you want to examine 

# should not be directly called, will be used by change names 

def identify_gaps(machine, threshold=60): 

    # find the rows for curr_machine 

    machine = pd.DataFrame(nan_df[nan_df["machine"].str.contains(machine)]) 

     

    # sort by epoch 

    machine = machine.sort_values("epoch") 

     

    epoch_machine = np.array(machine["epoch"]) # stores the epoch times 

    epoch_shift = epoch_machine.copy() # stores the shifted epoch times 



    epoch_shift = epoch_shift[1:] 

    epoch_shift = np.append(epoch_shift, epoch_shift[-1]+345600) 

     

    # result represents the intervals between successive logs 

    result = epoch_shift - epoch_machine 

     

    relocated =  np.array([]) 

    threshold_seconds = threshold*60*60*24 

    for gap in result: 

        if gap > threshold_seconds: 

            relocated = np.append(relocated, 1) 

        else: 

            relocated = np.append(relocated, 0) 

    indices = indices = np.cumsum(relocated) 

return indices 

def change_names(machine, threshold): 

    # create the mapping 

    new_machines = identify_gaps(machine, threshold) 

    curr_machine = nan_df_test[nan_df_test["machine"].str.contains(machine)] 

    # create a new column 

    curr_machine["new names"] = curr_machine["machine"] 

    # set new names in "new names" column 

    for index in range(len(curr_machine["new names"])): 

        if new_machines[index] != 0: 

            curr_machine["new names"][index] = curr_machine["new names"][index] + '-' +  

                                                   str(int(new_machines[index])) 

Finding the Next and Previous Error For a Machine 

# this function returns when the previous and next failure occurs, given the time of the current sample 

# and a list of failure times for that machine 

def prev_next_error(row, fail_times): 

    curr_time = row["epoch"] 

    prev_time = -1 



    next_time = -1 

    for failure_time in fail_times: 

        if curr_time >= failure_time: 

            prev_time = failure_time 

        elif curr_time < failure_time: 

            next_time = failure_time 

            break 

return prev_time, next_time 

We apply this function to every row so that we can find the previous and next failure times for each sample. 

Finding the Next and Previous Error For a Machine 

# combined_df will incorporate failure data as well as ganglia data 

combined_df = None 

for key in ready_keys: 

    df = machine_dfs[key].copy(deep=True) 

    fail_times = sorted(list(hd_error_df[hd_error_df["name"]==key]["epoch"])) 

     

    df["name"] = key 

    df["nextFailure"] = df.apply(lambda x: prev_next_error(x, fail_times)[1],  

                                  axis=1) 

    df["prevFailure"] = df.apply(lambda x: prev_next_error(x, fail_times)[0],  

                                  axis=1) 

     

    df["timeToFailure"] = df.apply(lambda x: x["nextFailure"] - x["epoch"] if   

                                  x["nextFailure"] != -1 else -1, axis=1) 

    df["timeFromFailure"] = df.apply(lambda x: x["epoch"] - x["prevFailure"]   

                                  if x["prevFailure"] != -1 else -1, axis=1) 

    if combined_df is None: 

        combined_df = df 

    else: 

        combined_df = pd.concat([combined_df, df]) 


