
Ý¸¿°¬»® ïé

ß¼¿°¬·ª» Ý§½´»óÝ±²¬®±´´»¼ ÛóÔ·³·¬»¼

Ð±´´·²¹ ·² Þ´«»¬±±¬¸ Ð·½±²»¬­

Ö»´»²¿ Ó·­̌·l½ ¿²¼ Ê±¶·­´¿ª Þò Ó·­̌·l½

Ë²·ª»®­·¬§ ±º Ó¿²·¬±¾¿ô É·²²·°»¹ô Ó¿²·¬±¾¿ô Ý¿²¿¼¿

ïéòï ×²¬®±¼«½¬·±²

Þ´«»¬±±¬¸ ·­ ¿² »³»®¹·²¹ ­¬¿²¼¿®¼ º±® É·®»´»­­ Ð»®­±²¿´ ß®»¿ Ò»¬©±®µ­ øÉÐßÒ­÷ ÅïëÃò Þ´«»¬±±¬¸

¼»ª·½»­ ¿®» ±®¹¿²·¦»¼ ·² °·½±²»¬­æ ­³¿´´ô ½»²¬®¿´·¦»¼ ²»¬©±®µ ©·¬¸ g i è ¿½¬·ª» ²±¼»­ ±® ¼»ª·½»­

ÅîÃò Ñ²» ±º ¬¸» ²±¼»­ ¿½¬­ ¿­ ¬¸» ³¿­¬»®ô ©¸·´» ¬¸» ±¬¸»®­ ¿®» ­´¿ª»­ô ¿²¼ ¿´´ ½±³³«²·½¿¬·±²­ ·²

¬¸» °·½±²»¬ ¬¿µ» °´¿½» «²¼»® ³¿­¬»®ù­ ½±²¬®±´ò ß´´ ­´¿ª»­ ´·­¬»² ¬± ¼±©²´·²µ ¬®¿²­³·­­·±²­ º®±³ ¬¸»

³¿­¬»®ò Ì¸» ­´¿ª» ³¿§ ®»°´§ ©·¬¸ ¿² «°´·²µ ¬®¿²­³·­­·±² ·º ¿²¼ ±²´§ ·º ¿¼¼®»­­»¼ »¨°´·½·¬´§ ¾§ ¬¸»

³¿­¬»®ô ¿²¼ ±²´§ ·³³»¼·¿¬»´§ ¿º¬»® ¾»·²¹ ¿¼¼®»­­»¼ ¾§ ¬¸» ³¿­¬»®ò

Thus, the performance of data traffic in the Bluetooth piconet is critically dependent on the
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current Bluetooth specification does not require or prescribe any specific polling scheme [2], and
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support regarding any predefined delay bounds; only recently a scheme has been proposed that can

support such bounds, albeit at the expense of efficiency and/or fairness [6]. This observation has
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data traffic. This number is dynamically determined in each piconet cycle. Slaves which do not
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able to optimize the efficiency of data transfers, esp. in piconets with highly asymmetric traffic.

Ì¸» ¿´´±½¿¬·±² ±º ½±²­»½«¬·ª» ¬·³» ­´±¬­ ¬»²¼­ ¬± °®»­»®ª» ¬¸» ·²¬»¹®·¬§ ±º ¾¿­»¾¿²¼ °¿½µ»¬ ¾«®­¬­

¿²¼ ¬¸«­ ´»¿¼­ ¬± ®»¼«½¬·±² ±º ¼»´¿§­ º±® ×Ð °¿½µ»¬­ ·² ¬¸» °·½±²»¬ò Ú«®¬¸»®³±®»ô »¿½¸ ­´¿ª» ©·´´ ¾»

ª·­·¬»¼ ¿¬ ´»¿­¬ ±²½» ¼«®·²¹ ¬¸» ½§½´»ô ©¸·½¸ ¹«¿®¿²¬»»­ º¿·®²»­­ ¾§ ³¿µ·²¹ ­«®» ¬¸¿¬ ²± ­´¿ª»ø­÷ ½¿²

³±²±°±´·¦» ¬¸» °·½±²»¬ ¿¬ ¬¸» »¨°»²­» ±º ±¬¸»®­ò Ú·²¿´´§ô ¬¸» ¿½¬«¿´ ¿´¹±®·¬¸³ ·­ ½±³°«¬¿¬·±²¿´´§

­·³°´»ô ¿²¼ ¬¸» ¾«´µ ±º ¬¸» ½¿´½«´¿¬·±²­ ¿®» °»®º±®³»¼ ±²´§ ±²½» °»® °·½±²»¬ ½§½´»ò

In cases where the piconet contains slaves with synchronous traffic, the scheme may simply be

modified so as to control the duration of the piconet cycle. In this manner, the scheme is able to

support piconet with both synchronous and asynchronous traffic. On account of this modification,
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and discuss possible modifications to improve its performance. Finally, we summarize our findings
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to exchange, whichever comes first. Packets that arrive during the visit are allowed to enter the
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results at high traffic loads, but tends to waste a lot of bandwidth under low and medium loads;
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fairness at high loads, esp. if the traffic loads of individual slaves are not uniform [5]. In such

cases, the E-limited scheme is able to achieve good results, which has been confirmed through
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finished their packet exchange, which is detected through the presence of a POLL-NULL sequence
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this case, the available piconet cycle is divided into two parts. The first part is allocated directly to
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In case some slaves have a predefined bandwidth requirement, e.g., on account of synchronous

traffic or negotiated QoS, they can be excluded from both dynamic bandwidth allocation and re-

ordering, and they can be assigned a fixed position within the piconet cycle – say, at the beginning

±º »¿½¸ ½§½´»ò

Ì¸» ®±´» ±º ¬¸» ®»º»®»²½» ­´¿ª» ¿²¼ ­´¿ª» ®»±®¼»®·²¹

Ì¸» º¿·®²»­­ ±º ßÝÛ °±´´·²¹ ¼»°»²¼­ ±² ¬¸» ½¸±·½» ±º ¬¸» ®»º»®»²½» ­´¿ª» Š ¬¸» ­´¿ª» º®±³ ©¸·½¸

¬¸» °·½±²»¬ °±´´·²¹ ½§½´» ­¬¿®¬­ò ß²§ ±º ¬¸» ­´¿ª»­ ½±«´¼ ¾» ½¸±­»² ¬± ¾» ¬¸» ®»º»®»²½» ­´¿ª»ô ¿²¼



ê

Ú·¹«®» ïéòïæ Ð»®¬¿·²·²¹ ¬± ¬¸» ½¸±·½» ±º ®»º»®»²½» ­´¿ª»ò øÚ®±³ Öò Ó·­̌·l½ô Êò Þò Ó·­̌·l½ô ¿²¼
Ûò Éò Íò Õ±ô �Ú·¨»¼ ½§½´»­ ¿²¼ ¿¼¿°¬·ª» ¾¿²¼©·¼¬¸ ¿´´±½¿¬·±² ½¿² ½±»¨·­¬ ·² Þ´«»¬±±¬¸ôŒ Ý¿²¿¼ò Öò
Û´»½¬ò Ý±³°«¬ò Û²¹ò îçøïñî÷æïíëŠïìé÷ô ½p îððì ÝÖÛÝÛò÷

the master could simply poll the slaves in fixed order, as shown in Fig. 117.2 (a). However, this

would destroy the fairness of bandwidth allocation to individual slaves. Namely, the first slave in
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However, if the slaves are polled in fixed order, the first slave would always have the entire
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could be modified by rotating the role of the reference slave amongs all the slaves. For example,
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slave will probably get only a short time allocation at first, and much more time immediately after

that, so that any leftover traffic will be taken care of immediately. In the worst case, when there is
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becomes the slave which is polled first in the coming cycle. Therefore the polling cycle may be
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performance will be mainly determined by the performance of downlink traffic.

With this modification, the ACE algorithm may be described with the following pseudocode.
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(b) Performance under asymmetric traffic.
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loads, where the adaptivity of the ACE scheme improves performance significantly. (Of course,
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better at higher loads, and it performs better as the asymmetry between the traffic of individual
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LDQF policy is shown in Fig. 17.5. The first diagram shows the delay as a function of the maxi-
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minimum of the curve (which, in the case of fixed slave order, corresponds roughly to the value of
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Finally, Fig. 17.6 shows the effects of introducing the fixed cycle control. For simplicity, we
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and its fixed cycle variant. The piconet had seven active ACL slaves, and the cycle time limit has
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to the cycles in which no slave has any traffic, hence each visit of the master takes only two time
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At the same time, fixed cycle control does lead to some deterioration of delays, esp. at higher
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Figure 17.6: Performance of fixed cycle variant compared to adaptive E-limited polling.
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polling interval for slaves with synchronous traffic, rather than optimum performance under high

volume of asynchronous traffic. For values of offered load that do not exceed c ã ðæìô ¬¸» ¼»¬»®·±ó

®¿¬·±² ±º ¼»´¿§ ·­ ¾»´±© ïîûô ©¸·½¸ ¿°°»¿®­ ¬± ¾» ¿² ¿½½»°¬¿¾´» °®·½» ¬± °¿§ º±® ¬¸» ·³°®±ª»³»²¬

·² ½§½´» ½±²¬®±´ò

ïéòë Í«³³¿®§ ¿²¼ °±­­·¾´» »²¸¿²½»³»²¬­

×² ¬¸·­ °¿°»® ©» ¸¿ª» ¼»­½®·¾»¼ ¿ ´·¹¸¬©»·¹¸¬ ¿¼¿°¬·ª» °±´´·²¹ ­½¸»³» ©·¬¸ ­±º¬ ½§½´» ½±²¬®±´ ©¸·½¸

is suitable for piconets with asymmetric traffic. We have also developed a complete queueing
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piconet cycle. The new scheme is shown to perform well under a wide range of traffic loads in the
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The ACE scheme can be extended to support slaves with predefined QoS parameters such as
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synchronous, CBR traffic, but also from the more common asynchronous traffic. (It should be
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is provided by the current Bluetooth specification [3].) Slaves with QoS requirements can be
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using a fixed number of frames, and they can be excluded from slave reordering in each cycle. As

the piconet cycle is not fixed, slaves with CBR traffic may have less traffic in some cycles, which

½¿² »¿­·´§ ¾» ¼»¿´¬ ©·¬¸ ¾§ »²¼·²¹ ¬¸» »¨½¸¿²¹» ©¸»² ¿ ÐÑÔÔñÒËÔÔ º®¿³» ·­ »²½±«²¬»®»¼ô ¿­ ·­

½±³³±² ·² Þ´«»¬±±¬¸ò

Ú«®¬¸»® »¨¬»²­·±² ±º ¬¸» ßÝÛ ­½¸»³» ½±«´¼ ·²¬®±¼«½» ¿¼³·­­·±² ½±²¬®±´ô ·² ©¸·½¸ ­´¿ª»­ ½¿²

¾» ¿¼³·¬»¼ ·² ¬¸» °·½±²»¬ô ±® ®»¶»½¬»¼ô ¼»°»²¼·²¹ ±² ¬¸» ¿¾·´·¬§ ±º ¬¸» °·½±²»¬ ¬± ­«°°±®¬ ¬¸» Ï±Í

®»¯«·®»³»²¬­ò Ì¸»­» ®»¯«·®»³»²¬­ ½¿² ¾» ·³°±­»¼ ¾§ ¬¸» ­´¿ª»­ ®»¯«»­¬·²¹ ¿¼³·­­·±²ô ¾«¬ ¿´­± ¾§

¬¸» ­´¿ª»­ ¬¸¿¬ ¿®» ¿´®»¿¼§ ¿¼³·¬¬»¼ ·² ¬¸» °·½±²»¬ò Í±³» ·²·¬·¿´ ®»­«´¬­ ·² ¬¸¿¬ ¼·®»½¬·±²ô ¾«¬ «­·²¹

°´¿·² Ûó´·³·¬»¼ °±´´·²¹ ±²´§ô ¿®» ®»°±®¬»¼ ·² ÅçÃò



ïç

Î»º»®»²½»­

ÅïÃ Bluetooth SIG. Bluetooth Network Encapsulation Protocol (BNEP) Specification. Technical
®»°±®¬ô Î»ª·­·±² ðòçë¿ô Ö«²» îððïò

ÅîÃ Þ´«»¬±±¬¸ Í×Ùò Specification of the Bluetooth Systemò Ê»®­·±² ïòïô Ú»¾®«¿®§ îððïò
ÅíÃ Þ´«»¬±±¬¸ Í×Ùò Specification of the Bluetooth System – Architecture & Terminology

Ñª»®ª·»©ô ª±´«³» ïò Ê»®­·±² ïòîô Ò±ª»³¾»® îððíò
ÅìÃ Þ´«»¬±±¬¸ Í×Ùò Specification of the Bluetooth System – Core System Package [Controller

ª±´«³»Ãô ª±´«³» îò Ê»®­·±² ïòîô Ò±ª»³¾»® îððíò
ÅëÃ Antonio Capone, Rohit Kapoor, and Mario Gerla. Efficient polling schemes for Bluetooth

°·½±½»´´­ò ×² Ð®±½ò ×ÛÛÛ ×²¬ò Ý±²ºò ±² Ý±³³«²·½¿¬·±²­ ×ÝÝ îððïô ª±´«³» éô °¿¹»­ ïççðŠ
ïççìô Ø»´­·²µ·ô Ú·²´¿²¼ô Ö«²» îððïò

ÅêÃ Jean-Baptiste Lapeyrie and Thierry Turletti. FPQ: a fair and efficient polling algorithm with
Ï±Í ­«°°±®¬ º±® Þ´«»¬±±¬¸ °·½±²»¬ò ×² Ð®±½»»¼·²¹­ Ì©»²¬§óÍ»½±²¼ ß²²«¿´ Ö±·²¬ Ý±²º»®»²½»
±º ¬¸» ×ÛÛÛ Ý±³°«¬»® ¿²¼ Ý±³³«²·½¿¬·±²­ Í±½·»¬·»­ ×ÛÛÛ ×ÒÚÑÝÑÓ îððíô ª±´«³» îô
°¿¹»­ ïíîîŠïííîô Ò»© Ç±®µô ÒÇô ß°®·´ îððíò

ÅéÃ Ø¿²±½¸ Ô»ª§ô Ó±­¸» Í·¼·ô ¿²¼ Ñ²²± Öò Þ±¨³¿ò Ü±³·²¿²½» ®»´¿¬·±²­ ·² °±´´·²¹ ­§­¬»³­ò
Ï«»«»·²¹ Í§­¬»³­ Ì¸»±®§ ¿²¼ ß°°´·½¿¬·±²­ô êøî÷æïëëŠïéïô ïççðò

ÅèÃ Æ¸»² Ô·«ô Ð¸·´·°°» Ò¿·²ô ¿²¼ Ü±² Ì±©­´»§ò Ñ² ±°¬·³¿´ °±´´·²¹ °±´·½·»­ò Ï«»«»·²¹ Í§­¬»³­
Ì¸»±®§ ¿²¼ ß°°´·½¿¬·±²­ô ïïøïŠî÷æëçŠèíô ïççîò

ÅçÃ Ö»´»²¿ Ó·­̌·l½ô Õ¿ Ô±µ Ý¸¿²ô ¿²¼ Ê±¶·­´¿ª Þò Ó·­̌·l½ò ß¼³·­­·±² ½±²¬®±´ ·² Þ´«»¬±±¬¸ °·½±²»¬­ò
×ÛÛÛ Ì®¿²­¿½¬·±²­ ±² Ê»¸·½«´¿® Ì»½¸²±´±¹§ô ëíøí÷æèçðŠçïïô Ó¿§ îððìò

ÅïðÃ Ö»´»²¿ Ó·­̌·l½ô Ê±¶·­´¿ª Þò Ó·­̌·l½ô ¿²¼ Û®·½ É¿· Í«² Õ±ò Ú·¨»¼ ½§½´»­ ¿²¼ ¿¼¿°¬·ª» ¾¿²¼©·¼¬¸
¿´´±½¿¬·±² ½¿² ½±»¨·­¬ ·² Þ´«»¬±±¬¸ò Ý¿²¿¼·¿² Ö±«®²¿´ ±º Û´»½¬®·½¿´ ¿²¼ Ý±³°«¬»® Û²¹·²»»®ó
·²¹ô îçøïŠî÷æïíëŠïìéô Ö¿²«¿®§ñß°®·´ îððìò

ÅïïÃ V. Paxson and Sally Floyd. Wide area traffic: the failure of Poisson modeling. ßÝÓñ×ÛÛÛ
Ì®¿²­¿½¬·±²­ ±² Ò»¬©±®µ·²¹ô íøí÷æîîêŠîììô Ö«²» ïççëò

ÅïîÃ ÎÍ±º¬ Ü»­·¹²ô ×²½ò ß®¬·º»¨ ªòìòìòîò Í¿² Ö±­»ô Ýßô îððíò
ÅïíÃ Ø·¼»¿µ· Ì¿µ¿¹·ò ß²¿´§­·­ ±º Ð±´´·²¹ Í§­¬»³­ò Ì¸» Ó×Ì Ð®»­­ô Ý¿³¾®·¼¹»ô Óßô ïçèêò
ÅïìÃ Ø·¼»¿µ· Ì¿µ¿¹·ò Ï«»«»·²¹ ß²¿´§­·­ô ª±´«³» ïæ Ê¿½¿¬·±² ¿²¼ Ð®·±®·¬§ Í§­¬»³­ò Ò±®¬¸ó

Ø±´´¿²¼ô ß³­¬»®¼¿³ô Ì¸» Ò»¬¸»®´¿²¼­ô ïççïò
ÅïëÃ Wireless PAN medium access control MAC and physical layer PHY specification. IEEE

­¬¿²¼¿®¼ èðîòïëô ×ÛÛÛô Ò»© Ç±®µô ÒÇô îððîò


