§2 Bropoii 0T00pOYHbIii ITAN

Bropoii oTOOpOuHBIN 3Tam MPOBOAMTCS B KOMaHAHOM (opMmaTre B CETH HHTEpHET,
paOOThl  OLICHMBAIOTCS aBTOMATHYECKU CpEACTBAMHM  CUCTEMBl  OHJIAMH-TECTHPOBAHUS.
[TpooKUTENTLHOCTS BTOPOTO OTOOPOYHOTO 3Tana — 3 Mecsla ¢ y4eTOM TOro, 4TO 3aJadu
OTKPBIBAIOTCSl YYaCTHUKAM B OHJIAMH-CHCTEME MOCIEA0BATENbHO, BCE 3a/1a4U 3aKPBIBAINCH IS
pelIeHns OAHOBPEMEHHO. 3a1aun U1 9-11 Ki1accoB HOCAT MEXAUCLUIIIIMHAPHBIA XapaKkTep U B
Oosiee mpocToi (hopMe BOCCO3JAIOT MHKEHEPHYIO 3a/ady 3aKJIIOUUTEIbHOrO dTana. Pemenne
KaX/I0M 3aayll JaeT OIpeNeIeHHOE KOJIMYEeCTBO OayuioB. bamimbl 3auucisiorcs B IOJHOM
o0beMe 3a NpPaBUWIBHOE pEIIEHHE 3aJaud B 3aBUCUMOCTH OT 3HAYMMOCTH 3aJaud JAJs
¢buHaNBHOTO dTama. B JaHHOM 3Tare MOKHO MONY4YuTh cymmapHo oT 0 10 10 GamnoB.

3anaua 2.1.1 (1 6asn)

Ycnosue:

Jyis mepeaun COOOIICHHI B CETAX OYCHD YaCTO MIPUXOIUTCS UX Pa30MBATh HA YaCTH —
MaKeThI, KOTOPBIE COOUPAIOTCS HAa MPUHUMAIOIICH CTOPOHE. DTO MPUXOIUTCS AeNaTh, TaK Kak
KaHAJIbI CBS3M UMEIOT OTPAaHUYCHHYIO MPOMYCKHYIO CTOCOOHOCTH — CIIOCOOHOCTH TIEPEIaTh
KOJIMYECTBO MH(POPMAIIMH 3a SAMHUILY BpeMeHH. K ToMy jke, makeTHas repeaada JaHHbIX
CTAaHOBUTCS OOJIee YCTOWYMBA K OOPBIBaM CBSI3H U OIIMOKaM BO BpeMs Iiepelaud — JOCTATOYHO
3aHOBO IepeAaTh HEJAOUISANINE WU UCTIOPUYEHHBIC ITAKETHI, & HE OTIPABIIATH BCE COOOIICHHE
3aHO0BO. OJTHAKO B CETH OBIBAET TAKOE, YTO MOPSAOK MPUXOA MMAKETOB HE COBITAIACT C
MOPSIKOM MX OTIPABKH. JIJIsI TOTO MaKeThl HyMEPYIOT IO MOPSIKY X OTIIPABICHHUS.
[TpuHuMaroIast CTOpoHa TOKUAACTCS MPUHSITHS TIOCIEIHETO MAaKeTa, a 3aTeM (WU 110 Mepe
MPUX0/1a TTAKETOB) YIOPSAOYMBACT UX 10 MEPE BO3PACTAHHUSI MIOPSIIKOBBIX HOMEPOB MTAKETOB —
TakM 00pa3oM BOCCTaHABIMBAETCS MMPUHATOE COOOIICHHUE.

B sT0ii 3a1a4ye Bam npeanaraercsi peaan3oBaTh OYEHb MPOCTYI0 UMILUIEMEHTAIUIO
anropuTMa pa3oMeHus COOOIICHHS Ha MAaKeThl M UX COOPKY Ha MPUHUMAIOIIEH CTOPOHE.
JlommycTuMm, 4TO B HallleM KaHaje He MPOUCXOSAT OMIMOKH U BCE TTAKEThl MPUXOIST TaK, KaK MX
OTMPABWIN C TOYHOCTBIO JI0 TIOpsAIKa OTIpaBku. Kaxkaplil makeT 3aHyMepOBaH, MEPBbIil MaKeT
COJIEP>KUT KOJIMYECTBO MAKETOB.

Tpebyercs peann3oBaTh GYHKIINIO, KOTOPAsi BOCCTAHABIMBAET UCXOTHOE COOOIICHHUE 110
MIOJIYYEHHOU CepHUH MaKEeTOB.

dopMaT JaHHbIX
Ha Bxox momaércst ctpoka Buaa:
«{maker i },{maker i,},...,{maker i,}».
Jlouna BxoaHoi crpoku [: 1 < [ < 4% 10°
J171g Bcex MakeToB, y KOTOPBIX MOPSAIKOBBIM HOMEp He paBeH (), maker ij umeet popmar:
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«{nmopsAaKOBBIil HOMep NMaKeTa n}.{IaHHbIe}», T1Ie {AaHHBIC} — CTPOKA U3 H(Dp 1 OYKB
JATUHCKOTO ajdasuTa. Pa3mep cTpoKM JaHHBIX HE OTPaHUYEH HHU CHU3Y, HH CBEPXY.

Jlnst makera ¢ nopsaKoBsIM HoMepoM 0 popmat cremyrommuii:
«0.{K0J1-BO NAKETOB}.{IaHHDbIE}»

Hanpuwmep: «2.d,0.3.Hello,1.Worl» - 0603HauaeT BO3MOKHBIN MPUXO/1 TAKETOB IPU
pazouennn coodmenust «HelloWorldy»

Ha Beixone (yHKIUS JOKHA BEPHYTH UCXOAHOE COOOIIEHUE B BUJIE CTPOKH,
cocrosmed u3 mudp u OyKB JATUHCKOTO ajihaBUTA.

Ha Bxoa MoxeT npuiiTH mycrasi cTpoka. B 3ToM ciiyyae oTBeTOM 3a1a4 sIBJIsIeTCS
CTPOKA «error».

[Tpumepsi:
Sample Input 1:
4.1,1.110,3.r,2.Wo,5.d,0.6.He
Sample Output 1:
HelloWorld
Sample Input 2:
3.4,1.2,2.3,0.4.1
Sample Output 2:
1234
Sample Input 3:
Sample Output 3:
error

Pewenue:

import sys

def solve (data):

if data == "":
return "error"
packets = map(lambda x: x.split('.', 2), data.split(',"'))

packets = sorted(packets, key = lambda a: int(al0]))
for i in range(len (packets)):

packets[i] = packets[i] [1+int (i==0) ]
return "".join (packets)
if name == ' main_ ':

data = sys.stdin.read() .split(",", 1)
print (solve (data))

Ilposepxka:
import random
import base64
import os
import re

MIN STR LEN = 0
MAX STR LEN = 4*10%*5

def rand weighted(minv, maxv, weight coef):

v = int (random.triangular (minv, maxv, minv+ (maxv-
minv) *weight coef))

return max (v, minv)

def generate str(min len, max len):
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NORM COEF = 3
1 = rand weighted(min len, max len/NORM COEF, 0.1)

s = base64d4.b6dencode (os.urandom(l)) .decode('ascii')
pattern = re.compile('[/+=]+")
return pattern.sub('', s)

sample tests = |
"HelloWorld",
v|1234n,

]

def generate test(s):
1l = len(s)
if 1 ==
return ("ll, ll")

packets = []
fslc = rand weighted(l, 1, -0.3)
slc = fslc
1 -= slc
pos = 0
i =1
while 1!=0:
pos += slc
slc = rand weighted(1l, 1, 0.1)

1 -= slc
packets.append ("$d.%s" % (i, s[pos:pos+slc]))
i+=1

packets.append ("0.%d.%s" % (len (packets)+1l, s[:fslc]))
random.shuffle (packets)
return (",".Jjoin (packets), s)

def generate():
num tests = 30
tests = []
for sample in sample tests:
tests.append(generate test (sample))
for 1 in range (num tests):
tests.append(generate test (generate str (MIN STR LEN,
MAX STR LEN)))
return tests

def solve(dataset):

if dataset == "":
return "error"
packets = map(lambda x: x.split('.', 2), dataset.split(','"))

packets = sorted(packets, key = lambda a: int(al0]))
for i in range (len (packets)):

packets[i] = packets[i] [1+int (1i==0) ]
return "".join (packets)

def check(reply, clue):
return (not len(clue) and reply == "error") or reply == clue
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3apaua 2.1.2 (2 6aana)

Ycnosue:

3amada aHaJOrMYHa Mpeablaynieid. Bam Hy)KHO pearn30oBaTh CBOM alropuT™ pa3OneHHs
u cOopku naketroB. Ho Teneps B kaHalle ecTh OMIMOKU: TAKEThl MOTYT TepAThes. [laker mu6o
JOXOMT A0 MOJIydaTesisi B HOU3MEHHOM BHUJIE, MO0 He MPUXOIUT BoBce. PopMar MakeToB He
orpanudeH. OT Bac He TpeOyeTcss BOCCTaHABIUBATh COOOILEHHE, B ClTy4yae, eClid OJUH U Ooiee
[IAKETOB ObUIM MTOTEPSHBI IIPH Nepeaaye. ITa CUTyalus - 0OJHa U3 NEPBBIX NPOOJIEM, C KOTOPO
CTAJIKUBAIOTCS NIPH IIepejaue JaHHbIX 110 peaibHbIM KaHalaM.

PeanuzoBath GyHKIINIO, pa3OUBarONIy0 COOOIICHUE B peskuMe "encode" Ha MmaKeTs
3aJIaHHOM JUTMHBI U COOMPAIOIIYI0 UCXOHOE COO0IIeHre U3 TakeToB B pexnme "decode". B
cllydae, eCJId Hellb3sl 3aKOJAMPOBATh MITH JIEKOIUPOBATh COOOIIEHHE, BRIBECTH "error'.

3ameuaHue: BCE MAKEThl JOKHBI HIMETh CTPOTO Ty JUIMHY, KOTOpast Obljia 3a/1aHa IpH
BBI30BE (DYHKITHH.

®Dopmat JaHHBIX

Ha Bxox nogarotcs Tpu mapamerpa: gannsie (data), pexxum padotsr (Mmode), pasmep
naketa (Unit size). Pexxum padotsl (Mode) npunumaet nBa 3HaueHus: "encode" u "decode".

Jannble (data), B cimydae mode == "encode": cTpoka, coctosiias u3 nudp u Oyks
naruHckoro angasura. Crpoka umeer pasmep L1 < 1 < 4 = 10° cumBonos.
Jannbie(data), B ciryqae mode == "decode": cTpoka, KoTopast Obliia BO3BpaIeHa ITOCIIe

OJHOT'O U3 BBI3OBOB (bYHKI_II/II/I B pe)I(I/IMe encode.
Unit size — pa3mep kaxxaoro nakera. [Ipou3BonbHOE 9rciio oT 1 0 pa3mepa CTpOKH
data [.

IIpumepsl

(B 1aHHBIX IpUMEpaxX aIrOpuUTM BbIOpaH TaKUM 00pa3oM, YTO B IEPBOM 3aKOJUPOBAHHOM
MTAKETE COAEPKUTCS KOJIMYECTBO NAKETOB. B OCTaIbHOM aJIrOPUTM KOJAMPOBAHUS U
JICKOIMPOBaHUs aHanoruueH 3agaue 2.1.1.)

Sample Input 1:

«Hello», «encode», «3»

Sample Output 1:

«0.6,1.H,2.e,3.1,4.1,5.0»

Sample Input 2:

«0.6,1.H,5.0,4.1,2.e,3.1», «decode», «3»

Sample Output 2:

«Hello»

Sample Input 3:

«0.6,2.e,3.1,4.1,1.H», «decode», «3»

Sample Output 3:

«error»

Pewenue
import sys
import math

SPACE CHAR = "+"
# Padding used to make uniform sized packets
def pad(s, 1):

return s + SPACE CHAR* (1-len(s))

# Strip padding from the data
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def strip(s):
return s.replace (SPACE CHAR, "")

def sort (packets):
return sorted(packets, key = lambda p: int(p[0], 36))

def decode (data) :
if data == "":
return "error"
packets raw = data.split(',') # split packets

packets = map(lambda x: x.split('.', 1), packets raw) # split data
inside packets
packets = sort (packets) # sort packets, find header
header = packets[0]
if header[0] !'= '0' or len(packets) !'= int(strip(header[1l]), 36):
# some packets are lost - fewer than stated in header

return "error"
for i in range(l, len(packets)):
packets[i] = strip(packets[i][1l])
return "".join (packets[1l:])

def digit to char(digit):
if digit < 10:
return str(digit)
return chr(ord('a') + digit - 10)

def str base (number, base) :
if number < 0:
return '-' + str base(-number, base)
(d, m) = divmod (number, base)
if d > 0:
return str base(d, base) + digit to char (m)
return digit to char (m)

def calculate size(data, packet size):
num packets = math.ceil (len(data) / packet size)
index pad max = math.ceil(math.log(num_packets)/math.log(36)+l)
data size = packet size - 1 - index pad max
return num packets, data size

def encode (data, packet size):

if data == "":
return "error"
num packets, data size = calculate size(data, packet size)
cur len = 0
index = 1
packets = []
while cur len < len(data):
index str = str base(index, 36)
packet = "%$s.%s" % (index str,
data[cur len:cur len+packet size - 1 - len(index str)])
packets.append (pad (packet,packet size))
cur len += packet size - 1 - len(index str)

index += 1
packets.append(pad("0.%s" % str base(index, 36), packet size))
return ",".Jjoin (packets)
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def handle message (data, mode, packet size):

handled message = encode (data, packet size) if mode == "encode"
else decode (data)

return handled message

IIpoBepka
import random
import base64
import os
import re
import math
from multiprocessing import Process

SECRET FAILED WITH ERROR STR =
"ca00fccfb408989eddc401062c4d1219a6aceb6b9b55412357£1790862e8£178=="
SECRET CHEATING STR =
"1943a345ecef300clee39edc43270b£18620360£2eb57d49a575337e4adbal5e=="
SECRET ENCODE FAILED STR =
"5d282a90£4498a81461efbaf6£628a19d9778390bb5c81a393dd936181cc3d826=="

MIN STR LEN = 0
MAX STR LEN = 1*10%**6
STR_LEN TRI SCALE = 0

NUM TESTS = 50

MIN DROPS = 1

MAX DROPS = max(l, int (NUM TESTS*0.3))
MAX DROP_RATE = 0.3

used ids = set ()

TEST TEMPLATES = |
"HelloWorld",
"1234"

def generate str(min len, max len):

NORM COEF = 3

1 = int(random.triangular (min len, max len, min len+ (max len-
min len)*STR _LEN TRI SCALE)/NORM COEF)

1 = max(min len, 1)
s = base64d4.b6dencode (os.urandom(l)) .decode('ascii')
pattern = re.compile('[/+=]+")
return pattern.sub('', s)
def generate dataset (s = None, drop = False):

dataset id = 0
while dataset id in used ids:
dataset id = random.randint (0, OxFFFFFFFF)
used ids.add(dataset id)
if s is None:
s = generate str (MIN STR LEN, MAX STR LEN)
unit size = random.randint (1, len(s))
num packets = max (1, int(math.ceil(len(s)/unit_size)))
unit size += len (hex (num packets))
drops = 0
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if drop:
drops = random.randint( 1, max(1l,
int (num packets*MAX DROP RATE)) )

e}

return ( "%s %d %d" % (s, unit size, drops), "%s %i" % (s, drops))

tests = []
def generate() :
# include templates
drops remain = random.randint (MIN DROPS, MAX DROPS)

for template in TEST TEMPLATES:
tests .append(generate dataset (template))
for 1 in range (NUM TESTS) :
drop = False
if drops remain:
drop = bool(drops_remain/random.randint(1, NUM TESTS-1i))
drops remain -= drop
tests .append(generate dataset (None, drop))
return tests

def solve (dataset) :
return SECRET CHEATING STR

def check(reply, clue):

if reply == SECRET CHEATING STR: # cheating
return True
if reply == SECRET ENCODE FAILED STR:

return False, "Packet size in 'encode' mode is wrong."
elif reply.startswith(SECRET_FAILED_WITH_ERROR_STR):

return False, "Code error: %s" % reply.split(" ", 1)I[1]
else:
answer, dropped = clue.split("™ ", 1)

dropped = int (dropped)
return check decode(reply, answer if not dropped else "error",
dropped)

def check decode (reply, answer, dropped):
if reply != answer:
return False, "Decoder's answer does not match the actual
message"
return True

Daiinosvle wabioHbl

::python3

: theader
import random
import sys

SECRET FAILED WITH ERROR STR =
"cal0fccfb408989%9eddc401062c4d1219a6aceb6b9p55412357f1790862e8f178=="
SECRET ENCODE FAILED STR =
"5d28a90f4498a81461lefbaf6f628a19d9778390bb5¢c81a393dd936181cc3d826=="

encoded, unit size, num drop = sys.stdin.read().split ("™ ", 2)
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unit size = int(unit size)
num drop = int (num_drop)

def check and transform encode (reply, unit size):
try:
packets = reply.split(',"'")

for i in range(len (packets)):
packet = packets[i]

if len(packet) != unit size:
return None
to remove = sorted(random.sample (range (len (packets)),
num_drop))
for 1 in range(len(to_remove)) :
del packets[to remove[len(to remove) - i - 1]]

random.shuffle (packets) # shuffle remaining packets
return ",".join (packets)

except Exception as e:
return None

::footer
try:
encoded = handle message (encoded, "encode", unit size)

encoded = check and transform encode (encoded, unit size)
if encoded is None:
print (SECRET ENCODE FAILED STR)
else:
print (handle message (encoded, "decode", unit size))
except Exception as e:
print ("%s %s" % (SECRET FAILED WITH ERROR STR, "Exception during
runtime"))

::code

def handle message (data, mode, packet size):
handled message = ""
# your code goes here
return handled message

cict++11
::code

#include <string>
#include <vector>

std::string handle message (const std::string &data, const std::string
&mode, size t packet size) {

std::string handled message;

//your code goes here

return handled message;

}
: theader

#include <random>
#include <iostream>
#include <sstream>
#include <algorithm>

34



#include <assert.h>

const std::string SECRET FAILED WITH ERROR STR =
"cal00fccfb408989%9eddcd401062c4dl1219%abacebob9b55412357£1790862e8£178==";
const std::string SECRET ENCODE FAILED STR =
"5d28a90f4498a81461efbaf6f628a19d9778390bb5c81a393dd936181cc3d826==";

std::vector<std::string> split(const std::string &s, char delim) {

}

std::stringstream ss(s);

std::string item;

std::vector<std::string> elems;

while (std::getline(ss, item, delim)) {
elems.push back(std::move(item))

}

return elems;

std::vector<int> FisherYatesShuffle(std::size t size, std::size t
max size, std::mtl9937& gen)

{

}

assert((max size == 0 && size == 0) || size < max size);
std::vector<int> b(size);

for(std::size t i = 0; 1 != max size; ++1i) {

std::uniform int distribution<> dis(0, 1);
int j = dis(gen);
if(j < b.size()) {

if(1 < 3) |

bl[i] = b[3];
}
b[j] = 1i;

return b;

bool check and transform encode(std::string &message, size t
unit size, size t num drop) {

try {
std::random device rd;
std: :mt19937 gen(xrd());

auto packets = split (message, ','"):;
auto s = packets.size();
for( size t i=0; i<s; ++1i) {
if (packets[i].size () != unit size)
return false;

}

auto to remove = FisherYatesShuffle (num drop, packets.size(),

gen) ;

std::sort (to_remove.begin(), to remove.end());
for(size t i1 = to remove.size()-1; i!=-1; --1)
[i]

packets.erase (packets.begin()+to remove

) ;

std::shuffle( packets.begin(), packets.end(), gen ); //

shuffle remaining packets

std::stringstream ss;
for (size t 1i=0; i<s; ++i)
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ss << packets[i] << (i==s-172"":",");
message = ss.str();
return true;
}
catch(...)
{

return false;

::footer
int main () {
std::string message;
size t unit size, num drop;

std::cin >> message >> unit size >> num drop;

try |
message = handle message (message, "encode", unit size);
if (!check and transform encode (message, unit size, num drop))
std::cout << SECRET ENCODE FAILED STR;
else
std::cout << handle message (message, "decode", unit size);
}
catch(...) {
std::cout << SECRET FAILED WITH ERROR STR << " " << "Exception

during runtime.";

}

return O;

::mono c#
: theader

using System;
using System.Collections.Generic;
using System.Text;

class Test

{

private static Random rng = new Random() ;

public static void Shuffle<T>(ref List<T> list)
{
int n = list.Count;
while (n > 1) {
n--y;
int k = rng.Next(n + 1);
T value = list[k];
list[k] = list[n];
list[n] = value;

static List<int> FisherYatesShuffle(int size, int maxSize) {
List<int> res = new List<int>();
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for(int i = 0; 1 < maxSize; ++i) {
var j = rng.Next (0, maxSize);
if(j < res.Count) {
if(1 < 9) |
res[i] = res[j];
}

res[j] = i;

}

return res;

static bool CheckAndTransformEncode (ref string encoded, int
unitSize, int numDrop) {

try {
List<string> packets = new
List<string> (encoded.Split(',"')):

var s = packets.Count;
for( int 1i=0; i<s; ++i) {
if (packets[i] .Length != unitSize)
return false;
}
var toRemove = FisherYatesShuffle (numDrop,
packets.Count) ;

toRemove.Sort (
new Comparison<int>(
(i1, i2) => i2.CompareTo (il)
)) s

for (int i=0; i< toRemove.Count; ++1)
packets.RemoveAt (toRemove[i]) ;

Shuffle<string> (ref packets);
encoded = String.Join(",",packets);
return true;

}

catch {
return false;

}

::code

static string HandleMessage (string data, string mode, int unitSize) {
//your code goes here
return "";

}

::footer

const string SECRET FAILED WITH ERROR STR =
"cal00fccfb408989eddc401062c4dl219a6acebbb9b55412357£1790862e8£178==";

const string SECRET ENCODE FAILED STR =
"5d28a90f4498a81461efbaf6f628a19d9778390bb5¢c81a393dd936181cc3d826==";

static void Main(string[] args)

{

string input = Console.ReadLine();
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string[] array = input.Split(' '

);
int unitSize = Int32.Parse(array[l]);
int numDrop = Int32.Parse(arrayl[2]);
try {
var encode = HandleMessage (array[0], "encode",
unitSize);
if (!CheckAndTransformEncode (ref encode, unitSize,
numDrop) )

Console.Write (SECRET ENCODE FAILED STR);
else
Console.Write (HandleMessage (encode, "decode",
unitSize)) ;
}
catch {
Console.Write (SECRET FAILED WITH ERROR STR);

::javas8

: theader

import java.io.BufferedReader;
import java.io.Console;

import java.io.IOException;
import java.io.InputStreamReader;
import java.util.*;

class Test

{

private static Random rng = new Random() ;

public static <T> wvoid Shuffle (List<T> list)
{

int n = list.size();

while (n > 1) {
n--;
int k = rng.nextInt(n + 1);
T value = list.get (k);
list.set(k, list.get(n)):;
list.set (n, wvalue);

static List<Integer> FisherYatesShuffle (int size, int maxSize)
List<Integer> res = new ArraylList<Integer>();
for(int i = 0; 1 < maxSize; ++i) {
int j = rng.nextInt (maxSize);
if(j < res.size()) |
if (i < 3)
res.set (i, res.get(j));
res.set(j, 1):

}

return res;
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static Boolean CheckAndTransformEncode (String encoded, int
unitSize, int numDrop) {
try {
List<String> packets = Arrays.asList (encoded.split(",™));
Integer s = packets.size();
for( int i=0; i<s; ++i) {
if (packets.get (i) .length() !'= unitSize)
return false;
}
List<Integer> toRemove = FisherYatesShuffle (numDrop,
packets.size());
toRemove.sort (
(0l, 02) -> o2.compareTo (ol)

) ;

for(int i=0; i< toRemove.size(); ++1)
packets.remove (toRemove.get (1)) ;

Shuffle (packets);
encoded = String.join(",",packets);
return true;
}
catch (Exception e) {
return false;

}
::code
static String handleMessage (String data, String mode, int unitSize) {
//your code goes here
return "";
}
::footer
private static String SECRET FAILED WITH ERROR STR =
"cal00fccfb408989eddc401062c4dl1219a6acebbb9b55412357£1790862e8£178==";
private static String SECRET ENCODE FAILED STR =
"5d28a90f4498a81461efbaf6f628a19d9778390bb5¢c81a393dd936181cc3d826==";

public static void main(String[] args) throws IOException {
BufferedReader buffer=new BufferedReader (new
InputStreamReader (System.in)) ;

String input = buffer.readLine();
String[] array = input.split("™ ");

int unitSize = Integer.parselnt (array[l]):
int numDrop = Integer.parselnt (arrayl[2]);
try {

String encode = handleMessage (array[0], "encode",
unitSize);
if (!CheckAndTransformEncode (encode, unitSize, numDrop))
System.out.print(SECRET_ENCODE_FAILED_STR);
else
System.out.print (handleMessage (encode, "decode",
unitSize));
}
catch (Exception e) {
System.out.print (SECRET FAILED WITH ERROR STR);
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3agava 2.1.3 (3 6asa)
B peanbHBIX cuCcTEMax CBA3U IIEPENABACMBbIA CUTHAJ UCKAXKAECTCH.
VckaxxeHue curianga BOCIPUHUMAETCS IPUHUMAIOLIEH CTOPOHON KaK OIIMOKH BHYTPH
[IAKETOB JIaHHBIX.
Omunbxy KI1acCUPUUUPYIOTCS Ha HECKOJIBKO THIIOB!
e 3amMeHa - IepeiaBacMblii CUMBOJI a (B JBOMYHOM KaHauie - ""0" wim "1") 3aMensieTcst
CUMBOII b Ha ¢ BeposTHOCTEIO Pab.
e (Crupanue - nepesaBacMblii CUMBOJI @ 3aMEHSETCSl Ha HEKOTOPbII CUMBOJI X , KOTOPBII
HE MPUHAUICKUT a(haBUTy NEpEeaaBaeMbIX CHMBOJIOB C BEPOSITHOCTBIO p ax. [lexonepy
M3BECTHA MO3UIIMS UCKAKEHUS, HO HEU3BECTHO MCKaKEHHOE 3HaueHue. Hanpumep:
"101101" moxet ObITh IpuHATO AekoaepoM Kak "x01x01" nocne crupanus B nepBoil u
4eTBEPTOI MO3ULUH.
BriOpoc - nepegaBaeMblii CUMBOJ @ 1 MCKITIOYAETCS U3 MEPelaud JAHHBIX C BEPOSTHOCTHIO
p ai,* . Hanpumep, BBIOpOC B TpeTheit mo3uiiuu npeodpasyet coodmerue "00101101" B
"0001101". Takoii THI OIIMOOK - CAMBIN CIIOKHBIN JJIs1 OOHAPYKEHUS U HCIIPABIICHHS, TAK KaK
IIPU AEKOJUPOBAHUU HEU3BECTHA JJAXKE MO3ULIUS TAKOTO MCKaKEHHUS.
Bce BepoATHOCTH HCKa)K€HUH 3aBUCAT OT MHOKECTBA (PaKTOPOB U MOTYT MEHSTHCS CO
BpeMeHeM. [1J11 KOHKPETHOIO KaHalla OHU BBIYUCIISIFOTCS SKCIIEPUMEHTAIBHBIM ITyTEM.

B sToit u CICAYIOIIUX 3aadaX BEPOATHOCTHU HCKaXKECHUM 6y,HYT HU3BCCTHBIMU U
IMOCTOSHHBIMH. Bo Bcex 3aJadax 31€Ch U JaJICC OIIMOKaMH 6yILYT CUHTATHCS OIIMOKHU 3aMCHBI,
€CJIM HE CKa3aHO MHOC.

3anavqy ucnpaBieHuUs WK 0OHAPYXKEHHS OITMOOK B MEPEIaBaeMbIX JAHHBIX MOKHO PEUIUTh
MyTeM JI00aBIEHUS JOTIOTHUTEILHON HHPOPMAIIMK K COOOIICHHIO - KOHTPOJIBLHON CyMMBI.

O4eBHIHO, YTO AITOPUTMBI U3 MEPBBIX 33]1a4 HE PELIAIOT 3a7auy UCTIPaBICHUS WU
oOHapyKeHMsI OIIMOOK B IiepeiaBaeMbIX JaHHbIX. O/1HA U3 HJeH, KaK MOKHO PELIUTh
npo0GsieMy nepeaayun JaHHbIX [0 KaHallaM — 100aBIsATh HEKOTOPYIO AOMOJHUTEIbHYIO
MH(OPMAIIHIO K COOOIIECHHIO. XO0Ts aJITOPUTMBI U3 EPBBIX 33/1a4 HE PELIAI0T MPOOIEMBI 3TOTO
JTarna, B HUX UCIIOJIb3YeTCsl KOHTPOJIbHAS CyMMa JUIsl IPOBEPKH LIETIOCTHOCTH pa30reHUs
[IAKeTOB — HyMepallus NaKeTOB U UX ob1ee KoiauyecTBo. [ NpoBepKU JaHHBIX YK€ BHYTPH
[IaKETOB, HEOOXOAUMO ONUPAThCSI HA HEKOTOphIE (DaKThI O JaHHBIX U NEpeaBaTh 3Ty
MH(POPMAIIHIO BMECTE C ITAKETOM.

OpHMM M3 caMBIX CTapbIX aITOPUTMOB BBIUYMCIIEHUSI KOHTPOJIBHBIX CYMM SIBJISETCS
AITOPUTM BBIUMCIEHUS YETHOCTH JTAHHBIX - TPOBEPKE HA YETHOCTH KonudecTa "'1" nim "0" B
JBOUYHOM KaHaJe.

Hanpumep, B nepegannom nakete "11110" nmocneanuii OUT oTpakaeT 4ETHOCTh KOJIMYECTBA
€IMHUI] B JaHHBIX. Eciy npon3oiaET o1HO WM Apyroe HEYETHOE YMCIIO OIIUOO0K BHYTPHU
MakeTa B JII0OOM MecTe, ITOT aKeT MOYXHO BOCCTAHOBUTD WJIM ONPEEIIUTh HAIMYNE OIMIMOKH.
OnHako, eciy NpoU30UAET YETHOE YHUCIIO OIIMOOK, JAHHBIM alrOPpUTM HE CMOKET
rapaHTUPOBAHHO ONPEENATh HaJHUMe OIIMOOK U BOCCTaHABIMBATh IaHHBIE.

OTOT aNroOpUTM IPUMEHSIICS IIPU MIPOBEPKE MPABUIIBHOCTH BBOJA MAILIMHHOIO KOJIa Ha
JIEHTY M UCTIOJB3YETCS O CUX ITOP B HEKOTOPBIX IPOTOKOJIAX Mepeaadn TaHHbIX.

Hawnbonee yacTo HCOMB3YIOMUNACS alTOPUTM — IUKINYECKUd n30b1TouHbIN K01, CRC
(Cyclic Redundancy Check).
CRC kon onpezaensieTcs "MoOAMHOMOM' - HEKOTOPBIM YHUCIIOM, M "JIMHOM KoJ1a" - KOJTMYECTBOM
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B IBOMYHOM 3alIMCH 3TOT0 YUCIIA.

Hamnpuwmep, nnst CRC ¢ nonuaomom 101,(c 3anuchio B monuHOMHUanbHOM Bujie: 1 + 0 x x + 1 *
x?) anMHA Kozia I paBHa 3 (JUIMHY KOZIa MOYKHO CUMTATh Kak IO3UIIMIO CIIPaBa MOCIEIHErO
HEHYJIEBOTO CUMBOJIA).

Coobmienwue, At KOTOPOTro JAO0KHA OBITh BRIYMCICHA KOHTPOJIbHAS CyMMa,
MPEACTABIISETCS B JBOMYHOM BHJI€ Kak OoJbiioe unciio. Hanmpumep, anrnuiickas Oyksa "a" mpu
nepeBojie B ABonyHoe uncio u3 kojaa ASCII npencrasnsiercsa kak 01100001, . D10 yucio
JIOTIOJTHSIETCS HYJISIMU CJIEBa CTOJIBKO pa3, kakoBa jinrHa koja ( 01100001000, ) u
IIOJIYYMBILEECS YNCIIO ACJIUTCSA B ABOUYHON CUCTEME cuucieHus Ha "monuHoM". [Tocne
JBOUYHOTO JICJICHHSI, €T0 OCTATKOM U Oy/IeT BhIYMCIICHHAsE KOHTpobHast cymma (001,).

AJTOpUTM IPOBEPKU IPOCTOMN - BBIYUCIIAETCS 3TA K€ KOHTPOJIbHASL CyMMa IS
MIPUHATHIX JAHHBIX U CPAaBHUBAETCS C MTOJIyYEHHON KOHTPOJIBHOM CyMMOM.

JlaHHBIIT aIrOPUTM MMO3BOJIAET OnpeneliaTh 10 2" — 1 ommboK, rae r — ;uimHa koxa. Takoit ko,
0JIHAaKO, HE MOXKET yKa3aTh MO3UIMH OIIMOOK WM IOMOYb B UX UCIPABICHUH.

CyIIecTBYIOT M UCTIOIB3YIOTCS 00JIee CIIOKHBIE allTOPUTMBI BRIYUCICHHS U TIPOBEPKU
KOHTPOJIbHBIX CyMM. HekoTopsle 13 HUX OyJyT UCIOIb30BATHCS B CICAYIOIIUX 3aayax.

Yenosue:
B aroit 3amaue BaM nipeasiaraeTcsi IpOBEPUTH MEepeAaHHbIC JaHHBIE HA HATMYUE OMIHUOOK
C HCTIOJIb30BAaHUEM METO/1a KOHTPOJIBHBIX CYMM.
HeobxomuMo peann3oBath QyHKIINIO, KOTOpas IO BXOIHOM CTPOKE U 3aJaHHOMY
QITOPUTMY BBIYHUCIICHHUSI KOHTPOJILHOM CyMMBbI BO3BpAIIIAET:
® 1CXOJHOE CoO0IleHue B cllyyae nepeaadn 6e3 omuook,
® CTPOKY, COJEPIKAIIYI0 HOMEpa MaKeTOB, EPEIAHHBIX C OITUOKAMH.
[apanTupyercs, 4To 4ucao OMmMUOOK B aKeTaX HE MPEBHIINIAET BO3MOKHOCTH 110 OOHAPYKEHUIO
OIMOOK Y BEIOPAHHOTO AJITOPUTMA BBIYUCIICHUS KOHTPOJIBHONH CYMMBI.
OmmoOKky reHepupyrTCs CIIy4aifHbIM 00pa30oM U MOTYT MOSIBUTHCS B JIFOOOM MecTe
KpOMe TOueK-pa3ieNuTeseii 6JJ0KOB BHYTPH MaKeTa.

®opMaT JaHHBIX

Ha Bxon mogatotcs aBa nmapamerpa: nanuele (data), o0o3naueHue anroputma (mode).
O0603HaueHue anropuT™Ma MpUHUMAET ClIeylolne 3HaueHus: "p" - BBIOpaH aaropuTM
IIPOBEPKH Ha YETHOCTH, "'¢" - BbIOpaH anroputm CRC-32.

Hannsle (data) umerot cienyromuii popmar:

«{maxker il},{maxer i2},...,{maker in}».

JuHa BXoaHou cTpoku [: 1 < [ < 4 106

Jlj1g Bcex MakeToB, y KOTOPBIX MOPSAIKOBBIN HOMep He paBeH 0, maker 1j umeeT Gopmar:
«{KOHTpPOJIbHAS CyMMa}.{KOHTPOJbHAasi CyMMa HOMepa nakeTa}.{lopPsAIKOBbII HOMeP
nakera}.{1aHHbIe}»

, 20e {O0anHvle} — cmpoka u3 0oslx 8-OUmHbIX CUMBOI08 8 ClIyUae HANUYUS OWUOKY, UTU YUGDp
u 6yKe 1amuncKo2o angasuma é npomusHom ciydae. Pazmep cmpoxu oannvix oepanuyen
ceepxy 32 cumeonamu.

, {KoHmponvHas cymma) - uucio 6 decsasmuunom gopmame, e npesviuaiouee $ 2°64)-1 3.
na aneopumma nposepku Ha 4émHocmy cmpoku OuHbl N 9mMo 4ucio 6 060udHoM gopmame
npeocmasifemcst Cedyouwum oopazom:

"0000...0{konmponvnaa cymma cumeona 1}{konmponvnasa cymma cumeona
2}....{konmponvnaa cymma cumeona N}"

, 20e {Konmponvhas cymma cumgona i} - oum co snauenuem I unu 0, a Konuuecmeo Hynet ciesa
Mmakoso, 4mo OIUHA MAKou 0BOUUHOU CIMPOKU KpamHua §.

, {KOHmMPONbHASL CyMMa HOMepa nakema, - KOHMPOIbHASL CYMMA, BbIYUCTIEHHAS OM
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nops0K068020 Homepa nakema. [Ipumeyanue: KOHMPOIbHASA CYMMA HOMepa naKema
BLIYUCTIACMCS O CHIPOKO0B020 NPEOCMABICHUSA HOMEPA, d He 0N CaMO20 YUCIA.

Jnst makera ¢ nopsakoBsiM HoMepoM 0 popmaT crnenyromuii: «{KOHTPOJIbHas
cymma}.{KoHTpoJIbHasi cyMMa HoMepa nakera checksum(0)}.0.{xo.;1-B0
NaKeTOB}.{1aHHbIE}»

Ilpumeuanue: o6was KOHMPONLHAS CYMMA BbIYUCTACTMCS ON 8CEH CIMPOKU NOCe REPEOIL
mouku. Hanpumep, ons nakema nexomopozo cooowenus x="20.1.1.1". Obwasn xoumponvnas
cymma - 20 - evruucasemcess om cmpoxu "1.1.1".

Ha Beixone ¢hyHKIIUS AOTKHA BEPHYTH JIMOO UCXOIHOE COOOIIEHHE, COCTOSIINE U3 OYKB U
udp ratuHCKOro andasura, 1100 cTpoKy Buaa: '"{HoMep makera},{HoMep
nakera},...{HoMep nakera}', coaepxairyro HoMepa MaKeToB, KOTOPbIE OBUTH MepeIaHbl C
omuOkamu. Eciu ommbka mpoun3onuia B HOMepe MmakeTa, BMECTO HOMEpa JAHHOTO IaKeTa
ykazatp "-".

3ameuyaHue 110 AJITOPUTMY NIPOBEPKHU:

OmumOKu MOTYT pacipeeUuThbCs TaK, 4YTO OyAyT MOBPEXKIEHBI TOJIHKO KOHTPOJIBHBIE CYMMBI
WM OJIHA U3 KOHTPOJBbHBIX CYMM BHYTpH nakeTa. [laker, y KoToporo noBpex/1€Hbl TOJIBKO
KOHTPOJIbHBIE CYMMBI, CYUTACTCS HeMOBPeRAEHHBIM. [lakeT, y KoToporo Oblia MoBpexIeHa
KOHTPOJIbHAsI CyMMa TIOPSIIKOBOTO HOMEpa MakeTa (HO caM MOPSAKOBEII HOMEp He ObLI
MOBPEXKAEH) CUMTACTCS TAKETOM C HEMOBPE:KAEHHBIM HHIEKCOM. DTO YYUTHIBACTCS MIPH
IIPOBEPKE PELICHUS.

Sample Input 1:

p 20.1.1.1,0.0.0.3.Hel,657.1.2.0World

Sample Output 1:

HelloWorld

Sample Input 2:

p 6.0.0.2.Hel,1397.1.1.1loWorld

Sample Output 2:

0,1

Sample Input 3:

c 3301236689.2212294583.1.1oWorld,2898817664.4108050209.0.2.Hel
Sample Output 3:

HelloWorld

Sample Input 4:

c 1187106770.2212294583.5.0World,2064812460.4108050209.4.2.Hell
Sample Output 4:

14

AJITOPUTM BBIYHUCIEHUSA KOHTPOJIbHOI CyMMBbI METOJI0M NIPOBEPKHU HA YETHOCTh
JlaBaliTe yTOYHMM aJITOPUTM BBIYHCIEHUS KOHTPOJIBHOW CyMMa JUI1 METO/1a IPOBEPOK HA
4E€THOCTH (pexxuM "p" 3a1aun)

B onmcanuu 3anaun yxe ObLIO MMOKA3aHO, YTO aJITOPUTM MTPOBEPKU HA UETHOCTDH BBIUUCIISET
YETHOCTD YMCIIa €IUHUI] WJIK HYJIE BO BXOJHOM cJioBe: i cioBa X = 111,KOHTpOJbHOU
cymmoii 6yaer ck = 1,, a s cioBa x' = 00010001, — ck = 0, — ecinu npoBepsieTcs
YETHOCTH YNCIIa €UHUIL] B CIIOBE.

(MOXHO TaK)Ke 3aMEeTUTh, YTO €CJIU JJIMHA CJIOBA X - YETHOE YHCIO (Hampumep, 8), To
KOHTPOJIbHBIE CYMMBI MPHU MOJCYETE SAUHULL U HYJIeH cOBNaAaroT. [1Ji1 BOCbMUOUTHBIX
CHUMBOJIOB yZI0O0OHEE BCETO BBIYUCIATH YETHOCTh YHCTIA €TUHULL)

JlaBaiiTe mpecTaBUM BXOJTHOE CJIOBO X KaK BEKTOp 3HAYCHHM: X = (X1, Xy,...,X,) . BBeaAéM
MOHATHE Beca BEKTOPA X — KOJIMYEeCTBAa HEHYJIEBbIX 3HAUEHUH BeKkTopa X: || x || = lﬂxiioz 1,

rae|| x ||- Bec BekTopa x. Torma pe3yabTaTOM BBIUMCICHHS] KOHTPOJIBLHOM CYMMBI SIBIISIETCSI BEC
BeKTOpa X 1mo Moayio 2: ck(x) = || x || mod 2. ]I TBOWYHBIX BEKTOPOB (PYHKIIHS
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KOHTPOJILHOM CYMMBI MOXET OBITh ONpe/ieiieHa KakK:

ck(x) =@ x;,i € [1,n], rne @ — nosnementHoe "uckmoyvaromiee UJIN" st Bekropa x
Hanpuwmep, mst cioa x = 1101,: ck(x) =1 1D 0D 1 =1,.

OtnpasisieMoe cOOOIIEHHE - BXOJHOE CIIOBO [, KOTOPOE, KaK y»Ke ObLIO CKa3aHO BbIIIE, MOKHO
IIPEJCTaBUTh KaK BEKTOp (OMHApHBIX) 37eMEeHTOB. Takum 00pa3oM AJis OTHPABISIEMOTO
cooO11eHns [ Mbl MOYKEM BBIYHCIUTB €r0 KOHTPOJIBHYIO CYyMMY. JTa cyMMa OyJeT COCTOSATh U3
oanoro oura CK : "0" wim "1" — B 3aBUCHMOCTH OT Beca BCETO COOOIICHHUS.

V>ke ObUIO CKa3aHO, YTO C ITOMOIIBIO TAKOM KOHTPOJIBHON CyMMBbI BO3MOKHO FrapaHTHPOBAHHO
O00HAPYXUTh OJHY OLIUOKY WUJIH JII000€ HeuémHoe Yucio OMUO0K. DTOTO MOXKET ObITh BIIOJTHE
JOCTaTOYHO Ul IPOBEPKHU LIEJIOCTHOCTHU MEpelau 00H020 cumeoa B cood1eHnu. Taxk,
HalpuMep, B HECKOJIbKUX peXuMax npoTokoia nepeaauu nanHbix UART BMecTe ¢ kaxapiM 8-
OUTHBIM CIMBOJIOM IepelaéTcs AEBSThIM OUT, KOTOPBIM 3ape3epBUPOBAH AJIsi KOHTPOJIBHOM
CYMMBI IIEpEIaHHOTO CUMBOJIA.

OnHakKo 3TOro SIBHO HEAOCTATOYHO, €CJIM HaM HY)KHO TapaHTUPOBATh IPABUIBHOCTb IPUHATHIX
JAHHBIX: €CJIM B COOOILEHUH BCErja MOSsIBIIAIOTCS XOTsI Obl ABE OLIMOKH, MBIl MOXKEM
rapaHTHPOBATh MPABHILHOCT IPOBEPOK TOJILKO B MTOJIOBUHE CIIy4aeB, €CIH BEPOSATHOCTh
OLIMOKM HEM3BECTHA, YTO, 110 CYTH, aHAJIOTUYHO M0I0packiBaHUIO MOHETKH. boiee Toro, He
MIOJIYYUTCS OTIPEAEIUTH J1aXKe IPUMEPHOE PACIOI0KEHNE OLINOOK WU UX (IIPUMEPHOE)
KOJINYECTBO, €CJIM KOHTPOJIbHAsA CyMMa YKaXeT Ha UX HaJIU4ue.

OueBUAHO, €CITM HE MEHATh CaM METOJI BEIYMCIIECHHSI KOHTPOJILHOW CYMMBI, TO HEOOXO MO
YBEIUYUTh KOJIUYECH 0 KOHMPOIbHBIX cymMm [ cooO1enus. Hanpumep, BIYUCIATD €€ 1
Ka)KJJ0T0 CUMBOJIAa B COOOIIIEHNH, a HE JUI BCErO COOOIIEHUs HeNUKoM. Torna, KoHmponvHoi
cymmoti coobwenus I sisercs cnoBockm(Il) = (ck(11),ck(12),...ck(In)), cocrosmiee u3
KOHTPOJIbHBIX CYMM Ka)JI0T0 CUMBOJIa B cO001eH!H. 11 cooOIIeHus U3 N CUMBOJIOB
KOJIMYECTBO 3JIEMEHTOB B CIIOBE KOHTPOJIbHOW CYMMBI TaKXK€ PaBHO N.

Hanpuwmep, 11t cooO1ieHust:

I = (H,1)qscii = (72,105)19 = (0100.1000,0110.1001),, ckm(I) = (ck(H),ck(i)) =
(ck(0100.1000),ck(0110.1001)) = (0,0)

OnuiieM momaroBbIi AJITOPUTM BBIYMCIICHUS

checksum char (ch of char):

0. bit ck =0

1. for each bit in ch:
2. ck := ck XOR bit

3. return ck

checksum(s of array[n] of char):
0. integer ckm = 0

1. for i in [0, n-1]:

2. ckm[i] := checksum char(s[i])
3. return ckm B

PaccMoTpuM anropuTM Ha mpUMepe TOro, Kak BBIYUCISUIMCH 00IIast KOHTPOJIbHAS CyMMa U
KOHTPOJIbHASI CYMMa MOPSAKOBOTO HOMepa /it makera: "657.1.2.0World" (o01mmas koHTposbHas
cymma paBHa 65719 = 10.1001.0001,, koHTpOSIBHASE CyMMa TIOPSIIKOBOTO HOMEpA paBHA

110 = 1,):

1. ITocunTaemM KOHTPOJIbHYIO CYMMY MOPSIKOBOTO HOMepa:index = ckm(245.4) =

ckm(50,4) = ckm(0011.0010,)

11. index =1, = 1,

2. [Tocuntaem ob11yI0 KOHTPOJBHYIO cymMMmy:total = ckm(1.2. oWorld 45.;):
21.ckm(1.2.0World) =
(ck(1),ck(.),ck(2),ck(.),ck(o),ck(W),ck(0),ck(r),ck(l),ck(d))ascii
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2.2. Beruucnum ck(...) OTAeIpHO IS KQKI0TO CUMBOJIA:
2.2.1. ck(1) gscii = ck(49)19 = ck(0011.0001), =1
2.2.2.ck(.)gscii = ck(46)19 = ck(0010.1110), =0
2.2.3.ck(2) gscii = ck(50)19 = ck(0011.0010), =1
2.2.4.ck(0)gscii = ck(111)49 = ck(0110.1111), =1
2.2.5.ck(W)gscii = ck(87)19 = ck(0101.0111), =1
2.2.6.ck(r)gscii = ck(114)19 = ck(0111.0010), =0
2.2.7.ck(l)gscii = ck(108)19 = ck(0110.1100), =0
2.2.8. ck(d)gscii = ck(100)19 = ck(0110.0100), =1
2.3. total = (ck(1),ck(.),ck(2),ck(.),ck(o0),ck(W),ck(o),ck(r),ck(l),ck(d))ascii
= (1,0,1,0,0,1,0,0,0,1)

2.4 total = 10.1001.0001, = 6754

Pewenue

import base64
import os
import zlib
def parity byte sum(b) :
parity = 0
while b != 0:
parity "= b & 1
b >>=1
return parity

def parity sum(s):
parity num = 0
for i in range(len(s)):
parity num <<= 1
parity num |= parity byte sum(ord(s[i]))
return parity num

def crc32 sum(s):
return zlib.crc32 (s.encode())

ALGORITHMS = {
'p': parity sum,
'c': crc32 sum

}

def solve(data, algo):
packets = data.split(',') # obtain packets
errors = []
packet data = []

for p in packets:

d checksum, d content = p.split('.', maxsplit=1l)

checksum = ALGORITHMS[algo] (d content) # calculate full
checksum for data content with index

i checksum, index, d content = d content.split('.',
maxsplit=2)

index check = ALGORITHMS[algo] (index) # calculate checksum for
index

index correct = str(index check) == i checksum # check if
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index is correct

correct = str(checksum) == d checksum and index correct #

check if data is correct
if not index correct:
# maybe it is only checksum that is damaged?

# Let’s substitute probably damaged checksum with ours

# and calculate full checksum again

o)

s = "%d.%s.%s" % (index check, index, d content)

checksum = ALGORITHMS[algo] (s)
if str(checksum) == d checksum:

errors.append(str (index)) # so index checksum is

really damaged
else:

errors.append('-"') # nope, index is damaged

elif not correct:

errors.append(str (index)) # nope, data is not correct

# No errors:

d content = d content.split('.'")

if len(errors) ==

packet data.append((index, d content[-1]))

if not len(errors):

packet data.sort (key=lambda x: x[0])

return "".Jjoin(map(lambda x: x[1], packet data))

packets

else:

return

;".join(errors)

def handle message (algorithm, data):
answer = solve(data, algorithm)
return answer

Ilposepka
import random
import base64
import os
import re
import zlib

def nth index(n, value, iterable):
i = -1
for j in range(n):
i = iterable.index(value, i + 1)
return i

MIN STR LEN = 1
MAX STR LEN = 1 * (10 ** 3)

NUM TESTS GENERAL = 20
NUM TESTS INDEXES = 20

MAX PACKET LEN = 32

def parity byte sum(b):
parity = 0
while b != 0:
parity "= b & 1
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b >=1
return parity

def parity sum(s):
parity num = 0
for i in range(len(s)):
parity num <<= 1
parity num |= parity byte sum(ord(s[i]))
return parity num

def crc32 sum(s):
return zlib.crc32 (s.encode())

def rand weighted(minv, maxv, weight coef):

v = int (random.triangular (minv, maxv, minv + (maxv - minv) *
weight coef))

return max (v, minv)

def generate str(min len, max len):
NORM COEF = 3
1 = rand weighted(min len, max len / NORM COEF, 0.1)

s = base6d.b6dencode (os.urandom(l)) .decode('ascii')
pattern = re.compile (' [/+=]+")
return pattern.sub('', s)

SAMPLE TESTS = [

("HelloWorld", 'p', 0, False),
("HelloWorld", 'p', 1, False),
("HelloWorld", 'c', 0, False),
("HelloWorld", 'c', 1, True),
]
ALGORITHMS = {
'p': {'min errors': 0, 'max errors': 1, 'check': parity sum},
'c': {'min errors': 0, 'max errors': 5, 'check': crc32 sum}
}
def noise(char, num errors):
char = ord(char)
i actual errors = min(8, num errors)
positions = [1 for 1 in range(8)]
actual errors = 1 _actual errors
while actual errors:
index = random.randint (0, len(positions)-1)
actual errors -=1

char "= 1 << positions[index]
del positions[index]
char = chr (char)

return char if char != '\0' and char != ',' and char != '.' else

'a', num errors - 1 actual errors
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def make packet (string slice, packet index, algorithm,
none_ or number of packets, fixed errors, break index):
if none or number of packets is None:
spacket = "%d.%s" % (packet index, string slice)
else:
spacket = "%d.%d.%s" % (packet index,
none or number of packets, string slice)
spacket = "%d.%s" %
(ALGORITHMS [algorithm] check'] (str (packet index)), spacket)
packet = "%d.%s" % (ALGORITHMS[algorithm] ['check'] (spacket),
spacket)
min errors = min(len(string slice),
ALGORITHMS [algorithm] ['min errors'])
max errors = min(len(string slice),
ALGORITHMS [algorithm] [ 'max errors'])
num errors = random.randint (min errors, max errors) if
fixed errors is None else fixed errors
C_Num errors = Num errors

[ |l

new chars = []
packet dot index = nth index(2, '.', packet)
packet data dot index = nth index(3, '.', packet)
while ¢ num errors != 0:
to break = None
while to break is None or packet[to break] == '.':
if break index:
to break = random.randint (packet dot index + 1,
packet data dot index - 1)
else:
#if random.randint (0, 1):
to break = random.randint (0, packet dot index - 1)
#else:
i to break = random.randint (packet data dot index +
1, len(packet)-1)
new char, c num errors = noise(packet[to break], ¢ num errors)
new chars.append((new char, to break))
packet = list (packet)
for nc in new chars:

packet[nc[1l]] = nc[O0]
return "".join(packet), num errors > O
def generate test (test set):

s = test set[0]
algo = test set[1]

1l = len(s)
if 1 ==
raise ValueError ("Length must be not less than 1")
packets = []
unordered errors = 0

ordered errors = []
first slice = random.randint(l, min(MAX PACKET LEN,1))

slc = first slice
1 -= slc

pos = 0

i =1
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while 1 != 0:
pos += slc
slc = random.randint (1, min (MAX PACKET LEN,1))
1l -= slc
str slice = s[pos:pos + slc]
packet, has errors = make packet (str slice, i, algo, None,
test set[2], test set[3])
packets.append (packet)
if has errors:
if not test set[3]:
ordered errors.append (i)
else:
unordered errors += 1
i +=1

str slice = s[:first slice]
packet, has errors = make packet (str slice, 0, algo,
len (packets)+1, test set[2], test set[3])
packets.append (packet)
if has_errors:
if not test set[3]:
ordered errors.append(0)
else:
unordered errors += 1
random.shuffle (packets)

if unordered errors == 0 and len(ordered errors) ==
answer = "0%s" % s
else:
answer = "1%d.%s" % (unordered errors, ",".join(map (lambda x:

str(x), ordered errors)))

return ("%$s %s" % (algo, ",".Jjoin(packets)), answer)

def generate test set (break index):

algo = random.choice(['p', 'c'l])

return (generate str (MIN STR LEN, MAX STR LEN), algo, None,
break index)

def generate():

tests = []

for sample in SAMPLE TESTS:
tests.append(generate test (sample))

for 1 in range (NUM TESTS GENERAL) :
tests.append(generate test (generate test set(True)))

for 1 in range (NUM TESTS INDEXES) :
tests.append(generate test (generate test set(False)))

return tests

def solve (dataset):

algo, packets = dataset.split(" ", maxsplit=1)
packets = packets.split(',")
errors = []

packet data = []

for p in packets:
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d checksum, d content = p.split('.', maxsplit=1)
checksum = ALGORITHMS[algo] ["check"] (d content)

i checksum, index, d content = d content.split('.',
maxsplit=2)

index check = ALGORITHMS [algo] ["check"] (index)

index correct = str(index check) == i checksum

correct = str(checksum) == d checksum and index correct

if not index correct:
# check checksum with our checksum
s = "%d.%s.%s" % (index check, index, d content)
checksum = ALGORITHMS [algo] ["check"] (s)
if str(checksum) == d checksum:
errors.append(str (index))
else:
errors.append('-")
elif not correct:
errors.append(str (index))
# head
d content = d content.split('.'")
if len(errors) ==
packet data.append((index, d content[len(d content)-1]))
if not len(errors):
packet data.sort (key=lambda x: x[0])
return "".Jjoin(map(lambda x: x[1], packet data))
else:
return

;".join(errors)

def check(reply, clue):

if cluel[0] == '0"':
return True 1f reply == clue[l:] else False, "Mcxomhaoe
COOOBIIEHMEe He COBRIIamaeT C oTBeToM."
else:
# check number of errors
non ordered, ordered = clue[l:].split('.")
non ordered = int(non ordered)
ordered = ordered.split(',")
if len(ordered) == 1 and ordered[0] == '':
ordered = []
else:

ordered = list (map(lambda x: int(x), ordered))
reply non ordered = 0
reply errors = reply.split(',")
if len(reply errors) != (non ordered + len(ordered)):
return False, "UmMcJy0O HaMIEHHBEX NAaKEeTOB C ommbkaMyu He
coBmnamaeT C oTBeTOM."
for reply error in reply errors:
if reply error == '-':
reply non ordered += 1
else:
try:
idx = ordered.index (int (reply error))
del ordered[idx]
except ValueError:
return False, "VHOekcC rnakeTa C oOmMOKOM He
OpUCyTCTBYyeT B oTeeTe."
if len(ordered) != 0O:
return False, "OIVH MJIM HECKOJIBKO MHIEKCOB IIaKeTOB C
ommbKaMM He INIPUCYTCTBYKT B oTeBeTe."
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return True if reply non ordered == non ordered \
else False, "HalmeHHOe UMCJIO IakKeTOB C ommbOkKaMu B
VMHIEKCEe He pPaBHO 4YMCIy B oTeeTe.'"

Daiinosvie wabioHbL .

::python3

::code

def handle message(algorithm, data):
answer = ""
# your code here
return answer

::footer
import sys

def wrapper|():
algorithm, data = sys.stdin.read().split(" ", 1)
print (handle message (algorithm, data))

wrapper ()
::javas8

: theader

import java.io.BufferedReader;
import java.io.Console;

import java.io.IOException;
import java.io.InputStreamReader;
import java.util.*;

class Test

{

::code

static String handleMessage (String algorithm, String data) {
//your code goes here
return "";

}

::footer

public static void main (String[] args) throws IOException {
BufferedReader buffer=new BufferedReader (new
InputStreamReader (System.in)) ;

String input = buffer.readLine();

String[] array = input.split("™ ", 2);
System.out.print (handleMessage (array[0], arrayl[l]));

cic++11
::code

#include <string>
#include <vector>
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std::string handle message (const std::string &algorithm, const
std::string &data) {

std::string handled message;

//your code goes here

return handled message;

: theader

#include <random>
#include <iostream>
#include <sstream>
#include <algorithm>
#include <assert.h>

::footer
int main() {
std::string algorithm, data;

std::cin >> algorithm >> data;
std::cout << handle message (algorithm, data);

return 0;

::mono c#
: theader

using System;
using System.Collections.Generic;
using System.Text;

class Test

{

::code

static string HandleMessage (string data, string algorithm) {
//your code goes here
return "";

}
::footer
static void Main(string[] args)

{

4

string input = Console.ReadLine ()
string[] array = input.Split(' ");
Console.Write (HandleMessage (array[0], arrayl[l])):;

3anaua 2.1.4 (4 6aqna)

[lepenava JaHHBIX MO KaHATY C IIyMaMHU.

[Tocne npoBepKU JaHHBIX MPUHUMAIOIIAS] CTOPOHA MOXKET 3alIPOCUTH MOBTOPHYIO
nepenavy JaHHBIX.
[ToBTOpHAs Mepenaya JTaHHBIX ¢ OMIMOKaMU sBJsETCS () (HEKTUBHBIM TPOTOKOIOM 0OECTICUSHHS
JIOCTaBKH JTAHHBIX B CITydasix, KOrJa MpOoIyCKHasi CIOCOOHOCTh KaHala JOCTaTOYHO BHICOKA,
CTOUMOCTD NEpCAavun JaHHBIX HU3KA U ITOMCXH B KaHAJIC CYUTAIOTCA MAaJILIMU. HaanMep, B
OINITOBOJIOKOHHBIX KaHaJlaX CBS3U.
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Opnako MOBTOpHAS Mepeaada HempuMEHUMa JIJIsl KaHAIOB ¢ HECTa0MIIBbHOMN CBSI3BIO, TaK KaK
BEPOSITHOCTH TOJYUYCHHsI OTMOOYHOTO TTaKeTa ¢ KaKI0H MOBTOPHON HOBOM Iepeaveit pacTeT
SKCIOHEHIIMAJIBHO U 3aBUCHUT OT 00bEMA IITyMa B KaHaJIe IO OTHOIICHUIO K MTOJIE3HOMY
CUTHAIY:

_ n ~
P received error (n) =1- Pno errors »M — HOMEDP IOBTOPHOH NIEPEAAYIN.

Pno errors < 1 — BEPOSATHOCTb NOJIy4eHUs NaKeTa 6€3 MoTePhb U OIIMOOK.
B Takux xanamax HCO6XOIII/IMO HUCITIOJb30BATH HOMGXOYCTOﬁqHBBIC AJIT'OPUTMBI KOAUPOBAHUA U

JEKOAUPOBaHUS.
Il
[IpencraBumM MoJienb Nepeiadn JaHHbBIX:
X - V -
—» Kopgep » KaHan [——» Hekogep —»
i - e - BEKTOD i’ -
Lym

[Tapy B BUJIe KOZiepa U IEKOAEpa HAa3bIBAIOT KOAOM.

Koznep mosxHo npeactaButh B Buje GyHKIUH f (i): i = X, KOTOpasi CTABUT B COOTBETCTBUE
OTIIPABIISIEMOMY Yepe3 KOJIEp CIOBY |, Ha3bIBAEMOMY HH(OPMAIHOHHBIM, HEKOTOPOE APYroe
CJIOBO X, Ha3bIBAEMOE KO/I0BBIM.

Kanan nepegauu ¢ mryMmoM mipeicTaBisieTcs B Bujie QyHKIUU e(X): x = y, KoTopas
COIOCTABIISIET KOJIOBOMY CJIOBY X JIPYTO€ CJIOBO Y, KOTOPOE MOXHO OITUCATh KaK
MO3JIEMEHTHYIO CYMMY BEKTOpa OMIMOOK U KOJIOBOTO CJIOBA:
y=x+te={xoteo,xstey,....x;+e,...}

JIy1st IBOMYHOTO KaHalla CyMMY MOXHO 3aMeHUTh Ha “Uckmrouatomee NI

y=x@e={xoDegxiDey,...,.x; De...}

Jlexozep npezcTaBuM B Buje komnosunuu ynxiuii de(y) = f~1(c(y)):y — i’ , xotopas
MEPEBOIMT MPHHSATOE CJIOBO X B CIIOBO 1, TAK)Ke Ha3bIBAEMOE KOJIOBBIM.

®ynkuus f~1(x"): x" > i’ naswiBaeTca GyHkumel nexoauposanus, a Gynkuus c(y):y - x'
Ha3bIBaeTcs PyHKIMEH Koppekunu. OYHKIMS KOPPEKIUH “TIbITaeTcs” y3HATh 3HAUCHUE €’ U, B
o01iieM ciydae, e€ MOKHO MPEICTaBUTh TakuM 00pasom: ¢(y) =y — e’ = x'. Eciu 3nauenue e’
pPaBHO 3HAYEHUIO €, TO €(y) = Yy — e = X - TO KOJOBOE CIIOBO BOCCTAHABIIMBAETCS YCIICIITHO, U
f~1(x) =i - ycnemmno BoccTaHABIMBAETCS OTIPABIEHHOE CJI0BO. 3HAYEHHE BEKTOPA OMIMOOK €
HEHM3BECTHO MPHHUMAIOLICH CTOPOHE.

3amada gexojiepa B 00IIeM ciydae 3aKJIF09aeTcs B TOM, YTOOBI 1 ¥ 1’ COBITaIaTi KaK MOKHO
Yarie Mpy JFObIX 3HAYSHUSIX BEKTOpPa OMINOOK.

Crourt cka3aTb, 4TO JIEKOJIEp MOXKET paboTaTh B IBYX PEXKHUMaX: KOPPEKTUPYIOIIEM H

0OHApYKHBAIOIIIEM.

Bo Bpems paboTsl B 00HapYyKHBAIOIIEM PEXUME JIEKOIEp OOHAPYKUBAET OMINOKH, HO, B

OTJIIMYHE OT KOPPEKTUPYIOIIETO peXXUMa, He MOXKET JeKOJUPOBATh JaHHbIC, €CIIH OHHU OBLITH

MTOBPEXXICHBI.

CymiecTByeT MpaBuIIo ISl CIIOCOOHOCTH JEKOAEPOB OOHAPYKUBATH U KOPPEKTUPOBATH

OLIMOKH: €ClIi KOJIep CIIOCOOEH rapaHTHUPOBAHHO UCTIPABIATH HE MeHee k ommbok, To OH
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MOKeT 0OHapyxuBath He MeHee 2k ommbok, BepHO U oOpaTHOe.
Koppb! pazaenstorcs no BULy nepeaayu JaHHbIX.
Kozapl MOKHO pa3zienuTh Ha NOTOYHBIE U OJIOYHBIE.
bnounslil KoJ - KO (PUKCUPOBAHHOM JUIMHBL, TO €CTh TAKON KOJ, ISl KOTOPOI'O KOJEpy U
JIEKO/Iepy TOYHO U3BECTEH pa3Mep KOJI0BOro cjaoBa. B ciydasx, korna ajinHa
MH(GOPMALIMOHHOT'O CcJI0Ba OOJIbLIE, YeM JJIMHA KOJAOBOI'O CII0BA, OHO pa30uBaeTcs Ha
HECKOJIBKO OJIOKOB. A KOTJIa MEHBIIIE - JIOTIOHSICTCS “HYJEBBIM’ OJIOKOM.
J1s HOTOYHBIX KOAOB JIEKOAEPY HEU3BECTEH 00bEM NPUHUMAEMBIX JaHHBIX, YTO MOYKET
MIPUBECTH K OOJIbIIEMY KOJIMYECTBY JOTIOJHUTENBHBIX JTaHHBIX, HEOOXOJMMBIX IS
JIEKOJUPOBAHHUS.

3asaya 1eKOAUPOBAaHUS IPUMEHNMA HE TOJIBKO K I1€peiaye JaHHBIX, HO U K €€
xpaHeHuro. Hanpumep, Ui oNTHYECKUX TUCKOB 3ajaya JIeKOAUPOBaHUs Oblja OTHOM caMbIX U3
TJIABHBIX TP UX Pa3pabOTKe M UCHOIb30BaHNU. VICTOYHMKOM HIyMa SIBJISUIUCH IIApaivHbl U
ontuyeckue abeppannu, MEIaoe CYUThIBATh OBEPXHOCTh AUCKA. B anroputmax
WCIIPABJIEHUS OIIMOOK BO BPEMsI XpaHEHMsI JAaHHBIX B ONEPaTUBHON NaMATH IOMEXAMU MOKET
CUUTAThCA HIIEKTPOMArHUTHOE U3JIy4YCHHE UCTOYHUKOB MIUTAHUS U COCEAHUX IEKTPUUECKUX
CXEM.
Ota 3a/1a4a 10 CUX MO SABJSETCA OrpaHUYMBAIOLIMM (DAaKTOPOM JUIs Pa3BUTUSL KAHAJIOB CBS3H.

[TonbITaemcs pelmuTh 3a/1a4y JEKOAUPOBAHMUS.
CambIM IPOCTBHIM €€ pellIeHUEeM SIBIISIETCS MHOIOKPaTHOE TOBTOPEHUE CUMBOJIOB B
WH(POPMAIIMOHHOM cJI0BE. J[eKoImpoBaHe TaKOTo CJIOBA MPH STOM IPOUCXOIUT
Ma)KOpUTAPHBIM AJITOPUTMOM: KAKMX CUMBOJIOB B IOBTOPEHUSAX OOJIbILIE.
Hanpumep: nndopmarmonnoe cimoo i = 1011,,d = 5- KoIM4YeCTBO MOBTOPEHUI HA KK IbIH
CHUMBOIL.
KomoBeim ciioBom Toraa siBnsiercs cioso x = 11111.00000.11111.11111,,.
AJTOpUTM JEKOIUPOBAHUS OUEBUJIEH: JJIs1 KAXKIBIX 5 CUMBOJIOB MOJCUNUTHIBAECTCSA KOJIMUECTBO
“1” 1 “0”. B xauecTBe 1€KOAMPOBAHHOI'O CUMBOJIA BEIOUpAETCs TOT, KOTOPBIN sB. Hampumep:
ITpunsroe cioo y = 10111.00110.11111.11101,, 115 mepBoro cCUMBoOJIA:
vy, = 10111, n; =4,ny=1 =i, =1

J171s1 ocTabHBIX CUMBOJIOB aHAJIOTUYHO.

Takoit Ko/l rapaHTUPOBAaHHO OOHAPYKUBAET 110 4 OMIMOOK U TapaHTUPOBAHHO BOCCTAHABIMBAET
HE MEHee IBYX OLIMOOK B JIIOOOM MecTe.

. d-1
B o6miem ciyuae MOXHO CKa3aTh, YTO JAHHBIN KOJ BOCCTAHABINBACT k = [T] omKnOoK B

mo0oM MecTe U 0OHapyskuBaeT 10 d-1 omMOoK B 1F000M MECTE, YTO COOTBETCTBYET MPaBUITY
JUIs1 CIOCOOHOCTH JIEKOJIEPOB OOHAPYKUBATh U KOPPEKTUPOBATH OIIMOKH.
BBenem nonsitue ckopocmu kooa.
CkopocTb KOozia AJIs CJIOBA 1 - OTHOIIEHUE YKciia UHOOPMAIIMOHHBIX CUMBOJIOB K YHCITY
CHMBOJIOB COOTBETCTBYIOIIETO KOJOBOTO CJIOBA.
Jlnist KoJla i1 BCeX CJIOB OIpeeNsIeTcs o-pa3HoOMY B 3aBHCHMOCTH OT yCiIoBUil. Onpenenum
CKOPOCTH KOJIa KaK Cpe/IHee JUIsl BCeX BO3MOKHBIX HH()OPMAIIMOHHBIX CIIOB JIJTHEI N
_ 1 il
¢ =gwlier 3
I7ie N - JUIMHA CIIOB, (] - pasMmep andasuTa (11 IBOMYHOro KaHana q=2), P - MHOKECTBO BCeX
CJIOB JUIMHHI N, |i|- AnuHa cioBa i, |f(i)| - AnMHA KOAOBOTO CIIOBA.

1
O‘-IGBI/II[HO, 4TO OJId aJIrOpUuTMa KOJUPOBAHUA ITOBTOPCHUAMHU CKOPOCTBHIO KOJIAa ABJIACTCA C = E'

1 Jutst uictipasiiennst k ommbok oHO OyneT He 6ornee ¢ = T

1
Jns mpuMepa Bblllie ¢ = - st ucipasiiennst 10 ommOOK A0S TOJIE3HBIX JAHHBIX B

3aKOJIMPOBAHHOM CJIOBE YK€ He IpeBbiIaeT 5%.
Jljis IpMEeHEeHUsI B pealIbHbIX CUCTEMaX TaKOM alropuTM He MOIXOIUT eulé U Mo Ipyroi
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MIPUYKHE, CBA3aHHOU C TEM, YTO OOJBITMHCTBO OMIUOOK MOSBISIOTCS CEPUSMU - OLTHOKaMH,
UIYIIMMU TTOAPAT, KOJIMYECTBO KOTOPBIX MOXKET MPEBBIIIATH TEOPETUUECKYIO CIIOCOOHOCTD
rapaHTUPOBAHHO BOCCTAHABIIMBATH JJAHHBIC.

Jljis anropuT™ KOAUPOBAHHS IIOBTOPEHUSMHU B 3TOM Cllydae HEBO3MOKHO BOCCTAHOBHUTD
JTaHHbIE 0€3 MOTEPh, TaK KaK OJMH UM HECKOJIBKO CHMBOJIOB OYIyT MOJHOCTHIO TIOBPEKICHBI.
OpaHako CyIIEeCTBYIOT U MPUMEHSIOTCS aITOPUTMBbI KOAUPOBAHUS, JIIs1 KOTOPBIX BEPOSITHOCTh
BOCCTAHOBHUTH JIaHHBIE Ia)KE B ATOM CJydae HE paBHA HYIIIO.

OaHMM U3 CaMOKOPPEKTUPYIOLINXCS aIrOPUTMOB SBJISIETCS KOJI XIMMHUHTA.

Hecmotpst Ha ero xapaKTepUCTUKU: BO3MOKHOCTh HCIIPABIISITh TOJIBKO OJIHY OIIMOKY U
oOHapyKUBaTh TOJIBKO JIBE, OH 00J1a/1a€T TEOPETUYECKU BO3MOKHON MUHUMAJILHOM
n30bITOYHOCTRIO: | = log,n + 1 - HONOTHUTENBHBIX CUMBOJIOB TpeOyeTcs Ui KOJUPOBAHUS
CJIOBA JUIMHBI N.
CaM anropuTM SBJISIETCS U3MEHEHHBIM aJITOPUTMOM IIPOBEPKHU Ha u€THOCTh. MHpopMamonHoe
CIIOBO pa3OuBaeTcs Ha OI0KM ATHHBI n. Kaskapiit 010K KOAUPYETCS U IEKOAUPYETCS OTIEIBHO
OT BCEX OCTAJIbHBIX.
AJNTOPUTM KOAMPOBAHUS JIJISl TIBOUIHOTO aipaBUTa COCTOUT B CICAYIOMIEM:

1) K cnoBy no6asinstorcs log,n + 110N0IHUTEIBHBIX CHMBOJIOB Py, IPEIBAPUTEIHHO

paBHEIX HyM0, B to3urmu 25, k €[0, log,n).

2) 3arem coctaBisieTcs Matpuiia A pasmepa [log,n + 1,n + log,n + 1], kaxasiii

CTOJIOET] KOTOPOH - TBOMYHOE MPEICTABICHUE TEKYIIET0 TEKyIIero HoMepa CTooIa.

3) Kaxplit CHMBOJ Py paBeH KOJIMYECTBY CMHUI] B UHPOPMAIIMOHHOM CIIOBE, KOTOPOE

YMHOXEHO MO3JIEMEHTHO C k-0ii CTpOKON MaTpullbl A 10 MOAYMIO 2: Py, = |Ag -

i| mod 2.

AJTOpUTM JEKOIUPOBAHUS aHATIOTHYEH AITOPUTMY KOAUPOBAHUS:
1) BBIYHCIIAIOTCS HOBBIE CUMBOIIBI Py aHAJOTUYHO IIAry 3 U3 aJlrOpUTMa KOJAUPOBAHMUSL.
2) Ecau Bce 3HaU€HHsI HOBBIX CHMBOJIOB PaBHBI HYJIIO, OITHOKY TPH Mepeiade He ObUTo U
MepenTH K mary 4, iHaue nepenTy K mary 3.
3) 3amuch CHMBOJIOB

Piog,n @ p Eogzn »Plog,n-1 @ p iogzn—l » Pk @ p ;c' P @ p ’1 SBJISICTCA
ABOWYHBIM MMPEACTABJICHUEM MTO3ULIUN OIINOKHU B KOAOBOM CJIOBC - IIPpH
HWHBCPTHUPOBAHUHN CUMBOJIA MTOJYUUTCA UCTHUHHOC 3HAYCHUC 3TOI'0O oura.

4) U3 xo0BOTO CIIOBA YIASIOTCS JOTIOJHUTEIBHBIC CHMBOJIBI.

Hanpuwmep:
[TycTp mano cioso u3 8 cumBosoB: i = 01101111,
1) JloGaBuM K HEMY TPH JOMOJHUTEIBHBIX CHMBOJA, paBHbIX 0, B mo3unuu 1, 2, 4, 8:
a) i =0001.1001.1110,
2) CocraBuMm matpuily A pa3mepa [3, 12], cocTaBJICHHYIO U3 HOMEPOB CTOOJIIOB. (HOMepa
HayuHaTCs C 1):
101010101010p1
011001100110p2
000111100001p3
000000011111p4
3) BerumciuM Bce 3HAUCHHS CHMBOJIOB Py. .. Dy
a) (0*1)+(0*0)+(0*1)+(1*0)+(1*1)+(0*0)+(0*1)+(1*0)+(1*0)+(1*1)+(1*0)+(0*1)
=pl=0
b) (0*0)+(0*1)+(0*1)+(1*0)+(1*0)+(0*1)+(0*1)+(1*0)+(1*0)+(1*1)+(1*1)+(0*0)
=p2=0
c) (0*0)+(0*0)+(0*0)+(1*1)+(1*1)+(0*1)+(0*1)+(1*0)+(1*0)+(1*0)+(1*0)+(0*1)
=p3=0
d) (0*0)+(0*0)+(0*0)+(1*0)+(1*0)+(0*0)+(0*0)+(1*1)+(1*1)+(1*1)+(1*1)+(0*1)
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=p4=0
e) 3axomupoBanHoe cioBo: x = 0001.1001.1110,
Ilycts B mo3unuu 7 npousonuia omunodka: y = 0001.1011.1110,. Jlekogupyem 3T0 CI0BO:
1) CocraBum matpuily A pa3mepa [3, 12], cocTaBieHHYIO U3 HOMEPOB CTOOIIIOB. (HOMepa
HayuHaTCs C 1):
101010101010p1
011001100110p2
000111100001p3
000000011111 p4
2) BbrunciuM Bce 3HAUCHHSI CHMBOJIOB Py. .. Dy
a) (0*1)+(0*0)+(0*1)+(1*0)+(1*1)+(0*0)+(1*1)+(1*0)+(1*0)+(1*1)+(1*0)+(0*1)

b) (=o£(1);+=(ol*1)+(0*1)+(1*0)+(1*0)+(o*1)+(1*1)+(1*0)+(1*0)+(1*1)+(1*1)+(o*0)
c) (:ogé;:(o*w(0*0)+(1*1)+(1*1)+(o*1)+(1*1)+(1*0)+(1*0)+(1*0)+(1*0)+(o*1)
d) (:ogg;:(ol*w(0*0)+(1*0)+(1*0)+(o*0)+(1*0)+(1*1)+(1*1)+(1*1)+(1*1)+(o*1)
) I:/III)i)M:eI()) nosuumu ommbkn: e = (0 0)(0 D DO D (0B 1) = 0111, =

7

Taxoii anropuT™M UCIIOIB3YETCS B TEX CIIyYasx, KOTJa BOSHUKAIONINE OMIHOKH JTHOO0
PEAKHU ¥ PAaBHOBEPOSTHBL, JINOO HE ABISIOTCS KPUTHUYHBIMU ISl paOOTHI CUCTEMBI, HAIIPUMED B
PaJIMOCBSI3HM U B CUCTEME HCIIPABJICHUS OIIMOOK OMEPATUBHOMN TTAMSITH.

CymiecTBYIOT U Apyrue Kojpl: kojpl Puga-Mamnepa (Reed-Muller codes), komast Pua-
Conomona (Reed-Solomon codes), koast boy3za-Hoynxypu-Xoksunrema (BCH codes), koabt
INonmst (Goppa codes).

Kaxxapiii u3 3THX KOA0B 0071a/1aeT HEKOTOPHIMU CBOMCTBAMH, KOTOPBIE TTO3BOJISIOT
HaXOJUTh UM 0oJiee MpaKkTUYECKOe IPUMEHEHHE B pa3HbIX obnactax. Hanpumep, BUX
UCHoNB3YIOTCS B ceTsiXx GSM, Tak Kak MO3BOJISIFOT MOACTPAUBATHCS TUHAMUYECKH TI0]] YCIOBUS
KaHaja nepegaadu. A koael Puma-Mariepa uCIonb30BIHCH TS KOJUPOBAHUS ONITHISCKUX
JIMCKOB, TaK KaK yCTOMUYMBHI K CEpUSM OIIMOOK, HAIpUMep, MPHU JJIMHHBIX [[apaluHaX JUCKOB.

Ha npakTrke 9acTo MPUMEHSIFOTCS peATH3aIUN KACKAOHbIX KOO0 - KOJIbI, COCTOSIIIHE
13 HECKOJBKUX IPYTUX KOJIOB.

OHU CTPOSITCS KACKaHO: KaXIBIH KOJI, KpOME MEPBOT0 U MOCIIEAHET0, TPHHUMAET Ha
BXO/J1 KOZIOBOE CIIOBO MPEABLAYIIETO KOJa, a BEIXO TEKYIIETro KoJla IPUHUMAETCS Ha BXOJ
CJIeyroIero Koja. BeIxo | mocinemHero Koa - BbIX01 KaCKaIHOTO KOJIa, a BXOJI ITEPBOro KoJa -
BXO/J1 KACKaIHOTO KOJIa.

Takue KoIbI MO3BOJISIOT KOMOHMHHUPOBATH ITOJIC3HBIE CBOWCTBA PA3HBIX KOJIOB.

Yenosue:

B s10i1 3a1aue Bam HE0OX0IMMO pa3paboTaTh CBOM WM MPUMEHUTD CYIIECTBYIOIIUM KO st
CTaOMIIbHOW Nepeayn JaHHbIX B KaHaue ¢ mrymMoM. Illym renepupyercs ciydaitHbIM 00pazoMm ¢
HEKOTOPOU BEPOSITHOCTBIO, KOTOPasi 3apaHee U3BeCTHA. Bam HYHO Ipe1oCcTaBUTh (PYHKIIHIO,
KOTOpasi B 3aBUCHUMOCTH OT PEXHUMa, KOAUPYET WK IEKOAUPYET IPUHSTHIE TaHHBIE.
["apanTHpyeTcs, 4TO ypoBEHb IIyMa IMOCTOSHEH JJIsl OJTHUX U TeX e TaHHBIX B PEKUME
KOJUPOBAHUSA U IEKOAUPOBAHUS.

OrpaHnyeHue 10 BpEMEHU: 2 CEK.

Orpannuenue no namsaru: 256 Mb.

DopMaT JaHHBIX

Ha Bxox mogarorcst Tpu mapameTpa B CIASAYIOIIEM MOopsaKe: o0o3HaueHue aropurma (mode),
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ypoBeHb 1ryma (noise_level), nannsie (data).
Pexxum pabotel (mode): cTpoka, mpuHUMaeT 3HadeHus “‘decode” u “encode”.
VYposens nryma (noise _level): grcio ¢ niaBaroeil TOYKOi, BEpOATHOCTh HHBEPTUPOBAHUS
o6ura, |noise_level — 0.5] < 0.3
Bxoausie nannsie (data):
e B pexxume paboThl “encode’”: cTpoka, cocTosiiast u3 nudp u OyKB JJATHHCKOTO
andasura. Jlmuna ctpoku 11 <1 < 4% 10°
e B pexume pabotsl “decode”: ctpoka, oOpaboTaHHast paHee BRI30BOM (DYHKIIHH B
pexxume encode, KOTOpasi MOXKET COJIepKaTh OMIUOKH MPH Niepeaade TaHHbIX. MOXeT
COJIepKaTh JII0OOBIE CUMBOJIBI, KPOME HYJIEBOTO.
[Tpumevanue: KaHal CBSI3U HE U3MEHSET POOEITHHBIC CUMBOJIBI, OJJHAKO YMEHBIIIAET
KOJIMYECTBO UIYIIHUX MOAPST CUMBOJIOB 710 1. [IpoOenbHbIC CUMBOJIBI TAK)KE YIACTBYIOT B
OLIEHKE CKOPOCTH KOJIa.

IeneBbie mapaMeTpbl

3ajiaHe CUUTaeTCs MPOMACHHBIM TOT/Ia U TOJIBKO TOT/1a, KOT/1a:
e Ckopoctb konupoBanus ¢ = 0.2
e OrTHoOIIIEHHUE YKCIIa MPOUICHHBIX TECTOB K 00IIeMy KonuecTBy TectoB k > 0.8
e Hu B 01HOM TecTe HE OBUIO JOMYIIEHO 0OJIbIle 2 OMIMOOK JIEKOAUPOBAHHUSL.

TecrupoBanue

HJ'ISI TCCTUPOBAHUA CO6CTB6HHLIX KOZOB Bbl MOJKETC UCIIOJIB30BATh HAIIMCAHHYIO JJIS1 9TOI'O
IIporpaMmy:
https://github.com/FakeEmperor/NTIChannelTester/raw/master/bin/Channel Tester.exe . Eciu
BbI HE HCII0JIb3YETE ONEPallMOHHYIO0 cucTeMy ceMelicTBa Microsoft, Bbl MokeTe
CKOMITUJIMPOBATD MPOrpaMMy U3 HCXOAHOT'O KOAA, HAITMCAHHOTO Ha C++2
https://github.com/FakeEmperor/NTIChannelTester .

HCJ'IL MporpaMMalI: o6ner YUTHb TECCTUPOBAHUC AJITOPUTMA U HAXOXKICHHUEC €TI0 IMapaMETPOB.
[IporpaMma ucnosne3yet QailioBelil HHTEpPENC 1Id TECTUPOBAHUS PaOOThI AITOPUTMA -
pe3yabTaThl paboThI Balllero KoAa BaM HEOOXO0JMMO 3anKchiBaTh B ¢aili. [Iporpamma Moxer
TCHCPUPOBATH BXOAHBIC TAHHBIC JIJIA pa60TBI BalICro ajJropurMa B pEeKUME KOACPa U ACKOACpaA.

HpuMep HCII0Jb30BaHUSA NMPOrpaMMBbl VIS T€HEPAIIUHM BXOJAHBIX JAHHBIX IJISI p€kuMa
KOAUPOBAHMSA:

channel_tester.exe -g -io_source source.txt -noise_levels 0,0.2,0.9 -num_sources 3 -
max_source_size 100

OTH mapaMeTphl YKa3bIBAOT, YTO HEOOXOIMMO CTEHEPUPOBATH 3 TECTOBBIX BXOAHBIX TAHHBIX
Ha KaXblil ypOBEHb Iyma, ypoBHH 1ryma: 0, 0.2 u 0.9, kaxxm0e BXOJITHOE CJIOBO UMEET JITTUHY
He 6onbie 100. Pesynbrar Oyner 3anucan B (haiin source.txt. Kaxaprii Ha00p BXOTHBIX JaHHBIX
paszieneH HOBOM CTPOKOM.

l'[pnMep HUCIOJIB30BaAHUA IPOrpaMmMbl IJId T€HEPAUUU BXOJAHBIX JaHHBIX JJIA PEKUMaA
JEKOAUPOBAHUSA:
channel_tester.exe -s -io_source source.txt -in_encoded encoded.txt -io_noised noised.txt

9TI/I napaMeTpLI YKaBI)IBaIOT, qTo HeO6XO]II/IMO CFeHepI/IpOBaTI) 3 TECTOBBIX BXOJIHBIX JAHHBIX
JUIS peKUMa JeKOIUPOBAHMUS, UCTIONB3YS 3aKOAMpOBaHHBIC AaHHbBIE U3 ¢aitna encoded.txt
BXOJHBIC TaHHBIC U3 (aiiia source.txt. PesynpTaT OyaeT 3anucan B daitn noised.txt. Kaxxmprit
Ha0op BXOIHBIX JAHHBIX pa3ieiieH HOBOM CTPOKOIA.
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IIpumep ucnob30BaHUS POTPaMMBbI VI TECTHPOBAHMS PadoThI AJropuTMAa:
channel_tester.exe -d -io_source source.txt -in_decoded decoded.txt -io_noised noised.txt -
10_encoded encoded.txt -out_report report.txt

OTH mapaMeTphl YKa3bIBAIOT, YTO HEOOXOIUMO MTPOTECTUPOBATH JICKOTUPOBAHUS AITOPUTMA H
coOpaTh CTaTUCTUKY €r0 pabOThI, HCTIONB3Ys pe3yibTaThl U3 ¢aiia decoded.txt, ucxoausie,
3amryMIEHHBIC U 3aKOAMPOBAaHHBIC JaHHbBIE U3 (ailioB source.txt, noised.txt, encoded.txt,
COOTBETCTBEHHO. Pe3ynbTaT TecTHpoBaHus Oy/eT 3amucaH B ¢aiin report.txt.

[TpuMeuanue: Kaxkaast CTpOKa pasjesercst crporo cuMBosiamu “\r\n”. TTokaiyiicta, ydTHTE 3TO
IIPY YTECHUH BXOJHBIX (DaliJIOB U 3alMCH Pe3yIbTaTOB PAOOTHI CBOCH MPOTPAMMBI.

Pewenue:

# REED-SOLOMON CODE
# IMPORTED FROM @link
http://web.mit.edu/~emin/www.old/source code/py ecc

# Copyright Emin Martinian 2002. See below for license terms.
# Version Control Info: $Id: ffield.py,v 1.5 2007/03/15 02:49:44 emin
Exp $

import string, random, os, os.path, cPickle

# The following list of primitive polynomials are the Conway
Polynomials

# from the list at

# http://www.math.rwth-aachen.de/~Frank.Luebeck/ConwayPol/cp2.html

gPrimitivePolys = {}

gPrimitivePolysCondensed = {
1 : (1,0),
2 : (2,1,0),
3 (3,1,0),
4 (4,1,0),
5 (5,2,0),
6 (6,4,3,1,0),
7 (7,1,0),
8 (814131210)1
9 (9,4,0),
10 (10,6,5,3,2,1,0),
11 (11,2,0),
12 (12,7,6,5,3,1,0),
13 : (13,4,3,1,0),
14 : (14,7,5,3,0),
15 : (15,5,4,2,0),
16 (16,5,3,2,0),
17 (17,3,0),
18 (18,12,10,1,0),
19 (19,5,2,1,0),
20 (20,10,9,7,6,5,4,1,0),
21 (21,6,5,2,0),
22 (22,12,11,10,9,8,6,5,0),
23 (23,5,0),
24 (24,16,15,14,13,10,9,7,5,3,0),
25 (25,8,6,2,0),
26 (26,14,10,8,7,6,4,1,0),
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27 27,12,10,9,7,5,3,2,0),

28 28,13,7,6,5,2,0),

29 29,2,0),

30 30,17,16,13,11,7,5,3,2,1,0),
31 31,3,0),

32 32,15,9,7,4,3,0),

33 )

(

(

(

(

(

(
: (33,13,12,11,10,8,6,3,0),
34 : (34 16,15,12,11,8,7,6,5,4,2,1,0),
: (3
(3
(3
(3
(3
(4
(

0
S,
0),
7

35 11, 10, 7, 5, 2,
36 23, 22, 20, 19, 17, 14, 13, 8, 6, 5, 1, 0),
37 5, 4, 3, 2, 1, 0),

38 14, 10, 9, 8, 5, 2, 1, 0),

39 15, 12, 11, 10, 9, 7, 6, 5, 2 , 0),

40 23, 21, 18, 16, 15, 13, 12, 8, 5, 3, 1, 0),
97 97 6,0),

1OO : (100,15,0)
}

for n in gPrimitivePolysCondensed.keys () :

gPrimitivePolys[n] = [0]*(n+1)
if (n < 16):

unity = 1
else:

unity = long (1)
for index in gPrimitivePolysCondensed[n]:
gPrimitivePolys[n] [index] = unity
gPrimitivePolys|[n].reverse ()

class FField:
def init (self,n,gen=0,uselLUT=-1):

self.n = n
if (gen):
self.generator = gen
else:
self.generator =
self.ConvertListToElement (gPrimitivePolys([n])

1f (uselLUT == 1 or (uselUT == -1 and self.n < 10)): # use
lookup table

self.unity = 1
self.Inverse = self.DolInverseForSmallField
self.PreparelUT ()
self.Multiply = self.LUTMultiply
self.Divide = self.LUTDivide
self.Inverse = lambda x: self.LUTDivide (1, x)

elif (self.n < 15)
self.unity =1
self.Inverse = self.DoInverseForSmallField
self.Multiply = self.DoMultiply
self.Divide = self.DoDivide

else: # Need to use longs for larger fields
self.unity = long (1)
self.Inverse = self.DolInverseForBigField
self.Multiply = lambda a,b:
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self.DoMultiply(long(a), long (b))
self.Divide = lambda a,b: self.DoDivide (long(a),long (b))

fieldSize 1 << self.n
lutName = 'ffield.lut.' + “self.n’
if (os.path.exists (lutName)) :
fd = open (lutName, 'r')
self.lut = cPickle.load (£fd)
fd.close ()
else:
self.lut = LUT ()
self.lut.mullLUT = range(fieldSize)
self.lut.divLUT = range (fieldSize)
self.lut.mullLUT[0] = [0]*fieldSize
self.lut.divLUT[0] = ['NaN']*fieldSize
for i in range(l,fieldSize):
self.lut.mullLUT[1i] = map (lambda x:
self.DoMultiply (i, x),

def PreparelUT (self):
B

range (fieldSize))
self.lut.divLUT[i] = map(lambda x: self.DoDivide (i, x),
range (fieldSize))
fd = open (lutName, 'w')
cPickle.dump (self.1lut, £d)
fd.close ()

def LUTMultiply(self,i,J):
return self.lut.mulLUT[i] [7]

def LUTDivide (self,i,j):
return self.lut.divLUT[1i] []]

def Add(self,x,vy):

mwrwn

Adds two field elements and returns the result.

mwmnan

A

return x vy

def Subtract(self,x,vy):
Subtracts the second argument from the first and returns
the result. 1In fields of characteristic two this is the same
as the Add method.

mwoan

return self.Add(x,vVy)

def DoMultiply(self, f,v):
Multiplies two field elements (modulo the generator
self.generator) and returns the result.

See MultiplyWithoutReducing if you don't want multiplication
modulo self.generator.

mwwoan
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def

def

def

def

def

m = self.MultiplyWithoutReducing (f,v)
return self.FullDivision(m,self.generator,
self.FindDegree (m),self.n) [1]

DoInverseForSmallField(self, f):

Computes the multiplicative inverse of its argument and

returns the result.

return self.ExtendedEuclid(l, f,self.generator,
self.FindDegree (f),self.n) [1]

DoInverseForBigField(self, f):

Computes the multiplicative inverse of its argument and

returns the result.

return self.ExtendedEuclid(self.unity,long(f),self.generator,
self.FindDegree (long(f)),self.n) [1]

DoDivide (self, f,v):

Divide (f,v) returns £ * v~-1.

return self.DoMultiply(f,self.Inverse(v))

FindDegree (self,v) :
Find the degree of the polynomial representing the input field
element v. This takes O(degree(v)) operations.

A faster version requiring only O (log(degree (v)))
could be written using binary search...

mwrwn

if (v):
result = -1
while (v) :
v =v >> 1
result = result + 1
return result
else:

return O

MultiplyWithoutReducing (self, f,v) :

Multiplies two field elements and does not take the result
modulo self.generator. You probably should not use this
unless you know what you are doing; look at Multiply instead.

NOTE: If you are using fields larger than GF(2"15), you should
make sure that f and v are longs not integers.

mwmnan

result = 0
mask = self.unity
i=0

while (i <= self.n):
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def

if (mask & v):
result = result © f
f=1f<<1
mask = mask << 1
i =14+ 1
return result

ExtendedEuclid(self,d, a,b,aDegree,bDegree) :
Takes arguments (d,a,b,aDegree,bDegree) where d = gcd(a,b)
and returns the result of the extended Euclid algorithm
on (d,a,b).
if (b == 0):

return (a,self.unity,0)
else:

(floorADivB, aModB) =

self.FullDivision (a,b,aDegree, bDegree)

(d,x,y) = self.ExtendedEuclid(d, b, aModB, bDegree,
self.FindDegree (aModB) )
return

(d,y,self.Subtract (x,self.DoMultiply (floorADivB,vy)))

def

def

FullDivision (self, f,v, fDegree, vDegree) :

Takes four arguments, f, v, fDegree, and vDegree where
fDegree and vDegree are the degrees of the field elements
f and v represented as a polynomials.

This method returns the field elements a and b such that

f(x) = a(x) * v(x) + b(x).

That is, a is the divisor and b is the remainder, or in
other words a is like floor(f/v) and b is like f modulo v.

mwrwn

result = 0

i = fDegree

mask = self.unity << i

while (i >= wvDegree):
if (mask & f):

result = result ” (self.unity << (i - vDegree))
f = self.Subtract(f, v << (i - vDegree))
i=1-1

mask = mask >> self.unity
return (result, f)

ShowCoefficients (self, f):

mwoan

Show coefficients of input field element represented as a
polynomial in decreasing order.

mwmnan

fDegree = self.n

result = []
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def

def

argument

def

element.

for i in range (fDegree,-1,-1):
if ((self.unity << i) & f):
result.append (1)
else:
result.append(0)

return result

ShowPolynomial (self, f):

Show input field element represented as a polynomial.

fDegree = self.FindDegree (f)
result = "'

if (f == 0):
return '0’

for 1 in range (fDegree,0,-1):
if ((1 << 1) & f):

result = result + (' x*' + i)
if (1 & f):
result = result + ' ' + "1°
return string.replace(string.strip(result),"' ',"' + ")

GetRandomElement (self, nonZero=0,maxDegree=None) :

mrn

Return an element from the field chosen uniformly at random
or, if the optional argument nonZero is true, chosen uniformly
at random from the non-zero elements, or, if the optional

maxDegree is provided, ensure that the result has degree less
than maxDegree.

mwrwn

if (None == maxDegree) :
maxDegree = self.n
if (maxDegree <= 1 and nonZero) :
return 1
if (maxDegree < 31):
return random.randint (nonZero != 0, (1<<maxDegree)-1)
else:
result = 0L
for i in range (0,maxDegree) :

result = result ~ (random.randint(0,1) << long(i))
if (nonZero and result == 0):

return self.GetRandomElement (1)
else:

return result

ConvertListToElement (self, 1) :

mwmnan

This method takes as input a binary list (e.g. [1, 0, 1, 11)
and converts it to a decimal representation of a field
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def

polynomi

For example, [1, 0, 1, 1] is mapped to 8 | 2 | 1 = 11.

Note if the input list is of degree >= to the degree of the
generator for the field, then you will have to call take the
result modulo the generator to get a proper element in the
field.

mwoan

temp = map (lambda a, b: a << b, 1, range(len(l)-1,-1,-1))
return reduce(lambda a, b: a | b, temp)

TestFullDivision (self) :

Test the FullDivision function by generating random

als

a(x) and b(x) and checking whether (c,d) == FullDivision(a,b)
satsifies b*c + d ==

£f =0

nonzero=1)
nonzero=1)
a)

a = self.GetRandomElement
b = self.GetRandomElement
aDegree = self.FindDegree

—~ o~ o~ —~

bDegree = self.FindDegree (b)
(c,d) = self.FullDivision (a,b,aDegree,bDegree)
recon = self.Add(d, self.Multiply(c,b))
assert (recon == a), ('TestFullDivision failed: a='
+ a> + ', b='+ b’ + ', c='
+ ¢+ ', d='" + "d° + ', recon=',
recon)
def TestInverse (self):
This function tests the Inverse function by generating
a random non-zero polynomials a(x) and checking if
a * Inverse(a) ==
a = self.GetRandomElement (nonZero=1)
alnv = self.Inverse (a)
prod = self.Multiply(a,alnv)
assert 1 == prod, ('TestInverse failed:' + 'a=' + "a + ',
alInv="
+ “aInv' + ', prod=' + ‘prod’,
'gen=' + “self.generator’)
class LUT:

mwoan

Lookup table used to speed up some finite field operations.

mwwan

pass

class FE

def

lement:

__init (self,field,e):

mwwoan
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The constructor takes two arguments, field, and e where
field is an FField object and e is an integer representing
an element in FField.

The result i1s a new FElement instance.

mwoan

self.f = e
self.field = field

def add (self,other):
assert self.field == other.field
return FElement (self.field,self.field.Add (self.f,other.f))

def mul (self,other):
assert self.field == other.field
return
FElement (self.field,self.field.Multiply(self.f,other.f))

def mod (self,o0):
assert self.field == o.field
return FElement (self.field,

self.field.FullDivision(self.f,o.f,
self.field.FindDegree (self.f),
self.field.FindDegree(o.f)) [1])

def  floordiv (self,o):
assert self.field == o.field
return FElement (self.field,
self.field.FullDivision(self.f,o.f,

self.field.FindDegree(self.f),
self.field.FindDegree(o.£f)) [0])

def div_ (self,other):

assert self.field == other.field
return FElement (self.field,self.field.Divide(self.f,other.f))

def  str (self):
return self.field.ShowPolynomial (self.f)

def  repr (self):
return self. str ()

def eq (self,other):
assert self.field == other.field
return self.f == other.f

def FullTest (testsPerField=10,sizelList=None) :
This function runs TestInverse and TestFullDivision for
testsPerField

random field elements for each field size in sizelList. For
example,

if sizelist = (1,5,7), then thests are run on GF(2), GF(275), and

GF (2~7). 1If sizelist == None (which is the default), then every
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field is tested.

mwwoan

if (None == sizelist):
sizelist = gPrimitivePolys.keys ()
for 1 in sizelList:
F = FField (1)
for j in range (testsPerField) :
F.TestInverse ()
F.TestFullDivision ()

fields doc = """

Roughly speaking a finite field is a finite collection of elements
where most of the familiar rules of math work. Specifically, you

can add, subtract, multiply, and divide elements of a field and
continue to get elements in the field. This is useful because
computers usually store and send information in fixed size chunks.
Thus many useful algorithms can be described as elementary operations
(e.g. addition, subtract, multiplication, and division) of these
chunks.

Currently this package only deals with fields of characteristic 2.
That

is all fields we consider have exactly 2”p elements for some integer
P-

We denote such fields as GF(2"p) and work with the elements
represented

as p-1 degree polynomials in the indeterminate x. That is an element
of

the field GF(2”p) looks something like

f(x) = c_{p-1} x*{p-1} + c_{p-2} x"{p-2} + ... + c 0
where the coefficients ¢ 1 are in binary.

Addition is performed by simply adding coefficients of degree 1

modulo 2. For example, if we have two field elements f and v
represented as f(x) = x*2 + 1 and v(x) = x + 1 then s = f + v

is given by (x*2 + 1) + (x + 1) = x"2 + x. Multiplication is
performed modulo a p degree generator polynomial g (x).

For example, if f and v are as in the above example, then s = s * v
is given by (x*2 + 1) + (x + 1) mod g(x). Subtraction turns out

to be the same as addition for fields of characteristic 2. Division
is defined as £ / v = £ * v*"-1 where v"-1 is the multiplicative

inverse of v. Multiplicative inverses in groups and fields
can be calculated using the extended Euclid algorithm.

Roughly speaking the intuition for why multiplication is
performed modulo g(x), 1is because we want to make sure s * v
returns an element in the field. Elements of the field are
polynomials of degree p-1, but regular multiplication could

yield terms of degree greater than p-1. Therefore we need a
rule for 'reducing' terms of degree p or greater back down
to terms of degree at most p-1. The 'reduction rule' is

taking things modulo g (x) .

For another way to think of
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taking things modulo g(x) as a 'reduction rule', imagine

g(x) = x*7 + x + 1 and we want to take some polynomial,

f(x) = x*8 + x*3 + x, modulo g(x). We can think of g(x)

as telling us that we can replace every occurence of

x*7 with x + 1. Thus f (x) becomes x * x°7 + x*3 + x which

becomes x * (x + 1) + x*"3 + x = x*3 + x*2 . Essentially, taking
polynomials mod x"7 by replacing all x*7 terms with x + 1 will

force down the degree of f(x) until it is below 7 (the leading power
of g(x). See a book on abstract algebra for more details.

design doc = """

The FField class implements a finite field calculator for fields of
characteristic two. This uses a representation of field elements
as integers and has wvarious methods to calculate the result of
adding, subtracting, multiplying, dividing, etc. field elements
represented AS INTEGERS OR LONGS.

The FElement class provides objects which act like a new kind of
numeric type (i.e. they overload the +,-,*,%,//,/ operators, and
print themselves as polynomials instead of integers).

Use the FField class for efficient storage and calculation.
Use the FElement class if you want to play around with finite
field math the way you would in something like Matlab or
Mathematica.

WHY PYTHON?

You may wonder why a finite field calculator written in Python would
be useful considering all the C/C++/Java code already written to do

the same thing (and probably faster too). The goals of this project
are as follows, please keep them in mind if you make changes:

o Provide an easy to understand implementation of field operations.
Python lends itself well to comments and documentation. Hence,
we hope that in addition to being useful by itself, this project
will make it easier for people to implement finite field
computations in other languages. If you've ever looked at some
of the highly optimized finite field code written in C, you will
understand the need for a clear reference implementation of such
operations.

o Provide easy access to a finite field calculator.
Since you can just start up the Python interpreter and do
computations, a finite field calculator in Python lets you try
things out, check your work for other algorithms, etc.
Furthermore since a wealth of numerical packages exist for python,
you can easily write simulations or algorithms which draw upon
such routines with finite fields.

o Provide a platform independent framework for coding in Python.
Many useful error control codes can be implemented based on
finite fields. Some examples include error/erasure correction,
cyclic redundancy checks (CRCs), and secret sharing. Since
Python has a number of other useful Internet features being able
to implement these kinds of codes makes Python a better framework
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for network programming.

o Leverages Python arbitrary precision code for large fields.
If you want to do computations over very large fields, for example
GF (2%p) with p > 31 you have to write lots of ugly bit field
code in most languages. Since Python has built in support for
arbitrary precision integers, you can make this code work for
arbitrary field sizes provided you operate on longs instead of
ints. That is if you give as input numbers like
0L, 1L, 1L << 55, etc., most of the code should work.

BASIC DESIGN

The basic idea is to index entries in the finite field of interest
using integers and design the class methods to work properly on this
representation. Using integers is efficient since integers are easy
to store and manipulate and allows us to handle arbitrary field sizes
without changing the code if we instead switch to using longs.

Specifically, an integer represents a bit string
c =c {p-1} c {p-2} ... c 0.

which we interpret as the coefficients of a polynomial representing a
field element

f(x) = c {p-1} x*{p-1} + c {p-2} x"{p-2} + ... + c O.
FUTURE
In the future, support for fields of other
characteristic may be added (if people want them). Since computers

have built in parallelized operations for fields of characteristic
two (i.e. bitwise and, or, xor, etc.), this implementation uses
such operations to make most of the computations efficient.

mwmnan

license doc = """
This code was originally written by Emin Martinian
(emin@allegro.mit.edu) .
You may copy, modify, redistribute in source or binary form as long
as credit is given to the original author. Specifically, please
include some kind of comment or docstring saying that Emin Martinian
was one of the original authors. Also, if you publish anything
based
on this work, it would be nice to cite the original author and any
other contributers.

There is NO WARRANTY for this software just as there is no warranty
for GNU software (although this is not GNU software). Specifically
we adopt the same policy towards warranties as the GNU project:

BECAUSE THE PROGRAM IS LICENSED FREE OF CHARGE, THERE IS NO WARRANTY
FOR THE PROGRAM, TO THE EXTENT PERMITTED BY APPLICABLE LAW. EXCEPT

67



WHEN

OTHERWISE STATED IN WRITING THE COPYRIGHT HOLDERS AND/OR OTHER PARTIES
PROVIDE THE PROGRAM 'AS IS' WITHOUT WARRANTY OF ANY KIND, EITHER
EXPRESSED

OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. THE ENTIRE RISK
AS

TO THE QUALITY AND PERFORMANCE OF THE PROGRAM IS WITH YOU. SHOULD THE
PROGRAM PROVE DEFECTIVE, YOU ASSUME THE COST OF ALL NECESSARY
SERVICING,

REPAIR OR CORRECTION.

IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN
WRITING
WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MAY MODIFY AND/OR
REDISTRIBUTE THE PROGRAM AS PERMITTED ABOVE, BE LIABLE TO YOU FOR
DAMAGES,
INCLUDING ANY GENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES
ARISING
OUT OF THE USE OR INABILITY TO USE THE PROGRAM (INCLUDING BUT NOT
LIMITED
TO LOSS OF DATA OR DATA BEING RENDERED INACCURATE OR LOSSES SUSTAINED
BY
YOU OR THIRD PARTIES OR A FAILURE OF THE PROGRAM TO OPERATE WITH ANY
OTHER
PROGRAMS), EVEN IF SUCH HOLDER OR OTHER PARTY HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

mwoan

testing doc = """

The FField class has a number of built in testing functions such as
TestFullDivision, TestInverse. The simplest thing to

do is to call the FullTest method.

>>> import ffield
>>> ffield.FullTest (sizeList=None, testsPerField=100)

# To decrease the testing time you can either decrease the
testsPerField

# or you can only test the field sizes you care about by doing
something

# like sizelist = [2,7,20] in the ffield.FullTest command above.

If any problems occur, assertion errors are raised. Otherwise
nothing is returned. Note that you can also use the doctest
package to test all the python examples in the documentation
by typing 'python ffield.py' or 'python -v ffield.py' at the

command line.
mwmn

# The following code is used to make the doctest package
# check examples in docstrings.

__test = {

'testing doc' : testing doc

}
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# Copyright Emin Martinian 2002. See below for license terms.
# Version Control Info: $Id: genericmatrix.py,v 1.5 2008-01-05
22:08:44 emin Exp $

This package implements the GenericMatrix class to provide matrix
operations for any type that supports the multiply, add, subtract,
and divide operators. For example, this package can be used to

do matrix calculations over finite fields using the ffield package
available at http://martinian.com.

The following docstrings provide detailed information on various
topics:

GenericMatrix. doc Describes the methods of the GenericMatrix
class and how to use them.

license doc Describes the license and lack of warranty
for this code.

testing doc Describes some tests to make sure the code
works.

mwoan

import operator

class GenericMatrix:

mwrn

The GenericMatrix class implements a matrix with works with

any generic type supporting addition, subtraction, multiplication,

and division. Matrix multiplication, addition, and subtraction
are implemented as are methods for finding inverses,

LU (actually LUP) decompositions, and determinants. A complete
list of user callable methods is:

__init

__repr

_ mul
add

__sub
__setitem
___getitem

Size

SetRow

GetRow

GetColumn

Copy
MakeSimilarMatrix
SwapRows

MulRow

AddRow

AddCol

MulAddRow
LeftMulColumnVec
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LowerGaussiankElim
Inverse
Determinant

LUP

A quick and dirty example of how to use the GenericMatrix class
for matricies of floats is provided below.

>>> import genericmatrix

>>> v = genericmatrix.GenericMatrix ((3,3))
>>> v.SetRow (0, [0.0, -1.0, 1.01)

>>> v.SetRow(l,[1.0, 1.0, 1.0])

>>> v.SetRow (2, [1.0, 1.0, -1.01)

>>> v
<matrix
0.0 -1.0 1.0
1.0 1.0 1.0
1.0 1.0 -1.0>
>>> vi = v.Inverse()
>>> vi
<matrix
1.0 0.0 1.0
-1.0 0.5 -0.5
-0.0 0.5 -0.5>
>>> (vi * v) - v.MakeSimilarMatrix(v.Size(),'i")
<matrix
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0>

# See what happens when we try to invert a non-invertible matrix

>>> v[0,1] = 0.0
>>> v
<matrix
0.0 0.0 1.0
1.0 1.0 1.0
1.0 1.0 -1.0>
>>> abs (v.Determinant ())
0.0

>>> v.Inverse ()
Traceback (most recent call last):

ValueError: matrix not invertible

# LUP decomposition will still work even if Inverse() won't.

>>> (l,u,p) = v.LUP()
>>> 1
<matrix
1.0 0.0 0.0
0.0 1.0 0.0
1.0 0.0 1.0>
>>> u
<matrix
1.0 1.0 1.0
0.0 0.0 1.0
0.0 0.0 -2.0>
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<matrix

0.0 1.0 0.0

1.0 0.0 0.0

0.0 0.0 1.0>
>>> p * v - 1 *u
<matrix

# Operate on some column vectors using V.

# The LeftMulColumnVec methods lets us do this without having

# to construct a new GenericMatrix to represent each column vector.
>>> v.LeftMulColumnVec ([1.0,2.0,3.0])

[3.0, 6.0, 0.0]

>>> v.LeftMulColumnVec ([1.0,-2.0,1.01)

[1.0, 0.0, -2.0]

# Most of the stuff above could be done with something like matlab.
# But, with this package you can do matrix ops for finite fields.
>>> XOR = lambda x,y: x'y
>>> AND = lambda x,y: x&y
>>> DIV lambda x,y: X
>>> m =
GenericMatrix (size=(3,4),zeroElement=0,identityElement=1, add=XOR, mul=A
ND, sub=XOR, div=DIV)
>>> m.SetRow (0, [0,1,0,0])
>>> m.SetRow(l,[0,1,0,11)
>>> m.SetRow (2, [0,0,1,0])
>>> # You can't invert m since it isn't square, but you can still
#
(

>>> get the LUP decomposition or solve a system of equations.
>>> (l,u,p) = v.LUP()
>>> p*v-1*u

<matrix
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0>
>>> Db [1,0,1]
>>> x = m.Solve (b)
>>> b == m.LeftMulColumnVec (x)
1
def init (self, size=(2,2), zeroElement=0.0,
identityElement=1.0,
add=operator. add , sub=operator. sub ,
mul=operator. mul , div = operator. div_,
eq = operator. eq , str=lambda x: X,
equalsZero = None,fillMode="z"):
Function: __init (size,zeroElement,identityElement,
add, sub,mul,div,eq, str,equalsZero
fillMode)

Description: This is the constructor for the GenericMatrix
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class. All arguments are optional and default
to producing a 2-by-2 zero matrix for floats.
A detailed description of arguments follows:
size: A tuple of the form (numRows, numColumns)
zeroElement: An object representing the additive
identity (i.e. 'zero') for the data
type of interest.

identityElement: An object representing the

multiplicative

of

contents

case

mwrwn

if

self.
self.
self.
self.
self.
self.
self.
self.
self.
self.

identity (i.e. 'one') for the data

type of interest.
add, sub,mul,div: Functions implementing basic arithmetic
operations for the type of interest.

eq: A function such that eqg(x,y) 1 if and only if x ==

str: A function used to produce a string representation
the type of interest.
equalsZero: A function used to decide if an element is
essentially zero. For floats, you could use
lambda x: abs(x) < le-6.

fillMode: This can either be 'e' in which case the
of the matrix are left empty, 'z', in which
the matrix is filled with zeros, 'i' in which
case an identity matrix is created, or a two
argument function which is called with the row
and column of each index and produces the value
for that entry. Default is 'z'.

(None == equalsZero):

equalsZero = lambda x: self.eqg(self.zeroElement, x)

equalsZero = equalsZero

add = add

sub = sub

mul = mul

div = div

eq = eq

str = str

zeroElement = zeroElement

identityElement = identityElement

rows, self.cols = size

data = []

self.

def g(x,y,z):

if

(x) :

return y

else:
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return z

if (fillMode == 'e'):

return
elif (fillMode == 'z'):

fillMode = lambda x,y: self.zeroElement
elif (fillMode == 'i'"):

fillMode = lambda x,y:

g(self.eg(x,y),self.identityElement,

self.zeroElement)

for i in range(self.rows):

self.data.append (map (fillMode, [i] *self.cols,range(self.cols)))

def MakeSimilarMatrix(self,size,fillMode) :

MakeSimilarMatrix (self,size, fillMode)

Return a matrix of the given size filled according to fillMode

with the same zeroElement, identityElement, add, sub, etc.
as self.

For example, self.MakeSimilarMatrix(self.Size(),'i') returns

an identity matrix of the same shape as self.

return GenericMatrix (size=size,zeroElement=self.zeroElement,
identityElement=self.identityElement,
add=self.add, sub=self.sub,
mul=self.mul,div=self.div,eg=self.eq,

str=self.str,equalsZero=self.equalsZero,

fillMode=fillMode)

def  repr (self):

def

m =0
# find the fattest element
for r in self.data:
for ¢ in r:
1l = len(self.str(c))
if 1 > m:

oo 3
Il
'_I

s = "<matrix'
for r in self.data:
s = s + '"\n'
for ¢ in r:
s = s + (f % self.str(c))
S —_ S _|_ l>l
return s

__mul (self,other):
if (self.cols != other.rows):
raise ValueError, "dimension mismatch"
result = self.MakeSimilarMatrix ((self.rows,other.cols),'z")

for i in range(self.rows):
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for j in range(other.cols):
result.datal[i] [j] = reduce(self.add,
map (self.mul,self.datali],
other.GetColumn (j)))
return result

def add_ (self,other):

if (self.cols != other.rows):
raise ValueError, "dimension mismatch"
result = self.MakeSimilarMatrix (size=self.Size(),fillMode="z")

for i in range(self.rows):
for j in range (other.cols):
result.datal[i] []J] =
self.add(self.datali] []j],other.datali][]])
return result

def  sub (self,other):

if (self.cols != other.cols or self.rows != other.rows):
raise ValueError, "dimension mismatch"
result = self.MakeSimilarMatrix (size=self.Size(),fillMode="'z")

for 1 in range(self.rows):
for j in range (other.cols):

result.datal[i]l[]J] = self.sub(self.datalil[]],
other.datali][j])
return result
def  setitem  (self, (x,y), data):
" setitem ((x,y),data) sets item row x and column y to
data."
self.datal[x] [y] = data
def getitem  (self, (x,y)):
" getitem ((x,y)) gets item at row x and column y."
return self.data[x] [V]
def Size (self):
"returns (rows, columns)"
return (len(self.data), len(self.data[0]))
def SetRow(self,r,result):
"SetRow (r, result) sets row r to result."
assert len(result) == self.cols, ('Wrong # columns in row: ' +

'expected ' + “self.cols  +

+ “len(result) )
self.data[r] = list (result)

def GetRow(self,r):
"GetRow (r) returns a copy of row r."
return list (self.datalr])

def GetColumn (self,c):
"GetColumn (c) returns a copy of column c."
if (c >= self.cols):
raise ValueError, 'matrix does not have that many columns'
result = []
for r in self.data:
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result.append(r[c])
return result

def Transpose (self):
oldData = self.data
self.data = []
for r in range(self.cols):
self.data.append([])
for ¢ in range(self.rows):
self.datalr] .append(oldbDatalc] [r])

rows = self.rows
self.rows = self.cols
self.cols = rows

def Copy(self):
result = self.MakeSimilarMatrix (size=self.Size(),fillMode="e")

for r in self.data:
result.data.append(list (r))
return result

def SubMatrix(self,rowStart, rowkEnd,colStart=0,colEnd=None) :
SubMatrix (self, rowStart, rowkEnd, colStart, colEnd)
Create and return a sub matrix containg rows
rowStart through rowkEnd (inclusive) and columns
colStart through colEnd (inclusive).
mwman
if (not colEnd):
colEnd = self.cols-1
if (rowEnd >= self.rows):
raise ValueError, 'rowEnd too big: rowEnd >= self.rows'
result = self.MakeSimilarMatrix ((rowEnd-rowStart+1l,colEnd-
colStart+1l),
lel)

for i in range(rowStart, rowEnd+1l) :
result.data.append(list (self.data[i] [colStart: (colEnd+1)1]1))
return result

def UnSubMatrix (self,rowStart, rowkEnd,colStart, colEnd) :
UnSubMatrix (self, rowStart, rowEnd, colStart, colEnd)
Create and return a sub matrix containg everything except
rows rowStart through rowEnd (inclusive)
and columns colStart through colEnd (inclusive).
result = self.MakeSimilarMatrix((self.rows- (rowEnd-rowStart),
self.cols-(colEnd-
colStart)),'e'")

for i in range(0,rowStart) + range (rowEnd,self.rows):
result.data.append(list (self.data[i] [0:colStart] +
self.data[i] [colEnd:]))

return result
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def SwapRows (self,i,j):
temp = list(self.datali])
self.data[i] = list(self.datal[]j])
self.datalj] temp

def MulRow(self,r,m,start=0):
Function: MulRow (r,m, start=0)
Multiply row r by m starting at optional column start (default

row = self.datalr]
for i in range(start,self.cols):
row[i] = self.mul (row[i],m)

def AddRow (self,i,]j):

Add row i to row j.

self.datal[]j] = map(self.add,self.datal[i],self.datal[]j])

def AddCol (self,i,j):

Add column i to column j.
for r in range(self.rows):
self.datalr][j] =
self.add(self.datalr][i],self.datalr][]])

def MulAddRow (self,m,1i,7):

mwrwn

Multiply row 1 by m and add to row j.

mwrwn

self.data[j] = map(self.add,
map (self.mul, [m] *self.cols,self.datali]),
self.datalj])

def LeftMulColumnVec (self,colVec):

mwmnan

Function: LeftMulColumnVec (c)
Purpose: Compute the result of self * c.
Description: This function taks as input a list c,
computes the desired result and returns it
as a list. This is sometimes more convenient
than constructed a new GenericMatrix to
represent
c, computing the result and extracting c to a
list.
mwrnw
if (self.cols != len(colVec)):
raise ValueError, 'dimension mismatch'
result = range (self.rows)

for r in range(self.rows):
result([r] =
reduce (self.add,map(self.mul,self.datalr],colVec))
return result
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def FindRowLeader (self,startRow,c) :
for r in range(startRow,self.rows) :
if (not self.eqg(self.zeroElement,self.datalr][c])):
return r
return -1

def FindColLeader (self,r,startCol) :
for ¢ in range(startCol,self.cols):
if (not self.equalsZero(self.data[r][c])):
return c
return -1

def PartialLowerGaussElim(self, rowIndex,colIndex,resultInv):

mwoan

Function: PartialLowerGaussElim(rowIndex,colIndex,resultInv)

This function does partial Gaussian elimination on the part of
the matrix on and below the main diagonal starting from
rowIndex. In addition to modifying self, this function
applies the required elmentary row operations to the input
matrix resultlInv.

By partial, what we mean is that if this function encounters
an element on the diagonal which is 0, it stops and returns
the corresponding rowIndex. The caller can then permute
self or apply some other operation to eliminate the zero

and recall PartiallLowerGaussElim.

This function is meant to be combined with UpperInverse
to compute inverses and LU decompositions.

mwmnan

lastRow = self.rows-1
while (rowIndex < lastRow):
if (colIndex >= self.cols):
return (rowIndex, colIndex)
if
(self.eqg(self.zeroElement,self.datal[rowIndex] [colIndex])) :
# self[rowIndex,colIndex] = 0 so quit.
return (rowIndex, colIndex)
divisor = self.div(self.identityElement,
self.data[rowIndex] [colIndex])
for k in range(rowIndex+1l,self.rows) :
nextTerm = self.datalk] [colIndex]
if (self.zeroElement != nextTerm):
multiple =
self.mul (divisor,self.sub(self.zeroElement,
nextTerm) )
self.MulAddRow (multiple, rowIndex, k)
resultInv.MulAddRow (multiple, rowIndex, k)
rowIndex = rowIndex + 1
colIndex = collIndex + 1
return (rowIndex, colIndex)

def LowerGaussianElim(self,resultInv=""):

Function: LowerGaussianElim(r)
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Purpose: Perform Gaussian elimination on self to
eliminate
all terms below the diagonal.
Description: This method modifies self via Gaussian
elimination
and applies the elementary row operations used
in
this transformation to the input matrix, r
(if one is provided, otherwise a matrix with
identity elements on the main diagonal is
created to serve the role of r).

Thus if the input, r, is an identity matrix,
after

the call it will represent the transformation

made to perform Gaussian elimination.

The matrix r is returned.
mwman
if (resultInv == ''"):
resultInv = self.MakeSimilarMatrix(self.Size(),'i")

(rowIndex,colIndex) = (0,0)
lastRow = min(self.rows - 1,self.cols)
lastCol = self.cols - 1
while ( rowIndex < lastRow and colIndex < lastCol):
leader = self.FindRowLeader (rowIndex,colIndex)
if (leader < 0):
colIndex = collIndex + 1
continue
if (leader != rowIndex):
resultInv.AddRow (leader, rowIndex)
self.AddRow (leader, rowIndex)
(rowIndex,colIndex) = (

self.PartialLowerGaussElim(rowIndex, colIndex, resultInv))
return resultlnv

def UpperlInverse (self,resultInv=""):

Function: UpperInverse (resultInv)

Assumes that self is an upper triangular matrix like

o oW
[=leNgey
H DO Q

L i B B e e B |
. . .

]
]
]
]
]
]

and performs Gaussian elimination to transform self into

the identity matrix. The required elementary row operations
are applied to the matrix resultInv passed as input. For
example, if the identity matrix is passed as input, then the
value returned is the inverse of self before the function
was called.
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If no matrix, resultInv, is provided as input then one is
created with identity elements along the main diagonal.
In either case, resultlInv is returned as output.
mwirnw
if (resultInv == '"):

resultInv = self.MakeSimilarMatrix(self.Size(),'i")
lastCol = min(self.rows,self.cols)
for colIndex in range (0, lastCol):

if (self.zeroElement == self.data[colIndex][colIndex]):
raise ValueError, 'matrix not invertible'
divisor = self.div(self.identityElement,
self.data[colIndex] [colIndex])
if (self.identityElement != divisor):

self.MulRow (colIndex,divisor,colIndex)
resultInv.MulRow (colIndex,divisor)
for rowToElim in range (0, colIndex) :
multiple = self.sub(self.zeroklement,
self.data[rowToElim] [colIndex])
self.MulAddRow (multiple, colIndex, rowToElim)
resultInv.MulAddRow (multiple, colIndex, rowToElim)
return resultInv

def Inverse(self):
Function: Inverse
Description: Returns the inverse of self without modifying
self. An exception is raised if the matrix
is not invertable.

mwmnan

workingCopy = self.Copy ()

result = self.MakeSimilarMatrix (self.Size(),"'i")
workingCopy.LowerGaussianElim(result)
workingCopy.UpperInverse (result)

return result

def Determinant (self):
mwmn
Function: Determinant
Description: Returns the determinant of the matrix or
raises
a ValueError if the matrix is not square.

if (self.rows != self.cols):

raise ValueError, 'matrix not square’
workingCopy = self.Copy ()
result = self.MakeSimilarMatrix(self.Size(),"'i")
workingCopy.LowerGaussianElim(result)
det = self.identityElement
for i in range(self.rows):

det = det * workingCopy.datafli] [i]
return det

def LUP (self):

mwmnan

Function: (l,u,p) = self.LUP()
Purpose: Compute the LUP decomposition of self.
Description: This function returns three matrices
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1, u, and p such that p * self = 1 * u
where 1, u, and p have the following

properties:

1 is lower triangular with ones on the
diagonal

u is upper triangular

p is a permutation matrix.

The idea behind the algorithm is to first

do Gaussian elimination to obtain an upper

triangular matrix u and lower triangular
matrix

r such that r * self = u, then by inverting r
to

get 1 = r *-1 we obtain self = r*-1 * u =1 *
u.

Note tha since r is lower triangular its
inverse must also be lower triangular.

Where does the p come in? Well, with some
matrices our technique doesn't work due to
zeros appearing on the diagonal of r. So we
apply some permutations to the orginal to
prevent this.

upper = self.Copy()
resultInv = self.MakeSimilarMatrix(self.Size(),'i")
perm = self.MakeSimilarMatrix((self.rows,self.rows),'i")

(rowIndex,colIndex) = (0,0)
lastRow = self.rows - 1
lastCol = self.cols
while ( rowIndex < lastRow and colIndex < lastCol ):
leader = upper.FindRowlLeader (rowIndex,colIndex)
if (leader < 0):
colIndex = colIndex+1l
continue
if (leader != rowIndex):
upper.SwapRows (leader, rowIndex)
resultInv.SwapRows (leader, rowIndex)
perm. SwapRows (leader, rowIndex)
(rowIndex,colIndex) = (

|
i

upper.PartiallowerGaussElim(rowIndex, colIndex,resultInv))

lower = self.MakeSimilarMatrix((self.rows,self.rows),'i")
resultInv.LowerGaussiankElim (lower)
resultInv.UpperInverse (lower)

# possible optimization: due perm*lower explicitly without
# relying on the * operator.

return (perm*lower, upper, perm)

def Solve(self,b):

Solve (self,b):
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b: A list.
Returns the values of x such that Ax = Db.

This is done using the LUP decomposition by

noting that Ax = b implies PAx = Pb implies LUx = Pb.
First we solve for Ly = Pb and then we solve Ux = y.
The following is an example of how to use Solve:

>>> # Floating point example
>>> import genericmatrix
>>> A = genericmatrix.GenericMatrix(size=(2,5),str=lambda x: '%.4f' %
X)
>>> A.SetRow(0,[0.0, 0.0, 0.160, 0.550, 0.280])
>>> A.SetRow(l,[0.0, 0.0, 0.745, 0.610, 0.190])
>>> A
<matrix
0.0000 0.0000 0.1600 0.5500 0.2800
0.0000 0.0000 0.7450 0.6100 0.1900>
>>> b = [0.975, 0.350]
>>> x A.Solve (b)
>>> 7z = A.LeftMulColumnVec (x)
>>> diff = reduce (lambda xx,yy: xxtyy,map (lambda aa,bb: abs(aa-

bb) ,b,z))
>>> diff > le-6
0

>>> # Boolean example

>>> XOR = lambda x,y: x"y

>>> AND = lambda x,y: X&y

>>> DIV lambda x,y: x

>>>

m=GenericMatrix (size=(3,6),zeroElement=0, identityElement=1, add=XOR, mul

=AND, sub=XOR, div=DIV)

>>> m.SetRow (0, [1,0,0,1,0,1])

.SetRow(1,[0,1,1,0,1,01)
0,1,1,0

>>> m

>>> m.SetRow(2,[0,1,0,1,1,01])
>>> b [0, 1, 1]

>>> x = m.Solve (b)

>>> 7z = m.LeftMulColumnVec (x)
>>> 7

(0, 1, 1]

mwmnan

assert self.cols >= self.rows

(L,U,P) = self.LUP()

Pb = P.LeftMulColumnVec (b)
y = [0]*1len (Pb)

for row in range (L.rows) :

yvlrow] = Pb[row]
for i in range(row+l,L.rows):
Pb[i] = L.sub(Pb[i],L.mul (L[i,row],Pblrow]))
x = [0]*self.cols
curRow = self.rows-1

for curRow in range(len(y)-1,-1,-1):
col = U.FindColLeader (curRow, 0)
assert col > -1
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x[col] = U.div(y[curRow],U[curRow,col])

y[curRow] = x[col]
for i in range (0, curRow) :
y[i] = U.sub(y[i],U.mul (U[i,col],y[curRow]))

return X

def DotProduct (mul,add,x,vy) :
Function: DotProduct (mul, add, x, y)
Description: Return the dot product of lists x and y using mul and
add as the multiplication and addition operations.
assert len(x) == len(y), 'sizes do not match’
return reduce (add,map (mul,x,vy))

class GenericMatrixTester:
def DoTests (self,numTests,sizelist):

Function: DoTests (numTests, sizelList)

Description: For each test, run numTests tests for square
matrices with the sizes in sizelist.

for size in sizelist:
self.RandomInverseTest (size, numTests)
self.RandomLUPTest (size, numTests)
self.RandomSolveTest (size, numTests)
self.RandomDetTest (size, numTests)

def MakeRandom(self,s):
import random
r = GenericMatrix(size=s,fillMode=lambda x,y: random.random(),
equalsZero = lambda x: abs(x) < le-6)
return r

def MatAbs(self,m) :
r = -1
(N,M) = m.Size()
for i in range(0,N):
for 7 in range(0,M):
if (abs(m[i,]J]) > r):
r = abs(m[i,]])
return r

def RandomInverseTest (self,s,n):
ident = GenericMatrix (size=(s,s),fillMode="'i")
for i in range(n):
m = self.MakeRandom( (s, s))
assert self.MatAbs(ident - m * m.Inverse()) < le-6, (
'offender = ' + "m’)

def RandomLUPTest (self,s,n):
ident = GenericMatrix (size=(s,s),fillMode="1i")
for i in range(n):
m = self.MakeRandom( (s, s))
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(lL,u,p) = m.LUP()
assert self.MatAbs (p*m - 1*u) < le-6, 'offender = ' + "m’

def RandomSolveTest (self,s,n):
import random
if (s <= 1):
return
extraEquations=3

for i in range(n):

m = self.MakeRandom( (s, s+extrakEquations))
for j in range (extraEquations) :
colToKill = random.randrange (s+textraEquations)
for r in range(m.rows) :
m[r,colToKill] = 0.0

b = map(lambda x: random.random(), range(s))

x = m.Solve (b)

z = m.LeftMulColumnVec (x)

diff = reduce(lambda xx,yy:xxt+yy, map (lambda aa,bb:abs (aa-

bb),b,z))
assert diff < le-6, ('offenders: m ="'+ 'm  + '"\nx = ' +
N
+ '"\nb ="' 4+ b’ 4+ '\ndiff = "' +
Tdiff’t)

def RandomDetTest (self,s,n):
for i in range(n):

ml = self.MakeRandom( (s, s))
m2 = self.MakeRandom((s,s))
prod = ml * m2
assert (abs(ml.Determinant () * m2.Determinant ()
- prod.Determinant () )
< le-6), 'offenders ="' + ml° + "m2°

license doc = """
This code was originally written by Emin Martinian
(emin@allegro.mit.edu) .
You may copy, modify, redistribute in source or binary form as long
as credit is given to the original author. Specifically, please
include some kind of comment or docstring saying that Emin Martinian
was one of the original authors. Also, if you publish anything
based
on this work, it would be nice to cite the original author and any
other contributers.

There is NO WARRANTY for this software just as there is no warranty
for GNU software (although this is not GNU software). Specifically
we adopt the same policy towards warranties as the GNU project:

BECAUSE THE PROGRAM IS LICENSED FREE OF CHARGE, THERE IS NO WARRANTY
FOR THE PROGRAM, TO THE EXTENT PERMITTED BY APPLICABLE LAW. EXCEPT
WHEN
OTHERWISE STATED IN WRITING THE COPYRIGHT HOLDERS AND/OR OTHER PARTIES
PROVIDE THE PROGRAM 'AS IS' WITHOUT WARRANTY OF ANY KIND, EITHER
EXPRESSED
OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. THE ENTIRE RISK
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AS

TO THE QUALITY AND PERFORMANCE OF THE PROGRAM IS WITH YOU. SHOULD THE
PROGRAM PROVE DEFECTIVE, YOU ASSUME THE COST OF ALL NECESSARY
SERVICING,

REPAIR OR CORRECTION.

IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN
WRITING
WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MAY MODIFY AND/OR
REDISTRIBUTE THE PROGRAM AS PERMITTED ABOVE, BE LIABLE TO YOU FOR
DAMAGES,
INCLUDING ANY GENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES
ARISING
OUT OF THE USE OR INABILITY TO USE THE PROGRAM (INCLUDING BUT NOT
LIMITED
TO LOSS OF DATA OR DATA BEING RENDERED INACCURATE OR LOSSES SUSTAINED
BY
YOU OR THIRD PARTIES OR A FAILURE OF THE PROGRAM TO OPERATE WITH ANY
OTHER
PROGRAMS), EVEN IF SUCH HOLDER OR OTHER PARTY HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

testing doc = """

The GenericMatrixTester class contains some simple

testing functions such as RandomInverseTest, RandomLUPTest,
RandomSolveTest, and RandomDetTest which generate random floating
point values and test the appropriate routines. The simplest way to
run these tests is via

>>> import genericmatrix
>>> t = genericmatrix.GenericMatrixTester ()
>>> t.DoTests (100, [1,2,3,4,5,10])

# runs 100 tests each for sizes 1-5, 10
# note this may take a few minutes

If any problems occur, assertion errors are raised. Otherwise

nothing is returned. Note that you can also use the doctest

package to test all the python examples in the documentation

by typing 'python genericmatrix.py' or 'python -v genericmatrix.py' at
the

command line.

mwmnan

# The following code is used to make the doctest package
# check examples in docstrings when you enter

__test = {
'testing doc' : testing doc
}
# Copyright Emin Martinian 2002. See below for license terms.

# Version Control Info: $Id: rs code.py,v 1.4 2008-01-05 22:08:45 emin
Exp $
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This package implements the RSCode class designed to do
Reed-Solomon encoding and (erasure) decoding. The following
docstrings provide detailed information on various topics.

RSCode. doc Describes the RSCode class and how to use it.

license doc Describes the license and lack of warranty.

import math

class RSCode:
The RSCode class implements a Reed-Solomon code
(currently, only erasure decoding not error decoding is
implemented). The relevant methods are:

__init

Encode
DecodeImmediate
Decode
PrepareDecoder
RandomTest

A breif example of how to use the code follows:
>>> import rs code

# Create a coder for an (n,k) = (16,8) code and test
# decoding for a simple erasure pattern.

>>> C = rs code.RSCode (16, 8)

>>> inVec = range(8)

>>> codedVec = C.Encode (inVec)
>>> receivedVec = list (codedVec)

# now erase some entries in the encoded vector by setting them to None
>>> receilvedVec[3] = None; receivedVec[9] = None; receivedVec|[l2] =
None

>>> receivedVec

(6, 1, 2, None, 4, 5, 6, 7, 8, None, 10, 11, None, 13, 14, 15]

>>> decVec = C.DecodeImmediate (receivedVec)

>>> decVec

[Or 1/ 2/ 3/ 4/ 5/ 6/ 7]

# Now try the random testing method for more complete coverage.
# Note this will take a while.
>>> for k in range(1l,8):
for p in range(1l,12):
C = rs_code.RSCode (k+p, k)
... C.RandomTest (25)
>>> for k in range(1,8):
for p in range(1,12):
C = rs_code.RSCode (k+p, k, systematic=0)
C.RandomTest (25)
85



mwoan

def init (self,n,k,log2FieldSize=-1,systematic=1, shouldUseLUT=-

1):
Function:
__init  (n,k,log2FieldSize,systematic, shouldUseLUT)
Purpose: Create a Reed-Solomon coder for an (n, k) code.
Notes: The last parameters, log2FieldSize, systematic
and shouldUseLUT are optional.
The log2FieldSize parameter
represents the base 2 logarithm of the field size.
If it is omitted, the field GF(2"p) is used where
p 1is the smalles integer where 2%p >= n.
If systematic is true then a systematic encoder
is created (i.e. one where the first k symbols
of the encoded result always match the data).
If shouldUseLUT = 1 then a lookup table is used
for

computing finite field multiplies and divides.
If shouldUseLUT = 0 then no lookup table is used.
If shouldUseLUT = -1 (the default), then the code
decides when a lookup table should be used.
if (log2FieldSize < 0):
log2FieldSize = int (math.ceil (math.log(n)/math.log(2)))
self.field = FField(log2FieldSize,uselLUT=shouldUseLUT)
self.n = n
self.k = k
self.fieldSize = 1 << log2FieldSize
self.CreateEncoderMatrix ()
if (systematic):
self.encoderMatrix.Transpose ()
self.encoderMatrix.LowerGaussianElim()
self.encoderMatrix.UpperInverse ()
self.encoderMatrix.Transpose ()

def  repr (self):
rep = ('<RSCode (n,k) = (' + “self.n” +', ' + “self.k” + ")
+ ' over GF(2"' + ‘self.field.n’” + ")\n' +
‘self.encoderMatrix®™ + '\n' + '>'")
return rep

def CreateEncoderMatrix(self):
self.encoderMatrix = GenericMatrix (
(self.n,self.k),0,1,self.field.Add,self.field.Subtract,
self.field.Multiply,self.field.Divide)
self.encoderMatrix[0,0] =1
for i in range(0,self.n):
term = 1
for j in range (0, self.k):
self.encoderMatrix[i,]j] = term
term = self.field.Multiply (term, i)
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def

list.'

def

first

def

def

Encode (self,data) :

mwwoan

Function: Encode (data)
Purpose: Encode a list of length k into length n.
assert len(data)==self.k, 'Encode: input data must be size k

return self.encoderMatrix.LeftMulColumnVec (data)

PrepareDecoder (self,unErasedLocations) :
Function: PrepareDecoder (erasedTerms)
Description: The input unErasedLocations is a list of the

self.k elements of the codeword which were
NOT erased. For example, if the 0Oth, 5th,
and 7th symbols of a (16,5) code were erased,
then PrepareDecoder([1,2,3,4,6]) would
properly prepare for decoding.
if (len(unErasedLocations) != self.k):
raise ValueError, 'input must be exactly length k'

limitedEncoder = GenericMatrix(
(self.k,self.k),0,1,self.field.Add,self.field.Subtract,
self.field.Multiply,self.field.Divide)
for i in range(0,self.k):
limitedEncoder.SetRow (
i,self.encoderMatrix.GetRow (unErasedLocations[i]))
self.decoderMatrix = limitedEncoder.Inverse ()

Decode (self,unErasedTerms) :

mwrwn

Function: Decode (unErasedTerms)
Purpose: Use the
Description:

mwrwn

return self.decoderMatrix.LeftMulColumnVec (unErasedTerms)

DecodeImmediate (self,data):

Function: DecodeImmediate (data)

Description: Takes as input a data vector of length self.n
where erased symbols are set to None and
returns the decoded result provided that
at least self.k symbols are not None.

For example, for an (n,k) = (6,4) code, a
decodable input vector would be
[2, 0, None, 1, 2, None].

mwmnan

if (len(data) != self.n):
raise ValueError, 'input must be a length n list'

unErasedLocations = []
unErasedTerms = []
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for i in range(self.n):
if (None != datali]):
unErasedLocations.append (i)
unErasedTerms.append (datali])
self.PrepareDecoder (unErasedLocations[0:self.k])
return self.Decode (unErasedTerms[0:self.k])

def RandomTest (self,numTests) :
import random

maxErasures = self.n-self.k
for i in range (numTests) :
inVec = range (self.k)
for j in range(self.k):
inVec[j] = random.randint (0, (l<<self.field.n)-1)
codedVec = self.Encode (inVec)
numErasures = random.randint (0,maxErasures)
for j in range (numErasures):
j = random.randint (0,self.n-1)
while (codedVec[]j] == None):
j = random.randint (0,self.n-1)
codedVec[]j] = None
decVec = self.DecodeImmediate (codedVec)
assert decVec == inVec, ('inVec = ' + “inVec®
+ '"\ncodedVec = ' + ‘codedVec"
+ '\ndecVec = ' + “decVec)

license doc = """
This code was originally written by Emin Martinian
(emin@allegro.mit.edu) .
You may copy, modify, redistribute in source or binary form as long
as credit is given to the original author. Specifically, please
include some kind of comment or docstring saying that Emin Martinian
was one of the original authors. Also, if you publish anything
based
on this work, it would be nice to cite the original author and any
other contributers.

There is NO WARRANTY for this software just as there is no warranty
for GNU software (although this is not GNU software). Specifically
we adopt the same policy towards warranties as the GNU project:

BECAUSE THE PROGRAM IS LICENSED FREE OF CHARGE, THERE IS NO WARRANTY
FOR THE PROGRAM, TO THE EXTENT PERMITTED BY APPLICABLE LAW. EXCEPT
WHEN
OTHERWISE STATED IN WRITING THE COPYRIGHT HOLDERS AND/OR OTHER PARTIES
PROVIDE THE PROGRAM 'AS IS' WITHOUT WARRANTY OF ANY KIND, EITHER
EXPRESSED
OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. THE ENTIRE RISK
AS
TO THE QUALITY AND PERFORMANCE OF THE PROGRAM IS WITH YOU. SHOULD THE
PROGRAM PROVE DEFECTIVE, YOU ASSUME THE COST OF ALL NECESSARY
SERVICING,

REPAIR OR CORRECTION.

IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN
WRITING
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WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MAY MODIFY AND/OR
REDISTRIBUTE THE PROGRAM AS PERMITTED ABOVE, BE LIABLE TO YOU FOR
DAMAGES,

INCLUDING ANY GENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES
ARISING

OUT OF THE USE OR INABILITY TO USE THE PROGRAM (INCLUDING BUT NOT
LIMITED

TO LOSS OF DATA OR DATA BEING RENDERED INACCURATE OR LOSSES SUSTAINED
BY

YOU OR THIRD PARTIES OR A FAILURE OF THE PROGRAM TO OPERATE WITH ANY
OTHER

PROGRAMS) , EVEN IF SUCH HOLDER OR OTHER PARTY HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

mwoan

# The following code is used to make the doctest package
# check examples in docstrings.

def test():
import doctest, rs code
return doctest.testmod(rs code)

##### SOLUTION #####

RS BLOCKSIZE = 18

RS CODESIZE = 10

def handle message (mode, noise level, data):
handled message = ""
# your code goes here
return handled message

Ilposepxka:

# This is sample code challenge
import random

import base64

import os

import re

import sys

import math

import traceback

DEBUG = False

# dataset format: noise.string

# report format: encoded size.decoded answer
SECRET_FAILED WITH ERROR STR =
"cal00fccfb408989eddc401062c4dl219%a6acebbb9b55412357£1790862e8£178=="
SECRET OK =
"bfOefccfb408989eddc401062c4dl219%a6aceb6b9b55412357£1790862e8£178=="

TEST SPLIT STR = ',
MIN STR LEN = 1

MAX STR LEN = 1 * 10 ** 5
STR_LEN TRI SCALE = 0.1
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NUM_ADDITIONAL TESTS = 20
NUM_SOURCES PER NOISE = 4
NUM NOISES PER TEST = 5

FIXED NOISE LEVELS = {0.9, 0, 1, 0.1, 0.2, 0.8, 0.05, 0.95}
NOISE LEVEL EPS = 0.35

THRESHOLD MAX ERRORS = 2
THRESHOLD MIN DECODE RATE = 0.8
THRESHOLD MIN SPEED = 0.2

def rand weighted(minv, maxv, weight coef):

v = int (random.triangular (minv, maxv, minv + (maxv - minv) *
weight coef))

return max (v, minv)

def get noise():

noise = 0.5
while abs(noise-0.5) < NOISE LEVEL EPS:
noise = random.random ()

return noise;

def generate str(min len, max len):
NORM COEF = 1
1 = rand weighted(min len, max len / NORM COEF, STR LEN TRI SCALE)

s = base6d.b6dencode (os.urandom(l)) .decode('ascii')
pattern = re.compile (' [/+=]+")
return pattern.sub('', s)

def generate dataset (noise level: float):
dataset = []
for n in range (NUM SOURCES PER NOISE) :
dataset.append("%$f %s" % (noise level,
generate str (MIN STR LEN, MAX STR LEN)))

return TEST SPLIT STR.join(dataset)

def generate():

tests = []

# generate random

for t in range (NUM ADDITIONAL TESTS) :
noises = [get noise() for i in range (NUM NOISES PER TEST) ]
test = []
for noise in noises:

test.append(generate dataset (noise))

ts = TEST SPLIT STR.join(test)
tests.append((ts, ts))

# include fixed

test = []

for noise in FIXED NOISE LEVELS:
test.append(generate dataset (noise))

ts = TEST_SPLIT_STR.join(test)

tests.append((ts, ts))

return tests
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def solve(dataset):
return SECRET OK

def count bits(value):
return bin(value) .count ('1l")

def num errors thr(source, reply):
errs = 0
for i in range(min (len (source), len(reply))):
errs += count bits(ord(source[i]) * ord(replyli]))
return errs+8* (abs(len(source)-len(reply)))

def report to str(speed: float, total: int, failed):
avg _errs = 0
for £ in failed:
avg errs += float (f[0]) / len(failed)
return " [Statistics: speed: $f tests passed: %$d/%d, average number
of errors: %dl" \
% (speed, total-len(failed), total, avg errs)

def check(reply, clue):

try:
if reply == SECRET FAILED WITH ERROR STR:
return False, "Exception during runtime"
elif reply == SECRET OK:

return True, "Cheater!"

replies = reply.split (TEST SPLIT STR)

sources = clue.split (TEST SPLIT STR)

speed = 0

total = len(sources)

failed = []

many errors = (False, None, None, None )

if len(replies) != len(sources):

raise Exception ("Number of replies does not match with

number of sources. Wrapper code is probably incorrect. " \

"Contact with staff members.")
for i in range(len (sources)):
noise level, source data = sources[i].split(' ', 1)
vals = replies[i].split (' ', 1)
if len(vals) ==
encode size, repl = vals[0], ""

else:
encode size, repl = vals

encode size = float (encode size)

noise level = float (noise level)

num_errs = num_errors thr (source data, repl)

if num errs > THRESHOLD MAX ERRORS and not many errors[0]:
many errors = (True, len(source data), num errs,

noise level)
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if num errs > 0:
failed.append((num errs, noise level))
speed += len(source data) / encode size / total if
encode size > 0 else 1.0 / total
success rate = float(total - len(failed)) / total

st = report to str(speed, total, failed)

if success rate < THRESHOLD MIN DECODE RATE:

return False, "0 Success rate is too low. " + st
elif speed < THRESHOLD MIN SPEED:
return False, "1 Code speed is too low. " + st

elif many errors[0]:
return False, "2 Too many errors in test (length:
"+str (many errors[l])+\
", number of errors:
"+str (many errors[2])+\

", noise level: "+str(many errors[3])+"):
"+ ", "+ st B
else:
return True, "Success! " + st
except Exception as e:
if DEBUG:
type , value , traceback = sys.exc info ()
return False, "[DEBUG] Exception: %s, traceback: %$r " %
(str(e), traceback.format tb(traceback ))
else:
raise

ParyjIOBEIE aOJIOHEL:

::python3

: theader
import random
import sys

SECRET FAILED WITH ERROR STR =
"ca00fccfb408989eddc401062c4dl1219%9a6acebb6b90b55412357£1790862e8£178==""

datasets = sys.stdin.read() .split(",")
datasets map (lambda x: x.split(" ", 1), datasets)

def noise char(inc, noise level):
for b in range(8):
if random.random() <= noise level:
inc "= 1 << Db
return inc

def add noise(encoded, noise level):

if noise level ==
return encoded

bts = bytearray(encoded.encode('latinl'))

for i in range(len(bts)):
new char = noise char (bts[i], noise level)
while new char == ord(' ') or new char == ord(',"):

new char = noise char (bts[i], noise level)

bts[i] = new char

return bts.decode ('latinl')
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::code

def handle message (mode, noise level, data):
handled message = ""
# your code goes here
return handled message

::footer
try
results = []
for ds in datasets:
noise level = float(ds[0])
encoded = handle message ("encode", noise level, ds[l])
results.append("%d %$s" % (len(encoded),
handle message ("decode", noise level, add noise(encoded,
noise level))))
del encoded
print (",".join(results))
except:
print (SECRET FAILED WITH ERROR STR)

cict++11
::code
#include <string>
#include <vector>
#include <memory>

std::string handle message(const std::string &mode, float noise level,
const std::string &data) {

std::string handled message = data;

return handled message;

}
::footer

#include <random>
#include <iostream>
#include <sstream>
#include <algorithm>
#include <string>
#include <vector>

const std::string SECRET FAILED WITH ERROR STR =
"cal0fcctb408989eddc401062c4dl219abacebbb9b55412357£1790862e8£178==";

std::vector<std::string> split (const std::string &s, char delim) {
std::stringstream ss(s);
std::string item;
std::vector<std::string> elems;
while (std::getline(ss, item, delim)) {
elems.push back(std::move (item))
}

return elems;
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template <typename Engine>
char noise char (char ch, float noise level,
std::uniform real distribution<float> &df, Engine& engine)
{

for (size t i = 0; 1 < 8; ++1i)

if (df (engine) <= noise level)
ch "= 1 << i; // NOISE BIT
return ch;

}

void add noise(std::string &message, float noise level) {
std::random device rd;
std::mt19937 mt (rd());
std::uniform real distribution<float> rs(0, 1);
if (noise level == 0)
return;
for (auto& ch : message)

{

char nch = noise char(ch, noise level, rs, mt);
while (nch == '" ' || nch == "',")
nch = noise char(ch, noise level, rs, mt);

ch = nch;

}

int main() {
auto test = std::unique ptr<std::string>(new std::string);
std::vector<std::pair<float, std::string>> tests;
while (getline(std::cin, *test, ',"'))
{
std::istringstream iss(*test);
float noise level; std::string buf;
if (! (iss >> noise level >> buf)) break;
tests.emplace back(std::move (noise level), std::move (buf));

}

test.reset (nullptr); //release memory

try {
std::vector<std::pair<size t, std::string>> results;
for (size t i =0, s=tests.size(); i<s; ++1i)
{
const auto &t = tests[i];
auto message = handle message ("encode", t.first,
t.second) ;
add noise (message, t.first);
size t sz = message.size();
results.emplace back(sz, handle message ("decode",
t.first, message));

}

for (size t i = 0, s = results.size(); i<s; ++i)
{
std::cout << results[i].first << " " <L
results[i] .second;
if (1 !'= s-1)

std::cout << ", ";
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catch (...) {
std::cout << SECRET FAILED WITH ERROR STR << " " <<
"Exception during runtime.";

}

return O;

}

::mono c#

: theader

using System;

using System.Collections.Generic;
using System.IO;

using System.Text;

::code

class UserAlgorithm // do not rename
{
public static string HandleMessage (string mode, float noiselevel,
string data )
{
//your code goes here
return "";

}

::footer
class Test

{

private static readonly Random rng = new Random() ;

private static char NoiseChar (char ch, float noiselevel)
{
int ich = ch;
for (int b = 0; b < 8; ++Db)
if (rng.NextDouble () < noiselevel)
ich "= 1 << b;
return (char)ich;

}

static void AddNoise (ref string encoded, float noiselevel)
{
StringBuilder sb = new StringBuilder (encoded) ;
for (var i = 0; i < encoded.Length; ++i)
{
char ch = NoiseChar (sb[i], noiselevel);
while (ch == " ' || ch == "',")
ch = NoiseChar(sb[i], noiselLevel);
sb[i] = ch;
}

encoded = sb.ToString();
}

const string SECRET FAILED WITH ERROR STR =
"ca00fccfb408989eddc401062c4d1219a6aceb6b9b55412357£1790862e8£178=="";

static void Main(string[] args)
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var
var
var
try

noiselevel,

1In = Console.ReadLine();
tests = 1ln.Split(',");
answers = new List<KeyValuePair<int, string>>();

for (int i =0, s = tests.Length; i<s; ++1i)
{

var noiseSource = tests[i].Split(' '");

var noiselevel = float.Parse (noiseSource[0]) ;

var encoded = UserAlgorithm.HandleMessage ("encode",
noiseSource[l]);

var size = encoded.Length;

AddNoise (ref encoded, noiselLevel);

answers.Add (new KeyValuePair<int, string>(size,

UserAlgorithm.HandleMessage ("decode", noiselevel, encoded)));

}

for (int i = 0, s = answers.Count; i < s; ++1)

{

Console.Write("{0} {1}", answers[i] .Key,

answers[i] .Value);

}

::javas8

}

if (i!=s-1)
Console.Write(",");

catch

{

: theader
javafx.util.Pair;

import

import
import
import
import
import
::code

Jjava.
java.
java.

java.
java.

Console.Write (SECRET FAILED WITH ERROR STR) ;

io.BufferedReader;
io.Console;
io0.IO0Exception;
io.InputStreamReader;
util.*;

class UserAlgorithm // do not rename

{

static String HandleMessage (String mode, float noiselevel, String

data)
{

//your code goes here
return "";

::footer
class Test

{

private static final Random rng = new Random() ;

private static char noiseChar (char in, float noiselevel) {
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for (int b = 0; b < 8; ++b)
if (rng.nextFloat () < noiselevel)
in "= 1 << Db;
return in;

}

private static String AddNoise (String encoded, float noiselevel)
{
StringBuilder sb = new StringBuilder (encoded) ;
for (int i = 0; i < encoded.length(); ++i)
{
char ch = noiseChar (sb.charAt (i), noiselevel) ;
while (ch == " " || ch == "',")
ch = noiseChar (sb.charAt (i), noiselevel);
sb.setCharAt (i, ch);
}

return sb.toString();

}

private static final String SECRET FAILED WITH ERROR STR =
"cal00fccfb408989eddc401062c4d1l219a6aceb6b9p55412357£1790862e8£178=="";

public static void main(String[] args) throws IOException {
BufferedReader buffer=new BufferedReader (new
InputStreamReader (System.in)) ;
String input = buffer.readLine();

String[] tests = input.split(",");
List<Pair<Integer, String>> answers = new
ArraylList<Pair<Integer, String>>();
try
{
for (int i =0, s = tests.length; i<s; ++1i)
{
String[] noiseSource = tests[i].split(" ");
float noiselevel = Float.parseFloat (noiseSource[0])
String encoded = UserAlgorithm.HandleMessage ("encode",
noiselLevel, noiseSourcel[l]);
int size = encoded.length();
encoded = AddNoise (encoded, noiselevel);
answers.add (new Pair<Integer, String>(size,
UserAlgorithm.HandleMessage ("decode", noiselLevel, encoded)));
}
for (int i = 0, s = answers.size(); 1 < s; ++i)
{
System.out.printf ("%$d %s", answers.get (i) .getKey(),
answers.get (i) .getValue());
if (il=s-1)
System.out.print (",");
}
}
catch (Exception e) {
System.out.print (SECRET FAILED WITH ERROR STR);
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