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(57) ABSTRACT 
A high speed data serial connection interface apparatus, CPRI 
transmitting and receiving methods thereof are disclosed. A 
high speed data serial connection interface apparatus accord 
ing to the present invention includes: a data transmitter con 
figured to count a continuous NCB of 0 or 1 in an input data 
block, select an LSI value, and perform up scaling on data in 
the block in accordance with the selected LSI value to trans 
mit the data through an optical fiber in accordance with a 
CPRI (common public radio interface) protocol; and a data 
receiver configured to receive the data transmitted by the data 
transmitter, restore the LSI value from the received data, and 
perform down Scaling on the received data in accordance with 
the restored LSI value to restore original data. 
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HIGH SPEED DATASERAL CONNECTION 
INTERFACE APPARATUS, CPRI 

TRANSMITTING AND RECEIVING METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority to and the benefit of 
Korean Patent Application No. 10-2012-014.7538 filed in the 
Korean Intellectual Property Office on Dec. 17, 2012, the 
entire contents of which are incorporated herein by reference. 

TECHNICAL FIELD 

0002 The present invention relates to a high speed data 
serial connection interface apparatus, CPRI transmitting and 
receiving methods and more specifically, to a high speed data 
serial connection interface apparatus which serially connects 
and interfaces high speed data between a base band model of 
a mobile communication system and an RF (radio frequency) 
wireless transceiver, and CPRI transmitting and receiving 
methods thereof. 

BACKGROUND ART 

0003) A next generation mobile communication system is 
developing so as to efficiently provide a high quality multi 
media and various future technical services and to improve a 
transmission capacity through an efficient wireless transmit 
ting technology. 
0004 Recently, the mobile communication system devel 
ops so as to have a structure in that an RF (radio frequency) 
transceiver having multiple antennas and a power amplifier 
are separated from a baseband modemandone or multiple RF 
units are located in remote site to increase a transmission 
efficiency and apply various wireless transmission technol 
Ogy. 

0005 Nevertheless, a bit resolution that the mobile com 
munication systems use is not a problem in a current LTE 
standard, it may act as a problem in the future mobile com 
munication technology which demands higher modulation 
efficiency. This is because a cell radius in a future mobile 
communication structure Such as a Femto base station is 
getting Smaller and transmission rates are getting higher as 
the cell radius get Smaller. In order to Support the modulation 
method having a high modulation factor, higher bit resolution 
of the base band signal is required. 
0006. A related art of the present invention is disclosed in 
Korean Patent Application Unexamined Publication No. 
10-2011-0030474 (titled as compression of baseband signals 
in base transceiver system, published on Mar. 23, 2011). 
Korean Patent Application Unexamined Publication No. 
10-2011-0030474 uses a digital data compression technol 
ogy, but the present invention uses a data scaling technology 
to very simply process a digital signal. 

SUMMARY OF THE INVENTION 

0007. The present invention has been made in an effort to 
provide a high speed data serial connection interface appara 
tus which scales data in a block unit which is the same as a 
basic frame size of the CPRI standard of the related art to 
support high bit resolution with the same bit transmission for 
a future mobile communication standard which supports a 
higher modulation factor, and CPRI transmitting and receiv 
ing methods thereof, as compared with the related art which 
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transmits an I/O data resolution of a LTE modulation signal at 
15 bits in the CPRI standard of the related art. 
0008. A high speed data serial connection interface appa 
ratus according to an exemplary embodiment of the present 
invention may include a data transmitter configured to count 
the number of the first continuous bits of 0 or 1 in a real part 
and an imaginary part in an input data block, select a Smallest 
Scaling value, and perform up Scaling on data in the block in 
accordance with the selected Scaling value to transmit the data 
through an optical fiber in accordance with a CPRI (common 
public radio interface) protocol; and a data receiver config 
ured to receive the data transmitted by the data transmitter, 
restore a Scaling index from the received data, and perform 
down Scaling on the received data in accordance with the 
restored Scaling value to restore original data. 
0009. The data transmitter may include an NCB counter 
configured to count an NCB (number of continuous bits) 
which is the number of the first continuous bits of 0 or 1 in the 
real part or the real and imaginary part in the input data block, 
an LSI selector configured to select a LSI (least Scaling index) 
which is the smallest one among the NCB data calculated by 
the NCB counter; an up scaling unit configured to perform up 
scaling by shifting all data in the input data block to the left by 
the selected LSI and then limit the data into a bit supported by 
the CPRI; and a CPRI transmitter configured to fill the input 
data with a data area of a basic frame for every block and 
insert the selected LSI value into a control word of a control 
management area and then transmit the data through the 
optical fiber in accordance with the CPRI protocol. 
0010. The high speed data serial connection interface 
apparatus may further include a first block buffer configured 
to sequentially store the real part and the imaginary part for 
the input data block. 
(0011 When the first data of the block is input, the LSI 
selector may set an LSI initial value to a maximum value and 
then compares a value of NCB input from the NCB counter 
with the LSI initial value to update the LSI with a smaller 
value and repeat the processes for one block section to select 
the smallest NCB value as the LSI value. 

0012. The data receiver may include a CPRI receiver con 
figured to receive data from the data transmitter and restore 
data in the basic frame and the LSI which is transmitted to the 
control management area in the received data and a down 
scaling unit configured to receive the LSI restored by the 
CPRI receiver and shift the data in the corresponding block to 
the right by a restored LSI, and restore original data at a final 
output terminal. 
0013 The data receiver may further include a second 
blockbuffer configured to restore real part data or the real and 
imaginary part data which is output from the down Scaling 
unit into the original bit resolution to output the data. 
0014. As an CPRI transmitting method according to 
another exemplary embodiment, an CPRI transmitting 
method of a high speed data serial connection interface appa 
ratus may include counting the number of the first continuous 
bits of 0 or 1 in a real part and an imaginary part in an input 
data block, selecting an LSI which is the Smallest one among 
the NCBs calculated in the counting, performing up scaling 
on data by shifting all data in the input data block to the left by 
the selected LSI; and filling the input data with a data area of 
a basic frame for every block and inserting the selected LSI 
value into a control word of a control management area and 
then transmitting the data through the optical fiber in accor 
dance with the CPRI protocol. 
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0015 The CPRI transmitting method may further include 
sequentially storing a real part or a real and an imaginary part 
of the input data block. In this case, the counting counts a bit 
number of 0 or 1 which is continuous and same as a code bit 
in the real part or the real and imaginary part in one block 
which is sequentially stored in the storing. 
0016. The selecting of an LSI may set a value of the LSI 
when a first data of the block is input as an available maxi 
mum value and then compares the value with the value of the 
NCB input from the counting of an NCB to update the LSI 
with a smaller value and repeats the above process during one 
block section to select the NCB with the LSI value. 

0017. In a CPRI receiving method according to an exem 
plary embodiment of the present invention, a CPRI receiving 
method of a high speed data serial connection interface appa 
ratus, may include receiving data from a data transmitter and 
restoring data in a basic frame and an LSI which is transmitted 
to a control and management area from the received data; and 
receiving the LSI restored in the restoring, shifting the data in 
a corresponding block to the right by the input LSI value, and 
restoring original data at a final output terminal. 
0018. The CPRI receiving method may further include 
restoring the real part and imaginary part data with an original 
bit resolution from the restoring of the original data at the final 
output terminal to output the data. 
0019. According to the present invention, a high speed 
digital serial connection interface apparatus for a future 
mobile communication physical layer standard which Sup 
ports a higher modulation factor, CPRI transmitting and 
receiving methods thereof is provided to provide a data inter 
face with a higher bit resolution by performing a simple 
digital signal processing on an existing interface. 
0020. The foregoing summary is illustrative only and is 
not intended to be in any way limiting. In addition to the 
illustrative aspects, embodiments, and features described 
above, further aspects, embodiments, and features will 
become apparent by reference to the drawings and the fol 
lowing detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021 FIG. 1 is a view schematically illustrating an inter 
face structure of a base band modemand a remote RF module 
of a base station. 

0022 FIG. 2 is a view illustrating a CPRI connection 
Structure. 

0023 FIG. 3 is a view illustration a CPRI basic frame 
Structure. 

0024 FIG. 4 is a view schematically illustrating a configu 
ration of a high speed data serial connection interface appa 
ratus according to an exemplary embodiment of the present 
invention. 

0025 FIG. 5 is a view illustrating an example of NCB 
count and LSI extraction. 
0026 FIG. 6 is a view illustrating 15 bit processed data by 
the exemplary embodiment of FIG. 5 and an LSI data storing 
example. 
0027 FIG. 7 is a view illustrating an example of data 
which is restored in a data received and received in a block 
buffer. 

0028 FIG. 8 is a flowchart illustrating a CPRI transmitting 
method according to an exemplary embodiment of the present 
invention. 
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(0029 FIG. 9 is a flowchart illustrating a CPRI receiving 
method according to an exemplary embodiment of the present 
invention. 
0030. It should be understood that the appended drawings 
are not necessarily to Scale, presenting a somewhat simplified 
representation of various features illustrative of the basic 
principles of the invention. The specific design features of the 
present invention as disclosed herein, including, for example, 
specific dimensions, orientations, locations, and shapes will 
be determined in part by the particular intended application 
and use environment. 
0031. In the figures, reference numbers refer to the same or 
equivalent parts of the present invention throughout the sev 
eral figures of the drawing. 

DETAILED DESCRIPTION 

0032 Hereinafter, a high speed data serial connection 
interface apparatus, and CPRI transmitting and receiving 
methods according to an exemplary embodiment of the 
present invention will be described in detail with reference to 
accompanying drawings. 
0033. As one of methods which implement a remote RF 
unit, as illustrated in FIG. 1, a high speed digital serial inter 
face which uses an optical fiber is used between a base band 
and an RF in Some cases. 
0034) For the high speed digital serial connection, a CPRI 
(common public radio interface) standard is comprehensively 
used. The CPRI connection is illustrated in FIG. 2. 

0035. The base band modem is connected to an RRH 
(remote radio head) through the optical fiber using a CPRI 
connection technology. According to the CPRI standard, the 
base band modem unit of the base station is operated by an 
REC (radio equipment controller) and the RRH (remote radio 
head) is operated by an RE (radio equipment). Here, a CPRI 
protocol is largely configured by three channels, for example, 
a synchronization channel, a control and management chan 
nel, and a data transmission channel. 
0036. A fiber transmission rate which is supported in the 
CPRIV4.1 standard is as follows. 

0037 CPRI line bit rate option 1: 614.4 Mbit/s 
0038 CPRI line bit rate option 2: 1228.8Mbit/s (2x614.4 
Mbit/s) 

0039 CPRI line bit rate option 3:2457.6 Mbit/s (4x614.4 
Mbit/s) 

0040 CPRI line bit rate option 4:3072.0 Mbit/s (5x614.4 
Mbit/s) 

0041 CPRI line bit rate option 5: 4915.2 Mbit/s (8x614.4 
Mbit/s) 

0042 CPRIlinebitrate option 6: 6144.0Mbit/s (10x614.4 
Mbit/s) 

0043. A basic transmission rate may be calculated as fol 
lows. 

614.4 Mbps=16 Wordx10 bitsx3.84 MHz 

0044 FIG. 3 is a view illustrating a CPRI basic frame 
Structure. 

0045. As illustrated in FIG. 3, a basic frame which is the 
most fundamental unit of the CPRI has a chip rate of 3.84 
MHz and includes 16 words (one word is eight bits). In this 
case, eight bits of one word is eight bits to ten bits coded to be 
converted into ten bits. When the basic frame is the funda 
mental unit, in the case of CPRI line bit rate option 2, an ORF 
(oversampling rate factor) is increased to be twice a basic 
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transmission rate, in the case of option3, the ORF is increased 
to be four times, and in the case of option 5, the ORF is 
increased to be eight times. 
004.6 16 words of the basic frame are configured by 15 
user IQ data words and one control word. Here, the control 
word is used to control and manage a CPRI link. 
0047. In the case of LTE (long term evolution) 4G (fourth 
generation) mobile communication system as an exemplary 
embodiment, a high speed data interface system for four 
multiple antenna connection whose sampling rate is 30.73 
Msps and baseband I/O data bit number is 16 bits is consid 
ered in order to configure a mobile communication channel 
having a bandwidth of 20 MHz. 
In this case, the total required bit rate is as follows: 

3932.2 Mbps=30.72 MHZx32 bits (I/Q)x4 Ant. 

0048. Here, even though it is considered that 3932.2 Mbps 
can be transmitted in accordance with 4915.2 Mbps standard 
of the CPRI option 5,3932.2 Mbps is not actually transmitted. 
This is because a user data transmission rate which is Sup 
ported in Option 5 supports 3686.4 Mbps as follows. 

3686.4 Mbps=15 Wordx8 bitsx3.84 MHZx8 (Over 
sampling Rate Factor) 

0049. This problem may be solved by limiting the I/O 
sample bit number to 15 bits. By doing this, a required final 
throughput matches the user data transmission rate which is 
supported in the CPRI option 5. 

3686.4 Mbps=30.72 MHZx30 bits (I/Q)x4 Ant. 

0050. As described above, the baseband model maintains 
the interface between RRHs at 15 bits for each I/O and thus 
the data is transmitted to the transmission channel without 
having a gap. 
0051 FIG. 4 is a view schematically illustrating a configu 
ration of a high speed data serial connection interface appa 
ratus according to an exemplary embodiment of the present 
invention. 
0052 Referring to FIG. 4, the high speed data serial con 
nection interface apparatus according to the exemplary 
embodiment of the present invention includes a data trans 
mitter 100 and a data receiver 200. 
0053. The data transmitter 100 counts the number of the 

first continuous bits of 0 or 1 in a real part or a real and an 
imaginary part in an input data block, selects a smallest Scal 
ing value, and performs up scaling on data in the block in 
accordance with the selected Scaling value to transmit the data 
through an optical fiber in accordance with a CPRI (common 
public radio interface) protocol. 
0054) To this end, the data transmitter 100 may include a 
block buffer 110, an NCB (number of continuous bits) 
counter 120, an LSI (least scaling index) selector 130, an up 
scaling unit 140, and a CPRI transmitting unit 150. 
0055. The block buffer 110 sequentially and temporally 
stores the real part or the real and imaginary part of the input 
data block in a block buffer memory. 
0056. The NCB counter 120 counts an NCB (number of 
continuous bits) of 0 or 1 which is the same as a code bit and 
continuous in the real part or the real and imaginary part in 
one block. 
0057 The LSI selector 130 selects the LSI which is the 
smallest NCB value among the NCBs calculated by the NCB 
counter 120. In this case, the LSI selector 130 sets the LSI to 
the maximum value when the first data of the block is input 
and then compares the LSI with the NCB value input from the 
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NCB counter 120 to update the LSI with a smaller value and 
repeats the process during one block section to select the 
smallest NCB value as the LSI value. 
0058. The up scaling unit 140 performs up scaling by 
shifting all data in the input data block to the left by the 
selected LSI and then limits the data into a bit supported by 
the CPRI. 
0059. The CPRI transmitter 150 fills the input data with a 
data area of a basic frame for every block and inserts the 
selected LSI value into a control word of a control manage 
ment area and then transmits the data through the optical fiber 
in accordance with the CPRI protocol. 
0060. The data receiver 200 receives the data transmitted 
by the data transmitter 100, restores the LSI from the received 
control area data, and performs the down scaling on the 
received data in accordance with the restored LSI value to 
restore original data. 
0061. To this end, the data receiver 200 includes a CPRI 
receiving unit 210, a down scaling unit 220, and a blockbuffer 
23O. 
0062. The CPRI receiving unit 210 receivers data from the 
data transmitter 100 and restores the data in the basic frame 
and the LSI which is transmitted to the control management 
area in the received data. 
0063. The down scaling unit 220 receives the LSI which is 
restored by the CPRI receiving unit 210, shifts the data in the 
corresponding block to the right by the input LSI value and 
restores original data in the final output terminal. 
0064. The blockbuffer 230 restores the real part or the real 
and imaginary part data output from the down Scaling unit 
220 at an original bit resolution to output the data. Here, the 
size of the block buffer 230 may be same as the size of the 
block buffer 110 of the data transmitter 100. Further, the 
block buffer 230 may use a buffer memory which is in pro 
portion to a size of the block frame of the CPRI standard. 
0065. In order to support 256-QAM symbol at 2048 point 
FFT which is currently adopted in the LTE standard, a reso 
lution of approximately 18 bit is required for each I/O. The 
exemplary embodiment of the present invention suggests a 
method which achieves a performance of 18 bit resolution 
while maintaining the data interface at 15 bits. 
0066 FIG. 5 is a view illustrating an example of NCB 
count and LSI extraction. 
0067 FIG. 5 illustrates an example that cuts off 18 bit of 
input data for every sample with 15 bits to transmit the data 
according to the exemplary embodiment. An NCB is calcu 
lated from input data. The NCB is the number of continuous 
bits which is the same as a code bit of the input data during the 
block size section. The NCB of the first input data of FIG. 5 is 
4 and second data is 3. As described above, a smallest NCB 
among the NCBs obtained during one block section is defined 
as an LSI. In this exemplary embodiment, the LSI is 3. In this 
case, a range of the data of the LSI is 1 to 2 B (B is LSI binary 
bit number). Immediately after completing an operation of 
each data block, data in the block memory is upscaled by the 
LSI. 
0068 FIG. 6 is a view illustrating 15 bit processed data by 
the exemplary embodiment of FIG.5 and an example of LSI 
data storing. 
0069. As described in the exemplary embodiment of FIG. 
5, if the LSI is 3, left bit shift is performed by the LSI value as 
illustrated in FIG. 6 to cutout the data as much as the LSI bits. 
After performing the bit shift, the data is cut out by 15 bits 
which are the final output bit. The finally processed data in the 
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block is illustrated in FIG. 6. The data bit in one block is 
configured by the basic frame by the CPRI protocol and the 
LSI bit is allocated into a partial bit area of a control word of 
the CPRI control and management area. In this exemplary 
embodiment, the bit number B of the LSI is 2 and a binary 
number “11” is transmitted. 
0070 FIG. 7 illustrates data which is restored in the data 
receiver 200 and stored in the block buffer 230. A process of 
restoring data is developed by a reverse process of the data 
transmitter 100. The data receiver 200 extracts the LSI bit 
from the control word of the control and management area 
and performs the right shift on the 15 bit data to expand the 
code bit by the LSI value to restore original 18 bits. 
0071 FIG. 8 is a flowchart illustrating a CPRI transmitting 
method according to an exemplary embodiment of the present 
invention. 
0072 Referring to FIGS. 4 and 8, in step S110, the block 
buffer 110 sequentially and temporally stores the real part or 
the real and imaginary part of the input data block in a block 
buffer memory. 
0073. In step S120, the NCB counter 120 counts an NCB 
of 0 or 1 which is the same as a code bit and continuous in the 
real part or the real and imaginary part in one block. 
0074. In step S130, the LSI selector 130 selects the LSI 
which is the smallest one among the NCBs calculated by the 
NCB counter 120. In this case, the LSI selector 130 sets the 
LSI value to the maximum value when the first data of the 
block is input and then compares the LSI with the NCB value 
input from the NCB counter 120 to update the LSI with a 
Smaller value and repeats the process during one block sec 
tion to select the smallest NCB value as the LSI value. 
0075. In step S140, the up scaling unit 140 performs up 
scaling by shifting all data in the input data block to the left by 
the selected LSI and then limits the data into a bit supported 
by the CPRI. 
0076. In step S150, the CPRI transmitter 150 fills the input 
data with a data area of a basic frame for every block and 
inserts the selected LSI value into a control word of a control 
management area and then transmits the data through the 
optical fiber in accordance with the CPRI protocol. 
0077 FIG. 9 is a flowchart illustrating a CPRI receiving 
method according to an exemplary embodiment of the present 
invention. 
0078. In step S210, the CPRI receiving unit 210 receives 
data from the data transmitter 100 and restores the data in the 
basic frame and the LSI which is transmitted to the control 
management area in the received data. 
0079. In step S220, the down scaling unit 220 receives the 
LSI which is restored by the CPRI receiving unit 210, shifts 
the data in the corresponding block to the right by the input 
LSI and restores original data in the final output terminal. 
0080. In step S230, the block buffer 230 restores the real 
part or the real and imaginary part data output from the down 
Scaling unit 220 at an original bit resolution to output the data. 
0081. It will be appreciated that various exemplary 
embodiments of the present disclosure have been described 
herein for purposes of illustration, and that various modifica 
tions, changes, Substitutions may be made by those skilled in 
the art without departing from the scope and spirit of the 
present disclosure. Accordingly, the various exemplary 
embodiments disclosed herein are not intended to limit the 
technical spirit but describe with the true scope and spirit 
being indicated by the following claims. The scope of the 
present invention may be interpreted by the appended claims 
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and the technical spirit in the equivalent range are intended to 
be embraced by the invention. 
What is claimed is: 
1. A high speed data serial connection interface apparatus, 

comprising: 
a data transmitter configured to count an NCB (number of 

continuous bits) which is the number of the first continu 
ous bits of 0 or 1 in an input data block, select an LSI 
(least Scaling index) value which is the Smallest one in 
the NCB values, and perform up scaling on data in the 
blockinaccordance with the selected LSI value to trans 
mit the data through an optical fiber in accordance with 
a CPRI (common public radio interface) protocol; and 

a data receiver configured to receive the data transmitted by 
the data transmitter, restore the LSI value from the 
received control data, and perform down Scaling on the 
received data in accordance with the restored LSI value 
to restore original data. 

2. The high speed data serial connection interface appara 
tus of claim 1, wherein the data transmitter includes: 

an NCB (number of continuous bits) counter configured to 
count the NCB in the input data block; 

an LSI (least Scaling index) selector configured to select the 
LSI value among the NCB calculated by the NCB 
counter, 

an up Scaling unit configured to perform up Scaling by 
shifting all data in the input data block to the left by the 
selected LSI value and then limit the data into a bit 
supported by the CPRI; and 

a CPRI transmitter configured to fill the input data with a 
data area of a basic frame for every block and insert the 
selected LSI value into a control word of a control man 
agement area and then transmit the data through the 
optical fiber in accordance with the CPRI protocol. 

3. The high speed data serial connection interface appara 
tus of claim 2, further comprising: 

a first block buffer configured to sequentially store the 
input data blocks. 

4. The high speed data serial connection interface appara 
tus of claim 2, wherein when the first data of the block is input, 
the LSI selector sets an LSI value to a maximum value and 
then compares a value of NCB input from the NCB counter 
with the LSI initial value to update the LSI value with a 
Smaller value and repeats the processes for one block section 
to select the smallest NCB value as the LSI value. 

5. The high speed data serial connection interface appara 
tus of claim 1, wherein the data receiver includes: 

a CPRI receiver configured to receive data from the data 
transmitter and restore data in the basic frame and the 
LSI value which is transmitted to the control manage 
ment area, and 

a down Scaling unit configured to receive the LSI value 
restored by the CPRI receiver and shift the data in the 
corresponding block to the right by a restored LSI value, 
and restore original data at a final output terminal. 

6. The high speed data serial connection interface appara 
tus of claim 5, further comprising: 

a second block buffer configured to restore the data output 
from the down Scaling unit to an original bit resolution 
and output the data. 

7. An CPRI transmitting method of a high speed data serial 
connection interface apparatus, comprising: 

counting the number of the first continuous bits of 0 or 1 in 
an input data block; 
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selecting an LSI value among NCBs calculated in the 
counting: 

performing up Scaling on data by shifting all data in the 
input data block to the left by the selected LSI value; and 

filling the input data with a data area of a basic frame for 
every block and inserting the selected LSI value into a 
control word of a control management area and then 
transmitting the data through the optical fiber in accor 
dance with the CPRI protocol. 

8. The method of claim 7, further comprising: 
sequentially storing the input data blocks, 
wherein the counting counts the NCB of 0 or 1 which is the 

same as a code bit in one block which is sequentially 
stored by the storing and continuous. 

9. The method of claim 7, wherein the selecting of the LSI 
value, when the first data of the block is input, sets an LSI 
value to a maximum value and then compares a value of NCB 
input from the counting with the LSI initial value to update 
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the LSI value with a smaller value and repeats the processes 
for one block section to select the smallest NCB value as the 
LSI value. 

10. A CPRI receiving method of a high speed data serial 
connection interface apparatus, comprising: 

receiving data from a data transmitter and restoring data in 
a basic frame and an LSI value which is transmitted to a 
control and management area from the received data; 
and 

receiving the restored LSI value, shifting the data in a 
corresponding block to the right by the input LSI value, 
and restoring original data at a final output terminal. 

11. The method of claim 10, further comprising: 
restoring the data at an original bit resolution from the 

storing of original data at the final output terminal to 
output the data. 


