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Double Bits Error Correction for Computational
Grid with CRC

Nima Jafari Navimipour, Seyed Hasan Es-hagi

Abstract— In grid system error during sending information
dueto devastating factors like exter nal electromagnetic sour ces
and noise is inevitable. The Cyclic Redundancy Check (CRC)
method isused for error detection. CRC isused to control such
factorsin received information. In this paper, the new method
based on CRC has been introduced that is able to detect the
exact place of double bits error and correct them. In this
method the receiver divide the received data on polynomial
generator, g(x), and then get the remainder. Receiver can
correct double bits error by comparing the remainder and the
content of the look-up table. The result show that presented
method can reduce the traffic for application that have low bit
error rate (BER).

Index Terms—CRC; Error Correction; Computational
Grid

I. INTRODUCTION

The popularity of the Internet and the availability of
powerful computers and high-speed networks as low-cost
commodity components are changing the way we use
computers today [1]. These technical opportunities have led
to the possibility of using geographicaly distributed and
multi-owner resources to solve large-scale problems in
science, engineering, and commerce [1].Recent research on
these topics has led to the emergence of a new paradigm
known as grid computing [2].These powerful paradigm has
been used in various sciences such as spaceship process
imaging and medical science [3], [4]. To achieve the
promising potentials of tremendous distributed resources,
effective and efficient error detection and correction are
fundamentally important.

The accuracy of thetransferred dataisvital for grid system.

There are devastating factors like external electromagnetic
sources, bandwidth limit and noise that cause error in
transferred information. For increasing the quality of service,
controlling this problem is one of the datalink layer dutiesin
grid. A cyclic redundancy check (CRC) is atype of function
that takes as input a data stream of any length, and produces
as output a value of a certain space, commonly a 32-bit
integer. A CRC can be used as a checksum to detect
accidental alteration of data during transmission or storage.
The CRC was invented by W. Wedey Peterson, and
published in his 1961 paper [5]. The IEEE-recommended

Nima Jafari Navimipour is with Islamic Azad University, Tabriz Branch,
Tabriz, Iran, phone: +989144021694; fax: +984115552322; e-mail:
Jafari@iaut.ac.ir and Jafari n@ymail.com

Seyes Hasan Es-hagi is member of Young Researchers Club, Tabriz
Branch, Idlamic Azad University, Tabriz Branch, Tabriz, Iran phone:
+989143171845; fax: +984114201024; e-mail: es-hagi@iaut.ac.ir and
es_hagi@gmail.com

602

32-bit CRC used in Ethernet and elsewhere, appeared at a
telecommunications conference in 1975 [6]. According to
ability of CRC method of errors detection, this method is
strongest control method that also is used in data link
protocols, PPP!, HDLC? and Ethernet and in TCP/IP® stack
protocols like IP4*, UDP®, and TCP. This method can only
detect the errorsin away that receiver in case of error request
for resending from sender considering copy of transferred
information in his buffer, will send the faulty information
again. But in most applications one or two bits of error
correction will be better than burst and multiple errors
detection, because it can prevent resending information and
also has significant role on reducing traffic. Sunil Shuklaand
his friends in [7] have shown that by using CRC method we
can correct the single-bit error.

In this paper, we show how to produce control bitsin sender and
reaction of receiver for received hits, then will review Sunil Shukla
method that uses CRC to correct single-bit error. In the next section,
details of using CRC to correct double bits error and produced
look-up table to error correction will be represented, and finally we
will conclude these methods.

II.  CRC CALCULATION METHODS

CRC isone of the most famous and strongest error control
methods. A CRC is an error-detecting code. Its computation
resembles a long division operation in which the quotient is
discarded and the remainder becomes the result, with the
important distinction that the arithmetic used isthe carry-less
arithmetic of a finite field. The length of the remainder is
always less than or equal to the length of the divisor, which
therefore determines how long the result can be.

Let g(x) bethe CRC generator polynomial (the selection of
generator polynomial is the most important part of
implementing the CRC algorithm. The polynomial must be
chosen to maximize the error detecting capabilities while
minimizing overal collision probabilities) of degree n-k
where n is the codeword length and k is the message length.
Let v(X), &(x), and r(x) represent the polynomials associated
with the n bit codeword where v(X) is the sending codeword
polynomial, (x) is the error codeword polynomial, and r(x)
is the receiving codeword polynomial. These three
polynomials are related by r(x) = v(x) + &(x). The remainder
resulting from the division of x* *v(x) by g(x), denoted

as Rgfx}{x”'kv[x]‘, is equal to zero or a constant
sequence [8]. Therefore the remainder resulting at the
! Point-to-Point Protocol

2 High-Level DataLink Control
3 Transmission Control Protocol/Internet Protocol

4 Internet Protocol version 4
5 User Datagram Protocol
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receiver from the divison of x™ *r(x) by g(x) is
Rg[x:. {Xn_kt‘{}ﬂ} = Rg[xj {xn_kv{}{] + xn_ke{x:]} =
Reeo (2" e} (1)

If single-bit error occurs during codeword transmission, &(x)
is equal to x', where i is a number between 0 and n-1,
indicating the position of the corrupted bit. Equation (1) is
then

Rerx {x”'kr‘{x:l} =Rgy {x”'ke{)ﬂ} = Rg,:x:,{x”‘kxi} (2).

Possible patterns of R {x™“x'] and the corresponding

position of the error bit are stored in a look-up table in
advance when correcting single-bit errors. Upon receiving a
codeword r(x) containing a corrupted bit, the bit position is
easily determined by comparing the division remainder of
Ret {x" %y (x)] with the contents of the look-up table.

The correction is easily implemented by inverting the bit of
the receiving codeword at that position. Regarding to the
properties of CRC generator polynomial can select specific
CRC that can correct as follow:

All single-bit errors.

All double bits error, if G(x) had at least three sentences.

All odd errors, if G(x) can be divided by x+1.

Many of burst error that its length be less than G(x) length.

To have the above properties the primitive generator
polynomial should be used to produce CRC. There are
several standard and common CRC that is described in [9].
CRC can be implemented in hardware by three techniques
seria, paralel and look-up tables. Method of look-up table
includes saved CRC for al input moods. For example, for
given four bitsthereisaneed for saved 2* = 16 quantity in

look-up table. Serial implementation uses Liner Feedback
Shift Registers (LFSR) that division is done by shifting to left
and subtraction by XOR [10].

One example can clarify this technique. To compute an
n-bit binary CRC, line the bits are representing the input in a
row, and position the (n+1)-bit patterns representing the
CRC's divisor underneath the left-hand end of the row [11].
Hereisthefirst calculation for computing a 3-bit CRC:

11010011101100 3 input
1011 r3 divisor (4 Bits)

01100011101100 3 result

If the input bit above the leftmost divisor bit is zero, do
nothing and move the divisor to the right by one hit. If the
input bit above the leftmost divisor bit is 1, the divisor is
exclusive-OR into the input. The divisor is then shifted one
bit to the right, and the process is repeated until the divisor
reaches the right-hand end of the input row. Here is the last
calculation:

00000000001110 3 result of multiplication calculation

1011 r3 divisor

00000000000101 3 remainder (3 hits)
Since the leftmost divisor bit zeroed every input bit it
touched, when this process ends the only bitsin theinput row

that can be nonzero are the n bits at the right-hand end of the
row. These n bits are the remainder of the division step, and
will also be the value of the CRC function.

111, RELATED WORK

The common method for single-bit error detection based
on a look-up table has been presented in [5] and [11]. In [5]
the author uses one method for correction single bit error
based on CRC-16 code and the length of datais measured 16.
Method isthat first al possible single bit error on the data of
16 bit that may happen have been measured and the
remainder of divided by G(X) =X +X¥2 +X°+1
canceled and stored in table (1). On the receiver when a data
is received, first this data is divided by G(x), when the
remainder is zero, there is no error and data is valid, but if
reminder result of dividend on generator polynomial is not
equal to zero, the reminder is compare with existing
guantitiesin look-up table, in order to the error location to be
found and corrected.

A CRC look-up table optimization method for single-bit
error correction has been presented in [8]. The optimization
method minimizes the address length of the pre-designed
look-up table while satisfying certain restrictions. With this
method the access time to table and extraction of figure to
place of error is done quickly. In this method for applying
hardware, associated memories have been used.

TABLEI. The CRC Patterns of Single Bit Error
Data Bit CRC Pattern MSB | LSB8
in Error 8 bits

bits

0 0001000000100001 16 33
1 0010000001000010 32 66
2 0100000010000100 64 132
3 1000000100001000 129 8
4 0001001000110001 18 49
5 0010010001100010 36 98
6 0100100011000100 72 196
7 1001000110001000 145 136
8 0011001100110001 51 46
9 0110011001100010 102 98
10 1100110011000100 204 196
11 1000100110101001 137 169
12 0000001101110011 3 115
13 0000011011100110 6 230
14 0000110111001100 13 204
15 0001101110011000 27 125

1V. DOUBLE BITS ERROR CORRECTION BASED ON CRC

The given method in this paper uses CRC-16 for correcting
double bits error that are likely to happen in 16-bit data. In
this paper it is supposed that only two bit errors have
happened. A look-up table is used in this method that the
content of the table is consists of remains and the place of
eroded bits. In this method, 16-bits data with 16-bit CRC
have been used that  atogether form 32

bits V (X) = (X, X5+, X5, C17,CigrereCqp) - Now if
double bits error in the sent continued bit happens in i, j
situations, €(X) = (X',X’') that1£i, j £ 32. Since errors
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may happen in data or in control bits(CRC) filed , three
condition will emerge, if 1E1, ] £16 the error occurred in

data field , if 17£ j £321£1 £16 the one bit error

occurredindatafield and one bit error occurred in CRC field
and finaly if 17 £1, j £ 32 the both errors have occurred

in CRC field. The number of variety of double bits error can
calculate with
21

321
C(Z,EEJ = m = 496 (3}

Regarding to equations (3) variety of double bits error is
496. In each of these eroded conditions, aunique remainder is
obtained; only in 48 conditions reminder is not unique. 48
numbers is insignificant in comparison with 496 numbers.
These 48 conditions have been shown in table (2).

For example when the remainder is (0000010000000000)
itispossible that €(X) = (X™, x*") org(X) = (x*®, x®).

To implementation this method two separate tables are
needed. Unique remainders and the position of corresponding
eroded bits with the number of 400 are presented in appendix
A and non-unique remainders and the position of
corresponding eroded bits with the number of 48 are
presented in table (2) that i, j, refer to locations of double

bits error and i, j; refer to another error locations that have

same reminder. These tables are calculated by MATLAB. In
this method, the received information is divided by CRC-16,
if the remainder opposes zero, in order to the position of
eroded bits specified ,the remainder is compared with the
CRC Patterns column in table (3); now, for not being table (3)
checked again T1 should be zero. If reminder to be matched
with any CRC Patterns column in the table (3),we can say hit
occurred and we can easily extract the position of the errors
and correcting operation with inverting the position of errors
in received information .Then our correcting operation
finished. If the reminder is not matched with any CRC
Patterns column in table (3), it’s necessary to refer table (2)
and the remainder be compared with CRC Patterns columnin
the table (2) for founding error’s position. Since in this table
any special reminder specifies two double bits error, first one
of the couple, which indicates the place of errorsis extracted,
and then corrects these bits in the received information, then
division

TABLEII. Non-unique CRC patterns of bits error

Column CRC Pattern iy.01 | L2.d2
1 0000010000000000 11,27 16,32
2 0000110111001100 | 27,31 | 15,20
3 0100000000000000 | 20,31 | 15,27
4 0100100011000100 23,27 11,16
5 0100110011001100 9,20 4,16
6 0100110101001100 | 1324 | 8,20
7 0100110101101101 | 12,28 | 17,24
8 0100110111000100 4,20 9,16
9 0101010101001100 | 17,28 | 12,24
10 0101011101011100 16,32 21,28
11 0101110111001100 824 | 1320
12 0101111011110101 | 28,32 | 16,21
13 1000000000000000 16,27 11,23
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14 1000000100001000 1531 20,27
15 1000010001000000 7,23 12,19
16 1000101010100110 19,30 14,26
17 1000110000000000 12,23 7,19
18 1000110001000100 3,19 8,15
19 1000110011000000 8,19 3,15
20 1000111011000100 22,26 10,15
21 1010100010100110 10,26 15,22
22 1010110001000000 26,30 14,19
23 1100010010000100 19,23 7,12
24 1100010101101101 21,32 16,28
25 1100100011100100 18,22 6,11
26 1100110001000000 15,19 3,8

27 1100110010000110 14,18 2,7

28 1100110011100101 13,17 1,6

29 1100110111001100 16,20 4,9

30 1100111011010100 17,21 5,10
31 1101010011100101 24,28 12,17
32 1101110001000100 20,24 8,13

33 1101110011000101 6,17 1,13
34 1101110011100100 1,17 6,13

35 1101110011110101 10,21 5,17

36 1101111011100101 521 10,17
37 1101111110110111 13,29 18,25
38 1101111111110101 14,25 9,21

39 1110100010000110 6,22 11,18
40 1110101000100010 14,30 19,26
41 1110101010100110 15,26 10,22

42 1110110010000100 2,18 7,14
43 1110110010100110 11,22 6,18
44 1110110011000110 7,18 2,14

45 1110110111000100 21,25 9,14
46 1110111111110101 18,29 13,25
47 1111110010000110 25,29 13,18

48 1111111100010000 9,25 14,21

Function isdone again, if the remainder is zero so the error
has been specified properly and we finish the algorithm;
otherwise the next couple refers to real place of error in
information and should be corrected. The above method has
been given in chart (1).

V. RESULT

An important reason for the popularity of CRCs for
detecting the accidental ateration of data is their efficiency
guarantee. Errors in both data transmission channels and
magnetic storage media tend to be distributed non-randomly,
making CRC properties more useful than alternative schemes
such as multiple parity checks, but main drawback of CRC is
the inability of it in the case of error correction. So in this
paper we introduce the new method based on CRC code that
is suitable for error correction in more applications. This
method is based on look-up table, so have ahigh speed rather
than other common error correction techniques because of
advanced memory technology. The advantages of our method
are simple circuit structure and high speed operation.
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work, this method can be developed for more that double bits
Received Data error correction.
APPENDIX A
+ v TABLEIII. UNIQUE CRC PATTERNS OF DOUBLE BITS ERROR
CRC calculation Column CRC Pattern LyJ1
1 0000000000000001 27,01
2 0000000000000010 27,02
3 00000000000000100 27,03
Y 4 0000000000001000 27,04
5 0000000000010000 27,05
6 00000000000100000 27,06
7 0000000001000000 27,07
N 8 00000000010000000 27,08
9 00000000100000000 27,09
N 10 0000001000000000 27,10
11 0000001101110011 29,27
12 0000010100001000 23,20
13 0000010101101101 28,15
l Y 14 0000010111101001 28,19
15 0000011011100110 30,27
E <«— Tabl e3[R] T1=0 16 0000100000000000 27,12
17 0000110001000000 19,16
18 0000110011000100 16,15
19 0000110101001000 20,19
20 0000110110101001 28,23
21 0001000000000000 27,13
2 0001000000100001 27,17
Y 23 0001001000110001 27,21
24 0001010110001000 24,23
25 0001101110011000 32,27
l N 26 0001110101001100 24,15
27 0001110111001000 24,19
A 28 0010000000000000 27,14
[ ELEZ < TableZ[R] 29 0010000001000010 27,18
J 30 0010001100001111 28,26
31 0010010001100010 27,22
v . 32 0010101010100110 26,16
[ E E2 ] [ E «—E1 33 0010101110101110 26,20
<+— 34 0011001100110001 27,25
g 35 0011101100101110 26,24
36 0100000010000100 27,19
¥ v ﬁ 37 0100000100001000 31,16
38 0100000101101101 28,11
[ E correction ] 39 0100001110001011 30,28
40 0100010001101101 28,09
41 0100010011000100 16,12
; 42 0100010100101101 28,07
43 0100010101001101 28,06
Freeerror d ata 44 0100010101100101 28,04
45 0100010101101001 28,03
- - ) 46 0100010101101100 28,01
Chart 1: Doublebitserror correction Algorithm 47 0100010101101111 28.02
48 0100010101111101 28,05
CRC isthe method that can detect the error in transferring ;12 giggigﬁﬁgﬁgi ig‘(l)g
data between two points in grid and can’t correct the errors. ’
o P . 51 0100011000011110 29,28
But in grid error correction is important. In this paper a new ) 0100011011010100 224
method ba%_d on CRC has been introduced for double bits = 0100011101101101 28.10
error c_orrectlo_n. This m_ethod use_d look-up table fpr error = 0100100010100001 3128
correction. This method. is very suitable for the _apphcatlons 55 0100100111001100 20,11
that have low BER. Inthis case, the network traffic isreduced, 56 0100101000100010 30,16

because this method can reduce retransmission. For future
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57 0100101100101010 30,20 122 1000010100000000 23,09
58 100110001000100 16,08 123 1000011000000000 23,10
59 0100110010000100 16,07 124 1000011101110011 29,23
60 00100110011000000 16,03 125 1000100001000000 19,11
61 0100110011000101 16,01 126 1000100011000100 15,11
62 0100110011000110 16,02 127 1000100110101001 28,27
63 0100110011010100 16,05 128 1000100111001100 31,23
64 0100110011100100 16,06 129 1000101000100010 30,15
65 0100110110001100 20,07 130 1000101011100100 26,18
66 0100110111001000 20,03 131 1000110001000001 19,01
67 0100110111001101 20,01 132 1000110001000010 19,02
68 0100110111001110 20,02 133 1000110001001000 19,04
69 0100110111011100 20,05 134 1000110001010000 19,05
70 0100110111101100 20,06 135 1000110001100000 19,06
71 0100111010111111 29,20 136 1000110010000100 15,07
72 0100111011000100 16,10 137 1000110011000101 15,01
73 0100111101111101 24,21 138 1000110011000110 15,02
74 0100111110110111 29,16 139 1000110011001100 15,04
75 0100111111001100 20,10 140 1000110011010100 15,05
76 0101000010000000 31,24 141 1000110011100100 15,06
77 0101010101101101 28,13 142 1000110101000000 19,09
78 0101011001010100 32,20 143 1000110111000100 15,09
79 0101100101001100 24,11 144 1000111001000000 19,10
80 0101101110101010 30,24 145 1000111100110011 29,19
81 0101110001001100 24,09 146 1000111110110111 29,15
82 0101110011000100 16,13 147 1001000110001000 27,24
83 0101110011100101 17,16 148 1001010000000000 23,13
84 0101110100001100 24,07 149 1001010000100001 23,17
85 0101110101000100 24,04 150 1001011000110001 23,21
86 0101110101001000 24,03 151 1001011101011100 32,15
87 0101110101001101 24,01 152 1001011111011000 32,19
88 0101110101001110 24,02 153 1001100110010111 26,25
89 0101110101011100 24,05 154 1001110001000000 19,13
90 0101110101101100 24,06 155 1001110001100001 19,17
91 0101110111101101 20,17 156 1001110011000100 15,13
92 0101111000111111 29,24 157 1001110011100101 17,15
93 0101111101001100 24,10 158 1001111001110001 21,19
94 0101111111111101 21,20 159 1001111011110101 21,15
95 0110000100001111 28,22 160 1001111110011000 32,23
96 0110010100101111 28,18 161 1010000001100010 23,22
97 0110010101101101 28,14 162 1010001010100110 26,12
98 0110011001100010 27,26 163 1010010000000000 23,14
99 0110100010100110 22,16 164 1010010001000010 23,18
100 0110100110101110 22,20 165 1010011101101010 31,26
101 0110110010000110 18,16 166 1010100000100010 22,19
102 0110110011000100 16,14 167 1010100111010101 29,26
103 0110110110001110 20,18 168 1010101000100110 26,08
104 0110110111001100 20,14 169 1010101010000110 26,06
105 0110111001111101 25,24 170 1010101010100010 26,03
106 0111011001011100 28,25 171 1010101010100100 26,02
107 0111100100101110 24,22 172 1010101010100111 26,01
108 0111110100001110 24,18 173 1010101010101110 26,04
109 0111110101001100 24,14 174 1010101010110110 26,05
110 0111111011111101 25,20 175 1010101011100110 26,07
111 0111111111110101 25,16 176 1010101110100110 26,09
112 1000000110001100 31,19 177 1010110000000010 19,18
113 1000001011100110 30,23 178 1010110010000110 18,15
114 1000010000000001 23,01 179 1010110011000100 15,14
115 1000010000000010 23,02 180 1010111010100110 26,11
116 1000010000000100 23,03 181 1011000100111110 32,26
117 1000010000001000 23,04 182 1011011100110001 25,23
118 1000010000010000 23,05 183 1011100010010111 26,21
119 1000010000100000 23,06 184 1011101010000111 26,17
120 1000010010000000 23,08 185 1011101010100110 26,13
121 1000010011000100 15,12 186 1011111101110001 25,19
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187 1011111111110101 25,15 252 1100110011000010 03,02
188 1100000000001000 31,09 253 1100110011000111 02,01
189 1100000011000100 12,11 254 1100110011001000 04,03
190 1100000100000000 31,04 255 1100110011001101 04,01
191 1100000100001001 31,01 256 1100110011001110 04,02
192 1100000100001010 31,02 257 1100110011010000 05,03
193 1100000100001100 31,03 258 1100110011010101 05,01
194 1100000100011000 31,05 259 1100110011010110 05,02
195 1100000100101000 31,06 260 1100110011011100 05,04
196 1100000101001000 31,07 261 1100110011100000 06,03
197 1100000110001000 31,08 262 1100110011100110 06,02
198 1100001000100010 30,12 263 1100110011101100 06,04
199 1100001001111011 31,29 264 1100110011110100 06,05
200 1100001100001000 31,10 265 1100110101000100 09,08
201 1100010000000000 23,15 266 1100110110000100 09,07
202 1100010001000100 12,08 267 1100110110110111 29,10
203 1100010001100101 28,20 268 1100110111000000 09,03
204 1100010011000000 12,03 269 1100110111000101 09,01
205 1100010011000101 12,01 270 1100110111000110 09,02
206 1100010011000110 12,02 271 1100110111010100 09,05
207 1100010011001100 12,04 272 1100110111100100 09,06
208 1100010011010100 12,05 273 1100111000100010 30,11
209 1100010011100100 12,06 274 1100111001000100 10,08
210 1100010100001000 31,11 275 1100111010000100 10,07
211 1100010111000100 12,09 276 1100111010110111 29,09
212 1100011011000100 12,10 277 1100111011000000 10,03
213 1100011101011100 32,13 278 1100111011000101 10,01
214 1100011101111101 32,17 279 1100111011000110 10,02
215 1100011110110111 29,12 280 1100111011001100 10,04
216 1100011111101110 31,30 281 1100111011100100 10,06
217 1100100000100010 30,10 282 1100111011110101 21,13
218 1100100001000100 11,08 283 1100111100110111 29,08
219 1100100010000100 11,07 284 1100111110010111 29,06
220 1100100010100110 22,14 285 1100111110100111 29,05
221 1100100011000000 11,03 286 1100111110110011 29,03
222 1100100011000101 11,01 287 1100111110110101 29,02
223 1100100011000110 11,02 288 1100111110110110 29,01
224 1100100011001100 11,04 289 1100111110111111 29,04
225 1100100011010100 11,05 290 1100111111000100 10,09
226 1100100100001000 31,12 291 1100111111110111 29,07
227 1100100101010001 30,29 292 1101000100001000 31,13
228 1100100111000100 11,09 293 1101000100101001 31,17
229 1100101000000010 30,06 294 1101000110111010 32,30
230 1100101000100000 30,02 295 1101001100111001 31,21
231 1100101000100011 30,01 296 1101001101011100 32,11
232 1100101000100110 30,03 297 1101010000101111 32,29
233 1100101000101010 30,04 298 1101010011000100 13,12
234 1100101000110010 30,05 299 1101010101011100 32,10
235 1100101001100010 30,07 300 1101011001011100 32,09
236 1100101010100010 30,08 301 1101011011110101 21,12
237 1100101011000100 11,10 302 1101011100011100 32,07
238 1100101100100010 30,09 303 1101011101001100 32,05
239 1100101110110111 29,11 304 1101011101010100 32,04
240 1100110000000100 08,07 305 1101011101011000 32,03
241 1100110001000101 08,01 306 1101011101011101 32,01
242 1100110001000110 08,02 307 1101011101011110 32,02
243 1100110001001100 08,04 308 1101011101111100 32,06
244 1100110001010100 08,05 309 1101011111011100 32,08
245 1100110001100100 08,06 310 1101100000010011 30,21
246 1100110010000000 07,03 311 1101100011000100 1311
247 1100110010000101 07,01 312 1101100011100101 17,11
248 1100110010001100 07,04 313 1101101000000011 30,17
249 1100110010010100 07,05 314 1101101000100010 30,13
250 1100110010100100 07,06 315 1101101010010000 32,31
251 1100110011000001 03,01 316 1101101011110101 21,11
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317 1101101110010111 25,22 382 1111011111110101 25,12
318 1101110001100101 17,08 383 1111100010000111 22,17
319 1101110010000100 13,07 384 1111100010100110 22,13
320 1101110010100101 17,07 385 1111100100010011 30,25
321 1101110011000000 13,03 386 1111101010010111 22,21
322 1101110011000110 13,02 387 1111101111110101 25,11
323 1101110011001100 13,04 388 1111110010100111 18,17
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