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Abstract

A new method for scanning other access points is needed for 802.11 networks to support realtime applications like Voice Over IP. The current scanning method is the main cause of high latency transitions of clients between access points. I have developed a new scanning method that should improve these transition latencies significantly. The Network Beacon Announcement (NBA) method has multiple advantages over other methods in terms of speed, quality of service and power-efficiency. The method is modeled after functional and network requirements and is specially designed for infrastructure networks and can be used for network management, network optimization and fast roaming. It maximizes the time available for data transfers, thus increasing throughput and decreasing latency. This is achieved by minimizing the time spend on other channels while scanning the availability of other access points.
1 Introduction

1.1 Fast roaming in wireless networks

The 802.11 standard was not designed for large-scale, dynamic networks, but for small networks with static clients. Clients were supposed to be portable, not mobile. Portable clients would work with a notebook computer on one place and move to another without the need to remain connected to the network. Mobile clients are working on the move, requiring a continuous connection to the network. Mobile clients have begun appearing the last tree years with the introduction of Wi-Fi enabled PDA’s and Voice Over IP (VOIP) telephones. The 802.11 standard therefore does not offer features that support fast roaming within and between wireless networks. Realtime applications, like telephony and multimedia streaming, used by mobile clients require a reliable network with continuous throughput and low latencies. The problem with these applications in current 802.11 networks is when clients roam between coverage areas of access points. The handoff period between two access points is too high for realtime applications.

The search for other access points, the probe phase, is the dominant factor in the handoff process as shown by Mishra et al.  REF r2 \h 
 \* MERGEFORMAT [2] REF  r2 \h  \* MERGEFORMAT 


 REF  r2 \h  \* MERGEFORMAT 


 REF r1 \h 
 \* MERGEFORMAT . It measured the probe phase to account for 90% of the total handoff latency. The overall average handoff latency is measured at 186 milliseconds, but some configurations showed an average of 390 milliseconds. This means the probe phase in the measurements was about 167 and 351 milliseconds respectively. In the probe phase the client station searches all wireless channels for access points. The client actively asks responses from any access points on the channel (an active scan) or listens for beacon frames from access points (a passive scan). The passive scan is more power-efficient because the wireless transmitter can be turned off on the client hardware. Both methods require a client to spend a long time on the channel. The active scan searches for all access points on the channel, even from other networks outside the ESS. The passive scan duration depends on the interval of beacon frame transmissions, which is normally at 100ms. Because the scanning phase is the slowest part in the handoff process I decided to develop a new 802.11 scanning method.

1.2 Related work

There is much research being done currently on improving the 802.11 standard  REF r3 \h 
 \* MERGEFORMAT [3]. Not only does the standard lack advanced roaming support, but also support for security, quality of service (QOS), inter network handoffs and network management. All these topics are covered by individual task groups (TG) working to extend the standard to implement new features. An example is the recent finalization of the 802.11i standard by the IEEE, which greatly improves security. It introduces the Advanced Encryption Standard (AES) for the encryption of data, an upgrade from the insecure Wired Equivalent Privacy (WEP) standard used today in most networks. Other task groups have previously worked on higher speeds for the standard: the 802.11b, 802.11a and more recent 802.11g standard.

One task group is working on 802.11r (TGr)  REF r4 \h 
 \* MERGEFORMAT [4], formerly the Fast Roaming Study Group. Its objective is to make the BSS-transition faster. The study group became a formal task group only recently in June 2004. Currently there is only one preliminary proposal that focuses on the scanning stage of the BSS-transition. The proposal consists of informing clients of neighboring access points together with a minimal adjustment to the current non-directed probe request/probe response mechanism (see 4.1.1). The adjustment is only to decrease the size of the probe response, resulting in a faster transmission time.

This dynamical subject made working on this thesis very hard because each month it became more outdated because of new developments in this field of research. While the 802.11r standardization process continues, increasingly more reference work will become available.

2 Improvement of the scanning phase

2.1 Requirements

What is expected from a new scanning method, what should it do and how fast does it work? To answer these questions lets first look at the network itself. The focus is on wireless networks in infrastructure mode. This means that there are clients and access points in the network. I assume that there are multiple access points in the network, because of the low range of Wi-Fi networks, which form a shared wireless network together (the extended service set or ESS). What are the requirements for the different parts of this network?

Requirements for individual clients:

· The highest availability of the network, in combination with client mobility

· The highest data throughput

· The lowest data latencies

· The lowest data losses

· Possibly some extra information about the client’s location or availability of other (backup) networks (for example other Wi-Fi networks or UMTS/GPRS networks).

Requirements for the complete network:

· The highest overall connection of clients to the network

· The highest overall throughput of all clients

· The lowest overall data latencies for clients

· The lowest overall data losses for clients

· Coverage information of the network.

· Network availability information of the network.

· Information about other (interfering) networks, malicious networks or users, etc.

The scanning method should thus have the following characteristics: it will have to be fast, accurate and share and use information available in the network. If we provide more information in the network to clients and access points, the method can be more advanced. Information that is useful for a scanning method can be the number of available access points, their channels, their addresses, their relative location to other access points, access point load, access point range and client locations. If for example the client station knows for which access point to scan for, if it has lost its current wireless connection because the client moved out of range, the scan can be done much faster. Thus one thing the method should be doing is using all current network information available.

While a client is scanning its network interface isn’t available for sending or receiving data. This means it can’t fulfill the requirement of the client’s network at this time. Only minimizing the time spend scanning can be insufficient: data losses could occur if the access point has data for the client. If the access point does not know that the client is not available it will transmit and discard the data. The 802.11 standard uses retransmission of unacknowledged frames resulting in extra bandwidth loss. Thus the access point should be informed that the client is unavailable, otherwise this will only lower the overall network throughput available to other clients of the access point.

The method should be fault tolerant and should respond quickly in case of network failure. The method should handle signal loss of the AP effectively by reconnecting to the network as fast as possible. 

2.2 Simple enhancements in the scanning method

There are multiple obvious improvements over the current scanning method that can be used for a new method. The first improvement the client on which channels to scan for access points within the same network. Most deployments only use tree or four channels of the available thirteen channels, because the channels overlap. Only scanning four out of thirteen channels is the first improvement. Secondly there can be other access points on these channels that do not belong to the client’s network. If the client knows the exact access points to scan for on each channel this can decrease the time spend on each channel. The third improvement would be scanning only the neighbors of the access point the client is connected to. If access points would be informed by network management functions of their neighbors they can inform the clients of these neighbors. The final most sophisticated approach would be the use of client location information, by using GPS or triangulation. 

Overall there can be done a lot to minimize the complete search for different access points, but to incorporate all optimizations in a new method is not enough. 
Figure 1: Schematic overview of the current method  REF r6 \h 
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Timings that are very important for the speed of a scanning method are channel access times. This means how long clients need to wait before being able to send data. To allow multiple clients and access points share the same medium (the clients all share the same spectrum band), the 802.11 standard uses Carrier Sense Multiple Access (CSMA) to control access to the medium. Because collisions can occur more often because more clients can share the same medium the standard uses Collision Avoidance (CA) instead of Collision Detection (CD) used in 802.3 Ethernet. The implementation of these methods is divided in several parts. The first part is the Short Interframe Space (SIFS). This is used to determine if the medium is busy and after this time only high-priority frames can be transmitted. These frames are the Request To Send (RTS), Clear To Send (CTS) and acknowledgement (ACK) frames. After the SIFS time comes the DCF Interframe Space (DIFS). This timing is the minimal time used by the Distributed Coordination Functions (DCF), a access mechanism used by almost all 802.11 networks today. The DCF specifies a minimal time, the DIFS, plus a random interval time. This interval, chosen by each node in the network at random, avoids that two clients access the medium at the same time. If two or more clients chose the same random time, they should notice this and will try again at a later, larger random interval. This is the random backoff referred to below. The probe response will be made in unknown time because of the DIFS backoff mechanism. Another, optional coordination function was developed for the 802.11 standard: the Point Coordination Function (PCF). But it was not implemented by most manufacturers.

2.4 Current method: non-directed probe request

The current method works by sending a probe request for information on other access points. A probe request by the client is a broadcast message to any access point on the same channel. The client waits a minimal time (or MinChannelTime) for any activity on the channel. If there was no activity, the client assumes the channel to be empty. If there was any activity, the client waits for replies of access points for a maximal time (or MaxChannelTime). If the MaxChannelTime is set to a low value, there is no guarantee that the access points the client is interested in (within the same ESSID) will be able to respond in time. Other clients of the access point, which are in communication with the access points, or other access points of other networks (ESSIDs) could respond to the probe request. This other unwanted activity makes it impossible for the required access point to respond within the maximal time. Therefore the MaxChannelTime is set on a high value around 100 milliseconds. Velayos and Karlsson  REF r5 \h 
[5] showed that by tweaking the MaxChannelTime the scantime can be reduced to 70 milliseconds.

Another problem is the probe request send by the STA (active scan). This is less power-efficient than waiting for beacon frames (passive scan).
· multiple access points scanned concurrently.

· time consuming: waiting for MaxChannelTime.

· not predetermined: it is unknown if needed access point will reply if MaxChannelTime is very short and the time of the probe response with backoff is undeterminable.

· less power-efficient.

2.5 Overview of proposed improvements for the scanning method

There are several methods to enhance the scanning for access points. Besides the standard settings and tweaks to speedup the scan, there are several new methods proposed to the IEEE. The next part is an overview of the current and proposed methods for scanning, together with their advantages and disadvantages:

2.5.1 Sending beacon frames more frequently

The standard setting for 802.11b networks sends beacon frames every 100 time units at 2Mbps. A time unit (TU) is 1.024 microseconds. If the beacon frames are send every 10TU, the client could wait for the beacon in stead of starting an active scan. Because the channel will be used more for management frames the overhead will increase, thus the channel bandwidth will decrease.

· no active scan by the client: less power-efficient.

· a better determined maximum wait time: near 10 ms.

· no need for extra implementation of the method in clients.

· higher overhead, thus less bandwidth available to clients.

2.5.2 Sending special short beacon frames frequently

The current beacon frame consists of much information that doesn’t change frequently, but is transmitted every time. If you would omit this information, the frames can be shortened and the overhead on the channel can be lower. The gained bandwidth can be used to send more (shorter) beacon frames, for example every 10TU.

· no active scan by the client: less power-efficient.

· a better determined maximum wait time: near 10 ms.

· no need for extra implementation of the method in clients.

· Only a slightly higher overhead.

2.5.3 Directed probe request  REF r7 \h 
[7]
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A directed probe request by the client is a unicast message to the access point on the channel of that access point, instead of a broadcast to all access points on that channel. The client therefore only has to wait for one response. The maximum time is therefore related to the time a probe response can be done in crowded networks. The response will come in unknown time because of the DIFS backoff mechanism.

Figure 2: Schematic overview of directed probe request

· faster than broadcast probe request.

· very fast with low network loads.

· undeterminable probe response time.

· client needs new drivers to send unicast probe request frames.

2.5.4 Directed probe request with fast probe response  REF r6 \h 
[6]
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The access point answers directly (after SIFS timing) to the client instead of a random backoff as in 2.5.3. The client does not acknowledge the frame, because the client knows the access point received the probe request. The access point will see the absence of another probe request as an acknowledgement. The total time can be determined by:

time = DIFS + random backoff + probe request frame transmission time + SIFS + probe response frame transmission time.

Figure 3: Directed probe request with fast response

· fastest possible answer by the access point: after SIFS time.

· time determined answer by AP if it is on the channel and in range.

· maximum time determined by channel access time for probe request (DIFS + random backoff). This can be described with a probability distribution dependant on the load of the access point (or medium).

· less power-efficient: active transmission by the client.

· more scans: higher overhead on channel.

· not conforming to current 802.11 standards: no acknowledgement from the client. This needs a firmware update for the access point as well as for the client.

· new management frame for probe request and response. The method should be able to distinguish clients using the new and old method. This means the method is backwards compatible with existing hardware.

2.5.5 Directed probe request with acknowledgement

This is the same as in 2.5.4, but instead of replying with a probe response, the access point will reply with an acknowledgement frame. This is in accordance with the current 802.11 standard, which requires acknowledgements of all unicast messages. The client should in turn be able to receive and process the acknowledgement. 

· SIFS timing response.

· no modification of the 802.11 standard: already uses acknowledgements.

· new management frame for unicast request.

· client hardware needs a firmware update to process the acknowledgement as a probe response frame.

2.5.6 Synchronized beacon frames with known timing

All access points synchronize their beacon frame communication. This can be done with the Inter Access-Point Protocol (IAPP). This is a supplement to the 802.11 standard (IEEE 802.11f) that enables standardized communication between access points. The access point could communicate the timings of other access points to the clients together with a neighborhood map for example. The clients switch to the channel of an other access point on a predetermined time, to wait a short period for the beacon frame. The client knows in advance the next beacon transmit time of the other access point.

· Almost determined maximum time: client knows when next beacon frame is send. However, beacon frames also use the DIFS and backoff mechanism.

· not a overhead off extra scans or beacon frames.

· passive scan by client: power-efficient.

· not useful if client needs to switch to a other immediately. The maximum time will then be longer but known: it is the transmission time of the next beacon frame.

2.5.7 Extra beacon frame requested by the client

The client will ask an extra beacon frame from the other access point via the current access point (directly over the network to the other access point, or to the current access point that handles the rest via IAPP). The other access point will respond with the timing of the beacon frame transmission. The client switches to the channel just before the specified time to listen to the beacon frame.

· short time on the other channel. The request is done on the current channel, on which the client can still transmit other data.

· if the current access point sends the information in broadcast, multiple inactive clients can scan concurrently.

· the current access point is informed about the client status: frames destined for the client can be buffered like in power save mode. 

· extra management requirements of access points.

2.5.8 Scanning in promiscuous mode

The client can use any scanning method, but also listens to other frames from the access point to other clients. These frames also allow the signal strength measurement that is necessary for the scan. The client would have to be in a promiscuous mode, enabling the reception of frames not destined for the client. 

A better defined upper time limit is now possible with the scan, because the access point will definitely send frames to clients, either a beacon frame or probe response or to other clients that send/receive data from the access point, forcing it to send data or acknowledgement frames. The placement of other access point on the same channel should not be in range of this access point, otherwise they could delay transmissions from the access point.

· defined upper time limit: this would make the used scanning method faster.

2.6 Summary of the proposed scanning methods
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Table 1 shows the overview of all the scanning methods. Included in the table is my proposed method described in chapter 5. For each method the different properties are displayed. The time needed is defined in the type and time of channel access used (SIFS/DIFS) and the number of frames transmitted. The possible speed follows from this time needed. For beacon frames this is the average beacon frame transmission time (in time units). The problem with beacon frames is that they are transmitted at a standard interval. Clients cannot wait on this interval if they need to scan directly. This is the cause of the maximal possible speed.
Table 1: Overview of the different methods with their properties

A new scanning method

2.7 Architectural design

For the new scanning method I implemented a few distinctive features to meet the requirements for clients and the wireless network as described earlier:

a. The current access point should be informed that the client is unavailable

b. The client should report scan reports back to the network

c. Minimal time spend on other channels while the client is scanning

To begin with the last feature we need to look at the scan measurement process. The measurement reported by scans is the signal strength of access points. The whole purpose of the scan is to get this signal strength. The client needs only one packet from the desired access point to report the signal strength. It would also be possible to let the access point perform the scan. In this case the client would need to send one packet to the access point. If we want to minimize the time on the channel to the absolute minimum, what is the time needed to scan for one access point?

The minimal time needed for the scan measurement is the time in which a single packet can be received by the client from an access point. Thus, first we need a single packet from the access point. There are three options to get the access point to send such a packet: 

1. Let the access point send packets at specified times: beacon frames.

2. Ask the other access point to send it at and specified time via the current (old) access point’s connection.

3. Request it on the channel of the other access point.

Requesting the packet on the other access point’s channel requires extra time on the channel, thus violating the objective. This is also true if we need to wait for the next beacon frame.

Table 1 shows the time on the channel expressed in the number of frames and channel access timings (DIFS and SIFS). The 802.11 standard specifies acknowledgement frames from the receiver for each unicast frame send. Those acknowledgement frames are sent after the SIFS time. All other frames that need to be sent follow the CSMA/CA design used in the standard. This means waiting for the DIFS time plus a random backoff time. During this time other access points or clients can begin transmission before the backoff time is over. This will lead to retries with longer backoff times. The table contains the number of frames and timings that result from the different methods proposed as described earlier.

It is clear in the table that a single broadcast message from the access point to the client has the shortest possible duration. This would require the access point and client to know when the frame transmission will start. This can be communicated on the channel of the current access point when the current access point clears the client to begin with the scan.

The first feature, that the access point should be informed of the unavailability of the client (a), can be combined with a timing request. A timing request is a request from the current access point to the other access point to agree on a time to send the broadcast frame to the client. The timing reply from the other access point will notify the current access point that the client will be unavailable at this time. Thus with the time information available on the current access point, it can inform the client of the time and set the client at unavailable internally at that specific time.

Now the client is informed of the time the frame is send, it can minimize the time spend on the other access point’s channel, because the time is known exactly. Thus feature c, a minimal time spend on other channels while the client is scanning, is accomplished. The last feature, that clients should inform the scan results can easily be added to a reassociation request. This request is already a frame used in the standard if a client station decides to move from one access point to another.

This is now a new solution that follows the network requirements and should be faster than competing methods.

2.8 Network Beacon Announcement

From the solution that follows the requirements specified, I propose an overall new method to initiate and perform client network scans. The method extends the solution by changing the initiation of scans to allow networks to efficiently combine multiple scanning stations. Not only the clients should be able to initiate a scan, but preferably the access point should initiate scans. Access point can start a scan following a client scan request or initiate a scan automatically. This is why I have named the new method “Network Beacon Announcement” (NBA): clients are informed by their current access point with the announcement of special, extra beacon frame transmissions (NBA frames) of other access points within the network.

The current access point starts a scan by selecting its current neighbors. These neighbors are any other access points that could be in range of the client, or clients, requiring a scan. The distinction between a single client and multiple clients is important. A scan can be performed by multiple clients at the same time because no individual client interaction with other access points is required during the scans. Thus combining multiple scans would use the overall bandwidth more efficiently. The difference between a single client and multiple clients can be important if a more advanced neighbor selection process is used. Several studies have shown that client localization is possible  REF r8 \h 
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 \* MERGEFORMAT [9]. Thus if the location of the client is known neighboring access points can be selected in a different order or some could be discarded. This is because the method tries to minimize the time the client(s) need to scan for access points with good reception. If the list of access points to scan for is ordered successfully, the closest access points to the client(s) should be scanned first. After a successful scan clients should return to their own access point or move to a scanned access point if signal strength is better than that of the current access point.

After the selection of a list of neighbors, the current access point informs all other access points on the list to send a beacon frame on a specified time. The current access point selects these times on the order of the list. The fist access point on the list will send its beacon frame first, followed by the other access point on the list. The times specified by the current access point should be spaced enough to allow clients to switch between the channels. The times also need to be spaced extra to compensate for inaccuracies of the actual time between access points. See below for more information on time synchronization.

When all other access points are informed the current access point can issue a frame to the client or clients informing them to start a scan. The frame contains the list with the neighbor access points together with their channels, time of beacon transmission and timeout number. Clients that are active can ignore the scan initialization if they have a good signal reception of the current access point. Clients with low signal reception and inactive clients can start the scan. The method could be extended to force clients with good signal reception to start a short scan. This would force the clients to scan a few other access points and report the results. More information would be available for network management.

Clients now have all information needed to start the scan. They switch to the specified channels on the specified times to wait for frames from the other access point points. The other access points should send a NBA beacon frame. This is a special frame, different from normal frames. It can be an empty frame, with only a frame header containing the source address. Thus this frame is very small, comparable with the size of clear to send and acknowledgement frames. Like these frames the NBA frame should be transmitted after the SIFS time. This ensures that the frame is transmitted before other stations can transmit their frame. It is also the fastest method and does not require the DIFS backoff mechanism. This gives the method a predetermined maximal time of transmission.

Note that the clients should listen to any frame from the access points, because any received frame can indicate signal strength. This is because another client can be transmitting data to the other access point at the NBA specified time. Immediately after the data frame should come an acknowledgement frame to that client from the access point. This frame can also be received by the scanning client and also indicates signal strength.

The clients should listen for a maximal time specified by the timeout. This timeout is based on the accuracy of the actual clock time between access points and is determined by the current access point. Clients with low signal reception on the current access point should stop the scan if another access point is found with better signal reception. How much better this reception should be must be determined dynamically by the client. In networks with a high density of access points it could be sufficient to scan for a few other access points. In networks with a low density of access points, where the chances that multiple access points cover an area are slim, it could be better to select the first access point within range.

If a client has finished its scan it can return to the old access point or select a new access point. If it returns to the old access point it should report back any successful scanned access points. The old access point stores the information of the scan and sets the clients internal state from unavailable to active. If a client selects a new access point it should reassociate to the new access point. Together with the reassociation information it sends information of other access points scanned successfully. The new access point adds the client to its list of clients and informs the old access point to transfer the client. The old access point can update its internal list to remove the client and can forward extra information to the new access point. This information could be authentication information like encryption keys, client statistics or buffered data destined for the client.
See figure 4 for a schematic over view and Appendix 8.1 for a sequence diagram of the NBA scanning method.

2.9 Theoretical performance analysis 

What is the total maximal time needed for a scan measurement  REF r10 \h 
[10]? This can be exactly determined theoretically because the NBA scanning method provides a predetermined maximal time by using the SIFS time mechanism.

I explained that another client can be in the middle of a transmission when the NBA beacon frame has to be transmitted by the access point. This data frame can be the largest possible frame size that the 802.11 standard supports: 2304 bytes. This transmission cannot have been started earlier as the SIFS time frame because otherwise the other client would detect a collision and would wait. After the data frame is transmitted the access point should send an acknowledgement frame after the SIFS time frame following the standard. This frame can be received by the scanning station, thus this is the maximal time a client should theoretically wait for the NBA scan, should all access points have exactly the same clock time.

Normally faster access point channel access is possible after the SIFS time frame. It can send a NBA frame of for example 20 bytes. Table 2 shows the overview of the timings. These timings are for the 802.11b standard. The lowest supported speed is 1Mbps thus this is the largest possible transmission speed of the frames. When using the NBA scanning method in networks with a high density of access points, the slower speeds supported can be disabled, allowing a maximal total time of 1706 μs at 11Mbps, the normal speed of 802.11b networks.



[image: image1.emf]bytes time (us)*

SIFS 10

Maximal 802.11 data frame size 2304 18432

SIFS 10

ACK frame 14 112

Total 18564

SIFS 10

NBA frame 20 160

Total 170

 

Table 2: Maximal time for NBA san
*data transmitted at 1 Mbps

Although the table shows a maximal value of 18.5 milliseconds, this normally should not be the average time. Most wireless networks deployed do not have an overall high network load, thus there is little chance that clients are transmitting large data frames at a slow speed. Individual access points with high load are more typically closer to each other because network administrators try to distribute the load over more access points. Thus most clients can transmit frames at higher speeds because the nearest access point range is smaller. Clients also always try to send at the highest possible speed available, most of the time at 11 or 5.5Mbps.

2.10 NBA summary

Advantages:

· The current access point knows the unavailability of a client: frames can be buffered for the client, resulting in better client and overall network performance.

· Exactly known upper limit of the needed time. This is important when providing quality of service (QOS).

· Multiple clients receive a NBA announcement: inactive clients can join a scan. This is useful for scanning in between normal network connectivity, making more management information about the network available.

· Power-efficient because it is a passive scanning technique.

· Very fast, resulting in low latencies of client network connections.

Disadvantages:

· Not useful if the connection with the current access point is lost, before the scan can be started. This can be avoided to automatically start a scan if signal strength falls below a certain point. But another scanning technique is still necessary in some cases, if for example the current access point is turned off, and when the client needs to connect to a network for the first time.
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Figure 4: Schematic overview of directed probe request

NBA reference implementation

2.11 Introduction

I have made a reference implementation on a existing hardware platform. I choose to develop a real implementation above a simulation of the NBA method because:

1. Simulations could not be very representative for the performance in real world conditions.

2. Not much software is available for the simulation of 802.11 networks. This software would have to be adapted for the NBA scanning method and would probably not be less difficult as the adaptation of existing drivers for the NBA reference implementation.

3. A real implementation could show that the NBA method complied with the current 802.11 standard and could be used with currently available 802.11 hardware.

4. The working implementation would of course be more impressive and should lead to an easier adoption of the NBA scanning method as an IEEE standard.

To test the NBA scanning method with 802.11 hardware I needed to implement low-level functions which are not available in the current 802.11 standard. To implement the NBA scanning method I needed to interact directly with the hardware. The problem is that most low-level functions are implemented in firmware on the hardware. All 802.11 hardware has a special controller chip, often a low-power ARM model, which runs the software located in the firmware. This software controls low-level functions like medium access, timing control, message validation and network management. The first three operations especially need a microsecond resolution, thus requiring a dedicated controller. The driver running in the operating system interacts with the controller. The driver only controls the network configuration and is responsible for data transport between the hardware’s memory and the main memory. This data consists of 802.11 data frames that are exchanged between the client and access point. The driver converts these to standard 802 data frames which are presented to the operating system’s network stack.

Because of the dedicated controller most manufacturers design their hardware functionality in firmware. They implement the available modes like access point mode, client station mode and sometimes a monitor mode. Each mode requires more or less functionality in the firmware. An access point firmware needs to manage multiple connections to client stations instead of one on a client station firmware. The monitor mode is a simple mode that can be used for network monitoring. In this mode the hardware forwards all received frames to the driver, but works in a silent mode: nothing can be send out to the network and it cannot join the network.

Fortunately Intersil  REF r11 \h 


 REF r11 \h 
[11], one of the largest 802.11 chip designers and a co-developer of the 802.11 standard, developed an extra mode, the Host AP mode. This mode implements only medium access and time critical communications like acknowledgement and beacon frames. Intersil developed this mode to allow access point manufacturers to develop more advanced access points with more functionality, like access point management functions. In this mode management frames are not handled by the firmware, but are forwarded to the driver. This mode made it possible for me to implement the NBA scanning method on Intersil’s Prism hardware. It allowed me to model the reference implementation as close as possible to the proposed NBA scanning method. 

Another option would be to use network cards with access point firmware with a simple driver. But this would mean that I could not use the special frame types that the NBA method uses. This would require me to implement the method within normal data frames that would need to be filtered on both ends. This would complicate the development and if the method should be adopted as a standard in the future, my own implementation would be incompatible with the standard. The driver that supports this option is the linux-wlan driver from AbsoluteValue Systems  REF r12 \h 
[12], commissioned by Intersil for their Prism chipset product development. Developed in 1999, this driver is the oldest open source driver for Linux, but only supports the infrastructure mode with access point firmware, which is not publicly available, and not the Host AP mode.

A final option could be to approach chipset manufacturers for development tools for their firmware. This was not a viable option because I probably would not have the required expertise for these tools. Also this would mean I needed to write my own special drivers for my own firmware. This would all be very time consuming.

I used the combination of Intersil Prism hardware running in Host AP mode together with the open source Host AP mode drivers developed by Jouni Malinen  REF r13 \h 
[13]. This driver is widely used by companies, researchers and expert users and has an active mailing list. It is the reference implementation of Wireless Extensions and Wireless Tools, respectively the wireless API and toolset for Linux. Another advantage is a minimal implementation of the Inter Access-Point Protocol (IAPP, IEEE 802.11f) also used by my NBA method.

2.12 The adapted driver

I have implemented a preliminary implementation of the NBA scanning method in the Host AP driver. My primary focus was on the scanning results measured on the client side. The implementation is only a proof of theory and needs further improvements and real world testing for use in deployed wireless networks.

This implementation is modeled for a single usage profile: only one client on an access point using a realtime application such as VOIP that generates a continuous data stream. The client’s access point notices a decrease in signal strength as the client moves through the network. From previous signal strength measurements the access point has calculated that the client is moving in the coverage area of a neighboring access point. Thus the access point instructs the client to start a scan for the other access point. Other usage profiles will need different settings in the NBA scanning method. These different profiles can be implemented following the reference implementation.

The reference implementation features limited functionality because it was only needed for a performance evaluation of the method. This means that the software does not yet make automatic roaming decisions and the timings in the driver could be more advanced. With this I mean that I currently use simple udelay function calls within the kernel. These calls should not be used for these purposes as they block all other software and the kernel from running. The function should not be used for multiple millisecond pauses, but I implemented it after trying everything with schedule_timeout calls. This function, however, does only support a 10 millisecond resolution and does not guarantee a direct return after the timeout. Changing the code to the udelay function improved the accuracy of the measurements, demonstrated in a factor 10 improvement of the standard deviation. Possibly the code can be rewritten to take advantage of Prism hardware’s event functionality; it can be set to give interrupts at specified intervals. The driver can use this interval to be sure a schedule_timeout function returns within a defined short time accuracy. This is very complex and not yet tested if it could work accurately. 

Also there is no support for data buffering on the access point if the client is scanning on other channels, while it is still connected to its old access point. Data and authentication forwarding if the client decides to move to the other access point is also not supported. These options can be implemented later on as they have shown to have a positive impact on the client’s network performance in terms of packet loss and TCP throughput  REF r14 \h 
[14]. 

The method is started on the client’s current access point with the use of a Linux wireless utility, named iwlist. It needs three arguments: interface, client MAC address and the other access point’s time offset. The first argument is the wireless network interface the client is associated too. Iwlist forwards this information using a Linux ioctl system call. This allows sending private commands to a driver, which the device driver module should implement  REF r15 \h 
[15]. I extended the ioctl command list of the Linux Wireless Extensions, located in the ./include/linux/wireless.h header file, which is in the kernel source tree. From within the Host AP driver I used the standard method to communicate to the Host AP daemon via the second, virtual interface. The Host AP daemon sets up a virtual wireless interface (wlan#ap) for each master device (wifi#), to which the driver forwards all management frames. It may appear strange to start the scan from the command line via the kernel driver back to a user space daemon, but the command line method should not be used later on to start the scan. The decision to start should be implemented in the driver, where all the information about clients’ signal strengths are, or from the Host AP daemon itself if more advanced network management is needed. The other advantage is that the ioctl method now uses my earlier code that received a scan request from the associated client and started the scan from within the driver. This code can still be used, allowing another part of the method be implemented faster. This part from the method is that a client should be able to initiate a scan by itself if it, for example would detect a drop in signal strength from its access point.

Using the iwlist and ioctl method allowed me to initiate the scans manually to measure the scan performance. The arguments it uses are also already available to the access point (interface and client MAC address), except for the other access point’s offset. In the manual mode I used the two different commands ntpdate and ntpq to query this offset. The first command, ntpdate, gives the offset after it measures it realtime by starting a time synchronization sequence with the other access point. The “ntpq -p” command queries the local NTP daemon for the last known offset of the other peer. Thus ntpdate should give a more accurate measurement of the offset.

Now the Host AP daemon starts the NBA scanning method. If first needs a neighbors list of other access points. The current implementation reads this from a configuration file together with the other settings. It can be extended to add access points to the neighbors list if other access points announce a client transition from the local access point. This announcement is already implemented by the Host AP daemon using the IAPP method. For now the neighbors list contains only one access point and is send to the client station. This is different from my proposed method. I propose that all other access points in the list are informed first and then the client(s). But my problem with this is that it would add another timing inaccuracy. 

There was a time inaccuracy on the client, because in the NBA scanning method the client gets the list of neighbors together with their beacon transmission times. These times need to be compared against a clock. I propose for the method to use the time of reception on the client of the scan initiation frame from the current access point. This is because the hardware gives each received frame a timestamp at reception. This timestamp has microsecond accuracy. The problem is that when the access point needs to transmit the times, it does not now the exact time of frame transmission, because the frame is send by the firmware inside the hardware. If the proposed NBA method is implemented the times within this frame need to be updated by the firmware at the actual time of transmission. This is possible but this would need a firmware update for the hardware. 

I solved the problem by sending a unicast frame with the information to the client. The client’s hardware will send an acknowledgement frame back immediately thus giving the access point a accurate time at reception of the acknowledgement frame. Now both the client and access point have a very accurate time measurement. The client adds a standard time defined in the driver to this time measurement. The client uses this time to know the exact time the other access point should transmit its beacon frame. The current access point also adds the standard time to the time measurement. But now the current access point adds the time offset of the other access point to this time. This time is send to the other access point and is the reference time for the other access point to send the beacon frame.

This complex method allowed me to implement the NBA scanning method very accurately on the current Linux driver and hardware that is available. It is as accurate as the formal NBA scanning method can become if it would be implemented on access point firmware. This is because the only large inaccuracy in both the method proposal and the real implementation is in the inaccuracy of the time offset between access points.

2.13 Time synchronization

This part gives a short overview of how good the NBA scanning method could perform. Not only does the speed of the method depends on the number of frames to be transmitted it also depends on good time synchronizations between access points. This is important because one access point has to tell another access point when to transmit the beacon frame. This time should be the same on both access points, because if it is not the client will listen at the wrong time for the beacon frame from the other access point. 

All clocks tick at different speeds, especially the clocks running on cheap hardware like normal access points. From these inaccurate clocks the software needs to determine an accurate time. In my implementation of the NBA scanning method I have used the standard Network Time Protocol  REF r16 \h 
[16]. This provides a accuracy on local area networks and high-speed wide area networks of 1 millisecond as described by Mills  REF r17 \h 
[17]. I confirmed this accuracy in my measurements if the NTP daemon could ran for more than a day. The use of NTP as time synchronization method could be improved if needed by running NTP servers on the routers and switches. Cisco for example has devices with this functionality  REF r18 \h 
[18]. Other methods that provide an even better accuracy have been proposed and implemented for use with real time operating systems and applications  REF r19 \h 
[19]. In wireless networks that are deployed over very large distances a wireless backbone network can be used to provide a common time source to all access points. This wireless backbone network can also provide the network connection between the access point and a wired network. Backbone networks that could be used are GPRS, UMTS or the new IEEE 802.16 Wi-Max standard. A wireless backbone network can provide accurate time synchronization between access points because all nodes in the network can receive information on the shared medium at the exact same time. This is also true for multiple clients on a 802.11 network connected to an access point.

2.14 Experimental setup

I have used three embedded systems running 300 MHz processors running Linux 2.4.23. Two where configured for access point mode and one in client station mode. The access points where working on channel 1 and 13 to avoid interference. The beacon frame interval on the access point was lowered to 4 seconds to avoid the interference of beacon frames to a minimum. The Host AP daemon software (hostapd) ran at the highest priority in Linux, above the other import daemon running on the systems: the NTP daemon (ntpd). This resulted in the fastest possible execution of the NBA parts running in the Host AP daemon. The NTP daemon was configured to use a list of 5 primary (stratum 1) time servers on the internet and my provider’s secondary (stratum 2) time server. The three systems where configured in NTP as peers to each other, to synchronize their clocks towards each other. The NTP daemon kept the time on the systems within an offset off 10 milliseconds and with a maximal jitter of 2 milliseconds.

No other clients where active on the access points and the access points did not serve other services. The wired network consisted of a standard 8-port 100Mbs switch, which did not have other high network loads.

The measurements are generated by my implementation of the NBA scanning method. The values of scan time are determined in the kernel driver and printed as debug output. This is captured to a text file used for further processing. Multiple single measurements where validated using a laptop with a wireless Prism network card running in Monitor mode. In combination with the use of Ethereal  REF r20 \h 
[20], which could capture all the complete 802.11 frames on the channel, the transmission of NBA frames was verified. Also no other interfering frames where detected.

2.15 Results

Table 3 shows a summary of the measurements. I performed 100 scans with multiple, random seconds between each scan. After a scan the client station returned back to its access point. The client would wait 30 milliseconds before switching to the other access points’ channel. After these 30 ms, which would normally allow the client to keep transmitting data to its current access point, the client switched the frequency and started waiting for the NBA frame of the other access point. The time waited until this frame is showed in the table. The table shows the results of two of these measurements, each using one of the two methods for time synchronization. Column two shows the results if the one outlier at 10878 microseconds in the measurement is left out. If we compare the two last columns we see that the ntpdate method is only slightly more accurate. Figure 5 on the next page shows a plot of the frequency of the measurements according to the time. It shows that the outlier clearly is a singular point. The interesting part of the figure is the time range from 2000 to3000 microseconds. The majority of measurements is situated in this time range.

	time synchronization method
	ntpq
	ntpq 1 filtered
	ntpdate

	standard deviation
	882.3
	342.0
	317.3

	mean
	2697
	2616
	2639

	minimum
	2206
	2206
	2215

	maximum
	10878
	5067
	4514

	range min-max
	8672
	2861
	2299


Table 3: Measurements of the NBA reference implementation (in (s)

Another measurement I did was to instruct the client to switch to the other access point after it received the NBA beacon frame from the other access point. On the other access point it received another NBA initialization frame, starting a new scan, resulting that the client would switch back after the scan to the original access point. Note that I changed the times of transmission of the NBA beacon frames. The client did not wait 30 ms before switching to the other access points’ frequency but switched immediately after reception of the NBA initialization frame. The waiting time is now larger because the client was instructed this way. The total time is also smaller (from 30+2 to 13ms) because I defined various different times for the NBA beacon transmission in each measurement. This was done to show that the results where real measurements of NBA frames and did not coincide with other frames such as normal beacon frames. The measurement used the ntpdate method for time synchronization. This measurement is plotted in figure 6 and shows comparable results to figure 5. Again we see the majority of measurements is situated in a 1 ms time range. The total range of all measurements is in a 4 ms range, thus twice as large as the previous measurement with ntpdate, as seen in table 3.
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Figure 6: Spread of measurements with client switching 
between the access points enabled.

3 Conclusion and future work

3.1 Conclusion

The measurement results of my NBA scanning method implementation show that fast and accurate scans are possible with the use of existing hardware. The time range to let a client scan for one access point on a specific channel can be set to a comfortable size of 5 milliseconds. In this time a client should be successful in 99% of the scans, if the access point is range of the client. If a client needs to switch to another access point because its current access point is almost out of range, it could be possible it needs to scan multiple neighboring access points before it finds an access point with good signal strength. In normal situations the number of neighbors of a typical access point can be between 4 and 8. Thus if a client needs to scan all 8 neighbors the total time the client is scanning for an access point is 40 milliseconds. This is an order of magnitude faster than the current scanning method.

How fast the scan can be started is also important. A mobile client can quickly lose connection of the current access point. Thus the access point needs to be able to send the NBA initialization frame to the client as fast as possible. One option is to use the NTP time synchronization system to keep all access points in synchronization. This way the access point does not have to determine the time offsets just before NBA initialization, which could last more than 10 ms for each other access point. The results show that using NTP is almost as accurate.

The method should perform better than other faster methods. This is because access points are automatically informed of the unavailability of client stations, while these are scanning. This prevents access points from sending data to these clients, improving overall network bandwidth, while being able to buffer the data improving client network performance. Last but not least this method is a passive method, requiring no active transmission of probe request frames. This is less power-efficient, which is favorable for mobile clients always running on limited batteries. Thus overall the Network Beacon Announcement scanning method performs very fast in scan and has extra advantages over other fast methods.

3.2 Future work

I have shown that the NBA scanning method works on currently available hardware. But the real implementation of the method should be in new firmware versions in old and new hardware. The timings in the method could be implemented more accurate in firmware and it allows the official mechanism of first informing other access points and clients afterwards. Also the SIFS time frame transmission speed of a NBA beacon frame can only be implemented in hardware.

Therefore I will submit the Network Beacon Announcement method to the IEEE 802.11r task group, which is recently formed. The group is responsible for the implementation of a fast client handoff method. This method will need a fast scanning phase that the NBA scanning method can provide. The task group can decide to do further extensive testing off the NBA method using new 802.11 firmware.
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Figure 7: Sequence diagram of the NBA scanning method

3.4 Sequence diagram of implementation
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Figure 8: Sequence diagram of the NBA implementation.
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		49391		2858		25610		23840		16570		29489				29906.2		-417.2		29430		59				49391		50762				24116		23582.2		533.8				24860		24721.2		138.8				31790		31790				58027		58027				58027		58504.2		-477.2				58027		4544		48939				45330		10562		55892				38044		11956				48618		1382				13405						13022								1837		1837		1837				4921		4921		4590		4590								2409		3436

		49998		2935		24603		24488		16904		30380				29906.2		473.8		29813		567				49998		51253				24042		23611.2		430.8				23542		24702.6		-1160.6				30996		30996				57929		57929				57929		58449.4		-520.4				57929		4549		48831				45280		10543		55823				38089		11911				48577		1423				13353						13004								1559		1559		1559				4499		4499		4532		4532								2890		2616

		59363		2821		25975		24235		16386		29646				29906.2		-260.2		29906.2		-260.2										24196		23879.6		316.4				25596		24790.4		805.6				31867		31867				58184		58184				58184		58296.4		-112.4				58184		4603		48978				44908		10526		55434				38116		11884				48300		1700				13472						13147								1696		1696		1696				5007		5007		5102		5102								2840		3327

		50491		3184		25464		23737		17576		29114				29721		-607		29749		-635				50491		50446				24168		24130.2		37.8				25575		24934.4		640.6				31040		31040				58295		58295				58295		58228		67				58295		4668		48959				51419		10491		61910				38097		11903				48583		1417				12918						14129								1561		1561		1561				5765		5765		4967		4967								2829		2653

		50445		3021		25384		24029		16813		29194				29721		-527		29564.6		-370.6				50445		51911				24781		24260.6		520.4				25420		24998.6		421.4				32120		32120				58177		58177				58177		58122.4		54.6				58177		4717		48743				46004		10481		56485				38102		11898				48558		1442				13007						12902								2178		2178		2178				6449		6449		5019		5019								2702		2681

		50379		3037		25901		24079		16991		30315				29721		594		29729.8		585.2				50379		51390				24215		24280.4		-65.4				25623		25151.2		471.8				31556		31556				58570		58570				58570		58231		339				58570		4806		48958				45547		10446		55993				38121		11879				48484		1516				13047						15223								2063		2063		2063				4378		4378		4174		4174								2497		4976

		50160		3070		24319		23763		17224		29708				29721		-13		29595.4		112.6				50160		51043				23988		24269.6		-281.6				25874		25617.6		256.4				32174		32174				58377		58377				58377		58320.6		56.4				58377		4847		48683				45746		10448		56194				38133		11867				37262		12738				12924						13165								2132		2132		2132				5102		5102		4821		4821								2876		2849

		51275		3856		24836		24400		17373		30274				29721		553		29721		553				51275		51345				24915		24413.4		501.6				25170		25532.4		-362.4				32072		32072				58766		58766				58766		58437		329				58766		4945		48876				45456		10444		55900				38198		11802				37428		12572				13484						13436								1581		1581		1581				4164		4164		4554		4554								4436		2757

		50573		2926		24814		24156		17368		29739				30086.6		-347.6		29846		-107				50573		51067				24442		24468.2		-26.2				25781		25573.6		207.4				31658		31658				58996		58996				58996		58577.2		418.8				58996		5017		48962				45559		10427		55986				38190		11810				37495		12505				12897						12690								2000		2000		2000				4891		4891		4636		4636								2393		3765

		50753		3190		25491		25294		16008		29679				30086.6		-407.6		29943		-264				50753						23667		24245.4		-578.4				25107		25511		-404				31738		31738				58317		58317				58317		58605.2		-288.2				58317		5101		48115				45358		10401		55759				38188		11812				37590		12410				13012						12952								1439		1439		1439				4267		4267		4190		4190								2650		3996

		51206		3085		26448		24197		17593		29932				30086.6		-154.6		29866.4		65.6				51206		49335				24550		24312.4		237.6				25734		25533.2		200.8				32219		32219				59043		59043				59043		58699.8		343.2				59043		5135		48773				45387		10389		55776				38251		11749				34973		15027				12995						12879								1837		1837		1837				6172		6172		4784		4784								2741		2389

		49627		3566		24216		24550		17260		30425				30086.6		338.4		30009.8		415.2				49627		51382				24573		24429.4		143.6				26240		25606.4		633.6				32294		32294				57111		57111				57111		58446.6		-1335.6				57111		5196		46719				43496		10385		53881				38257		11743				37651		12349				13318						13214								1440		1440		1440				4445		4445		4521		4521								2529		3061

		50739		3198		23965		24295		17631		30658				30086.6		571.4		30086.6		571.4				50739		50664				23753		24197		-444				25556		25683.6		-127.6				32202		32202				59633		59633				59633		58620		1013				59633		5269		49095				45655		10349		56004				38263		11737				37647		12353				13270						12831								2005		2005		2005				6331		6331		4697		4697								2317		2500

		50532		2969		24370		24901		17792		29833				30455.2		-622.2		30105.4		-272.4				50532		51568				24329		24174.4		154.6				25986		25724.6		261.4				32144		32144				59115		59115				59115		58643.8		471.2				59115		5331		48453				45959		10364		56323				38230		11770				37776		12224				13176						13432								1917		1917		1917				4488		4488		4167		4167								2783		2414

		50756		2824		25192		24622		17854		30611				30455.2		155.8		30291.8		319.2				50756		50853				24448		24330.6		117.4				25723		25847.8		-124.8				30365		30365				59273		59273				59273		58835		438				59273		5377		48519				44508		10354		54862				38231		11769				37769		12231				13030						12722								3387		3387		3387				4734		4734		4439		4439								2401		2725

		50978		2919		24763		24161		18399		30932				30455.2		476.8		30491.8		440.2				50978		50277				24232		24267		-35				26246		25950.2		295.8				32862		32862				59359		59359				59359		58898.2		460.8				59359		5420		48519				47049		10342		57391				38259		11741				37543		12457				12838						13556								2157		2157		2157				4930		4930		5408		5408								2518		4049

		51260		3746		25480		24875		17760		30491				30455.2		35.8		30505		-14				51260		51125				24609		24274.2		334.8				26915		26085.2		829.8				33009		33009				60022		60022				60022		59480.4		541.6				60022		5520		48982				46792		10326		57118				38228		11772				37808		12192				13257						13080								2167		2167		2167				5255		5255		4988		4988								4655		2503

		51324		3426		26300		22872		17697		30409				30455.2		-46.2		30455.2		-46.2				51324		51758				24996		24522.8		473.2				25961		26166.2		-205.2				32453		32453				60235		60235				60235		59600.8		634.2				60235		5588		49059				45995		10321		56316				38256		11744										13269						13502								1584		1584		1584				4542		4542		4446		4446								2400		2429

		51244		3596		25005		22851		17210		30309				30315		-6		30550.4		-241.4				51244		51631				22853		24227.6		-1374.6				26039		26176.8		-137.8				32722		32722				59915		59915				59915		59760.8		154.2				59915		5640		48635				46391		10323		56714				38304		11696										12831						12705								2305		2305		2305				6092		6092		5016		5016								2681		3168

		51459		3130		26239		25185		17532		29921				30315		-394		30412.4		-491.4				51459		51107				24399		24217.8		181.2				26622		26356.6		265.4				32452		32452				59953		59953				59953		59896.8		56.2				59953		5684		48585				46599		10293		56892				38350		11650										13039						14456								1755		1755		1755				4229		4229		4621		4621								2762		2985

		51397		4396		24849		24447		15569		30554				30315		239		30336.8		217.2				51397		51235				24647		24300.8		346.2				26135		26334.4		-199.4				33528		33528				60288		60288				60288		60082.6		205.4				60288		5738		48812				46737		10312		57049				38304		11696										12780						13000								3535		3535		3535				6654		6654		4390		4390								2429		3656

		51651		3600		24728		25030		17588		30454				30315		139		30329.4		124.6				51651		51094				24381		24255.2		125.8				27086		26368.6		717.4				33311		33311				59307		59307				59307		59939.6		-632.6				59307		5800		47707				46500		10255		56755				38350		11650										13372						13390								1436		1436		1436				4242		4242		4207		4207								2250		2477

		50942		3370		26193		24779		17091		30337				30315		22		30315		22				50942		51082				24895		24235		660				26599		26496.2		102.8				33293		33293				60080		60080				60080		59908.6		171.4				60080		5821		48438				47011		10293		57304				38300		11700										13238						13346								1794		1794		1794				6356		6356		4379		4379								2199		2564

		50720		3528		26004		24839		17997		30222				30294		-72		30297.6		-75.6				50720		57670				25054		24675.2		378.8				27249		26738.2		510.8				43514						60555		60555				60555		60036.6		518.4				60555		5875		48805				46373		10264		56637				38408		11592										13060						13579								2313		2313		2313				4419		4419		4792		4792								2796		4723

		51771		4069		25536		25062		18382		30554				30294		260		30424.2		129.8				51771		50554				25484		24892.2		591.8				27141		26842		299				31618		31618				60469		60469				60469		60139.8		329.2				60469		5919		48631				46236		10243		56479				38364		11636										12723						12715								2388		2388		2388				6727		6727		4722		4722								2653		3239

		51083		2946		28611		24605		18339		30620				30294		326		30437.4		182.6				51083		51674				25487		25060.2		426.8				26092		26833.4		-741.4				33045		33045				61342		61342				61342		60350.6		991.4				61342		5975		49392				47177		10226		57403				38346		11654										12715						13352								1751		1751		1751				4152		4152		4593		4593								2488		2570

		60796		3228		25447		23942		17771		30138				30294		-156		30374.2		-236.2						51911				25114		25206.8		-92.8				26789		26774		15				33281		33281				60774		60774				60774		60644		130				60774		6015		48744				47170		10217		57387				38408		11592										12707						13140								1785		1785		1785				8011				4444		4444								2351		2494

		51482		3349		26646		25209		17668		29936				30294		-358		30294		-358				51482		51993				25656		25359		297				27214		26897		317				43229						60312		60312				60312		60690.4		-378.4				60312		6061		48190				47138		10181		57319				38414		11586										12697						13156								1381		1381		1381				4593		4593		9574		9574								2322		2406

		51254		3027		25511		25262		17860		30739				30724		15		30397.4		341.6				51254		50710				25113		25370.8		-257.8				26764		26800		-36				30540		30540				61321		61321				61321		60843.6		477.4				61321		6096		49129				47233		10184		57417				38426		11574										12914						12982								1809		1809		1809				5229		5229		4413		4413								2490		4066

		50763		3344		25201		23378		17876		30140				30724		-584		30314.6		-174.6				50763		50812				25206		25315.2		-109.2				26858		26743.4		114.6				33100		33100				60264		60264				60264		60802.6		-538.6				60264		6167		47930				46765		10161		56926				38439		11561										12658						15137								2174		2174		2174				4445		4445		5776		5776								2312		3383

		51292		3132		24199		25623		16534		31356				30724		632		30461.8		894.2				51292		51393				25900		25397.8		502.2				27153		26955.6		197.4				32887		32887				60770		60770				60770		60688.2		81.8				60770		6203		48364				46803		10165		56968				38443		11557										12848						12959								2388		2388		2388				5132		5132		5077		5077								2289		3429

		51748		3099		26799		25300		18306		30671				30724		-53		30568.4		102.6				51748		52417				25373		25449.6		-76.6				27162		27030.2		131.8				23973		23973				61071		61071				61071		60747.6		323.4				61071		6265		48541				47023		10149		57172				38464		11536										12776						13139								1875		1875		1875				4082		4082		6225		6225								2244		2717

		51711		2930		26325		24836		18488		30714				30724		-10		30724		-10				51711		52165				25161		25350.6		-189.6				26448		26877		-429				23374		23374				60789		60789				60789		60843		-54				60789		6309		48171				47338		10134		57472				38468		11532										12742						13189								2209		2209		2209				5452		5452		4766		4766								2548		2468

		50571		2776		25705		25013		18572		30652				30583.6		68.4		30706.6		-54.6				50571		51074				25803		25488.6		314.4				28037		27131.6		905.4				24031		24031				60984		60984				60984		60775.6		208.4				60984		6394		48196				47094		10129		57223				38468		11532										12691						13005								1948		1948		1948				4287		4287		4631		4631								2316		2675

		59547		3174		26582		25069		17731		30457				30583.6		-126.6		30770		-313						50389				25238		25495		-257				26868		27133.6		-265.6				50900						61228		61228				61228		60968.4		259.6				61228		6411		48406				47256		10104		57360				38489		11511										12702						13220								1764		1764		1764				4833		4833		4875		4875								2292		2424

		51500		3873		26962		24991		18081		31201				30583.6		617.4		30739		462				51500		51229				26379		25590.8		788.2				26978		27098.6		-120.6				33784		33784				62110		62110				62110		61236.4		873.6				62110		6475		49160				47427		10094		57521				38501		11499										12698						13207								1828		1828		1828				4136		4136		8468		8468								2769		2387

		51652		3098		26726		24766		17879		30191				30583.6		-392.6		30643		-452				51652		51089				23055		25127.2		-2072.2				27406		27147.4		258.6				33323		33323				62136		62136				62136		61449.4		686.6				62136		6484		49168				47737		10078		57815				38538		11462										12863						12773								2183		2183		2183				5041		5041		4372		4372								2679		2368

		51206		1750		25812		25055		18235		30417				30583.6		-166.6		30583.6		-166.6				51206		52231				25810		25257		553				28074		27472.6		601.4				33740		33740				61204		61204				61204		61532.4		-328.4				61204		6544		48116				47687		10061		57748				38585		11415										12880						13689								2477		2477		2477				4242		4242		4509		4509								2432		2883

		51552		3176		26663		25481		18706		30721				30699		22		30597.4		123.6				51552		51634				25231		25142.6		88.4				27716		27408.4		307.6				33481		33481				61497		61497				61497		61635		-138				61497		6590		48317				47373		10052		57425				38538		11462										13093						12689								2269		2269		2269				6418		6418		5720		5720								2939		2543

		51928		3020		27011		24895		18671		30167				30699		-532		30539.4		-372.4				51928		51238				25683		25231.6		451.4				27972		27629.2		342.8				32797		32797				62201		62201				62201		61829.6		371.4				62201		6648		48905				47926		10044		57970				38564		11436										13372						14665								1434		1434		1434				4188		4188		4892		4892								2205		2791

		50891		3621		25461		24631		18422		31033				30699		334		30505.8		527.2				50891		50667				25064		24968.6		95.4				28182		27870		312				24468		24468				61459		61459				61459		61699.4		-240.4				61459		6702		48055				47672		10028		57700				38551		11449										13228						13466								1706		1706		1706				5318		5318		4444		4444								2297		2465

		51445		3265		27237		25246		18624		31267				30699		568		30721		546				51445		52348				26069		25571.4		497.6				28249		28038.6		210.4				24655		24655				62660		62660				62660		61804.2		855.8				62660		6742		49176				48155		10019		58174				38592		11408										13100						15057								3655		3655		3655				4411		4411		4711		4711								2324		3268

		52217		3145		27204		25167		17706		30307				30699		-392		30699		-392				52217		52316				25787		25566.8		220.2				28344		28092.6		251.4				32108		32108				61906		61906				61906		61944.6		-38.6				61906		6772		48362				48113		9988		58101				38612		11388										12991						13026								2039		2039		2039				4778		4778		4639		4639								2271		3837

		51703		2850		27408		25438		18421		30920				30954.4		-34.4		30738.8		181.2				51703		52305				25456		25611.8		-155.8				28536		28256.6		279.4				24322		24322				61964		61964				61964		62038		-74				61964		6799		48366				48310		9960		58270				38581		11419										12865						13592								1634		1634		1634				4354		4354		4606		4606								2719		3249

		51221		2805		26180		25000		18371		30853				30954.4		-101.4		30876		-23				51221		52532				25710		25617.2		92.8				28715		28405.2		309.8				24414		24414				61105		61105				61105		61818.8		-713.8				61105		6854		47397				48126		9971		58097				38643		11357										12798						12733								1908		1908		1908				6429		6429		5097		5097								2813		2368

		51690		2882		27024		25438		16620		30702				30954.4		-252.4		30809.8		-107.8				51690						26240		25852.4		387.6				28486		28466		20				24667		24667				61830		61830				61830		61893		-63				61830		6904		48022				48440		9941		58381				38634		11366										13180						13333								1997		1997		1997				4182		4182		4350		4350								2608		2807

		51709		2990		27018		25040		17426		31005				30954.4		50.6		30757.4		247.6				51709		52094				22603		25159.2		-2556.2				27716		28359.4		-643.4				44440						62451		62451				62451		61851.2		599.8				62451		6962		48527				48695		9919		58614				38650		11350										12759						13590								4217		4217		4217				6021		6021		4943		4943								2308		3514

		51750		4224		26998		25327		18469		31292				30954.4		337.6		30954.4		337.6				51750		52953				26124		25226.6		897.4				29074		28505.4		568.6				24876		24876				62069		62069				62069		61883.8		185.2				62069		7030		48009				49309		9938		59247				38650		11350										13323						13425								1453		1453		1453				4071		4071		4287		4287								2681		2944

		51937		3119		25866		25382		19213		31084				30947.8		136.2		30987.2		96.8				51937		52948				26330		25401.4		928.6				29136		28625.4		510.6				24378		24378				62395		62395				62395		61970		425				62395		7082		48231				49113		9910		59023				38658		11342										12814						13019								24929								9144				5296		5296								2524		2794

		51560		3093		26719		24974		18377		31139				30947.8		191.2		31044.4		94.6				51560		51902				25698		25399		299				28830		28648.4		181.6				24742		24742				62143		62143				62143		62177.6		-34.6				62143		7165		47813				48894		9896		58790				38717		11283										13350						13213								1813		1813		1813				4305		4305		4255		4255								2670		3385

		51985		3331		26881		25430		18500		30952				30947.8		4.2		31094.4		-142.4				51985		52103				25978		25346.6		631.4				28824		28716		108				25516		25516				62814		62814				62814		62374.4		439.6				62814		7215		48384				48265		9901		58166				38674		11326										13171						12858								2783		2783		2783				4876		4876		5069		5069								2304		2701

		50797		3616		26932		25551		18458		30756				30947.8		-191.8		31044.6		-288.6				50797		51910				26940		26214		726				28518		28876.4		-358.4				25557		25557				63109		63109				63109		62506		603				63109		7252		48605				48619		9874		58493				38713		11287										12827						13693								1409		1409		1409				4376		4376		6231		6231								2604		2608

		52058		2936		27053		25732		18325		30808				30947.8		-139.8		30947.8		-139.8				52058		53112				24872		25963.6		-1091.6				28959		28853.4		105.6				25734		25734				63377		63377				63377		62767.6		609.4				63377		7296		48785				49308		9874		59182				38709		11291										12947						13149								2252		2252		2252				5153		5153		4693		4693								2447		3595

		52351		3398		26807		24795		18196		31134				30933.2		200.8		30957.8		176.2				52351		52548				25348		25767.2		-419.2				28518		28729.8		-211.8				25519		25519				63041		63041				63041		62896.8		144.2				63041		7381		48279				49016		9863		58879				38661		11339										13032						13476								1388		1388		1388				4092		4092		4723		4723								2289		2404

		52260		3423		27739		25882		17950		30985				30933.2		51.8		30927		58				52260		52188				26643		25956.2		686.8				28805		28724.8		80.2				24500		24500				62677		62677				62677		63003.6		-326.6				62677		7439		47799				49150		9858		59008				38736		11264										13346						13399								3157		3157		3157				7051				4554		4554								2623		2331

		52842		3010		25952		25899		20788		30553				30933.2		-380.2		30847.2		-294.2				52842		52251				25777		25916		-139				28503		28660.6		-157.6				25967		25967				62879		62879				62879		63016.6		-137.6				62879		7500		47879				48397		9839		58236				38686		11314										12845						12982								1867		1867		1867				4121		4121		4787		4787								2750		2451

		52592		3260		27415		25834		18627		31192				30933.2		258.8		30934.4		257.6				52592		52879				26546		25837.2		708.8				28938		28744.6		193.4				25101		25101				63783		63783				63783		63151.4		631.6				63783		7539		48705				49408		9846		59254				38754		11246										13265						12863								1741		1741		1741				5349		5349		6475		6475								2654		2950

		52499		3405		27414		24472		19292		30802				30933.2		-131.2		30933.2		-131.2				52499		52201				26023		26067.4		-44.4				28799		28712.6		86.4				24384		24384				62676		62676				62676		63011.2		-335.2				62676		7576		47524				49321		9823		59144				38761		11239										12817						14160								1678		1678		1678				6169		6169		7605		7605								2311		2865

		61210		3023		27294		25487		18566		31297				31307		-10		30965.8		331.2						51534				27041		26406		635				28946		28798.2		147.8				25911		25911				62982		62982				62982		62999.4		-17.4				62982		7634		47714				49460		9815		59275				38807		11193										13059						13271								2742		2742		2742				8796				4631		4631								2433		2680

		52844		3614		26743		24919		19125		31447				31307		140		31058.2		388.8				52844		53060				26411		26359.6		51.4				29093		28855.8		237.2				25562		25562				62991		62991				62991		63062.2		-71.2				62991		7714		47563				49683		9820		59503				38805		11195										13379						13284								1682		1682		1682				4100		4100		5504		5504								2354		4855

		52236		2738		27242		25582		18542		31283				31307		-24		31204.2		78.8				52236		52806				26942		26592.6		349.4				29175		28990.2		184.8				25586		25586				53355				53355																		47198		9785		56983				38827		11173										13216						12779								2024		2024		2024				4746		4746		4504		4504								2340		2836

		50767		3604		27508		25850		19511		31255				31307		-52		31216.8		38.2				50767		53299				26942		26671.8		270.2				28737		28950		-213				24834		24834				53613				53613																		48732		9733		58465				38852		11148										13002						13065								1833		1833		1833				4195		4195		6518		6518								2496		4513

		51505		4074		27926		25856		18915		31253				31307		-54		31307		-54				51505		52935				26752		26817.6		-65.6				28818		28953.8		-135.8				25787		25787				53993				53993																		50248		9723		59971				38863		11137										12889						13151								3488		3488		3488				4940		4940		4875		4875								2518		3295

		50685		2910		27288		25299		21514		33409				31759.2		1649.8		31729.4		1679.6				50685		53239				26911		26791.6		119.4				29709		29106.4		602.6				45956						54235				54235																		49748		9719		59467				38848		11152										12866						13795								2121		2121		2121				4249		4249		5046		5046								2755		2612

		52843		3209		27387		25370		18994		31293				31759.2		-466.2		31698.6		-405.6				52843		53000				26139		26737.2		-598.2				29959		29279.6		679.4				25349		25349				53600				53600																		49873		9676		59549				38920		11080										13040						12753								2468		2468		2468				6608		6608		4514		4514								2631		3926

		52940		3029		27097		25704		19002		31501				31759.2		-258.2		31742.2		-241.2				52940		52409				26949		26738.6		210.4				29773		29399.2		373.8				35249		35249				54259				54259																		49787		9664		59451				38922		11078										13048						12926								1367		1367		1367				3976		3976		1679188										2976		4602

		52779		3474		26820		25503		18954		31257				31759.2		-502.2		31742.6		-485.6				52779		52864				26678		26685.8		-7.8				29839		29619.6		219.4				26265		26265				54806				54806																		49662		9638		59300				38950		11050										12891						16140								2315		2315		2315				4806		4806		4564		4564								2363		2887

		52741		2964		27722		25653		18636		31336				31759.2		-423.2		31759.2		-423.2				52741		53316				27106		26756.6		349.4				29787		29813.4		-26.4				36595		36595				53364				53364																		49590		9636		59226				38967		11033										13047						13465								1409		1409		1409				4332		4332		5454		5454								2474		2630

		52687		2747		28137		25984		19573		30898				31075.8		-177.8		31257		-359				52687		52797				27179		26810.2		368.8				30288		29929.2		358.8				26633		26633				54390				54390																		49772		9612		59384				39021		10979										13240						12668								1582		1582		1582				5311		5311		4444		4444								2374		2735

		52770		2772		27149		25682		19259		30169				31075.8		-906.8		31032.2		-863.2				52770		53095				27100		27002.4		97.6				30388		30015		373				26179		26179				54687				54687																		50453		9591		60044				39002		10998										13392						12957								2186		2186		2186				3962		3962		4353		4353								2277		3141

		52996		2768		27540		26224		19506		31778				31075.8		702.2		31087.6		690.4				52996		52415				27236		27059.8		176.2				29952		30050.8		-98.8				25615		25615				54605				54605																		50250		9547		59797				39026		10974										13512						13284								1758		1758		1758				4742		4742		4814		4814								2336		4915

		51624		3528		25405		25919		19240		31362				31075.8		286.2		31108.6		253.4				51624		53528				26958		27115.8		-157.8				30109		30104.8		4.2				26601		26601				54707				54707																		50284		9530		59814				39055		10945										13463						13079								2147		2147		2147				4178		4178		4163		4163								2354		2745

		53007		3297		27872		26023		18760		31172				31075.8		96.2		31075.8		96.2				53007		53322				27039		27102.4		-63.4				30031		30153.6		-122.6				26155		26155				55258				55258																		50540		9530		60070				39047		10953										13007						13047								1969		1969		1969				8919				4339		4339								2642		2624

		53177		2992		27353		26466		19307		31534				31664.6		-130.6		31203		331				53177		52539				27210		27108.6		101.4				30835		30263		572				25668		25668				55058				55058																		50882		9511		60393				39051		10949										12902						13250								1457		1457		1457								6738		6738								2543		2837

		53210		3360		27034		26520		19189		31801				31664.6		136.4		31529.4		271.6				53210						27601		27208.8		392.2				30481		30281.6		199.4				26247		26247				63609		63609																				50305		9485		59790				39093		10907										12915						12908								2047		2047		2047				1146.3214775288		773.6009702395		4752		4752								2506		2429

		52712		2913		27730		24737		18848		31781				31664.6		116.4		31530		251				52712		53530				26972		27156		-184				29503		30191.8		-688.8				26487		26487				55033				55033																		50289		9471		59760				39118		10882										12876						13477								1425		1425		1425								4838		4838								2147		2640

		52609		3279		27313		26555		19430		31412				31664.6		-252.6		31540		-128				52609		53598				27231		27210.6		20.4				30724		30314.8		409.2				36613		36613				55825				55825																		50488		9480		59968				39176		10824										12957						12904				13017				2002		2002		2002				5106.7125		4888.2133333333		4610		4610								2624		2514

		52043		2976		27745		26248		19245		31795				31664.6		130.4		31664.6		130.4				52043		53043				27961		27395		566				30335		30375.6		-40.6				26062		26062				55378				55378																		50747		9464		60211				39138		10862										13094						13573				13442				2176		2176		2176				3962		3962		4672		4672								2143		3730

		53216		2908		27166		25898		19118		32198				31855.4		342.6		31797.4		400.6				53216		53175				28083		27569.6		513.4				30412		30291		121				26636		26636				54930				54930																		51235		9447		60682				39154		10846										13150						13202				13384				2312		2312		2312				9144		6727		4883		4883								2520		2508

		52755		3072		28038		27037		19638		31772				31855.4		-83.4		31791.6		-19.6				52755		54034				27796		27608.6		187.4				30715		30337.8		377.2				25812		25812				56248				56248																		50751		9419		60170				39225		10775										13181						13340				12967				1425		1425		1425				5182		2765		5213		5213								2326		2434

		53115		3086		27403		26774		19026		31908				31855.4		52.6		31817		91				53115		53643				28115		27837.2		277.8				28808		30198.8		-1390.8				37137		37137				55502				55502																		51015		9410		60425				39264		10736										13447						13026				13415				2886		2886		2886								4804		4804								2699		2578

		53012		3255		26605		26824		19231		31470				31855.4		-385.4		31828.6		-358.6				53012		52983				27976		27986.2		-10.2				30578		30169.6		408.4				36504		36504				56074				56074																		49744		9383		59127				39180		10820										12826						13039				13183				1641		1641		1641								5558		5558								2254		2643

		52595		2979		27904		26700		20179		31929				31855.4		73.6		31855.4		73.6				52595		55700				27320		27858		-538				30957		30294		663				27379		27379				55475				55475																		50160		9348		59508				39253		10747										13039						13570				13080				2180		2180		2180								5022		5022								2822		2638

		52371		3605		27957		25349		20059		31624				31289.4		334.6		31740.6		-116.6				52371		53314				28041		27849.6		191.4				30869		30385.4		483.6				27191		27191				55062				55062																		51228		9357		60585				39307		10693										13086						12616				13123				1615		1615		1615								4807		4807								2750		2497

		53874		3720		27726		26036		19309		29514				31289.4		-1775.4		31289		-1775				53874		53502				27848		27860		-12				30708		30384		324				27334		27334				55945				55945																		51045		9332		60377				39293		10707										13389						13074				13470				2145		2145		2145								4528		4528								2257		3430

		53323		3855		28038		26662		19752		31315				31289.4		25.6		31170.4		144.6				53323		53432				27914		27819.8		94.2				31303		30883		420				28613		28613				56005				56005																		51777		9331		61108				39339		10661										13015						13520				12856				1364		1364		1364								4096		4096								2117		2779
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Spread of measurements using ntpdate nonswitching
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Spread of measurements using kernel udelay function
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Spread of Measurements, swithing ap's, newest
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		8363.12		8363.12

		8449.84		8449.84

		8536.56		8536.56

		8623.28		8623.28

		8710		8710

		8796.72		8796.72

		8883.44		8883.44

		8970.16		8970.16

		9056.88		9056.88

		9143.6		9143.6

		9230.32		9230.32

		9317.04		9317.04

		9403.76		9403.76

		9490.48		9490.48

		9577.2		9577.2

		9663.92		9663.92

		9750.64		9750.64

		9837.36		9837.36

		9924.08		9924.08

		10010.8		10010.8

		10097.52		10097.52

		10184.24		10184.24

		10270.96		10270.96

		10357.68		10357.68

		10444.4		10444.4

		10531.12		10531.12

		10617.84		10617.84

		10704.56		10704.56

		10791.28		10791.28

		10878		10878
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Spread of measurements of ntpdate and ntpq
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Sheet2

		Ntpdate (from devhap2)										With kernel udelay										Switching between AP's										nieuwste										With kernel udelay												nonswitching		ntpq		ntpq filtered		ntpdate				same, but now for graphics

		nonswitching		interval								13004		0		12658		1				14744		0		12616		1				7174		0		4078		1				13004		0		12658		1								2450		2450		2364				2450		0		2206		1		2364		0		2206		0

		2497		0		2117		1				13514		0.01		12666.56		0				12914		0.01		12655.24		0				4176		0.01		4132.96		2				13514		0.0454545455		12696.9090909091		1								2384		2384		2418				2384		0.01		2292.72		8		2418		0.01		2292.72		6

		2359		0.01		2142.38		0				13239		0.02		12675.12		0				13209		0.02		12694.48		3				4894		0.02		4187.92		4				13239		0.0909090909		12735.8181818182		6								2357		2357		2576				2357		0.02		2379.44		10		2576		0.02		2379.44		16

		2397		0.02		2167.76		2				13298		0.03		12683.68		0				12806		0.03		12733.72		4				4590		0.03		4242.88		2				13298		0.1363636364		12774.7272727273		2								2831		2831		2362				2831		0.03		2466.16		16		2362		0.03		2466.16		12

		2379		0.03		2193.14		0				13414		0.04		12692.24		1				13597		0.04		12772.96		1				4741		0.04		4297.84		3				13414		0.1818181818		12813.6363636364		3								3098		3098		2909				3098		0.04		2552.88		14		2909		0.04		2552.88		6

		2299		0.04		2218.52		2				13347		0.05		12700.8		2				12958		0.05		12812.2		4				4529		0.05		4352.8		3				13347		0.2272727273		12852.5454545455		8								2806		2806		2281				2806		0.05		2639.6		14		2281		0.05		2639.6		14

		2808		0.05		2243.9		1				13237		0.06		12709.36		2				12940		0.06		12851.44		1				4590		0.06		4407.76		4				13237		0.2727272727		12891.4545454545		7								2284		2284		2331				2284		0.06		2726.32		6		2331		0.06		2726.32		15

		2242		0.06		2269.28		4				13405		0.07		12717.92		1				13022		0.07		12890.68		3				4532		0.07		4462.72		6				13405		0.3181818182		12930.3636363636		7								2632		2632		2867				2632		0.07		2813.04		17		2867		0.07		2813.04		9

		2409		0.07		2294.66		5				13353		0.08		12726.48		1				13004		0.08		12929.92		5				5102		0.08		4517.68		3				13353		0.3636363636		12969.2727272727		2								2556		2556		2626				2556		0.08		2899.76		5		2626		0.08		2899.76		13

		2890		0.08		2320.04		8				13472		0.09		12735.04		0				13147		0.09		12969.16		6				4967		0.09		4572.64		8				13472		0.4090909091		13008.1818181818		6								2206		2206		2585				2206		0.09		2986.48		4		2585		0.09		2986.48		6

		2840		0.09		2345.42		5				12918		0.1		12743.6		1				14129		0.1		13008.4		5				5019		0.1		4627.6		9				12918		0.4545454545		13047.0909090909		9								2765		2765		2734				2765		0.1		3073.2		1		2734		0.1		3073.2		1

		2829		0.1		2370.8		5				13007		0.11		12752.16		0				12902		0.11		13047.64		6				4174		0.11		4682.56		6				13007		0.5		13086		4								2834		2834		2924				2834		0.11		3159.92		3		2924		0.11		3159.92		0

		2702		0.11		2396.18		3				13047		0.12		12760.72		1				15223		0.12		13086.88		4				4821		0.12		4737.52		7				13047		0.5454545455		13124.9090909091		4								2795		2795		2419				2795		0.12		3246.64		0		2419		0.12		3246.64		1

		2497		0.12		2421.56		4				12924		0.13		12769.28		0				13165		0.13		13126.12		0				4554		0.13		4792.48		6				12924		0.5909090909		13163.8181818182		1								5067		5067		2839				5067		0.13		3333.36		0		2839		0.13		3333.36		0

		2876		0.13		2446.94		3				13484		0.14		12777.84		1				13436		0.14		13165.36		8				4636		0.14		4847.44		5				13484		0.6363636364		13202.7272727273		6								2736		2736		2586				2736		0.14		3420.08		0		2586		0.14		3420.08		0

		4436		0.14		2472.32		1				12897		0.15		12786.4		1				12690		0.15		13204.6		2				4190		0.15		4902.4		6				12897		0.6818181818		13241.6363636364		6								2388		2388		2358				2388		0.15		3506.8		0		2358		0.15		3506.8		1

		2393		0.15		2497.7		6				13012		0.16		12794.96		0				12952		0.16		13243.84		5				4784		0.16		4957.36		2				13012		0.7272727273		13280.5454545455		4								2216		2216		2818				2216		0.16		3593.52		0		2818		0.16		3593.52		0

		2650		0.16		2523.08		4				12995		0.17		12803.52		1				12879		0.17		13283.08		2				4521		0.17		5012.32		2				12995		0.7727272727		13319.4545454545		2								2763		2763		2726				2763		0.17		3680.24		1		2726		0.17		3680.24		0

		2741		0.17		2548.46		4				13318		0.18		12812.08		0				13214		0.18		13322.32		2				4697		0.18		5067.28		4				13318		0.8181818182		13358.3636363636		6								2587		2587		2452				2587		0.18		3766.96		0		2452		0.18		3766.96		0

		2529		0.18		2573.84		0				13270		0.19		12820.64		2				12831		0.19		13361.56		4				4167		0.19		5122.24		5				13270		0.8636363636		13397.2727272727		5								2324		2324		2722				2324		0.19		3853.68		0		2722		0.19		3853.68		1

		2317		0.19		2599.22		0				13176		0.2		12829.2		2				13432		0.2		13400.8		2				4439		0.2		5177.2		0				13176		0.9090909091		13436.1818181818		2								2464		2464		2292				2464		0.2		3940.4		0		2292		0.2		3940.4		0

		2783		0.2		2624.6		4				13030		0.21		12837.76		1				12722		0.21		13440.04		5				5408		0.21		5232.16		1				13030		0.9545454545		13475.0909090909		3								2265		2265		2215				2265		0.21		4027.12		0		2215		0.21		4027.12		0

		2401		0.21		2649.98		2				12838		0.22		12846.32		2				13556		0.22		13479.28		4				4988		0.22		5287.12		0				12838		1		13514		4								2668		2668		2915				2668		0.22		4113.84		0		2915		0.22		4113.84		0

		2518		0.22		2675.36		4				13257		0.23		12854.88		1				13080		0.23		13518.52		1				4446		0.23		5342.08		3				13257														2966		2966		2594				2966		0.23		4200.56		0		2594		0.23		4200.56		0

		4655		0.23		2700.74		4				13269		0.24		12863.44		1				13502		0.24		13557.76		2				5016		0.24		5397.04		1				13269														2617		2617		2313				2617		0.24		4287.28		0		2313		0.24		4287.28		0

		2400		0.24		2726.12		2				12831		0.25		12872		2				12705		0.25		13597		6				4621		0.25		5452		1				12831														2458		2458		2818				2458		0.25		4374		0		2818		0.25		4374		0

		2681		0.25		2751.5		3				13039		0.26		12880.56		2				14456		0.26		13636.24		0				4390		0.26		5506.96		2				13039														2351		2351		2749				2351		0.26		4460.72		0		2749		0.26		4460.72		0

		2762		0.26		2776.88		3				12780		0.27		12889.12		1				13000		0.27		13675.48		0				4207		0.27		5561.92		1				12780														2596		2596		2454				2596		0.27		4547.44		0		2454		0.27		4547.44		1

		2429		0.27		2802.26		2				13372		0.28		12897.68		2				13390		0.28		13714.72		2				4379		0.28		5616.88		0				13372														2776		2776		2713				2776		0.28		4634.16		0		2713		0.28		4634.16		0

		2250		0.28		2827.64		3				13238		0.29		12906.24		1				13346		0.29		13753.96		0				4792		0.29		5671.84		0				13238														2803		2803		2693				2803		0.29		4720.88		0		2693		0.29		4720.88		0

		2199		0.29		2853.02		2				13060		0.3		12914.8		1				13579		0.3		13793.2		0				4722		0.3		5726.8		1				13060														2758		2758		2758				2758		0.3		4807.6		0		2758		0.3		4807.6		0

		2796		0.3		2878.4		1				12723		0.31		12923.36		2				12715		0.31		13832.44		1				4593		0.31		5781.76		1				12723														2220		2220		2382				2220		0.31		4894.32		0		2382		0.31		4894.32		0

		2653		0.31		2903.78		1				12715		0.32		12931.92		2				13352		0.32		13871.68		0				4444		0.32		5836.72		0				12715														2801		2801		2496				2801		0.32		4981.04		0		2496		0.32		4981.04		0

		2488		0.32		2929.16		0				12707		0.33		12940.48		0				13140		0.33		13910.92		0				9574		0.33		5891.68		0				12707														2705		2705		2535				2705		0.33		5067.76		1		2535		0.33		5067.76		0

		2351		0.33		2954.54		1				12697		0.34		12949.04		1				13156		0.34		13950.16		0				4413		0.34		5946.64		0				12697														2524		2524		2999				2524		0.34		5154.48		0		2999		0.34		5154.48		0

		2322		0.34		2979.92		1				12914		0.35		12957.6		1				12982		0.35		13989.4		0				5776		0.35		6001.6		0				12914														2540		2540		2391				2540		0.35		5241.2		0		2391		0.35		5241.2		0

		2490		0.35		3005.3		0				12658		0.36		12966.16		0				15137		0.36		14028.64		0				5077		0.36		6056.56		0				12658														2399		2399		2571				2399		0.36		5327.92		0		2571		0.36		5327.92		0

		2312		0.36		3030.68		0				12848		0.37		12974.72		0				12959		0.37		14067.88		0				6225		0.37		6111.52		0				12848														3112		3112		2297				3112		0.37		5414.64		0		2297		0.37		5414.64		0

		2289		0.37		3056.06		0				12776		0.38		12983.28		0				13139		0.38		14107.12		0				4766		0.38		6166.48		1				12776														2636		2636		2665				2636		0.38		5501.36		0		2665		0.38		5501.36		0

		2244		0.38		3081.44		0				12742		0.39		12991.84		1				13189		0.39		14146.36		1				4631		0.39		6221.44		0				12742														2670		2670		2335				2670		0.39		5588.08		0		2335		0.39		5588.08		0

		2548		0.39		3106.82		0				12691		0.4		13000.4		1				13005		0.4		14185.6		1				4875		0.4		6276.4		3				12691														2286		2286		2858				2286		0.4		5674.8		0		2858		0.4		5674.8		0

		2316		0.4		3132.2		0				12702		0.41		13008.96		4				13220		0.41		14224.84		1				8468		0.41		6331.36		0				12702														2504		2504		2297				2504		0.41		5761.52		0		2297		0.41		5761.52		0

		2292		0.41		3157.58		0				12698		0.42		13017.52		2				13207		0.42		14264.08		0				4372		0.42		6386.32		0				12698														2264		2264		2627				2264		0.42		5848.24		0		2627		0.42		5848.24		0

		2769		0.42		3182.96		0				12863		0.43		13026.08		0				12773		0.43		14303.32		0				4509		0.43		6441.28		0				12863														2970		2970		2291				2970		0.43		5934.96		0		2291		0.43		5934.96		0

		2679		0.43		3208.34		0				12880		0.44		13034.64		2				13689		0.44		14342.56		0				5720		0.44		6496.24		1				12880														2389		2389		2676				2389		0.44		6021.68		0		2676		0.44		6021.68		0

		2432		0.44		3233.72		0				13093		0.45		13043.2		3				12689		0.45		14381.8		0				4892		0.45		6551.2		1				13093														2399		2399		2680				2399		0.45		6108.4		0		2680		0.45		6108.4		0

		2939		0.45		3259.1		0				13372		0.46		13051.76		3				14665		0.46		14421.04		0				4444		0.46		6606.16		0				13372														2331		2331		2834				2331		0.46		6195.12		0		2834		0.46		6195.12		0

		2205		0.46		3284.48		0				13228		0.47		13060.32		2				13466		0.47		14460.28		1				4711		0.47		6661.12		0				13228														2565		2565		2380				2565		0.47		6281.84		0		2380		0.47		6281.84		0

		2297		0.47		3309.86		0				13100		0.48		13068.88		0				15057		0.48		14499.52		0				4639		0.48		6716.08		0				13100														2552		2552		2830				2552		0.48		6368.56		0		2830		0.48		6368.56		0

		2324		0.48		3335.24		0				12991		0.49		13077.44		0				13026		0.49		14538.76		0				4606		0.49		6771.04		1				12991														2404		2404		3828				2404		0.49		6455.28		0		3828		0.49		6455.28		0

		2271		0.49		3360.62		0				12865		0.5		13086		1				13592		0.5		14578		0				5097		0.5		6826		0				12865														2749		2749		2830				2749		0.5		6542		0		2830		0.5		6542		0

		2719		0.5		3386		0				12798		0.51		13094.56		2				12733		0.51		14617.24		0				4350		0.51		6880.96		0				12798														2823		2823		2578				2823		0.51		6628.72		0		2578		0.51		6628.72		0

		2813		0.51		3411.38		0				13180		0.52		13103.12		1				13333		0.52		14656.48		0				4943		0.52		6935.92		0				13180														2499		2499		2673				2499		0.52		6715.44		0		2673		0.52		6715.44		0

		2608		0.52		3436.76		0				12759		0.53		13111.68		0				13590		0.53		14695.72		1				4287		0.53		6990.88		0				12759														2563		2563		2452				2563		0.53		6802.16		0		2452		0.53		6802.16		0

		2308		0.53		3462.14		0				13323		0.54		13120.24		1				13425		0.54		14734.96		0				5296		0.54		7045.84		0				13323														2818		2818		2414				2818		0.54		6888.88		0		2414		0.54		6888.88		0

		2681		0.54		3487.52		0				12814		0.55		13128.8		0				13019		0.55		14774.2		1				4255		0.55		7100.8		0				12814														2278		2278		2936				2278		0.55		6975.6		0		2936		0.55		6975.6		0

		2524		0.55		3512.9		0				13350		0.56		13137.36		0				13213		0.56		14813.44		0				5069		0.56		7155.76		0				13350														2705		2705		2783				2705		0.56		7062.32		0		2783		0.56		7062.32		0

		2670		0.56		3538.28		0				13171		0.57		13145.92		0				12858		0.57		14852.68		0				6231		0.57		7210.72		2				13171														2706		2706		2353				2706		0.57		7149.04		0		2353		0.57		7149.04		0

		2304		0.57		3563.66		0				12827		0.58		13154.48		1				13693		0.58		14891.92		0				4693		0.58		7265.68		0				12827														2517		2517		2911				2517		0.58		7235.76		0		2911		0.58		7235.76		0

		2604		0.58		3589.04		0				12947		0.59		13163.04		0				13149		0.59		14931.16		0				4723		0.59		7320.64		0				12947														2302		2302		2602				2302		0.59		7322.48		0		2602		0.59		7322.48		0

		2447		0.59		3614.42		0				13032		0.6		13171.6		1				13476		0.6		14970.4		0				4554		0.6		7375.6		0				13032														2463		2463		2671				2463		0.6		7409.2		0		2671		0.6		7409.2		0

		2289		0.6		3639.8		0				13346		0.61		13180.16		4				13399		0.61		15009.64		0				4787		0.61		7430.56		0				13346														2331		2331		2609				2331		0.61		7495.92		0		2609		0.61		7495.92		0

		2623		0.61		3665.18		0				12845		0.62		13188.72		1				12982		0.62		15048.88		0				6475		0.62		7485.52		0				12845														3605		3605		2662				3605		0.62		7582.64		0		2662		0.62		7582.64		0

		2750		0.62		3690.56		0				13265		0.63		13197.28		0				12863		0.63		15088.12		1				7605		0.63		7540.48		0				13265														2370		2370		2329				2370		0.63		7669.36		0		2329		0.63		7669.36		0

		2654		0.63		3715.94		0				12817		0.64		13205.84		0				14160		0.64		15127.36		0				4631		0.64		7595.44		0				12817														2630		2630		2504				2630		0.64		7756.08		0		2504		0.64		7756.08		0

		2311		0.64		3741.32		0				13059		0.65		13214.4		0				13271		0.65		15166.6		1				5504		0.65		7650.4		1				13059														10878				2672				10878		0.65		7842.8		0		2672		0.65		7842.8		0

		2433		0.65		3766.7		0				13379		0.66		13222.96		1				13284		0.66		15205.84		0				4504		0.66		7705.36		0				13379														2274		2274		2810				2274		0.66		7929.52		0		2810		0.66		7929.52		0

		2354		0.66		3792.08		0				13216		0.67		13231.52		1				12779		0.67		15245.08		1				6518		0.67		7760.32		0				13216														2775		2775		2355				2775		0.67		8016.24		0		2355		0.67		8016.24		0

		2340		0.67		3817.46		0				13002		0.68		13240.08		4				13065		0.68		15284.32		0				4875		0.68		7815.28		0				13002														2769		2769		2537				2769		0.68		8102.96		0		2537		0.68		8102.96		0

		2496		0.68		3842.84		0				12889		0.69		13248.64		0				13151		0.69		15323.56		0				5046		0.69		7870.24		0				12889														2364		2364		2351				2364		0.69		8189.68		0		2351		0.69		8189.68		0

		2518		0.69		3868.22		0				12866		0.7		13257.2		1				13795		0.7		15362.8		0				4514		0.7		7925.2		0				12866														2556		2556		2356				2556		0.7		8276.4		0		2356		0.7		8276.4		0

		2755		0.7		3893.6		0				13040		0.71		13265.76		1				12753		0.71		15402.04		0				4564		0.71		7980.16		0				13040														2406		2406		2649				2406		0.71		8363.12		0		2649		0.71		8363.12		0

		2631		0.71		3918.98		0				13048		0.72		13274.32		2				12926		0.72		15441.28		0				5454		0.72		8035.12		0				13048														2526		2526		2967				2526		0.72		8449.84		0		2967		0.72		8449.84		0

		2976		0.72		3944.36		0				12891		0.73		13282.88		0				16140		0.73		15480.52		0				4444		0.73		8090.08		0				12891														2346		2346		2513				2346		0.73		8536.56		0		2513		0.73		8536.56		0

		2363		0.73		3969.74		0				13047		0.74		13291.44		0				13465		0.74		15519.76		0				4353		0.74		8145.04		0				13047														2376		2376		2696				2376		0.74		8623.28		0		2696		0.74		8623.28		0

		2474		0.74		3995.12		0				13240		0.75		13300		1				12668		0.75		15559		0				4814		0.75		8200		0				13240														2528		2528		2756				2528		0.75		8710		0		2756		0.75		8710		0

		2374		0.75		4020.5		0				13392		0.76		13308.56		0				12957		0.76		15598.24		0				4163		0.76		8254.96		0				13392														2390		2390		2408				2390		0.76		8796.72		0		2408		0.76		8796.72		0

		2277		0.76		4045.88		0				13512		0.77		13317.12		0				13284		0.77		15637.48		0				4339		0.77		8309.92		0				13512														2607		2607		2630				2607		0.77		8883.44		0		2630		0.77		8883.44		0

		2336		0.77		4071.26		0				13463		0.78		13325.68		3				13079		0.78		15676.72		0				6738		0.78		8364.88		0				13463														2830		2830		4514				2830		0.78		8970.16		0		4514		0.78		8970.16		0

		2354		0.78		4096.64		0				13007		0.79		13334.24		0				13047		0.79		15715.96		0				4752		0.79		8419.84		0				13007														2943		2943		2562				2943		0.79		9056.88		0		2562		0.79		9056.88		0

		2642		0.79		4122.02		0				12902		0.8		13342.8		0				13250		0.8		15755.2		0				4838		0.8		8474.8		1				12902														2638		2638		2641				2638		0.8		9143.6		0		2641		0.8		9143.6		0

		2543		0.8		4147.4		0				12915		0.81		13351.36		3				12908		0.81		15794.44		0				4610		0.81		8529.76		0				12915														2412		2412		2374				2412		0.81		9230.32		0		2374		0.81		9230.32		0

		2506		0.81		4172.78		0				12876		0.82		13359.92		1				13477		0.82		15833.68		0				4672		0.82		8584.72		0				12876														2422		2422		2457				2422		0.82		9317.04		0		2457		0.82		9317.04		0

		2147		0.82		4198.16		0				12957		0.83		13368.48		0				12904		0.83		15872.92		0				4883		0.83		8639.68		0				12957														2538		2538		2466				2538		0.83		9403.76		0		2466		0.83		9403.76		0

		2624		0.83		4223.54		0				13094		0.84		13377.04		2				13573		0.84		15912.16		0				5213		0.84		8694.64		0				13094														2781		2781		2467				2781		0.84		9490.48		0		2467		0.84		9490.48		0

		2143		0.84		4248.92		0				13150		0.85		13385.6		1				13202		0.85		15951.4		0				4804		0.85		8749.6		0				13150														2803		2803		2751				2803		0.85		9577.2		0		2751		0.85		9577.2		0

		2520		0.85		4274.3		0				13181		0.86		13394.16		2				13340		0.86		15990.64		0				5558		0.86		8804.56		0				13181														2737		2737		2599				2737		0.86		9663.92		0		2599		0.86		9663.92		0

		2326		0.86		4299.68		0				13447		0.87		13402.72		0				13026		0.87		16029.88		0				5022		0.87		8859.52		0				13447														2684		2684		2302				2684		0.87		9750.64		0		2302		0.87		9750.64		0

		2699		0.87		4325.06		0				12826		0.88		13411.28		1				13039		0.88		16069.12		0				4807		0.88		8914.48		0				12826														2750		2750		2825				2750		0.88		9837.36		0		2825		0.88		9837.36		0

		2254		0.88		4350.44		0				13039		0.89		13419.84		1				13570		0.89		16108.36		0				4528		0.89		8969.44		0				13039														2547		2547		2839				2547		0.89		9924.08		0		2839		0.89		9924.08		0

		2822		0.89		4375.82		0				13086		0.9		13428.4		0				12616		0.9		16147.6		1				4096		0.9		9024.4		0				13086														2601		2601		2768				2601		0.9		10010.8		0		2768		0.9		10010.8		0

		2750		0.9		4401.2		0				13389		0.91		13436.96		0				13074		0.91		16186.84		0				4702		0.91		9079.36		0				13389														2501		2501		2286				2501		0.91		10097.52		0		2286		0.91		10097.52		0

		2257		0.91		4426.58		0				13015		0.92		13445.52		0				13520		0.92		16226.08		0				6121		0.92		9134.32		0				13015														2572		2572		2269				2572		0.92		10184.24		0		2269		0.92		10184.24		0

		2117		0.92		4451.96		1				12928		0.93		13454.08		1				12775		0.93		16265.32		0				4863		0.93		9189.28		0				12928														2520		2520		2839				2520		0.93		10270.96		0		2839		0.93		10270.96		0

				0.93		4477.34		0				13116		0.94		13462.64		0				13414		0.94		16304.56		0				4606		0.94		9244.24		0				13116														2468		2468		2683				2468		0.94		10357.68		0		2683		0.94		10357.68		0

		362.1535763416		0.94		4502.72		0				13324		0.95		13471.2		1				16540		0.95		16343.8		0				4653		0.95		9299.2		0				13324														2779		2779		2805				2779		0.95		10444.4		0		2805		0.95		10444.4		0

				0.95		4528.1		0				13172		0.96		13479.76		2				13130		0.96		16383.04		0				4263		0.96		9354.16		0				13172														3022		3022		2318				3022		0.96		10531.12		0		2318		0.96		10531.12		0

		2543.2365591398		0.96		4553.48		0				13476		0.97		13488.32		1				13420		0.97		16422.28		0				4614		0.97		9409.12		0				13476														3157		3157		2831				3157		0.97		10617.84		0		2831		0.97		10617.84		0

		2117		0.97		4578.86		0				13498		0.98		13496.88		0				12944		0.98		16461.52		0				4114		0.98		9464.08		0				13498														2931		2931		3488				2931		0.98		10704.56		0		3488		0.98		10704.56		0

		4655		0.98		4604.24		0				13174		0.99		13505.44		1				14195		0.99		16500.76		0				4580		0.99		9519.04		0				13174														2391		2391		2892				2391		0.99		10791.28		0		2892		0.99		10791.28		0

		2538		0.99		4629.62		0						1		13514		2						1		16540		1				6245		1		9574		1																		2480		2480		3176				2480		1		10878		1		3176		1		10878		0

				1		4655		1				235.4841812097										674.0542675482										4683										235.4841812097														2395		2395		2609				2395								2609

																																7199

																						13341.62										4552																						standard deviation		882.3		342.0		317.3

												12658										12616										5303										12658

												13514										16540										5321										13514												mean		2697		2616		2639

												856										3924										5364										856												minimum		2206		2206		2215

																																5068																						maximum		10878		5067		4514

																																4078																						range		8672		2861		2299

																																4918

																																4301

																																868.6493831414

																																4965.3873873874

																																4078
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Sheet3

		methods vs. properties		client status known		time needed						determined time		active or passive scan		possible speed (ms)

						# SIFS		# DIFS		frames						min.		max.

		Current		No		1		2		3		No		active		50		50

		High beacon rate		No		0		1		1		No		passive		6		6

		High beacon rate with small beacons		No		0		1		1		No		passive		5		5

		Directed probe request		No		0		2		2		No		active		3		10

		Directed probe request fast response		No		1		1		2		No		active		2		10

		Directed probe request fast ack		No		1		1		2		No		active		1		10

		Synchronized beacon frames		No		0		1		1		No		active		1		50

		NBA scan		Yes		1		0		1		Yes		passive		1		5

		Any frame from the AP		-		-		-		-		Yes		-		1		2
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Blad1

				bytes		time (us)*

		SIFS				10		10

		Maximal 802.11 data frame size		2304		18432		1675.6363636364

		SIFS				10		10

		ACK frame		14		112		10.1818181818

		Total				18564		1705.8181818182

		SIFS				10		10

		NBA frame		20		160		14.5454545455

		Total				170		24.5454545455

								0
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Sheet1

		Beacons		No timing		Nba sent		Silent + nba		Silent + nba, shorter timing		Another test with higher timing				Adjusted average										Beacons without 4 outliers		New				New																With NTP		With NTP filtered				Ntpdate -d																						Test with ntpdate		Offset		Diff				Final wait		Wait										With kernel udelay						Switching between AP's								Switching between AP's								17-8 ntpq				Ntpdate								Nonswitching		Ntpdate (from devhap2)		Ntpdate (from devhap)

		52747		3552		32303		24802		19042		31369				29818.4		1550.6		31369		0				52747		57715				23192		23192		0				31505		31505		0				30941		30941				58864		58864				58864		58864		0				58864		4239		50386				45020		10630		55650				37997		12003				37784		12216				13004						14744								1907		1907		1907				4827		4827		7174		7174								2497		2455

		49380		3359		25499		23475		17079		29867				29818.4		48.6		30618		-751				49380		50503				24402		23797		605				24438		27971.5		-3533.5				31108		31108				57474		57474				57474		58169		-695				57474		4251		48972				44227		10623		54850				37985		12015				37904		12096				13514						12914								2172		2172		2172				4789		4789		4176		4176								2359		2679

		50424		3693		26202		24478		16299		30211				29818.4		392.6		30482.3333333333		-271.3333333333				50424		50971				23366		23653.3333333333		-287.3333333333				24464		26802.3333333333		-2338.3333333333				30688		30688				57920		57920				57920		58086		-166				57920		4281		49358				44509		10600		55109				37737		12263				37916		12084				13239						13209								1529		1529		1529				4281		4281		4894		4894								2397		2549

		50786		2822		24537		24111		17261		28465				29818.4		-1353.4		29978		-1513				50786		51219				23897		23714.25		182.75				23635		26010.5		-2375.5				30516		30516				58203		58203				58203		58115.25		87.75				58203		4308		49587				45117		10606		55723				38014		11986				48591		1409				13298						12806								2030		2030		2030				5839		5839		4590		4590								2379		3637

		50995		3321		25358		25932		16754		29180				29818.4		-638.4		29818.4		-638.4				50995		50530				22854		23542.2		-688.2				25157		25839.8		-682.8				30270		30270				58949		58949				58949		58282		667				58949		4347		50255				45187		10585		55772				38009		11991				48577		1423				13414						13597								1658		1658		1658				4410		4410		4741		4741								2299		2875

		49712		3267		23966		23955		17363		29900				29906.2		-6.2		29524.6		375.4				49712		51098				22915		23486.8		-571.8				24855		24509.8		345.2				23618		23618				58637		58637				58637		58236.6		400.4				58637		4400		49837				44783		10585		55368				38020		11980				48671		1329				13347						12958								2201		2201		2201				4908		4908		403226										2808		2545

		50471		2855		24337		24025		16958		30116				29906.2		209.8		29574.4		541.6				50471		51120				24129		23432.2		696.8				25099		24642		457				32069		32069				58705		58705				58705		58482.8		222.2				58705		4446		49813				45590		10562		56152				38031		11969				48492		1508				13237						12940								1472		1472		1472				4123		4123		4529		4529								2242		3854

		49391		2858		25610		23840		16570		29489				29906.2		-417.2		29430		59				49391		50762				24116		23582.2		533.8				24860		24721.2		138.8				31790		31790				58027		58027				58027		58504.2		-477.2				58027		4544		48939				45330		10562		55892				38044		11956				48618		1382				13405						13022								1837		1837		1837				4921		4921		4590		4590								2409		3436

		49998		2935		24603		24488		16904		30380				29906.2		473.8		29813		567				49998		51253				24042		23611.2		430.8				23542		24702.6		-1160.6				30996		30996				57929		57929				57929		58449.4		-520.4				57929		4549		48831				45280		10543		55823				38089		11911				48577		1423				13353						13004								1559		1559		1559				4499		4499		4532		4532								2890		2616

		59363		2821		25975		24235		16386		29646				29906.2		-260.2		29906.2		-260.2										24196		23879.6		316.4				25596		24790.4		805.6				31867		31867				58184		58184				58184		58296.4		-112.4				58184		4603		48978				44908		10526		55434				38116		11884				48300		1700				13472						13147								1696		1696		1696				5007		5007		5102		5102								2840		3327

		50491		3184		25464		23737		17576		29114				29721		-607		29749		-635				50491		50446				24168		24130.2		37.8				25575		24934.4		640.6				31040		31040				58295		58295				58295		58228		67				58295		4668		48959				51419		10491		61910				38097		11903				48583		1417				12918						14129								1561		1561		1561				5765		5765		4967		4967								2829		2653

		50445		3021		25384		24029		16813		29194				29721		-527		29564.6		-370.6				50445		51911				24781		24260.6		520.4				25420		24998.6		421.4				32120		32120				58177		58177				58177		58122.4		54.6				58177		4717		48743				46004		10481		56485				38102		11898				48558		1442				13007						12902								2178		2178		2178				6449		6449		5019		5019								2702		2681

		50379		3037		25901		24079		16991		30315				29721		594		29729.8		585.2				50379		51390				24215		24280.4		-65.4				25623		25151.2		471.8				31556		31556				58570		58570				58570		58231		339				58570		4806		48958				45547		10446		55993				38121		11879				48484		1516				13047						15223								2063		2063		2063				4378		4378		4174		4174								2497		4976

		50160		3070		24319		23763		17224		29708				29721		-13		29595.4		112.6				50160		51043				23988		24269.6		-281.6				25874		25617.6		256.4				32174		32174				58377		58377				58377		58320.6		56.4				58377		4847		48683				45746		10448		56194				38133		11867				37262		12738				12924						13165								2132		2132		2132				5102		5102		4821		4821								2876		2849

		51275		3856		24836		24400		17373		30274				29721		553		29721		553				51275		51345				24915		24413.4		501.6				25170		25532.4		-362.4				32072		32072				58766		58766				58766		58437		329				58766		4945		48876				45456		10444		55900				38198		11802				37428		12572				13484						13436								1581		1581		1581				4164		4164		4554		4554								4436		2757

		50573		2926		24814		24156		17368		29739				30086.6		-347.6		29846		-107				50573		51067				24442		24468.2		-26.2				25781		25573.6		207.4				31658		31658				58996		58996				58996		58577.2		418.8				58996		5017		48962				45559		10427		55986				38190		11810				37495		12505				12897						12690								2000		2000		2000				4891		4891		4636		4636								2393		3765

		50753		3190		25491		25294		16008		29679				30086.6		-407.6		29943		-264				50753						23667		24245.4		-578.4				25107		25511		-404				31738		31738				58317		58317				58317		58605.2		-288.2				58317		5101		48115				45358		10401		55759				38188		11812				37590		12410				13012						12952								1439		1439		1439				4267		4267		4190		4190								2650		3996

		51206		3085		26448		24197		17593		29932				30086.6		-154.6		29866.4		65.6				51206		49335				24550		24312.4		237.6				25734		25533.2		200.8				32219		32219				59043		59043				59043		58699.8		343.2				59043		5135		48773				45387		10389		55776				38251		11749				34973		15027				12995						12879								1837		1837		1837				6172		6172		4784		4784								2741		2389

		49627		3566		24216		24550		17260		30425				30086.6		338.4		30009.8		415.2				49627		51382				24573		24429.4		143.6				26240		25606.4		633.6				32294		32294				57111		57111				57111		58446.6		-1335.6				57111		5196		46719				43496		10385		53881				38257		11743				37651		12349				13318						13214								1440		1440		1440				4445		4445		4521		4521								2529		3061

		50739		3198		23965		24295		17631		30658				30086.6		571.4		30086.6		571.4				50739		50664				23753		24197		-444				25556		25683.6		-127.6				32202		32202				59633		59633				59633		58620		1013				59633		5269		49095				45655		10349		56004				38263		11737				37647		12353				13270						12831								2005		2005		2005				6331		6331		4697		4697								2317		2500

		50532		2969		24370		24901		17792		29833				30455.2		-622.2		30105.4		-272.4				50532		51568				24329		24174.4		154.6				25986		25724.6		261.4				32144		32144				59115		59115				59115		58643.8		471.2				59115		5331		48453				45959		10364		56323				38230		11770				37776		12224				13176						13432								1917		1917		1917				4488		4488		4167		4167								2783		2414

		50756		2824		25192		24622		17854		30611				30455.2		155.8		30291.8		319.2				50756		50853				24448		24330.6		117.4				25723		25847.8		-124.8				30365		30365				59273		59273				59273		58835		438				59273		5377		48519				44508		10354		54862				38231		11769				37769		12231				13030						12722								3387		3387		3387				4734		4734		4439		4439								2401		2725

		50978		2919		24763		24161		18399		30932				30455.2		476.8		30491.8		440.2				50978		50277				24232		24267		-35				26246		25950.2		295.8				32862		32862				59359		59359				59359		58898.2		460.8				59359		5420		48519				47049		10342		57391				38259		11741				37543		12457				12838						13556								2157		2157		2157				4930		4930		5408		5408								2518		4049

		51260		3746		25480		24875		17760		30491				30455.2		35.8		30505		-14				51260		51125				24609		24274.2		334.8				26915		26085.2		829.8				33009		33009				60022		60022				60022		59480.4		541.6				60022		5520		48982				46792		10326		57118				38228		11772				37808		12192				13257						13080								2167		2167		2167				5255		5255		4988		4988								4655		2503

		51324		3426		26300		22872		17697		30409				30455.2		-46.2		30455.2		-46.2				51324		51758				24996		24522.8		473.2				25961		26166.2		-205.2				32453		32453				60235		60235				60235		59600.8		634.2				60235		5588		49059				45995		10321		56316				38256		11744										13269						13502								1584		1584		1584				4542		4542		4446		4446								2400		2429

		51244		3596		25005		22851		17210		30309				30315		-6		30550.4		-241.4				51244		51631				22853		24227.6		-1374.6				26039		26176.8		-137.8				32722		32722				59915		59915				59915		59760.8		154.2				59915		5640		48635				46391		10323		56714				38304		11696										12831						12705								2305		2305		2305				6092		6092		5016		5016								2681		3168

		51459		3130		26239		25185		17532		29921				30315		-394		30412.4		-491.4				51459		51107				24399		24217.8		181.2				26622		26356.6		265.4				32452		32452				59953		59953				59953		59896.8		56.2				59953		5684		48585				46599		10293		56892				38350		11650										13039						14456								1755		1755		1755				4229		4229		4621		4621								2762		2985

		51397		4396		24849		24447		15569		30554				30315		239		30336.8		217.2				51397		51235				24647		24300.8		346.2				26135		26334.4		-199.4				33528		33528				60288		60288				60288		60082.6		205.4				60288		5738		48812				46737		10312		57049				38304		11696										12780						13000								3535		3535		3535				6654		6654		4390		4390								2429		3656

		51651		3600		24728		25030		17588		30454				30315		139		30329.4		124.6				51651		51094				24381		24255.2		125.8				27086		26368.6		717.4				33311		33311				59307		59307				59307		59939.6		-632.6				59307		5800		47707				46500		10255		56755				38350		11650										13372						13390								1436		1436		1436				4242		4242		4207		4207								2250		2477

		50942		3370		26193		24779		17091		30337				30315		22		30315		22				50942		51082				24895		24235		660				26599		26496.2		102.8				33293		33293				60080		60080				60080		59908.6		171.4				60080		5821		48438				47011		10293		57304				38300		11700										13238						13346								1794		1794		1794				6356		6356		4379		4379								2199		2564

		50720		3528		26004		24839		17997		30222				30294		-72		30297.6		-75.6				50720		57670				25054		24675.2		378.8				27249		26738.2		510.8				43514						60555		60555				60555		60036.6		518.4				60555		5875		48805				46373		10264		56637				38408		11592										13060						13579								2313		2313		2313				4419		4419		4792		4792								2796		4723

		51771		4069		25536		25062		18382		30554				30294		260		30424.2		129.8				51771		50554				25484		24892.2		591.8				27141		26842		299				31618		31618				60469		60469				60469		60139.8		329.2				60469		5919		48631				46236		10243		56479				38364		11636										12723						12715								2388		2388		2388				6727		6727		4722		4722								2653		3239

		51083		2946		28611		24605		18339		30620				30294		326		30437.4		182.6				51083		51674				25487		25060.2		426.8				26092		26833.4		-741.4				33045		33045				61342		61342				61342		60350.6		991.4				61342		5975		49392				47177		10226		57403				38346		11654										12715						13352								1751		1751		1751				4152		4152		4593		4593								2488		2570

		60796		3228		25447		23942		17771		30138				30294		-156		30374.2		-236.2						51911				25114		25206.8		-92.8				26789		26774		15				33281		33281				60774		60774				60774		60644		130				60774		6015		48744				47170		10217		57387				38408		11592										12707						13140								1785		1785		1785				8011				4444		4444								2351		2494

		51482		3349		26646		25209		17668		29936				30294		-358		30294		-358				51482		51993				25656		25359		297				27214		26897		317				43229						60312		60312				60312		60690.4		-378.4				60312		6061		48190				47138		10181		57319				38414		11586										12697						13156								1381		1381		1381				4593		4593		9574		9574								2322		2406

		51254		3027		25511		25262		17860		30739				30724		15		30397.4		341.6				51254		50710				25113		25370.8		-257.8				26764		26800		-36				30540		30540				61321		61321				61321		60843.6		477.4				61321		6096		49129				47233		10184		57417				38426		11574										12914						12982								1809		1809		1809				5229		5229		4413		4413								2490		4066

		50763		3344		25201		23378		17876		30140				30724		-584		30314.6		-174.6				50763		50812				25206		25315.2		-109.2				26858		26743.4		114.6				33100		33100				60264		60264				60264		60802.6		-538.6				60264		6167		47930				46765		10161		56926				38439		11561										12658						15137								2174		2174		2174				4445		4445		5776		5776								2312		3383

		51292		3132		24199		25623		16534		31356				30724		632		30461.8		894.2				51292		51393				25900		25397.8		502.2				27153		26955.6		197.4				32887		32887				60770		60770				60770		60688.2		81.8				60770		6203		48364				46803		10165		56968				38443		11557										12848						12959								2388		2388		2388				5132		5132		5077		5077								2289		3429

		51748		3099		26799		25300		18306		30671				30724		-53		30568.4		102.6				51748		52417				25373		25449.6		-76.6				27162		27030.2		131.8				23973		23973				61071		61071				61071		60747.6		323.4				61071		6265		48541				47023		10149		57172				38464		11536										12776						13139								1875		1875		1875				4082		4082		6225		6225								2244		2717

		51711		2930		26325		24836		18488		30714				30724		-10		30724		-10				51711		52165				25161		25350.6		-189.6				26448		26877		-429				23374		23374				60789		60789				60789		60843		-54				60789		6309		48171				47338		10134		57472				38468		11532										12742						13189								2209		2209		2209				5452		5452		4766		4766								2548		2468

		50571		2776		25705		25013		18572		30652				30583.6		68.4		30706.6		-54.6				50571		51074				25803		25488.6		314.4				28037		27131.6		905.4				24031		24031				60984		60984				60984		60775.6		208.4				60984		6394		48196				47094		10129		57223				38468		11532										12691						13005								1948		1948		1948				4287		4287		4631		4631								2316		2675

		59547		3174		26582		25069		17731		30457				30583.6		-126.6		30770		-313						50389				25238		25495		-257				26868		27133.6		-265.6				50900						61228		61228				61228		60968.4		259.6				61228		6411		48406				47256		10104		57360				38489		11511										12702						13220								1764		1764		1764				4833		4833		4875		4875								2292		2424

		51500		3873		26962		24991		18081		31201				30583.6		617.4		30739		462				51500		51229				26379		25590.8		788.2				26978		27098.6		-120.6				33784		33784				62110		62110				62110		61236.4		873.6				62110		6475		49160				47427		10094		57521				38501		11499										12698						13207								1828		1828		1828				4136		4136		8468		8468								2769		2387

		51652		3098		26726		24766		17879		30191				30583.6		-392.6		30643		-452				51652		51089				23055		25127.2		-2072.2				27406		27147.4		258.6				33323		33323				62136		62136				62136		61449.4		686.6				62136		6484		49168				47737		10078		57815				38538		11462										12863						12773								2183		2183		2183				5041		5041		4372		4372								2679		2368

		51206		1750		25812		25055		18235		30417				30583.6		-166.6		30583.6		-166.6				51206		52231				25810		25257		553				28074		27472.6		601.4				33740		33740				61204		61204				61204		61532.4		-328.4				61204		6544		48116				47687		10061		57748				38585		11415										12880						13689								2477		2477		2477				4242		4242		4509		4509								2432		2883

		51552		3176		26663		25481		18706		30721				30699		22		30597.4		123.6				51552		51634				25231		25142.6		88.4				27716		27408.4		307.6				33481		33481				61497		61497				61497		61635		-138				61497		6590		48317				47373		10052		57425				38538		11462										13093						12689								2269		2269		2269				6418		6418		5720		5720								2939		2543

		51928		3020		27011		24895		18671		30167				30699		-532		30539.4		-372.4				51928		51238				25683		25231.6		451.4				27972		27629.2		342.8				32797		32797				62201		62201				62201		61829.6		371.4				62201		6648		48905				47926		10044		57970				38564		11436										13372						14665								1434		1434		1434				4188		4188		4892		4892								2205		2791

		50891		3621		25461		24631		18422		31033				30699		334		30505.8		527.2				50891		50667				25064		24968.6		95.4				28182		27870		312				24468		24468				61459		61459				61459		61699.4		-240.4				61459		6702		48055				47672		10028		57700				38551		11449										13228						13466								1706		1706		1706				5318		5318		4444		4444								2297		2465

		51445		3265		27237		25246		18624		31267				30699		568		30721		546				51445		52348				26069		25571.4		497.6				28249		28038.6		210.4				24655		24655				62660		62660				62660		61804.2		855.8				62660		6742		49176				48155		10019		58174				38592		11408										13100						15057								3655		3655		3655				4411		4411		4711		4711								2324		3268

		52217		3145		27204		25167		17706		30307				30699		-392		30699		-392				52217		52316				25787		25566.8		220.2				28344		28092.6		251.4				32108		32108				61906		61906				61906		61944.6		-38.6				61906		6772		48362				48113		9988		58101				38612		11388										12991						13026								2039		2039		2039				4778		4778		4639		4639								2271		3837

		51703		2850		27408		25438		18421		30920				30954.4		-34.4		30738.8		181.2				51703		52305				25456		25611.8		-155.8				28536		28256.6		279.4				24322		24322				61964		61964				61964		62038		-74				61964		6799		48366				48310		9960		58270				38581		11419										12865						13592								1634		1634		1634				4354		4354		4606		4606								2719		3249

		51221		2805		26180		25000		18371		30853				30954.4		-101.4		30876		-23				51221		52532				25710		25617.2		92.8				28715		28405.2		309.8				24414		24414				61105		61105				61105		61818.8		-713.8				61105		6854		47397				48126		9971		58097				38643		11357										12798						12733								1908		1908		1908				6429		6429		5097		5097								2813		2368

		51690		2882		27024		25438		16620		30702				30954.4		-252.4		30809.8		-107.8				51690						26240		25852.4		387.6				28486		28466		20				24667		24667				61830		61830				61830		61893		-63				61830		6904		48022				48440		9941		58381				38634		11366										13180						13333								1997		1997		1997				4182		4182		4350		4350								2608		2807

		51709		2990		27018		25040		17426		31005				30954.4		50.6		30757.4		247.6				51709		52094				22603		25159.2		-2556.2				27716		28359.4		-643.4				44440						62451		62451				62451		61851.2		599.8				62451		6962		48527				48695		9919		58614				38650		11350										12759						13590								4217		4217		4217				6021		6021		4943		4943								2308		3514

		51750		4224		26998		25327		18469		31292				30954.4		337.6		30954.4		337.6				51750		52953				26124		25226.6		897.4				29074		28505.4		568.6				24876		24876				62069		62069				62069		61883.8		185.2				62069		7030		48009				49309		9938		59247				38650		11350										13323						13425								1453		1453		1453				4071		4071		4287		4287								2681		2944

		51937		3119		25866		25382		19213		31084				30947.8		136.2		30987.2		96.8				51937		52948				26330		25401.4		928.6				29136		28625.4		510.6				24378		24378				62395		62395				62395		61970		425				62395		7082		48231				49113		9910		59023				38658		11342										12814						13019								24929								9144				5296		5296								2524		2794

		51560		3093		26719		24974		18377		31139				30947.8		191.2		31044.4		94.6				51560		51902				25698		25399		299				28830		28648.4		181.6				24742		24742				62143		62143				62143		62177.6		-34.6				62143		7165		47813				48894		9896		58790				38717		11283										13350						13213								1813		1813		1813				4305		4305		4255		4255								2670		3385

		51985		3331		26881		25430		18500		30952				30947.8		4.2		31094.4		-142.4				51985		52103				25978		25346.6		631.4				28824		28716		108				25516		25516				62814		62814				62814		62374.4		439.6				62814		7215		48384				48265		9901		58166				38674		11326										13171						12858								2783		2783		2783				4876		4876		5069		5069								2304		2701

		50797		3616		26932		25551		18458		30756				30947.8		-191.8		31044.6		-288.6				50797		51910				26940		26214		726				28518		28876.4		-358.4				25557		25557				63109		63109				63109		62506		603				63109		7252		48605				48619		9874		58493				38713		11287										12827						13693								1409		1409		1409				4376		4376		6231		6231								2604		2608

		52058		2936		27053		25732		18325		30808				30947.8		-139.8		30947.8		-139.8				52058		53112				24872		25963.6		-1091.6				28959		28853.4		105.6				25734		25734				63377		63377				63377		62767.6		609.4				63377		7296		48785				49308		9874		59182				38709		11291										12947						13149								2252		2252		2252				5153		5153		4693		4693								2447		3595

		52351		3398		26807		24795		18196		31134				30933.2		200.8		30957.8		176.2				52351		52548				25348		25767.2		-419.2				28518		28729.8		-211.8				25519		25519				63041		63041				63041		62896.8		144.2				63041		7381		48279				49016		9863		58879				38661		11339										13032						13476								1388		1388		1388				4092		4092		4723		4723								2289		2404

		52260		3423		27739		25882		17950		30985				30933.2		51.8		30927		58				52260		52188				26643		25956.2		686.8				28805		28724.8		80.2				24500		24500				62677		62677				62677		63003.6		-326.6				62677		7439		47799				49150		9858		59008				38736		11264										13346						13399								3157		3157		3157				7051				4554		4554								2623		2331

		52842		3010		25952		25899		20788		30553				30933.2		-380.2		30847.2		-294.2				52842		52251				25777		25916		-139				28503		28660.6		-157.6				25967		25967				62879		62879				62879		63016.6		-137.6				62879		7500		47879				48397		9839		58236				38686		11314										12845						12982								1867		1867		1867				4121		4121		4787		4787								2750		2451

		52592		3260		27415		25834		18627		31192				30933.2		258.8		30934.4		257.6				52592		52879				26546		25837.2		708.8				28938		28744.6		193.4				25101		25101				63783		63783				63783		63151.4		631.6				63783		7539		48705				49408		9846		59254				38754		11246										13265						12863								1741		1741		1741				5349		5349		6475		6475								2654		2950

		52499		3405		27414		24472		19292		30802				30933.2		-131.2		30933.2		-131.2				52499		52201				26023		26067.4		-44.4				28799		28712.6		86.4				24384		24384				62676		62676				62676		63011.2		-335.2				62676		7576		47524				49321		9823		59144				38761		11239										12817						14160								1678		1678		1678				6169		6169		7605		7605								2311		2865

		61210		3023		27294		25487		18566		31297				31307		-10		30965.8		331.2						51534				27041		26406		635				28946		28798.2		147.8				25911		25911				62982		62982				62982		62999.4		-17.4				62982		7634		47714				49460		9815		59275				38807		11193										13059						13271								2742		2742		2742				8796				4631		4631								2433		2680

		52844		3614		26743		24919		19125		31447				31307		140		31058.2		388.8				52844		53060				26411		26359.6		51.4				29093		28855.8		237.2				25562		25562				62991		62991				62991		63062.2		-71.2				62991		7714		47563				49683		9820		59503				38805		11195										13379						13284								1682		1682		1682				4100		4100		5504		5504								2354		4855

		52236		2738		27242		25582		18542		31283				31307		-24		31204.2		78.8				52236		52806				26942		26592.6		349.4				29175		28990.2		184.8				25586		25586				53355				53355																		47198		9785		56983				38827		11173										13216						12779								2024		2024		2024				4746		4746		4504		4504								2340		2836

		50767		3604		27508		25850		19511		31255				31307		-52		31216.8		38.2				50767		53299				26942		26671.8		270.2				28737		28950		-213				24834		24834				53613				53613																		48732		9733		58465				38852		11148										13002						13065								1833		1833		1833				4195		4195		6518		6518								2496		4513

		51505		4074		27926		25856		18915		31253				31307		-54		31307		-54				51505		52935				26752		26817.6		-65.6				28818		28953.8		-135.8				25787		25787				53993				53993																		50248		9723		59971				38863		11137										12889						13151								3488		3488		3488				4940		4940		4875		4875								2518		3295

		50685		2910		27288		25299		21514		33409				31759.2		1649.8		31729.4		1679.6				50685		53239				26911		26791.6		119.4				29709		29106.4		602.6				45956						54235				54235																		49748		9719		59467				38848		11152										12866						13795								2121		2121		2121				4249		4249		5046		5046								2755		2612

		52843		3209		27387		25370		18994		31293				31759.2		-466.2		31698.6		-405.6				52843		53000				26139		26737.2		-598.2				29959		29279.6		679.4				25349		25349				53600				53600																		49873		9676		59549				38920		11080										13040						12753								2468		2468		2468				6608		6608		4514		4514								2631		3926

		52940		3029		27097		25704		19002		31501				31759.2		-258.2		31742.2		-241.2				52940		52409				26949		26738.6		210.4				29773		29399.2		373.8				35249		35249				54259				54259																		49787		9664		59451				38922		11078										13048						12926								1367		1367		1367				3976		3976		1679188										2976		4602

		52779		3474		26820		25503		18954		31257				31759.2		-502.2		31742.6		-485.6				52779		52864				26678		26685.8		-7.8				29839		29619.6		219.4				26265		26265				54806				54806																		49662		9638		59300				38950		11050										12891						16140								2315		2315		2315				4806		4806		4564		4564								2363		2887

		52741		2964		27722		25653		18636		31336				31759.2		-423.2		31759.2		-423.2				52741		53316				27106		26756.6		349.4				29787		29813.4		-26.4				36595		36595				53364				53364																		49590		9636		59226				38967		11033										13047						13465								1409		1409		1409				4332		4332		5454		5454								2474		2630

		52687		2747		28137		25984		19573		30898				31075.8		-177.8		31257		-359				52687		52797				27179		26810.2		368.8				30288		29929.2		358.8				26633		26633				54390				54390																		49772		9612		59384				39021		10979										13240						12668								1582		1582		1582				5311		5311		4444		4444								2374		2735

		52770		2772		27149		25682		19259		30169				31075.8		-906.8		31032.2		-863.2				52770		53095				27100		27002.4		97.6				30388		30015		373				26179		26179				54687				54687																		50453		9591		60044				39002		10998										13392						12957								2186		2186		2186				3962		3962		4353		4353								2277		3141

		52996		2768		27540		26224		19506		31778				31075.8		702.2		31087.6		690.4				52996		52415				27236		27059.8		176.2				29952		30050.8		-98.8				25615		25615				54605				54605																		50250		9547		59797				39026		10974										13512						13284								1758		1758		1758				4742		4742		4814		4814								2336		4915

		51624		3528		25405		25919		19240		31362				31075.8		286.2		31108.6		253.4				51624		53528				26958		27115.8		-157.8				30109		30104.8		4.2				26601		26601				54707				54707																		50284		9530		59814				39055		10945										13463						13079								2147		2147		2147				4178		4178		4163		4163								2354		2745

		53007		3297		27872		26023		18760		31172				31075.8		96.2		31075.8		96.2				53007		53322				27039		27102.4		-63.4				30031		30153.6		-122.6				26155		26155				55258				55258																		50540		9530		60070				39047		10953										13007						13047								1969		1969		1969				8919				4339		4339								2642		2624

		53177		2992		27353		26466		19307		31534				31664.6		-130.6		31203		331				53177		52539				27210		27108.6		101.4				30835		30263		572				25668		25668				55058				55058																		50882		9511		60393				39051		10949										12902						13250								1457		1457		1457								6738		6738								2543		2837

		53210		3360		27034		26520		19189		31801				31664.6		136.4		31529.4		271.6				53210						27601		27208.8		392.2				30481		30281.6		199.4				26247		26247				63609		63609																				50305		9485		59790				39093		10907										12915						12908								2047		2047		2047				1146.3214775288		773.6009702395		4752		4752								2506		2429

		52712		2913		27730		24737		18848		31781				31664.6		116.4		31530		251				52712		53530				26972		27156		-184				29503		30191.8		-688.8				26487		26487				55033				55033																		50289		9471		59760				39118		10882										12876						13477								1425		1425		1425								4838		4838								2147		2640

		52609		3279		27313		26555		19430		31412				31664.6		-252.6		31540		-128				52609		53598				27231		27210.6		20.4				30724		30314.8		409.2				36613		36613				55825				55825																		50488		9480		59968				39176		10824										12957						12904				13017				2002		2002		2002				5106.7125		4888.2133333333		4610		4610								2624		2514

		52043		2976		27745		26248		19245		31795				31664.6		130.4		31664.6		130.4				52043		53043				27961		27395		566				30335		30375.6		-40.6				26062		26062				55378				55378																		50747		9464		60211				39138		10862										13094						13573				13442				2176		2176		2176				3962		3962		4672		4672								2143		3730

		53216		2908		27166		25898		19118		32198				31855.4		342.6		31797.4		400.6				53216		53175				28083		27569.6		513.4				30412		30291		121				26636		26636				54930				54930																		51235		9447		60682				39154		10846										13150						13202				13384				2312		2312		2312				9144		6727		4883		4883								2520		2508

		52755		3072		28038		27037		19638		31772				31855.4		-83.4		31791.6		-19.6				52755		54034				27796		27608.6		187.4				30715		30337.8		377.2				25812		25812				56248				56248																		50751		9419		60170				39225		10775										13181						13340				12967				1425		1425		1425				5182		2765		5213		5213								2326		2434

		53115		3086		27403		26774		19026		31908				31855.4		52.6		31817		91				53115		53643				28115		27837.2		277.8				28808		30198.8		-1390.8				37137		37137				55502				55502																		51015		9410		60425				39264		10736										13447						13026				13415				2886		2886		2886								4804		4804								2699		2578

		53012		3255		26605		26824		19231		31470				31855.4		-385.4		31828.6		-358.6				53012		52983				27976		27986.2		-10.2				30578		30169.6		408.4				36504		36504				56074				56074																		49744		9383		59127				39180		10820										12826						13039				13183				1641		1641		1641								5558		5558								2254		2643
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Spread of measurements using ntpdate nonswitching
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Spread of measurements using kernel udelay function
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Spread of Measurements, swithing ap's, newest
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		4113.84		4113.84

		4200.56		4200.56

		4287.28		4287.28

		4374		4374

		4460.72		4460.72

		4547.44		4547.44

		4634.16		4634.16

		4720.88		4720.88

		4807.6		4807.6

		4894.32		4894.32

		4981.04		4981.04

		5067.76		5067.76

		5154.48		5154.48

		5241.2		5241.2

		5327.92		5327.92

		5414.64		5414.64
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		5588.08		5588.08

		5674.8		5674.8

		5761.52		5761.52

		5848.24		5848.24

		5934.96		5934.96

		6021.68		6021.68

		6108.4		6108.4

		6195.12		6195.12

		6281.84		6281.84

		6368.56		6368.56

		6455.28		6455.28

		6542		6542

		6628.72		6628.72

		6715.44		6715.44

		6802.16		6802.16

		6888.88		6888.88

		6975.6		6975.6

		7062.32		7062.32

		7149.04		7149.04

		7235.76		7235.76

		7322.48		7322.48

		7409.2		7409.2

		7495.92		7495.92

		7582.64		7582.64

		7669.36		7669.36

		7756.08		7756.08

		7842.8		7842.8

		7929.52		7929.52

		8016.24		8016.24

		8102.96		8102.96

		8189.68		8189.68

		8276.4		8276.4

		8363.12		8363.12

		8449.84		8449.84

		8536.56		8536.56

		8623.28		8623.28

		8710		8710

		8796.72		8796.72

		8883.44		8883.44

		8970.16		8970.16

		9056.88		9056.88

		9143.6		9143.6

		9230.32		9230.32

		9317.04		9317.04

		9403.76		9403.76

		9490.48		9490.48

		9577.2		9577.2

		9663.92		9663.92

		9750.64		9750.64

		9837.36		9837.36

		9924.08		9924.08

		10010.8		10010.8

		10097.52		10097.52

		10184.24		10184.24

		10270.96		10270.96

		10357.68		10357.68

		10444.4		10444.4

		10531.12		10531.12

		10617.84		10617.84

		10704.56		10704.56

		10791.28		10791.28

		10878		10878
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Spread of measurements of ntpdate and ntpq
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Sheet2

		Ntpdate (from devhap2)										With kernel udelay										Switching between AP's										nieuwste										With kernel udelay												nonswitching		ntpq		ntpq filtered		ntpdate				same, but now for graphics

		nonswitching		interval								13004		0		12658		1				14744		0		12616		1				7174		0		4078		1				13004		0		12658		1								2450		2450		2364				2450		0		2206		1		2364		0		2206		0

		2497		0		2117		1				13514		0.01		12666.56		0				12914		0.01		12655.24		0				4176		0.01		4132.96		2				13514		0.0454545455		12696.9090909091		1								2384		2384		2418				2384		0.01		2292.72		8		2418		0.01		2292.72		6

		2359		0.01		2142.38		0				13239		0.02		12675.12		0				13209		0.02		12694.48		3				4894		0.02		4187.92		4				13239		0.0909090909		12735.8181818182		6								2357		2357		2576				2357		0.02		2379.44		10		2576		0.02		2379.44		16

		2397		0.02		2167.76		2				13298		0.03		12683.68		0				12806		0.03		12733.72		4				4590		0.03		4242.88		2				13298		0.1363636364		12774.7272727273		2								2831		2831		2362				2831		0.03		2466.16		16		2362		0.03		2466.16		12

		2379		0.03		2193.14		0				13414		0.04		12692.24		1				13597		0.04		12772.96		1				4741		0.04		4297.84		3				13414		0.1818181818		12813.6363636364		3								3098		3098		2909				3098		0.04		2552.88		14		2909		0.04		2552.88		6

		2299		0.04		2218.52		2				13347		0.05		12700.8		2				12958		0.05		12812.2		4				4529		0.05		4352.8		3				13347		0.2272727273		12852.5454545455		8								2806		2806		2281				2806		0.05		2639.6		14		2281		0.05		2639.6		14

		2808		0.05		2243.9		1				13237		0.06		12709.36		2				12940		0.06		12851.44		1				4590		0.06		4407.76		4				13237		0.2727272727		12891.4545454545		7								2284		2284		2331				2284		0.06		2726.32		6		2331		0.06		2726.32		15

		2242		0.06		2269.28		4				13405		0.07		12717.92		1				13022		0.07		12890.68		3				4532		0.07		4462.72		6				13405		0.3181818182		12930.3636363636		7								2632		2632		2867				2632		0.07		2813.04		17		2867		0.07		2813.04		9

		2409		0.07		2294.66		5				13353		0.08		12726.48		1				13004		0.08		12929.92		5				5102		0.08		4517.68		3				13353		0.3636363636		12969.2727272727		2								2556		2556		2626				2556		0.08		2899.76		5		2626		0.08		2899.76		13

		2890		0.08		2320.04		8				13472		0.09		12735.04		0				13147		0.09		12969.16		6				4967		0.09		4572.64		8				13472		0.4090909091		13008.1818181818		6								2206		2206		2585				2206		0.09		2986.48		4		2585		0.09		2986.48		6

		2840		0.09		2345.42		5				12918		0.1		12743.6		1				14129		0.1		13008.4		5				5019		0.1		4627.6		9				12918		0.4545454545		13047.0909090909		9								2765		2765		2734				2765		0.1		3073.2		1		2734		0.1		3073.2		1

		2829		0.1		2370.8		5				13007		0.11		12752.16		0				12902		0.11		13047.64		6				4174		0.11		4682.56		6				13007		0.5		13086		4								2834		2834		2924				2834		0.11		3159.92		3		2924		0.11		3159.92		0

		2702		0.11		2396.18		3				13047		0.12		12760.72		1				15223		0.12		13086.88		4				4821		0.12		4737.52		7				13047		0.5454545455		13124.9090909091		4								2795		2795		2419				2795		0.12		3246.64		0		2419		0.12		3246.64		1

		2497		0.12		2421.56		4				12924		0.13		12769.28		0				13165		0.13		13126.12		0				4554		0.13		4792.48		6				12924		0.5909090909		13163.8181818182		1								5067		5067		2839				5067		0.13		3333.36		0		2839		0.13		3333.36		0

		2876		0.13		2446.94		3				13484		0.14		12777.84		1				13436		0.14		13165.36		8				4636		0.14		4847.44		5				13484		0.6363636364		13202.7272727273		6								2736		2736		2586				2736		0.14		3420.08		0		2586		0.14		3420.08		0

		4436		0.14		2472.32		1				12897		0.15		12786.4		1				12690		0.15		13204.6		2				4190		0.15		4902.4		6				12897		0.6818181818		13241.6363636364		6								2388		2388		2358				2388		0.15		3506.8		0		2358		0.15		3506.8		1

		2393		0.15		2497.7		6				13012		0.16		12794.96		0				12952		0.16		13243.84		5				4784		0.16		4957.36		2				13012		0.7272727273		13280.5454545455		4								2216		2216		2818				2216		0.16		3593.52		0		2818		0.16		3593.52		0

		2650		0.16		2523.08		4				12995		0.17		12803.52		1				12879		0.17		13283.08		2				4521		0.17		5012.32		2				12995		0.7727272727		13319.4545454545		2								2763		2763		2726				2763		0.17		3680.24		1		2726		0.17		3680.24		0

		2741		0.17		2548.46		4				13318		0.18		12812.08		0				13214		0.18		13322.32		2				4697		0.18		5067.28		4				13318		0.8181818182		13358.3636363636		6								2587		2587		2452				2587		0.18		3766.96		0		2452		0.18		3766.96		0

		2529		0.18		2573.84		0				13270		0.19		12820.64		2				12831		0.19		13361.56		4				4167		0.19		5122.24		5				13270		0.8636363636		13397.2727272727		5								2324		2324		2722				2324		0.19		3853.68		0		2722		0.19		3853.68		1

		2317		0.19		2599.22		0				13176		0.2		12829.2		2				13432		0.2		13400.8		2				4439		0.2		5177.2		0				13176		0.9090909091		13436.1818181818		2								2464		2464		2292				2464		0.2		3940.4		0		2292		0.2		3940.4		0

		2783		0.2		2624.6		4				13030		0.21		12837.76		1				12722		0.21		13440.04		5				5408		0.21		5232.16		1				13030		0.9545454545		13475.0909090909		3								2265		2265		2215				2265		0.21		4027.12		0		2215		0.21		4027.12		0

		2401		0.21		2649.98		2				12838		0.22		12846.32		2				13556		0.22		13479.28		4				4988		0.22		5287.12		0				12838		1		13514		4								2668		2668		2915				2668		0.22		4113.84		0		2915		0.22		4113.84		0

		2518		0.22		2675.36		4				13257		0.23		12854.88		1				13080		0.23		13518.52		1				4446		0.23		5342.08		3				13257														2966		2966		2594				2966		0.23		4200.56		0		2594		0.23		4200.56		0

		4655		0.23		2700.74		4				13269		0.24		12863.44		1				13502		0.24		13557.76		2				5016		0.24		5397.04		1				13269														2617		2617		2313				2617		0.24		4287.28		0		2313		0.24		4287.28		0

		2400		0.24		2726.12		2				12831		0.25		12872		2				12705		0.25		13597		6				4621		0.25		5452		1				12831														2458		2458		2818				2458		0.25		4374		0		2818		0.25		4374		0

		2681		0.25		2751.5		3				13039		0.26		12880.56		2				14456		0.26		13636.24		0				4390		0.26		5506.96		2				13039														2351		2351		2749				2351		0.26		4460.72		0		2749		0.26		4460.72		0

		2762		0.26		2776.88		3				12780		0.27		12889.12		1				13000		0.27		13675.48		0				4207		0.27		5561.92		1				12780														2596		2596		2454				2596		0.27		4547.44		0		2454		0.27		4547.44		1

		2429		0.27		2802.26		2				13372		0.28		12897.68		2				13390		0.28		13714.72		2				4379		0.28		5616.88		0				13372														2776		2776		2713				2776		0.28		4634.16		0		2713		0.28		4634.16		0

		2250		0.28		2827.64		3				13238		0.29		12906.24		1				13346		0.29		13753.96		0				4792		0.29		5671.84		0				13238														2803		2803		2693				2803		0.29		4720.88		0		2693		0.29		4720.88		0

		2199		0.29		2853.02		2				13060		0.3		12914.8		1				13579		0.3		13793.2		0				4722		0.3		5726.8		1				13060														2758		2758		2758				2758		0.3		4807.6		0		2758		0.3		4807.6		0

		2796		0.3		2878.4		1				12723		0.31		12923.36		2				12715		0.31		13832.44		1				4593		0.31		5781.76		1				12723														2220		2220		2382				2220		0.31		4894.32		0		2382		0.31		4894.32		0

		2653		0.31		2903.78		1				12715		0.32		12931.92		2				13352		0.32		13871.68		0				4444		0.32		5836.72		0				12715														2801		2801		2496				2801		0.32		4981.04		0		2496		0.32		4981.04		0

		2488		0.32		2929.16		0				12707		0.33		12940.48		0				13140		0.33		13910.92		0				9574		0.33		5891.68		0				12707														2705		2705		2535				2705		0.33		5067.76		1		2535		0.33		5067.76		0

		2351		0.33		2954.54		1				12697		0.34		12949.04		1				13156		0.34		13950.16		0				4413		0.34		5946.64		0				12697														2524		2524		2999				2524		0.34		5154.48		0		2999		0.34		5154.48		0

		2322		0.34		2979.92		1				12914		0.35		12957.6		1				12982		0.35		13989.4		0				5776		0.35		6001.6		0				12914														2540		2540		2391				2540		0.35		5241.2		0		2391		0.35		5241.2		0

		2490		0.35		3005.3		0				12658		0.36		12966.16		0				15137		0.36		14028.64		0				5077		0.36		6056.56		0				12658														2399		2399		2571				2399		0.36		5327.92		0		2571		0.36		5327.92		0

		2312		0.36		3030.68		0				12848		0.37		12974.72		0				12959		0.37		14067.88		0				6225		0.37		6111.52		0				12848														3112		3112		2297				3112		0.37		5414.64		0		2297		0.37		5414.64		0

		2289		0.37		3056.06		0				12776		0.38		12983.28		0				13139		0.38		14107.12		0				4766		0.38		6166.48		1				12776														2636		2636		2665				2636		0.38		5501.36		0		2665		0.38		5501.36		0

		2244		0.38		3081.44		0				12742		0.39		12991.84		1				13189		0.39		14146.36		1				4631		0.39		6221.44		0				12742														2670		2670		2335				2670		0.39		5588.08		0		2335		0.39		5588.08		0

		2548		0.39		3106.82		0				12691		0.4		13000.4		1				13005		0.4		14185.6		1				4875		0.4		6276.4		3				12691														2286		2286		2858				2286		0.4		5674.8		0		2858		0.4		5674.8		0

		2316		0.4		3132.2		0				12702		0.41		13008.96		4				13220		0.41		14224.84		1				8468		0.41		6331.36		0				12702														2504		2504		2297				2504		0.41		5761.52		0		2297		0.41		5761.52		0

		2292		0.41		3157.58		0				12698		0.42		13017.52		2				13207		0.42		14264.08		0				4372		0.42		6386.32		0				12698														2264		2264		2627				2264		0.42		5848.24		0		2627		0.42		5848.24		0

		2769		0.42		3182.96		0				12863		0.43		13026.08		0				12773		0.43		14303.32		0				4509		0.43		6441.28		0				12863														2970		2970		2291				2970		0.43		5934.96		0		2291		0.43		5934.96		0

		2679		0.43		3208.34		0				12880		0.44		13034.64		2				13689		0.44		14342.56		0				5720		0.44		6496.24		1				12880														2389		2389		2676				2389		0.44		6021.68		0		2676		0.44		6021.68		0

		2432		0.44		3233.72		0				13093		0.45		13043.2		3				12689		0.45		14381.8		0				4892		0.45		6551.2		1				13093														2399		2399		2680				2399		0.45		6108.4		0		2680		0.45		6108.4		0

		2939		0.45		3259.1		0				13372		0.46		13051.76		3				14665		0.46		14421.04		0				4444		0.46		6606.16		0				13372														2331		2331		2834				2331		0.46		6195.12		0		2834		0.46		6195.12		0

		2205		0.46		3284.48		0				13228		0.47		13060.32		2				13466		0.47		14460.28		1				4711		0.47		6661.12		0				13228														2565		2565		2380				2565		0.47		6281.84		0		2380		0.47		6281.84		0

		2297		0.47		3309.86		0				13100		0.48		13068.88		0				15057		0.48		14499.52		0				4639		0.48		6716.08		0				13100														2552		2552		2830				2552		0.48		6368.56		0		2830		0.48		6368.56		0

		2324		0.48		3335.24		0				12991		0.49		13077.44		0				13026		0.49		14538.76		0				4606		0.49		6771.04		1				12991														2404		2404		3828				2404		0.49		6455.28		0		3828		0.49		6455.28		0

		2271		0.49		3360.62		0				12865		0.5		13086		1				13592		0.5		14578		0				5097		0.5		6826		0				12865														2749		2749		2830				2749		0.5		6542		0		2830		0.5		6542		0

		2719		0.5		3386		0				12798		0.51		13094.56		2				12733		0.51		14617.24		0				4350		0.51		6880.96		0				12798														2823		2823		2578				2823		0.51		6628.72		0		2578		0.51		6628.72		0

		2813		0.51		3411.38		0				13180		0.52		13103.12		1				13333		0.52		14656.48		0				4943		0.52		6935.92		0				13180														2499		2499		2673				2499		0.52		6715.44		0		2673		0.52		6715.44		0

		2608		0.52		3436.76		0				12759		0.53		13111.68		0				13590		0.53		14695.72		1				4287		0.53		6990.88		0				12759														2563		2563		2452				2563		0.53		6802.16		0		2452		0.53		6802.16		0

		2308		0.53		3462.14		0				13323		0.54		13120.24		1				13425		0.54		14734.96		0				5296		0.54		7045.84		0				13323														2818		2818		2414				2818		0.54		6888.88		0		2414		0.54		6888.88		0

		2681		0.54		3487.52		0				12814		0.55		13128.8		0				13019		0.55		14774.2		1				4255		0.55		7100.8		0				12814														2278		2278		2936				2278		0.55		6975.6		0		2936		0.55		6975.6		0

		2524		0.55		3512.9		0				13350		0.56		13137.36		0				13213		0.56		14813.44		0				5069		0.56		7155.76		0				13350														2705		2705		2783				2705		0.56		7062.32		0		2783		0.56		7062.32		0

		2670		0.56		3538.28		0				13171		0.57		13145.92		0				12858		0.57		14852.68		0				6231		0.57		7210.72		2				13171														2706		2706		2353				2706		0.57		7149.04		0		2353		0.57		7149.04		0

		2304		0.57		3563.66		0				12827		0.58		13154.48		1				13693		0.58		14891.92		0				4693		0.58		7265.68		0				12827														2517		2517		2911				2517		0.58		7235.76		0		2911		0.58		7235.76		0

		2604		0.58		3589.04		0				12947		0.59		13163.04		0				13149		0.59		14931.16		0				4723		0.59		7320.64		0				12947														2302		2302		2602				2302		0.59		7322.48		0		2602		0.59		7322.48		0

		2447		0.59		3614.42		0				13032		0.6		13171.6		1				13476		0.6		14970.4		0				4554		0.6		7375.6		0				13032														2463		2463		2671				2463		0.6		7409.2		0		2671		0.6		7409.2		0

		2289		0.6		3639.8		0				13346		0.61		13180.16		4				13399		0.61		15009.64		0				4787		0.61		7430.56		0				13346														2331		2331		2609				2331		0.61		7495.92		0		2609		0.61		7495.92		0

		2623		0.61		3665.18		0				12845		0.62		13188.72		1				12982		0.62		15048.88		0				6475		0.62		7485.52		0				12845														3605		3605		2662				3605		0.62		7582.64		0		2662		0.62		7582.64		0

		2750		0.62		3690.56		0				13265		0.63		13197.28		0				12863		0.63		15088.12		1				7605		0.63		7540.48		0				13265														2370		2370		2329				2370		0.63		7669.36		0		2329		0.63		7669.36		0

		2654		0.63		3715.94		0				12817		0.64		13205.84		0				14160		0.64		15127.36		0				4631		0.64		7595.44		0				12817														2630		2630		2504				2630		0.64		7756.08		0		2504		0.64		7756.08		0

		2311		0.64		3741.32		0				13059		0.65		13214.4		0				13271		0.65		15166.6		1				5504		0.65		7650.4		1				13059														10878				2672				10878		0.65		7842.8		0		2672		0.65		7842.8		0

		2433		0.65		3766.7		0				13379		0.66		13222.96		1				13284		0.66		15205.84		0				4504		0.66		7705.36		0				13379														2274		2274		2810				2274		0.66		7929.52		0		2810		0.66		7929.52		0

		2354		0.66		3792.08		0				13216		0.67		13231.52		1				12779		0.67		15245.08		1				6518		0.67		7760.32		0				13216														2775		2775		2355				2775		0.67		8016.24		0		2355		0.67		8016.24		0

		2340		0.67		3817.46		0				13002		0.68		13240.08		4				13065		0.68		15284.32		0				4875		0.68		7815.28		0				13002														2769		2769		2537				2769		0.68		8102.96		0		2537		0.68		8102.96		0

		2496		0.68		3842.84		0				12889		0.69		13248.64		0				13151		0.69		15323.56		0				5046		0.69		7870.24		0				12889														2364		2364		2351				2364		0.69		8189.68		0		2351		0.69		8189.68		0

		2518		0.69		3868.22		0				12866		0.7		13257.2		1				13795		0.7		15362.8		0				4514		0.7		7925.2		0				12866														2556		2556		2356				2556		0.7		8276.4		0		2356		0.7		8276.4		0

		2755		0.7		3893.6		0				13040		0.71		13265.76		1				12753		0.71		15402.04		0				4564		0.71		7980.16		0				13040														2406		2406		2649				2406		0.71		8363.12		0		2649		0.71		8363.12		0

		2631		0.71		3918.98		0				13048		0.72		13274.32		2				12926		0.72		15441.28		0				5454		0.72		8035.12		0				13048														2526		2526		2967				2526		0.72		8449.84		0		2967		0.72		8449.84		0

		2976		0.72		3944.36		0				12891		0.73		13282.88		0				16140		0.73		15480.52		0				4444		0.73		8090.08		0				12891														2346		2346		2513				2346		0.73		8536.56		0		2513		0.73		8536.56		0

		2363		0.73		3969.74		0				13047		0.74		13291.44		0				13465		0.74		15519.76		0				4353		0.74		8145.04		0				13047														2376		2376		2696				2376		0.74		8623.28		0		2696		0.74		8623.28		0

		2474		0.74		3995.12		0				13240		0.75		13300		1				12668		0.75		15559		0				4814		0.75		8200		0				13240														2528		2528		2756				2528		0.75		8710		0		2756		0.75		8710		0

		2374		0.75		4020.5		0				13392		0.76		13308.56		0				12957		0.76		15598.24		0				4163		0.76		8254.96		0				13392														2390		2390		2408				2390		0.76		8796.72		0		2408		0.76		8796.72		0

		2277		0.76		4045.88		0				13512		0.77		13317.12		0				13284		0.77		15637.48		0				4339		0.77		8309.92		0				13512														2607		2607		2630				2607		0.77		8883.44		0		2630		0.77		8883.44		0

		2336		0.77		4071.26		0				13463		0.78		13325.68		3				13079		0.78		15676.72		0				6738		0.78		8364.88		0				13463														2830		2830		4514				2830		0.78		8970.16		0		4514		0.78		8970.16		0

		2354		0.78		4096.64		0				13007		0.79		13334.24		0				13047		0.79		15715.96		0				4752		0.79		8419.84		0				13007														2943		2943		2562				2943		0.79		9056.88		0		2562		0.79		9056.88		0

		2642		0.79		4122.02		0				12902		0.8		13342.8		0				13250		0.8		15755.2		0				4838		0.8		8474.8		1				12902														2638		2638		2641				2638		0.8		9143.6		0		2641		0.8		9143.6		0

		2543		0.8		4147.4		0				12915		0.81		13351.36		3				12908		0.81		15794.44		0				4610		0.81		8529.76		0				12915														2412		2412		2374				2412		0.81		9230.32		0		2374		0.81		9230.32		0

		2506		0.81		4172.78		0				12876		0.82		13359.92		1				13477		0.82		15833.68		0				4672		0.82		8584.72		0				12876														2422		2422		2457				2422		0.82		9317.04		0		2457		0.82		9317.04		0

		2147		0.82		4198.16		0				12957		0.83		13368.48		0				12904		0.83		15872.92		0				4883		0.83		8639.68		0				12957														2538		2538		2466				2538		0.83		9403.76		0		2466		0.83		9403.76		0

		2624		0.83		4223.54		0				13094		0.84		13377.04		2				13573		0.84		15912.16		0				5213		0.84		8694.64		0				13094														2781		2781		2467				2781		0.84		9490.48		0		2467		0.84		9490.48		0

		2143		0.84		4248.92		0				13150		0.85		13385.6		1				13202		0.85		15951.4		0				4804		0.85		8749.6		0				13150														2803		2803		2751				2803		0.85		9577.2		0		2751		0.85		9577.2		0

		2520		0.85		4274.3		0				13181		0.86		13394.16		2				13340		0.86		15990.64		0				5558		0.86		8804.56		0				13181														2737		2737		2599				2737		0.86		9663.92		0		2599		0.86		9663.92		0

		2326		0.86		4299.68		0				13447		0.87		13402.72		0				13026		0.87		16029.88		0				5022		0.87		8859.52		0				13447														2684		2684		2302				2684		0.87		9750.64		0		2302		0.87		9750.64		0

		2699		0.87		4325.06		0				12826		0.88		13411.28		1				13039		0.88		16069.12		0				4807		0.88		8914.48		0				12826														2750		2750		2825				2750		0.88		9837.36		0		2825		0.88		9837.36		0

		2254		0.88		4350.44		0				13039		0.89		13419.84		1				13570		0.89		16108.36		0				4528		0.89		8969.44		0				13039														2547		2547		2839				2547		0.89		9924.08		0		2839		0.89		9924.08		0

		2822		0.89		4375.82		0				13086		0.9		13428.4		0				12616		0.9		16147.6		1				4096		0.9		9024.4		0				13086														2601		2601		2768				2601		0.9		10010.8		0		2768		0.9		10010.8		0

		2750		0.9		4401.2		0				13389		0.91		13436.96		0				13074		0.91		16186.84		0				4702		0.91		9079.36		0				13389														2501		2501		2286				2501		0.91		10097.52		0		2286		0.91		10097.52		0

		2257		0.91		4426.58		0				13015		0.92		13445.52		0				13520		0.92		16226.08		0				6121		0.92		9134.32		0				13015														2572		2572		2269				2572		0.92		10184.24		0		2269		0.92		10184.24		0

		2117		0.92		4451.96		1				12928		0.93		13454.08		1				12775		0.93		16265.32		0				4863		0.93		9189.28		0				12928														2520		2520		2839				2520		0.93		10270.96		0		2839		0.93		10270.96		0

				0.93		4477.34		0				13116		0.94		13462.64		0				13414		0.94		16304.56		0				4606		0.94		9244.24		0				13116														2468		2468		2683				2468		0.94		10357.68		0		2683		0.94		10357.68		0

		362.1535763416		0.94		4502.72		0				13324		0.95		13471.2		1				16540		0.95		16343.8		0				4653		0.95		9299.2		0				13324														2779		2779		2805				2779		0.95		10444.4		0		2805		0.95		10444.4		0

				0.95		4528.1		0				13172		0.96		13479.76		2				13130		0.96		16383.04		0				4263		0.96		9354.16		0				13172														3022		3022		2318				3022		0.96		10531.12		0		2318		0.96		10531.12		0

		2543.2365591398		0.96		4553.48		0				13476		0.97		13488.32		1				13420		0.97		16422.28		0				4614		0.97		9409.12		0				13476														3157		3157		2831				3157		0.97		10617.84		0		2831		0.97		10617.84		0

		2117		0.97		4578.86		0				13498		0.98		13496.88		0				12944		0.98		16461.52		0				4114		0.98		9464.08		0				13498														2931		2931		3488				2931		0.98		10704.56		0		3488		0.98		10704.56		0

		4655		0.98		4604.24		0				13174		0.99		13505.44		1				14195		0.99		16500.76		0				4580		0.99		9519.04		0				13174														2391		2391		2892				2391		0.99		10791.28		0		2892		0.99		10791.28		0

		2538		0.99		4629.62		0						1		13514		2						1		16540		1				6245		1		9574		1																		2480		2480		3176				2480		1		10878		1		3176		1		10878		0

				1		4655		1				235.4841812097										674.0542675482										4683										235.4841812097														2395		2395		2609				2395								2609

																																7199

																						13341.62										4552																						standard deviation		882.3		342.0		317.3

												12658										12616										5303										12658

												13514										16540										5321										13514												mean		2697		2616		2639

												856										3924										5364										856												minimum		2206		2206		2215

																																5068																						maximum		10878		5067		4514

																																4078																						range		8672		2861		2299

																																4918

																																4301

																																868.6493831414

																																4965.3873873874

																																4078

																																9574

																																5496
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Sheet3

		methods vs. properties		client status known		time needed						determined time		active or passive scan		possible speed (ms)

						# SIFS		# DIFS		frames						min.		max.

		Current		No		1		2		3		No		active		50		50

		High beacon rate		No		0		1		1		No		passive		6		6

		High beacon rate and small beacons		No		0		1		1		No		passive		5		5

		Directed probe request		No		0		2		2		No		active		3		10

		Directed probe request; fast response		No		1		1		2		No		active		2		10

		Directed probe request; fast ack		No		1		1		2		No		active		1		10

		Synchronized beacon frames		No		0		1		1		No		active		1		50

		NBA scan		Yes		1		0		1		Yes		passive		1		5

		Promiscuous mode		-		-		-		-		Yes		-		1		2
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Blad1

				bytes		time (μs)*

		SIFS				10		10

		Maximal 802.11 data frame size		2304		18432		1675.6363636364

		SIFS				10		10

		ACK frame		14		112		10.1818181818

		Total				18564		1705.8181818182

		SIFS				10		10

		NBA frame		20		160		14.5454545455

		Total				170		24.5454545455

								0
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