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(57) ABSTRACT 
An input/output buffer capable of supporting multiple trans 
mission logic bus speci?cations. The input/output buffer has 
a coordinating controller, a logic control circuit, a ?rst 
transistor, a second transistor, a ?rst resistor element, and a 
second resistor element. The logic control circuit picks up a 
microprocessor-type signal to determine the type of micro 
processors used. According to the microprocessor type, 
conductivity of the ?rst transistor, the second transistor, the 

(21) Appl' NO‘: 09/733’697 ?rst resistor element and the second resistor element are 
reassigned to ?t the particular logic bus speci?cation of the 
microprocessor. Hence, a single chipset on a main circuit 
board is able to accommodate various types of micropro 
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INPUT/OUTPUT BUFFER CAPABLE OF 
SUPPORTING A MULTIPLE OF TRANSMISSION 

LOGIC BUSES 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims priority from provisional 
application Ser. No. 60/125,247. Filed Mar. 19, 1999. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of Invention 

[0003] The present invention relates to a type of data 
transmission line. More particularly, the present invention 
relates to a type of data transmission line for connecting a 
microprocessor and a chipset. 

[0004] 2. Description of Related Art 

[0005] In general, a microprocessor or a central processing 
unit (CPU) inside a personal computer is able to commu 
nicate With peripheral devices via a chipset. The chipset is an 
intermediate element for the exchange of data and control 
signals. The chipset has input/output leads that couple With 
a data transmission bus, and the bus leads to a connector 
above a main circuit board. Hence, any microprocessor 
plugged into the connector is able to communicate With the 
chipset directly. 
[0006] Currently, the tWo most important bus speci?ca 
tions include gunning transceiver logic (GTL+) and high 
speed transceiver logic (HSTL). GTL+ bus is a standard 
speci?cation created by Intel for transmitting data betWeen 
a neW generation of their microprocessors and eXternal 
interfaces. The GTL+ bus is suitable for high-speed micro 
processors such as the Pentium II, Pentium III, the Pentium 
Pro and Socket 370. On the other hand, HSTL bus is an 
alternative speci?cation employed by some microproces 
sors. The GTL+ bus and the HSTL bus are really tWo 
different types of speci?cations. Hence, one chipset has to be 
used to interface With a microprocessor that employs a 
GTL+ bus While another chipset has to be used to interface 
With a microprocessor that employs a HSTL bus. 

[0007] FIG. 1 is a schematic diagram shoWing a GTL+ 
data bus linking a microprocessor With a chipset. FIG. 2 is 
a schematic diagram shoWing a HSTL bus linking another 
microprocessor With a chipset. A feW similarities betWeen 
the transmission buses shoWn in FIGS. 1 and 2 can be 
found. Terminal voltages VTT for both of them are identical, 
for eXample, VTT=1.5 V. Reference voltages VREF for both 
of them are also identical at about 1.0 V (if VTT=1.5 V), or 
VREF=Z/3* TT or 0.68*VTT. Both the GTL+ bus 12 and the 
HSTL bus 22 use the same type of connectors 14 and 24 
having identical dimensions. A microprocessor 16 having its 
oWn printed circuit board 16a is shoWn in FIG. 1. The 
circuit board 16a is plugged into a connector 14 above a 
main circuit board 10a so that the microprocessor 16 is 
connected to a chipset 10. Similarly, a microprocessor 26 
having its oWn printed circuit board 26a is shoWn in FIG. 2. 
The circuit board 26a is plugged into a connector 24 above 
a main board 20a so that the microprocessor 26 is connected 
to a chipset 20. 

[0008] A comparison of the GTL+ bus and the HSTL bus 
shoWs that their differences lie mainly in the arrangement of 
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the transmission lines. The GTL+ transmission line 12 in 
FIG. 1 has one or tWo 56 ohms pull-up resistors Rtt to 
increase the bus voltage level. Because the resistor Rtt also 
happens to be close to the end of the transmission line, the 
resistor serves also as an end-termination resistor capable of 
preventing signal ring back. On the other hand, the HSTL 
transmission line 22 in FIG. 2 has tWo 100 ohms pull-up 
resistors Rtt to increase bus voltage level. The resistors Rtt do 
not serve as an end-termination resistor. The HSTL trans 

mission line 22 further includes a serial resistor R5 of about 
22 ohms betWeen the chipset 20 and the input/output (IO) 
terminals of the microprocessor 26. The resistor R5 mainly 
serves as a damper for transmission signals. 

[0009] The aforementioned description illustrates that 
GTL+ bus and HSTL bus are con?gured to folloW tWo 
speci?cations from tWo different types of microprocessors. 
As a result, different chipsets must be used. Since a chipset 
is usually ?Xed onto the main board by manufacturers, a 
user’s choice of microprocessor is limited. 

SUMMARY OF THE INVENTION 

[0010] The invention provides a chipset capable of sup 
porting different transmission buses so that a user is free to 
choose the type of microprocessor. 

[0011] The invention provides an input/output buffer 
capable of detecting the type of microprocessor plugged into 
the connector on a main circuit board. Once the type of 
microprocessor is knoWn, an appropriate amount of resis 
tance can be automatically attached to the input/output leads 
of a chipset for operating the transmission bus of that 
particular type of microprocessor. 

[0012] The invention also provides an input/output buffer 
capable of adjusting the amount of resistance attached to the 
input/output leads of a chipset. Hence, the same chipset can 
be used for operating different types of microprocessors 
each having a different transmission bus speci?cation. 

[0013] The invention also provides an input/output buffer 
having special circuits capable of reducing undesirable ring 
back from a transmission logic bus and loWering poWer 
consumption. 

[0014] To achieve these and other advantages and in 
accordance With the purpose of the invention, as embodied 
and broadly described herein, the invention provides an 
input/output buffer capable of supporting a multiple of 
transmission buses. The input/output buffer is connected to 
various terminals of a microprocessor connector by a plu 
rality of transmission lines. The input/output buffer com 
prises a coordinating controller; a logic control circuit for 
receiving a microprocessor-type signal from a microproces 
sor; a ?rst transistor and a second transistor, in Which one 
terminal of each transistor is coupled to an input/output pad 
of the input/output buffer While another terminal is grounded 
and a control terminal of each transistor is coupled to the 
logic control circuit; a ?rst resistor element having three 
terminals, in Which one terminal is coupled to a terminal 
voltage source While another terminal is coupled to a ter 
minal of the ?rst transistor and a control terminal of the ?rst 
resistor element is coupled to the coordinating controller; a 
second resistor element having three terminals, in Which one 
terminal is coupled to a terminal voltage source While 
another terminal is coupled to a terminal of the second 
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transistor, a control terminal of the second resistor element 
being able to receive a control signal so that electrical 
conductivity of the second resistor element can be set; and 
a buffer having three terminals, in Which one terminal is 
coupled to the input/output pad, one terminal is coupled to 
a reference voltage and an output terminal is coupled to the 
coordinating controller. The buffer receives a signal from the 
input pad and compares the signal With the reference voltage 
to produce an output voltage. The output voltage is sent to 
the coordinating controller so that resistance of the ?rst 
resistor element is adjusted accordingly. 

[0015] When the detection signal from the microprocessor 
is at a ?rst voltage level such as a logic state of ‘1’, both the 
?rst transistor and the second resistor remain conductive. 
The transmission line is con?gured according to the HSTL 
bus speci?cation, for eXample. HoWever, if the detection 
signal from the microprocessor is at a second voltage level 
such as a logic state of ‘0’, the ?rst transistor, the second 
transistor and the ?rst resistor all remain conductive. The 
transmission line is con?gured to the GTL+ bus speci?ca 
tion, for eXample. 

[0016] It is to be understood that both the foregoing 
general description and the folloWing detailed description 
are exemplary, and are intended to provide further eXplana 
tion of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] The accompanying draWings are included to pro 
vide a further understanding of the invention, and are 
incorporated in and constitute a part of this speci?cation. 
The draWings illustrate embodiments of the invention and, 
together With the description, serve to eXplain the principles 
of the invention. In the draWings, 

[0018] FIG. 1 is a schematic diagram shoWing a GTL+ 
data transmission bus linking a microprocessor With a 
chipset; 
[0019] FIG. 2 is a schematic diagram shoWing a HSTL 
bus linking another microprocessor With a chipset; 

[0020] FIG. 3 is a schematic diagram shoWing the inter 
connections betWeen an input/output buffer, a chipset and a 
microprocessor according to this invention; 

[0021] FIG. 4 is a schematic diagram shoWing the internal 
connections betWeen various elements inside the input/ 
output buffer according to this invention; and 

[0022] FIG. 5 is a plot shoWing an output Waveform 
having reduced ring back signal due to the combined action 
of the coordinating controller and the resistors inside the 
input/output buffer. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0023] Reference Will noW be made in detail to the present 
preferred embodiments of the invention, eXamples of Which 
are illustrated in the accompanying draWings. Wherever 
possible, the same reference numbers are used in the draW 
ings and the description to refer to the same or like parts. 

[0024] FIG. 3 is a schematic diagram shoWing the inter 
connections betWeen an input/output buffer, a chipset and a 
microprocessor according to this invention. As shoWn in 
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FIG. 3, an input/output buffer 120 inside a chipset 110 above 
a main board 100 is connected to a microprocessor module 
130 by means of transmission lines 102. According to this 
invention, conventional pull-up resistor Rtt and serial resis 
tor RS usually associated With the circuit on a main board are 
omitted. Nevertheless, the chipset 120 is able to support both 
GTL+ and HSTL transmission logic buses. In addition, a 
resistor R5 (not shoWn) may be added betWeen an outlet of 
the buffer 120 and the transmission line 102 depending on 
actual need. 

[0025] Since a microprocessor may have over a hundred 
leads for data transmission, the elimination of the pull-up 
resistor Rtt and the serial resistor Rs saves manufacturing 
cost and reduces the complexity of line connections of the 
main board. The folloWing is a detailed description of a 
layout of the input/output buffer that simultaneously sup 
ports both GTL+ and HSTL transmission logic buses. 

[0026] FIG. 4 is a schematic diagram shoWing the internal 
connections betWeen various elements inside the input/ 
output buffer according to this invention. 

[0027] The input/output buffer 120 of this invention is 
connected to a microprocessor connector 104 by means of 
the transmission lines 102. The input/output buffer 120 
includes a coordinating controller 122, a logic control circuit 
124, a ?rst transistor MN1, a second transistor MN2, an 
input/output pad 126, a ?rst controllable resistor PR1, a 
second controllable resistor RNU and a buffer 128. The logic 
control circuit 124 has an input terminal for picking up a 
microprocessor-type signal K7 When a certain type of micro 
processor is plugged into the connector 104. From this signal 
K7, the logic control circuit 124 can identify the micropro 
cessor type so that the input/output buffer can respond 
appropriately. The ?rst transistor MN1 and the second 
transistor MN2 are coupled to the logic control circuit 124 
and the input/output pad 126, respectively. Both the ?rst 
transistor MN1 and the second transistor MN2 are controlled 
by the logic control circuit 124. The channel of transistors 
MN1 and MN2 can be opened or closed depending on the 
signal K7. The ?rst and the second transistors MN1 and 
MN2 can be NMOS transistors, for example. 

[0028] The ?rst resistor PR1 is coupled to a terminal 
voltage source VTT and one end of the ?rst transistor MN1. 
Conductivity of the ?rst resistor PR1 can be changed by 
signals from the coordinating controller 122 to a control 
terminal of the resistor PR1. Avoltage of about 1.5 V can be 
applied to the terminal voltage source VTT, and the PR1 
resistor can be an NMOS transistor, for eXample. The second 
resistor RNU is coupled to a terminal voltage source VTT 
and one end of the second transistor MN2. The second 
resistor RNU also has a third terminal capable of receiving 
a control signal PU, Which controls the conductivity of the 
resistor RNU itself. The equivalent resistance of the second 
resistor RNU is about 100 ohms depending on the speci? 
cation of the transmission bus. The resistor RNU can be 
implemented using either a PMOS or an NMOS transistor. 
Alternatively, the resistor RNU can be implemented using a 
resistor and a PMOS transistor connected serially together 
With the resistor having a resistance of about 80 ohms. 

[0029] The buffer 128 has tWo input terminals and an 
output terminal. One of the input terminals is connected to 
the input/output pad 126 for receiving a signal voltage VIN. 
The other input terminal is connected to a reference voltage 
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VREF. The signal voltage VIN is compared With the reference 
voltage VREF to produce a voltage signal V. The voltage 
signal V is transmitted to the coordinating controller 122 so 
that resistance of the ?rst resistor PR1 can be modi?ed 
accordingly. In general, the resistance of the resistors PR1, 
RNU and of the transistors MN1, MN2 can be designed 
according to the actual speci?cations of the particular logic 
buses to be supported. 

[0030] If the microprocessor-type signal K7 received by 
the logic control circuit 124 is at a ?rst potential such as a 
logic state of ‘1’, the channel of both the ?rst transistor MN1 
and the second resistor RNU are conductive. The transmis 
sion lines 102 Will function according to the speci?cation of 
a ?rst type of transmission bus. If the RNU resistor is 
designed to be about 100 ohms While the equivalent resis 
tance is designed to be about 22 ohms, the ?rst type of 
transmission bus is actually a HSTL bus. On the other hand, 
if the signal K7 received by the logic control circuit 124 is 
at a second potential such as a logic state of ‘0’, the channel 
of the ?rst transistor MN1, the second transistor MN2 and 
the ?rst resistor PR1 are all conductive. The transmission 
lines 102 Will function according to the speci?cation of a 
second type of transmission bus, for eXample, a GTL+ bus. 

[0031] In the folloWing, the tWo major transmission bus 
speci?cations including the GTL+ bus and the HSTL bus are 
used to illustrate the embodiment of this invention. 

[0032] As shoWn in FIG. 4, if a microprocessor Working 
With a HSTL bus speci?cation is plugged into the connector 
104, a signal is sent to the microprocessor-type terminal K7 
of the logic control circuit 124. Assuming that a logic state 
‘1’ represents a microprocessor that uses a HSTL bus, the 
resistor RNU and the transistor MN1 Will be sWitched on so 
that they are conductive. The resistor RNU and the transistor 
MN1 become the main Working components of the input/ 
output buffer 120. Resistance of the transistor MN1 When 
conductive is designed to be equivalent roughly to the sum 
of the serial resistor R5 and the resistance When the input/ 
output buffer is conductive as shoWn in FIG. 2. Hence, the 
resistor RS on the main board is no longer needed. In 
addition, the resistor RNU can be designed to have a 
resistance of about 100 ohms serving as a pull-up resistor. 
After suitable adjustment, the resistance of the resistor RNU 
can fall Within the range demanded by the bus speci?cation. 
Therefore, a circuit equivalent to the HSTL bus in FIG. 2 is 
produced Without the need for a pull-up resistor Rtt and a 
serial resistor RS on the main board. 

[0033] Similarly, as shoWn in FIG. 4, if a microprocessor 
Working With a GTL+ bus speci?cation is plugged into the 
connector 104, a signal is sent to the microprocessor-type 
terminal K7 of the logic control circuit 124. Assuming that 
a logic state ‘0’ represents a microprocessor that uses a 
GTL+ bus, the resistor PR1 and the transistors MN1 and 
MN2 are sWitched on. Hence, the resistor PR1, the transis 
tors MN1 and MN2 Will be conductive and become the main 
Working components of the input/output buffer 120. The 
resistor RNU is noW shut off. The combined resistance of the 
resistor PR1 and the transistors MN1 and MN2 can be 
designed to be the equivalent to the resistance as seen by the 
GTL+ bus in FIG. 1. Hence, the pull-up and terminal 
resistor Rtt on the main board are no longer needed. 

[0034] In brief, When the microprocessor module 130 is 
plugged into the connector 104, a signal Will be sent to 
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terminal K7 of the logic control circuit 124 informing the 
type of microprocessor being used. In response, some com 
ponents selected from a group consisting of resistors PR1, 
RNU and transistors MN1, MN2 are made to be conductive 
creating a suitable environment for operating the micropro 
cessor. Hence, through the generation of a microprocessor 
type signal K7, the input/output buffer can at least support 
these tWo types of transmission logic buses. In addition, 
When the GTL+ transmission logic bus con?guration is 
chosen, the coordinating controller 122 Will be activated for 
the reduction of ring back in the circuit and the reduction of 
poWer consumption. 

[0035] The resistor PR1 can be implemented using a 
PMOS transistor. When voltage at the input/output pad 126 
has a voltage of about 1.0 V to 1.5 V, the coordinating 
controller 122 output a 0 V so that the resistor PR1 is 
conductive at a resistance of about 100 to 200 ohms. As soon 
as the voltage at the input/output pad 126 falls to a voltage 
less than 1.0 V, the gate voltage of the PMOS transistor that 
serves as the resistor element PR1 gradually rises. Conse 
quently, the equivalent resistance of the PMOS transistor 
also rises. After ?ve to ten nano-seconds, the PMOS tran 
sistor becomes virtually nonconductive. 

[0036] Employing an actively sWitchable type of resistor 
PR1 has the advantage of effectively controlling signal ring 
back doWn to a voltage smaller than about 0.4 V. FIG. 5 is 
a plot of an output Waveform from an input/output buffer 
under the GTL+ bus con?guration shoWing some ring back 
reduction. As shoWn in FIG. 5, the peak voltage (0.4 V) at 
point A of the ?rst rebounce is already quite close to the 
stable voltage VOL (0.2 V). 
[0037] In summary, the input/output buffer of this inven 
tion includes at least the folloWing advantages: 

[0038] 1. The input/output buffer is capable of detecting 
the type of microprocessor plugged into the connector on a 
main circuit board. Once the type of microprocessor is 
knoWn, an appropriate amount of resistance can be attached 
to the input/output leads of a chipset for operating the 
transmission bus of that particular type of microprocessor. 

[0039] 2. Since the input/output buffer is capable of adjust 
ing the amount of resistance attached to the input/output 
leads of a chipset, different types of microprocessors can use 
the same circuit board. 

[0040] 3. Since the same chipset can be used by micro 
processor systems having different bus speci?cations, main 
circuit board design and production is simpler. 

[0041] 4. Since equivalent pull-up resistors, terminal resis 
tors and serial resistors have already been assembled inside 
the input/output buffer of the chipset, many resistors nor 
mally associated With a conventional main circuit board can 
be deleted. Therefore, manufacturing cost is reduced and 
complexity of line connections on a main circuit board is 
greatly simpli?ed. 

[0042] It Will be apparent to those skilled in the art that 
various modi?cations and variations can be made to the 
structure of the present invention Without departing from the 
scope or spirit of the invention. In vieW of the foregoing, it 
is intended that the present invention cover modi?cations 
and variations of this invention provided they fall Within the 
scope of the folloWing claims and their equivalents. 
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What is claimed is: 
1. An input/output buffer capable of supporting a multiple 

of transmission buses, Wherein the input/output buffer is 
connected to a microprocessor connector through transmis 
sion lines, the input/output buffer comprising: 

a coordinating controller; 

a logic control circuit for receiving a microprocessor-type 
signal; 

a ?rst transistor and a second transistor coupled to the 
logic control circuit and an input/output pad of the 
input/output buffer, Wherein both the ?rst and the 
second transistors are controlled by the logic control 
circuit; 

a ?rst resistor element coupled to a terminal voltage 
source and a terminal of the ?rst transistor, Wherein the 
?rst resistor element is controlled by the coordinating 
controller; 

a second resistor element coupled to a terminal voltage 
source and a terminal of the second transistor, Wherein 
the second resistor element is also able to pick up an 
external control signal for determining its state of 
conductivity; and 

a buffer for receiving a signal voltage, an input terminal 
is connected to a reference voltage, and the signal 
voltage is compared With the reference voltage to 
generate an output voltage to the coordinating control 
ler, Whereupon the coordinating controller then modi 
?es the resistance of the ?rst resistor element according 
to the output voltage from the buffer, 

Wherein When the microprocessor detection signal is at a 
?rst voltage level, the ?rst transistor and the second 
resistor element are conductive so that the transmission 
lines folloW the speci?cation of a ?rst transmission bus, 
Whereas When the microprocessor detection signal is at 
a second voltage level, the ?rst transistor, the second 
transistor and the ?rst resistor element are all conduc 
tive so that the transmission lines folloW the speci?ca 
tion of a second transmission bus. 

2. The input/output buffer of claim 1, Wherein the ?rst 
transistor and the second transistor are NMOS transistors. 

3. The input/output buffer of claim 1, Wherein the equiva 
lent resistance of the second resistor element is about 100 
ohms. 

4. The input/output buffer of claim 1, Wherein the second 
resistor element is implemented using an NMOS transistor. 

5. The input/output buffer of claim 1, Wherein the second 
resistor element is implemented using a PMOS transistor 
and a resistor. 

6. The input/output buffer of claim 5, Wherein the resis 
tance of the resistor element is about 80 ohms. 

7. The input/output buffer of claim 1, Wherein a voltage of 
about 1.5 V is applied to the terminal voltage source. 

8. The input/output buffer of claim 6, Wherein a voltage of 
about 1.0 V is applied to the reference voltage terminal of 
the buffer. 

9. The input/output buffer of claim 1, Wherein a micro 
processor detection signal at a logic level ‘1’ indicates that 
the ?rst transmission logic bus simulates a high speed 
transceiver logic (HSTL) bus. 

10. The input/output buffer of claim 1, Wherein a micro 
processor detection signal at a logic level ‘0’ indicates that 
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the second transmission logic bus simulates a gunning 
transceiver logic (GTL+) bus. 

11. A main circuit board structure, comprising: 

a microprocessor connector ready for a microprocessor to 
plug in, such that as the microprocessor is plugged into 
the connector, a microprocessor-type signal is gener 
ated; 

a chipset having an input/output buffer, Wherein the 
input/output buffer is capable of picking up the micro 
processor-type signal and con?guring the chipset to 
Work under a transmission bus speci?cation suitable for 
operating the microprocessor; and 

a transmission line structure for coupling from the input/ 
output buffer of the chipset to the microprocessor 
connector. 

12. The main circuit board stricture of claim 11, Wherein 
the input/output buffer further comprises: 

a coordinating controller; 

a logic control circuit for receiving a microprocessor-type 
signal; 

a ?rst transistor and a second transistor respectively 
coupled to the logic control circuit and an input/output 
pad of the input/output buffer, Wherein both the ?rst and 
the second transistors are controlled by the logic con 
trol circuit; 

a ?rst resistor element coupled to a terminal voltage 
source and a terminal of the ?rst transistor, Wherein the 
?rst resistor element is controlled by the coordinating 
controller; 

a second resistor element coupled to a terminal voltage 
source and a terminal of the second transistor, Wherein 
the second resistor element is also able to pick up an 
external control signal for determining its state of 
conductivity; and 

a buffer for receiving a signal voltage, an input terminal 
is connected to a reference voltage, and the signal 
voltage is compared With the reference voltage to 
produce an output voltage to the coordinating control 
ler, Whereupon the coordinating controller then modi 
?es the resistance of the ?rst resistor element according 
to the output voltage from the buffer, 

Wherein When the microprocessor detection signal is at a 
?rst voltage level and the ?rst transistor and the second 
resistor element are conductive so that the transmission 
lines folloW the speci?cation of a ?rst transmission bus, 
Whereas When the microprocessor detection signal is at 
a second voltage level, the ?rst transistor, the second 
transistor and the ?rst resistor element are all conduc 
tive so that the transmission lines folloW the speci?ca 
tion of a second transmission bus. 

13. The main circuit board structure of claim 12, Wherein 
the ?rst transistor and the second transistor are NMOS 
transistors. 

14. The main circuit board structure of claim 12, Wherein 
the equivalent resistance of the second resistor element is 
about 100 ohms. 

15. The main circuit board structure of claim 12, Wherein 
the ?rst and the second resistor elements are chosen from a 
group consisting of PMOS transistor and NMOS transistor. 
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16. The main circuit board structure of claim 12, wherein 
a voltage of about 1.5 V is applied to the terminal voltage 
source. 

17. The main circuit board structure of claim 16, Wherein 
a voltage of about 1.0 V is applied to the reference voltage 
terminal of the buffer. 

18. The main circuit board structure of claim 12, Wherein 
a microprocessor detection signal at a logic level ‘1’ indi 
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cates that the ?rst transrnission logic bus simulates a high 
speed transceiver logic (HSTL) bus. 

19. The main circuit board structure of claim 12, Wherein 
a microprocessor detection signal at a logic level ‘0’ indi 
cates that the second transrnission logic bus simulates a 
gunning transceiver logic (GTL+) bus. 

* * * * * 


