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Abstract. 
Nanostructured materials are increasingly important for the construction of electrochemical energy storage devices that will meet the needs of portable nanodevices. Here we describe the development of a nanoenergy storage system based on inorganic mineral phases contained in ferritin proteins. The electrochemical cell consists of an anode containing ~2000 iron atoms as Fe(OH)2 in the hollow protein interior of ferritin and a cathode containing ~2000 of Co(OH)3 in a separate ferritin molecule. The achieved initial voltage output from a combination of Fe2+- and Co3+-ferritins adsorbed on gold electrodes was ~500 mV, while a combination of Fe2+- and Co3+-ferritins immobilized on gold produced a voltage of 350–405 mV. When fully discharged, Fe(OH)3 and Co(OH)2 are the products of a single electron transfer per metal atom from anode to cathode. The spent components can be regenerated by chemical or electrochemical methods restoring battery function. The properties of ferritins are presented and their unique characteristics are described, which have led to the development of a functional bio-nanobattery.
 

1. Introduction
Miniaturization of electronic devices has been a recent trend in high technology and continues to develop rapidly by enhancing efficiency, reducing power consumption, and increasing performance, speed, and functionality [1–4]. The development of nanoscale devices has notably accelerated, specifically for biomedical applications [5, 6]. Although such devices are near reality, the development of accompanying nanoscale energy storage technology has lagged, slowing their use and benefit. The exploitation of nanodevices will depend on the development of a reliable and mobile power supply to operate them. Currently, the power systems for nanoapplications are many times larger in size than the functional devices themselves. The development of nanoenergy storage systems is needed to eliminate large power supplies and enhance the benefits accrued by miniaturizing device size.
An important feature is to embed or integrate energy storage units with their accompanying nano devices, especially when it comes to autonomous systems. In addition, biocompatibility is a desirable feature to build into emerging nano-medical devices. Various inorganic metal components are currently used in many battery applications, and this same strategy appears to be a good approach for electrical energy storage on the nanoscale. If these metallic components are easily incorporated into biocompatible biological molecules by employing bioinorganic chemistry techniques, a basic energy storage unit can be formed at the nanoscale. We describe results that have led to the development of a nano-bioenergy storage system based on ferritin bioinorganic proteins [7] that have a number of desirable features, such as a nanoscale unit size, high-power production per unit size, thin-film fabrication capabilities, potential integration with energy harvesting units, and biocompatibility.
1.1. General Background of Ferritin Properties
 Ferritins are iron storage proteins widely distributed in nature that are involved in biological iron metabolism [8–10]. Heavily loaded ferritins contain 2000–4000 Fe3+ atoms as Fe(OH)3 within their hollow interiors. When all iron has been removed from the protein shell it is called apoferritin; when filled with the Fe(OH)3 mineral, it is called holoferritin.
The ferritin structure is a segmented 24-subunit, hollow protein shell with an outer diameter of 12 nm and a hollow spherical cavity 8 nm in diameter with an Mr of 430 kDa. Two types of channels (~0.4 nm in diameter) at 3- and 4-fold protein axes penetrate the 2.0 nm shell and connect the interior cavity with the external solution. In its biological role as an iron storage protein, the surrounding protein shell protects the iron mineral core from reaction with the exterior solution and the channels function as pores through this “membrane shell” and serve the unique role of ion transport. Large or negatively charged species are excluded, but small ions and molecules readily enter and leave the ferritin interior through these channels [11, 12]. The assembled structure of ferritins is remarkably stable to biological extremes of temperature (80°C) and pH (2.0–10.0).
2. Results
2.1. Fundamentals of Battery Operation
 Construction and operation of a typical battery consist of four basic concepts. First, two electrically isolated electrochemically active components that have different redox potentials are required, so there is a favorable thermodynamic driving force (
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 is negative) for electrons to transfer from the electron-rich to the electron-deficient mineral phase. If internal resistance is ignored, the difference in redox potential of these two phases determines the battery operating potential.
Second, current collecting electrodes must make electrical contact with each phase to electrically link the two isolated battery compartments and provide an external electrical pathway for electron flow. These two electrodes are the anode (−, in contact with the electron rich phase) and the cathode (+, in contact with the electron deficient phase).
Third, an ion-permeable barrier must separate and electrically isolate the two battery components. This membrane permits ion transfer between the individual battery compartments that must occur during the charging and discharging cycles as a result of the current generating chemical reactions, while electrically isolating the electrodes to prevent internal discharge. Physical separation (no membrane) of the electrodes may be sufficient if the active materials are firmly attached to the current collectors and are not mobile in solution.
The fourth requirement for efficient power storage (coulombs/gram) is to maximize the number of electrons that are transferred to and from the metal centers of the battery components.
We first present the concept of a nanobattery using ferritins with different core minerals and then describe the construction and electrochemical testing of a functional cell. The unique characteristics possessed by ferritins allowing formation of a ferritin-based battery are presented later.
2.2. Bio-Nanobattery Construction and Testing
Figure 1 shows that two individual ferritin types, Fe(OH)2 and Co(OH)3, form the two components of the bio-nanobattery and meet the four criteria outlined above for battery operation. Each ferritin type is in contact with a buffered solution, and the individual gold electrodes are separated by an ion-permeable membrane. When the circuit is closed, electrons flow through the external circuit from the anode to the cathode. During cell discharge, reaction (1) yields one electron and takes up one OH− and reaction (2) requires one electron and produces one OH−, giving the overall pH neutral reaction (3).








	
		
		
			
		
	


	
		
		
			
		
	


	
		
	
	
		
	
	
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	


	
		
	
	
		
	


	
		
	
	
		
	


	
		
		
	
	
		
		
	
	
		
		
		
		
		
		
		
		
		
	


	
		
		
	
	
		
		
	
	
		
		
		
		
		
		
		
		
		
	


	
		
	


Figure 1: Schematic view of a bio-nanobattery formed from ferritin containing a Fe(OH)2 mineral core connected to a ferritin containing a Co(OH)3 mineral core. The cutout view shows the mineral cores within each ferritin type. The ferritin battery components are immersed in buffer, which is typically 0.05 M pH 7.0–9.0 containing 0.10 M NaCl.


When Fe(OH)2-containing ferritin is combined with ferritin containing the Co(OH)3 half cell, a stable open-circuit potential of ~500 mv at pH 9.0 was measured, consistent with the redox potentials in Table 1. Figure 2 shows performance characteristics during the initial discharge cycle of this ferritin Fe(OH)2/Co(OH)3 bio-nanobattery as summarized by reactions (1)–(3). When discharged at closed circuit at 100 namps (Figure 2), all electrons were transferred from Fe(OH)2 to Co(OH)3 according to reaction (3):
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Table 1: Electrochemical properties of ferritins with different core minerals.
	

	Reaction	Ferritin Core	mV	pH
	

	Fe(OH)3 + e = Fe(OH)2 + OH−	Native HoSFa	−190 to −420	7.0–9.0
	Co(OH)3 + e = Co(OH)2 + OH−	Synthetic HoSFb	+50	7.0
	Mn(OH)3 + e = Mn(OH)2 + OH−	Synthetic HoSFb	+35	7.0
	Fe(OH)2(PO4) + e = Fe(OH)(PO4) + OH−	Native bacterialc ferritin	−430	7.0–9.0
	Fe(OH)2(PO4) + e = Fe(OH)(PO4) + OH−	Synthetic HoSF	−300	7.0
	Ni(OH)3 + e = Ni(OH)2 + OH−	Synthetic HoSF	−1000	7.0
	



									a: [20]; b: [22]; c: [24].






















	
		
		
		
		
	


	
		
		
		
	


	
		
		
		
		
	


	
		
		
		
	


	
		
		
		
		
	


	
		
		
		
	


	
		
		
		
		
	


	
		
	


	
		
	


	
		
		
		
	


	
		
		
		
		
	


	
		
		
		
		
	


	
		
		
		
		
	


	
		
		
		
		
		
		
		
	


	
		
		
		
		
		
		
		
		
		
		
	


	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	


Figure 2: Voltage versus time discharge curve. A small, unstirred bulk electrochemical cell consisting of ferritin containing a Fe(OH)2 mineral core connected to a ferritin containing Co(OH)3 mineral core in 0.05 M MOPS pH 8.0 was discharged at a drain rate of 100 nA. Each ferritin contained ~2000 metal ions per mineral core.


We have also constructed and tested a battery system using Mn(OH)3 in place of Co(OH)3 under the same conditions, which performs similar to that shown in Figure 2. Other results with both Co(OH)3 and Mn(OH)3 are considered next in a different application.
The cell just described is a “bulk” electrochemical cell because the ferritin concentrations exceed the amount of ferritin that can bind to the gold electrodes and demonstrates the feasibility of using ferritins as battery components. However, diffusion of ferritins to the current collecting electrodes in such a cell becomes a limiting factor in current flow. In an attempt to miniaturize the cell size to minimize diffusion and to eliminate excess ferritin beyond that which binds to the electrode, we investigated ferritin bound only to the electrode surface. With this approach, a nanobattery consisting of only surface-bound ferritin molecules can be constructed whose size and charge capacity are determined by the electrode surface coverage and the smallness of the gold line onto which the ferritins bind. During attempts to create such a small cell, different electrical properties were encountered than those observed for the bulk cell.
Contrary to previous reports [13–15], purified ferritin in the presence of a clean gold electrode did not demonstrate the ability to rapidly oxidize or reduce the mineral core during cyclic voltammetry, as shown as the left curve in Figure 3. Electrochemical reactivity of redox proteins can be augmented by addition of chemical promoters, which catalytically facilitate electrochemical reactions [16]. Addition of thioglycolic acid (TGA) at <0.01 mM to a ferritin solution, while applying an adsorbing potential of +500 mV (SCE), caused ferritin to adsorb onto the gold electrode and exhibit electro activity shown by the right curve in Figure 3. 
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(b)
Figure 3: Cyclic voltammograms of ferritin on a 6 cm2 bare gold electrode. Ferritin equilibrated at zero potential or at −200 mv, (a). Ferritin adsorbed at +500 mv, (b). The voltage was cycled at 100 mV/s in 0.05 M MOPS pH 7 with 0.05 mM TGA as promoter.


Figure 4 shows AFM images of ferritin adsorbed at +500 mV both without (a) and with (b) the TGA promoter. Figure 5 shows the discharge characteristics of a Mn(OH)3/Fe(OH)2 cell composed only of surface adsorbed ferritins in the presence of TGA promoter, and the charge transferred during discharge was 90 μC. This corresponds to 500 electrons transferred per ferritin, which was equivalent to the concentrations of Fe2+- and Mn3+-ferritins present in the bound ferritins. The smaller loading was used to demonstrate that all electrons were removed even from smaller cores. 
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(b)
Figure 4: AFM images of (a) ferritin adsorbed without the TGA promoter (height scale = 30 nm) and (b) ferritin adsorbed in the presence of 0.05 mM TGA (height scale = 20 nm). The TGA promoter results in greater, more uniform coverage of the surface with ferritin. Scale bar is 250 nm for both images.
























































	
		
		
		
		
	


	
		
		
		
		
		
	


	
		
		
		
		
	


	
		
		
		
		
		
	


	
		
		
		
		
	


	
		
		
		
		
	


	
		
	


	
		
		
		
		
		
		
		
		
		
		
		
	


	
		
	


	
		
		
	


	
		
		
	


	
		
		
	


	
		
		
		
		
		
		
		
	


Figure 5: Discharge curve of a cell containing 500 Fe(OH)2 and 500 Mn(OH)3 attached to gold electrodes by deposition at +500 mV in the presence of TGA. The solid line is an exponential fit to the data and was used to calculate that 90 μcoulombs transferred through the cell.


Several different ferritin-binding configurations using two different ferritin types (Co and Mn) bound to different electrodes were also investigated. Surface adsorbed ferritins containing Fe(OH)2 and Co(OH)3 or Mn(OH)3 on gold electrodes typically produced >420 mV open circuit. 
The facile electrochemical reactions observed in the absence of promoter shown in Figure 2 for the bulk battery stands in contrast to the promoter-requiring behavior seen in Figure 5. This behavior may have an explanation resulting from the methods of preparation of apoferritins and to the relative amounts of each used in the respective experiments. Apoferritins are prepared by removal of the iron mineral cores with TGA [8–10] or sodium dithionite, both of which function as promoters. Although rigorous processing is typically carried out to remove these constituents, it is possible that very small amounts remain free or ferritin bound in the ferritin solution. The use of bulk quantities of ferritin in Figure 2 compared to surface quantities used in Figure 5 would provide for more promoters to be available in the bulk cell, causing it to function without added promoter (but to function by “adventitious promoters”) compared to experiments with only surface bound ferritins. In any case, the results show that ferritins can function as electrochemical cell components (in bulk or surface-bound) in an electrochemical energy storage role. 
To assure permanent attachment and to increase the surface coverage for greater charge capacity, ferritins were chemically attached to the gold surface. When subjected to negative voltage cycling in the presence of Fe2+ chelators, the Fe3+ in the chemically attached holoferritin was reduced and the resulting Fe2+ was immediately chelated forming apoferritin [14, 15]. When this process was reversed in anaerobic buffer containing Fe2+ and cycled in the oxidizing direction, holoferritin was once again formed [14]. Both redox cycling experiments were performed in the absence of added promoters or mediators, demonstrating direct electron transfer from electrode to mineral core through the chemically bound protein shell. Both physical adsorption and chemical attachment of ferritin to gold electrodes led to electroactive ferritin layers, but chemical attachment was more stable. Chemical attachment produced slightly lower open-circuit voltages. 
The results show that the minimum requirements for a ferritin-based nanobattery are the attachment of two different ferritin types to two different gold electrodes both in close proximity and in contact with a minimal volume of buffer necessary to support reactions (1)–(3) during cell function. The size of the biobattery can be scaled to very small dimensions and is limited only by the size of an inscribed gold line onto which the ferritins are adsorbed or chemically tethered. If chemical attachment is used, no membrane is required as long as the electrodes are physically separated because the lack of mobility of the chemically bound ferritin precludes interaction. For physically adsorbed ferritin, a membrane is desired because internal cell discharge can occur if anodic and cathodic ferritins in close proximity exchange between solution and electrode [17]. 
The minimum battery unit consisting of one anodic and one cathodic ferritin molecule as shown in Figure 1 is 5 × 10−16 coulombs for a theoretical loading of 3000 metal atoms per ferritin. The coulombic capacity of any ferritin-based battery can then be calculated by multiplying the ferritin surface coverage of the electrode by the charge of this basic battery unit. An upper limit of 200 coulombs/g can be calculated (excluding buffer) using the fundamental components in Figure 1. 
An ongoing approach for improving the coulombic capacity of a ferritin nanobattery is presented in Figure 6, which shows a native ferritin that is negatively charged due to its ionized surface carboxylate groups at pH 7–9 first adsorbed or chemically tethered to an electrode surface. 





	
	
	
	
		
			
			
				
			
		
	
	
		
			
			
				
			
		
	


	
		
	
	
		
	
	
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	










	
		
			
		
			
		
	


	
		
			
		
			
		
	


	
		
			
		
		
			
		
		
		
	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	
		


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	
		


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	
		
	
	
		
		
		
		
		
		
	
	


	


	
		
	
	