Ãëàâà 5 � Ìîäåëü Ïîòîêà USB





Â ýòîé ãëàâå ïðåäñòàâëåíà èíôîðìàöèÿ îòíîñèòåëüíî òîãî, êàê äàííûå ïåðåìåùàþòñÿ â USB, ýòî âàæíî çíàòü âñåì ðàçðàáîò÷èêàì. Ïðåäñòàâëåííàÿ èíôîðìàöèÿ î ñèñòåìå ýòî óðîâåíü ïåðåäà÷è ñèãíàëîâ è îïèñàíèå ïðîòîêîëà . Ñ Ãëàâîé 7, Ýëåêòðè÷åñêèå ïàðàìåòðû è Ãëàâîé 8, Óðîâåíü Ïðîòîêîëà íåîáõîäèìî ïðîêîíñóëüòèðîâàòüñÿ äëÿ áîëåå äåòàëüíîãî îçíàêîìëåíèÿ ñ ïîäðîáíîñòÿìè îòíîñèòåëüíî ñîîòâåòñòâóþùèõ ÷àñòåé ñèñòåìû USB. Â ýòîé ãëàâå ïðåäñòàâëåíà èíôîðìàöèÿ î êàðêàñå(framework), êîòîðàÿ äàëåå áóäåò îáñóæäàòüñÿ â Ãëàâå 9, Êàðêàñ Óñòðîéñòâà USB, Ãëàâà 10, Õîñò USB: Àïïàðàòíûå ñðåäñòâà è Ïðîãðàììíîå îáåñïå÷åíèå, è Ãëàâà 11, Ñïåöèôèêàöèÿ Êîíöåíòðàòîðà. Ýòà ãëàâà äîëæíà áûòü ïðî÷èòàíà âñåìè ðàçðàáîò÷èêàìè, ÷òîáû ïîíÿòü êëþ÷åâûå êîíöåïöèè USB.


Òî÷êè Çðåíèÿ Ðàçðàáîò÷èêà


USB îáåñïå÷èâàåò ñåðâèñû ñâÿçè ìåæäó õîñòîì è ïðèñîåäèíåííûìè óñòðîéñòâàìè USB.  Îäíàêî, ïðè ïðîñòîì âçãëÿäå, êîíå÷íûé ïîëüçîâàòåëü âèäèò ïðèñîåäèíåíèÿ îäíîãî èëè áîëåå óñòðîéñòâ USB ê õîñòó, êàê íà Ðèñóíêå 5-1, ÷òî íåìíîãî áîëüøå óñëîæíî â ðåàëüíîé ðåàëèçàöèè, ÷åì ýòî ïîêàçàíî íà ðèñóíêå.( However, the simple view an end user sees of attaching one or more USB devices to a host, as in Figure 5-1, is in fact a little more complicated to implement than as indicated by the figure)  Âçãëÿäû íà ñèñòåìû ñ ðàçíûõ ñòîðîí òðåáóþòñÿ, ÷òîáû îáúÿñíèòü ñïåöèôè÷åñêèå òðåáîâàíèÿ USB øèíû äëÿ ïîíèìàíèÿ ïðîáëåì ðàçëè÷íûìè ðàçðàáîò÷èêàìè.( Different views of the system are required to explain specific USB requirements from the perspective of different implementers.) Íåñêîëüêî âàæíûõ êîíöåïöèé è âîçìîæíîñòåé äîëæíû ïîääåðæèâàòüñÿ ïðè îáåñïå÷åíèè êîíå÷íîãî ïîëüçîâàòåëÿ òðåáóåìîé íàäåæíîé îïåðàöèåé äëÿ ñåãîäíÿøíèõ ïåðñîíàëüíûõ êîìïüþòåðîâ.( Several important concepts and features must be supported to provide the end user with the reliable operation demanded from today’s personal computers)  USB ïðåäñòàâëåíà â âèäå ñëîåâ, ÷òî îáëåã÷àåò îáúÿñíåíèå è ïîçâîëÿåò ðàçðàáîò÷èêàì îòäåëüíûõ ÷àñòåé èçäåëèé USB ñîñðåäîòî÷èòüñÿ íà ïîäðîáíîñòÿõ êàñàþùèõñÿ èõ èçäåëèé.
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Ðèñóíîê 5-1. Óïðîùåííûé Âèä Õîñòà / Óñòðîéñòâà USB


Íà ðèñóíêå 5-2 ïîêàçàí áîëåå ãëóáîêèé êðàòêèé îáçîð îïðåäåëåíèé ðàçëè÷íûõ óðîâíåé ñèñòåìû USB, êîòîðûé áóäåò îïèñàí áîëåå ïîäðîáíî äàëåå â ñïåöèôèêàöèè(Figure 5-2 shows a deeper overview of USB identifying the different layers of the system that will be described in more detail in the remainder of the specification.) Îñîáåííîñòè ðàñïðåäåëåíû ïî ÷åòûðåì öåíòðàëüíûì îáëàñòÿì ðåàëèçàöèé(In particular, there are four focus implementation areas):


Ôèçè÷åñêîå Óñòðîéñòâî USB - ôðàãìåíò àïïàðàòíûõ ñðåäñòâ íà êîíöå êàáåëÿ USB, êîòîðûé âûïîëíÿåò íåêîòîðóþ ïîëåçíóþ ôóíêöèþ êîíå÷íîãî ïîëüçîâàòåëÿ.


Êëèåíòñêîå Ïðîãðàììíîå Îáåñïå÷åíèå - Ïðîãðàììíîå îáåñïå÷åíèå, êîòîðîå âûïîëíÿåòñÿ íà ñîîòâåòñòâóþùåì õîñòå óñòðîéñòâà USB. Ýòî êëèåíòñêîå ïðîãðàììíîå îáåñïå÷åíèå îáû÷íî ïðåäîñòàâëÿåòñÿ îïåðàöèîííîé ñèñòåìîé èëè âìåñòå ñ óñòðîéñòâîì USB.


Ïðîãðàììíîå îáåñïå÷åíèå Ñèñòåìû USB - Ïðîãðàììíîå îáåñïå÷åíèå, êîòîðîå ïîääåðæèâàåò USB â îòäåëüíîé îïåðàöèîííîé ñèñòåìå. Îáû÷íî ïðåäîñòàâëÿåòñÿ îïåðàöèîííîé ñèñòåìîé íåçàâèñèìî îò îòäåëüíûõ óñòðîéñòâ USB èëè êëèåíòñêîãî ïðîãðàììíîãî îáåñïå÷åíèÿ.


USB Õîñò Êîíòðîëëåð ( Ñòîðîíà Õîñòà â Èíòåðôåéñå Øèíû) - àïïàðàòíûå ñðåäñòâà è ïðîãðàììíîå îáåñïå÷åíèå, êîòîðîå ïîçâîëÿåò óñòðîéñòâàì USB áûòü ïðèñîåäèíåííûì ê õîñòó.


Èìåþòñÿ ÷àñòü ïðàâ è îáÿçàòåëüñòâ ìåæäó ÷åòûðüìÿ êîìïîíåíòàìè ñèñòåìû USB (There are shared rights and responsibilities between the four USB system components). Äàëåå â ýòîé ñïåöèôèêàöèè îïèñûâàþòñÿ ïîäðîáíîñòè, òðåáóåìûå äëÿ ïîääåðæàíèÿ êðåïêèõ, íàäåæíûõ ïîòîêîâ ñâÿçè ìåæäó ôóíêöèåé è åå êëèåíòîì.( The remainder of this specification describes the details required to support robust, reliable communication flows between a function and its client.)
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Ðèñóíîê 5-2. Îáëàñòè Ðåàëèçàöèè USB


Êàê ïîêàçàíî íà Ðèñóíêå 5-2, ïðîñòîå ñîåäèíåíèå õîñòà ñ óñòðîéñòâîì òðåáóåò âçàèìîäåéñòâèÿ ìåæäó ðÿäîì óðîâíåé è îáúåêòîâ. Óðîâåíü Èíòåðôåéñà Øèíû USB îáåñïå÷èâàåò ôèçè÷åñêóþ/ñèãíàëüíóþ/ïàêåòíóþ ñâÿçü ìåæäó õîñòîì è óñòðîéñòâîì. Óðîâåíü Óñòðîéñòâà USB -ýòî âçãëÿä íà ïðîãðàììíîå îáåñïå÷åíèå Ñèñòåìû USB êîòîðîå âûïîëíÿåò âíóòðåííèå îïåðàöèé øèíû USB ñ óñòðîéñòâîì.(The USB Device Layer is the view the USB System software has for performing generic USB operations with a device.) Ôóíêöèîíàëüíûé Óðîâåíü ïðåäîñòàâëÿåò äîïîëíèòåëüíûå âîçìîæíîñòè õîñòó ÷åðåç ñîîòâåòñòâåííî ñâÿçàííûé ñ íèì óðîâåíü êëèåíòñêîãî ïðîãðàììíîãî îáåñïå÷åíèÿ. Â ïðåäåëàõ  óðîâíÿ Óñòðîéñòâà USB è Ôóíêöèîíàëüíîãî óðîâíÿ, âèä ñâÿçè ëîãè÷åñêèé, à ÷òîáû âûïîëíèòü ïåðåäà÷ó äàííûõ, ôàêòè÷åñêè, èñïîëüçóåòñÿ  Óðîâåíü Èíòåðôåéñà USB Øèíû, (The USB Device and Function layers each have a view of logical communication within their layer that actually uses the USB Bus Interface Layer to accomplish data transfer.)


Ôèçè÷åñêèé âèä ñâÿçè USB êàê îïèñàíî â Ãëàâàõ 6, 7, è 8 ñâÿçàí ñ ëîãè÷åñêèì âèäîì ñâÿçè, ïðåäñòàâëåííûì â Ãëàâàõ 9 è 10. Ýòà ãëàâà îïèñûâàåò òå êëþ÷åâûå êîíöåïöèè, êîòîðûå íåîáõîäèìû ðàçðàáîò÷èêàì USB è äîëæíû ÷èòàòüñÿ âñåìè ïåðåä ïåðåõîäîì ê òåì ÷àñòÿì ñïåöèôèêàöèè, â êîòîðûõ îíè íàéäóò ïîäðîáíîñòè îòíîñÿùèåñÿ ê êîíêðåòíî èõ èçäåëèþ.


×òîáû îïèñûâàòü è óïðàâëÿòü ñâÿçüþ USB, âàæíî ðàññìîòðåòü ñëåäóþùèå êîíöåïöèè :


Òîïîëîãèÿ Øèíû: Â Ðàçäåëå 5.2 ïðåäñòàâëåíû ïåðâîñòåïåííûå(primary) ôèçè÷åñêèå è ëîãè÷åñêèå êîìïîíåíòû USB è êàê îíè âçàèìîäåéñòâóþò.


Ìîäåëè Ïîòîêîâ Ñâÿçè: Ðàçäåëû 5.3 äî 5.8 îïèñûâàþò, êàê ïîòîêè îñóùåñòâëÿþò ñâÿçü ìåæäó õîñòîì è óñòðîéñòâàìè â USB è îïðåäåëÿþòñÿ ÷åòûðå òèïà ïåðåäà÷ â USB.


Óïðàâëåíèå Äîñòóïîì ê Øèíå: Ðàçäåë 5.9 îïèñûâàåò, êàê ïðîèñõîäèò óïðàâëåíèå âíóòðè õîñòà äîñòóïîì ê øèíû ïðè ïîääåðæàíèè øèðîêîãî äèàïàçîíà ïîòîêîâ ñâÿçè ê óñòðîéñòâàì USB.


Ñïåöèàëüíîå Ðàññìîòðåíèå Èçîõðîííûõ Ïåðåäà÷: Ðàçäåë 5.10 ïðåäñòàâëÿåò âîçìîæíîñòè USB ïðè ðàáîòå ñî ñïåöèàëüíûìè óñòðîéñòâàìè, êîòîðûå òðåáóþò èçîõðîííûå ïåðåäà÷è äàííûõ. Ðàçðàáîò÷èêè Óñòðîéñòâ íå òðåáóþùèõ èçîõðîííûå ïåðåäà÷è ìîãóò íå  ÷èòàòü Ðàçäåë 5.10.


Òîïîëîãèÿ Øèíû


Èìåþòñÿ ÷åòûðå îñíîâíûõ ÷àñòè â òîïîëîãèè USB:


Õîñò è Óñòðîéñòâà: Ïåðâè÷íûå êîìïîíåíòû ñèñòåìû USB.


Ôèçè÷åñêàÿ Òîïîëîãèÿ: Êàê ñîåäèíåíû ýëåìåíòû USB .


Ëîãè÷åñêàÿ Òîïîëîãèÿ: ðîëè è îáÿçàòåëüñòâà ðàçëè÷íûõ ýëåìåíòîâ USB è êàê â USB ïîÿâëÿåòñÿ âèä õîñòà è óñòðîéñòâà.


Êëèåíòñêîå ïðîãðàììíîå îáåñïå÷åíèå âçàèìîäåéñòâèÿ ôóíêöèé: Êàê êëèåíòñêîå ïðîãðàììíîå îáåñïå÷åíèå è ñâÿçàííûå ñ íèì èíòåðôåéñû ôóíêöèè íà óñòðîéñòâå USB âèäÿò äðóã äðóãà.( Client software to function relationships:  How client software and its related function interfaces on a USB device view each other)


Õîñò USB


Ëîãè÷åñêèé ñîñòàâ õîñòà ïîêàçàí íà Ðèñóíêå 5-3:


Õîñò êîíòðîëëåð USB


Ïîëíîå ïðîãðàììíîå îáåñïå÷åíèå ñèñòåìû USB (USB äðàéâåð, äðàéâåð õîñò êîíòðîëëåðà, è ïðîãðàììíîå îáåñïå÷åíèå õîñòà)


Êëèåíò
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Ðèñóíîê 5-3. Ñîñòàâ Õîñòà


USB õîñò çàíèìàåò óíèêàëüíóþ ïîçèöèþ êàê îáúåêò êîîðäèíèðîâàíèÿ USB. Â äîïîëíåíèå ê îñîáîé ôèçè÷åñêîé ïîçèöèè, õîñò èìååò ñïåöèôè÷åñêèå îáÿçàòåëüñòâà ÷òî êàñàåòñÿ USB è ïîäêëþ÷åííûõ óñòðîéñòâ.  Õîñò êîíòðîëèðóåò âåñü äîñòóï ê USB. Óñòðîéñòâî USB ïîëó÷àåò äîñòóï ê øèíå òîëüêî, êîãäà äîñòóï åìó ïðåäîñòàâèò õîñò.(A USB device only gains access to the bus by being granted access by the host) Õîñò òàêæå îòâåòñòâåíåí çà òåêóùèé êîíòðîëü(monitoring) òîïîëîãèè USB. 


Äëÿ ïîëíîãî ðàññìîòðåíèÿ õîñòà è ðåæèìîâ åãî ðàáîòû, îáðàòèòåñü ê Ãëàâå 10, USB Õîñò: Ïðîãðàììíîå îáåñïå÷åíèå è îáîðóäîâàíèå.


Óñòðîéñòâà USB


Ëîãè÷åñêèé ñîñòàâ ôèçè÷åñêîãî óñòðîéñòâà USB ïîêàçàí íà Ðèñóíêå 5-4:


Èíòåðôåéñ øèíû USB


Ëîãè÷åñêîå óñòðîéñòâî USB


Ôóíêöèÿ


Ôèçè÷åñêèå óñòðîéñòâà USB îáåñïå÷èâàþò õîñò äîïîëíèòåëüíûìè ôóíêöèîíàëüíûìè âîçìîæíîñòÿìè. Øèðîêî èçìåíÿþòñÿ òèïû ôóíêöèîíàëüíûõ âîçìîæíîñòåé, îáåñïå÷èâàåìûõ  óñòðîéñòâàìè USB(The types of functionality provided by USB devices vary widely). Îäíàêî, âñå ëîãè÷åñêèå óñòðîéñòâà USB ïðåäñòàâëÿþò òîò æå ñàìûé áàçèñíûé èíòåðôåéñ íà õîñò.( However, all USB logical devices present the same basic interface to the host) Ýòî ïîçâîëÿåò õîñòó óïðàâëÿòü òåì æå ñàìûì ñïîñîáîì ñîîòâåòñòâóþùèìè àñïåêòàìè USB â ðàçëè÷íûõ âèäàõ óñòðîéñòâ USB( This allows the host to manage the USB-relevant aspects of different USB devices in the same manner).


×òîáû ïîìîãàòü õîñòó â èäåíòèôèêàöèè è êîíôèãóðèðîâàíèè óñòðîéñòâà USB, êàæäîå óñòðîéñòâî íåñåò è ñîîáùàåò èíôîðìàöèÿ ñâÿçàííóþ ñ êîíôèãóðàöèåé. ×àñòü ñîîáùàåìîé èíôîðìàöèè îáùàÿ äëÿ âñåõ ëîãè÷åñêèõ óñòðîéñòâ. Äðóãàÿ èíôîðìàöèÿ ñïåöèôè÷åñêàÿ è ñâÿçàíà ñ ôóíêöèîíàëüíûìè âîçìîæíîñòÿìè, êîòîðûå îáåñïå÷èâàþòñÿ óñòðîéñòâîì. Â äåòàëÿõ ôîðìàò ýòîé èíôîðìàöèè èçìåíÿåòñÿ â çàâèñèìîñòè îò òîãî ê êàêîìó êëàññ óñòðîéñòâ ïðèíàäëåæèò óñòðîéñòâî.


Äëÿ áîëåå äåòàëüíîãî ðàññìîòðåíèÿ óñòðîéñòâà  USB, îáðàòèòåñü ê Ãëàâå 9, Êàðêàñ(Framework) Óñòðîéñòâà USB.
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Ðèñóíîê 5-4. Ñîñòàâ Ôèçè÷åñêîãî Óñòðîéñòâà


Ôèçè÷åñêàÿ Òîïîëîãèÿ Øèíû


Óñòðîéñòâà USB ôèçè÷åñêè ñîåäèíåíû ñ õîñòîì ÷åðåç çâåçäîîáðàçíóþ óðîâíåâóþ òîïîëîãèþ, êàê ïîêàçàíî íà Ðèñóíêå 5-5.  Ïðèñîåäèíåíèå òî÷åê USB îáåñïå÷èâàåòñÿ ñïåöèàëüíûì óñòðîéñòâîì USB, èçâåñòíîãî êàê êîíöåíòðàòîð. Äîïîëíèòåëüíûå òî÷êè ïðèñîåäèíåíèÿ, îáåñïå÷èâàåìûå êîíöåíòðàòîðîì íàçûâàþòñÿ ïîðòàìè. Â õîñò âíåäðåí êîíöåíòðàòîð íàçûâàåìûé êîðíåâûì êîíöåíòðàòîðîì. Õîñò îáåñïå÷èâàåò îäèí èëè áîëåå ïðèñîåäèíåíûõ ïóíêòîâ ÷åðåç êîðíåâîé êîíöåíòðàòîð. Óñòðîéñòâà USB, êîòîðûå îáåñïå÷èâàþò õîñò äîïîëíèòåëüíûìè ôóíêöèîíàëüíûìè âîçìîæíîñòÿìè èçâåñòíû êàê ôóíêöèè. ×òîáû ïðåäîòâðàùàòü êðóãîâûå ïðèñîåäèíåíèÿ, ïðèíÿòî óïîðÿäî÷èâàíèå óðîâíåé,ýòà çàäà÷à âîçëîæåíà íà çâåçäîîáðàçíóþ òîïîëîãèþ USB. Ýòî ïðèâîäèò ê äðåâîâèäíîé êîíôèãóðàöèè, èëëþñòðèðóåìîé Ðèñóíêîì 5-5.
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Ðèñóíîê 5-5. Ôèçè÷åñêàÿ Òîïîëîãèÿ USB Øèíû


Íåñêîëüêî ôóíêöèè ìîãóò áûòü óïàêîâàíû âìåñòå, ÷òî âûãëÿäèò êàê îäèíî ôèçè÷åñêîå óñòðîéñòâî. Íàïðèìåð, êëàâèàòóðà è øàðîâîé óêàçàòåëü(trackball) ìîãëè áû áûòü îáúåäèíåís â îäèí ïàêåò. Âíóòðè ïàêåòà, êàæäàÿ èç ôóíêöèé ïîñòîÿííî ïðèñîåäèíåíà ê êîíöåíòðàòîðó, îí íàçûâàåòñÿ  - âíóòðåííèé êîíöåíòðàòîð, êîòîðûé ñîåäèíåí ñ USB. Êîãäà ìíîæåñòâî ôóíêöèé îáúåäèíåíû ñ êîíöåíòðàòîðîì â îäèí ïàêåòå, îíè óïîìèíàþòñÿ êàê ñîñòàâíîå óñòðîéñòâî. Äëÿ õîñòà ñîñòàâíîå óñòðîéñòâî - òîæå ÷òî îòäåëüíûé êîíöåíòðàòîð ñ ìíîæåñòâîì ïðèñîåäèíåííûõ ôóíêöèé. Ðèñóíîê 5-5 òàêæå èëëþñòðèðóåò ñîñòàâíîå óñòðîéñòâî.


Ëîãè÷åñêàÿ Òîïîëîãèÿ Øèíû


Â òî âðåìÿ êàê óñòðîéñòâà ôèçè÷åñêè ïðèñîåäèíÿþòñÿ ê USB â âèäå óðîâíåâîé çâåçäîîáðàçíîé òîïîëîãèè, õîñò ñâÿçûâàåòñÿ ñ êàæäûì ëîãè÷åñêèì óñòðîéñòâîì, êàê áóäòî îíî áûëî íåïîñðåäñòâåííî ïîäñîåäèíåíî ê êîðíåâîìó ïîðòó. Ýòî ñîçäàåò ëîãè÷åñêèé âèä, èëëþñòðèðóåìûé Ðèñóíêîì 5-6, êîòîðûé ñîîòâåòñòâóåò ôèçè÷åñêîé òîïîëîãèè, ïîêàçàííîé íà Ðèñóíêå 5-5. Êîíöåíòðàòîðû - òàêæå ëîãè÷åñêèå óñòðîéñòâà, íî îíè íå ïîêàçàíû íà Ðèñóíêå 5-6 äëÿ óïðîùåíèÿ èçîáðàæåíèÿ. Äàæå ïðè òîì, ÷òî õîñò è ëîãè÷åñêèå óñòðîéñòâà ïðè ðàáîòå èñïîëüçóþò ýòîò ëîãè÷åñêèé âèä, õîñò èìååò èíôîðìàöèþ î ôèçè÷åñêîé òîïîëîãèè, äëÿ ïîääåðæàíèÿ îáðàáîòêè óäàëåíèÿ êîíöåíòðàòîðîâ.(Even though most host/logical device activities use this logical perspective, the host maintains an awareness of physical topology to support processing the removal of hubs.)  Êîãäà êîíöåíòðàòîð óäàëåí, âñå óñòðîéñòâà, ïðèñîåäèíåííûå ê êîíöåíòðàòîðó äîëæíû áûòü óäàëåíû èç ëîãè÷åñêîãî âèäà òîïîëîãèè õîñòà. Áîëåå ïîëíîå îïèñàíèå êîíöåíòðàòîðîâ ìîæåò áûòü íàéäåíî â Ãëàâå 11, Ñïåöèôèêàöèè Êîíöåíòðàòîðà.
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Ðèñóíîê 5-6. Ëîãè÷åñêàÿ Òîïîëîãèÿ USB Øèíû


Âçàèìîñâÿçü Êëèåíòñêîãî Ïðîãðàììíîãî Îáåñïå÷åíèÿ è Ôóíêöèé


Äàæå ïðè òîì, ÷òî ôèçè÷åñêàÿ è ëîãè÷åñêàÿ òîïîëîãèè USB îòðàæàþò îáùåäîñòóïííûé õàðàêòåð(shared nature) øèíû, êëèåíòñêîå ïðîãðàììíîå îáåñïå÷åíèå (ÊÏÎ) óïðàâëÿþùåå èíòåðôåéñîì ôóíêöèè USB âèäèò òîëüêî òîò èíòåðôåéñ(û), êîòîðûé ïðåäñòàâëÿåò äëÿ íåãî èíòåðåñ. Êëèåíòñêîå ïðîãðàììíîå îáåñïå÷åíèå ôóíêöèé USB äîëæíî èñïîëüçîâàòü ïðîãðàììíîãî îáåñïå÷åíèÿ ïðîãðàìíûõ èíòåðôåéñîâ USB, ÷òîáû óïðàâëÿòü ñâîèìè ôóíêöèÿìè, â ïðîòèâîïîëîæíîñòü íåïîñðåäñòâåííîìó óïðàâëåíèþ ñâîèìè ôóíêöèÿìè ÷åðåç ïàìÿòü èëè äîñòóï Ââîäà-Âûâîäà êàê â äðóãèõ øèíàõ (íàïðèìåð, PCI, EISA, PCMCIA, è ò.ä.)(Client software for USB functions must use USB software programming interfaces to manipulate their functions as opposed to directly manipulating their functions via memory or I/O accesses as with other buses). Â òå÷åíèå îïåðàöèè, êëèåíòñêîå ïðîãðàììíîå îáåñïå÷åíèå äîëæíî áûòü íåçàâèñèìûì îò äðóãèõ óñòðîéñòâ, êîòîðûå ìîãóò áûòü ïîäñîåäèíåíû ê USB. Ýòî ïîçâîëÿåò ïðîåêòèðîâùèêó óñòðîéñòâà è êëèåíòñêîãî ïðîãðàììíîãî îáåñïå÷åíèÿ ñîñðåäîòà÷èâàòüñÿ íà ïîäðîáíîñòÿõ ïðîåêòà âçàèìîäåéñòâèÿ àïïàðàòíûõ ñðåäñòâ / ïðîãðàììíîãî îáåñïå÷åíèÿ. Ðèñóíîê 5-7 èëëþñòðèðóåò âèä ïðîåêòèðîâùèêà óñòðîéñòâà íà âçàèìîäåéñòâèå êëèåíòñêîãî ïðîãðàììíîãî îáåñïå÷åíèÿ è ôóíêöèé USB â îòíîøåíèè ëîãè÷åñêîé òîïîëîãèè USB èçîáðàæåííîé íà Ðèñóíêå 5-6
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Ðèñóíîê 5-7. Âçàèìîñâÿçü Êëèåíòñêîãî Ïðîãðàììíîãî Îáåñïå÷åíèÿ è Ôóíêöèé 


Ïîòîê Ñâÿçè â USB


USB îáåñïå÷èâàåò ñåðâèñû ñâÿçè ìåæäó ïðîãðàììíûì îáåñïå÷åíèåì íà õîñòå è ôóíêöèÿìè USB. Ôóíêöèè ìîãóò èìåòü ðàçëè÷íûå òðåáîâàíèÿ ê ïîòîêó ñâÿçè ïðè âçàèìîäåéñòâèè ðàçíûõ êëèåíòîâ ñ ôóíêöèåé(Functions can have different communication flow requirements for different client to function interactions). USB îáåñïå÷èâàåò íàèïîëíåéøåå èñïîëüçîâàíèå øèíû,  ïîçâîëÿÿ ôóíêöèè USB ðàçäåëåíèå ðàçëè÷íûõ ïîòîêîâ ñâÿçè.(USB provides better overall bus utilization by allowing the separation of the different communication flows to a USB function). Êàæäûé ïîòîê ñâÿçè èñïîëüçóåò íåêîòîðûé äîñòóï ê øèíå  âûïîëíÿÿ ñâÿçü ìåæäó êëèåíòîì è ôóíêöèåé. Êàæäûé ïîòîê ñâÿçè çàâåðøàåòñÿ â êîíå÷íîé òî÷êå íà óñòðîéñòâå (Each communication flow is terminated at an endpoint on a device.) Êîíå÷íûå òî÷êè Óñòðîéñòâà èñïîëüçóþòñÿ, ÷òîáû îïðåäåëèòü âèä êàæäîãî ïîòîêà ñâÿçè. 


Äèàãðàììà íà Ðèñóíêå 5-8 ïîêàçûâàåò áîëåå äåòàëèçèðîâàíî Ðèñóíîê 5-2. Ïîëíîå îïèñàíèå ôàêòè÷åñêèõ ïîòîêîâ ñâÿçè íà Ðèñóíêå 5-2 ïîääåðæèâàåò ëîãè÷åñêîå óñòðîéñòâî è ôóíêöèè óðîâíÿ ïîòîêà ñâÿçè( The complete definition of the actual communication flows of Figure 5-8 supports the logical device and function layer communication flows). Ýòè ôàêòè÷åñêèå ïîòîêè ñâÿçè ïåðåñåêàþò íåñêîëüêî ãðàíèö èíòåðôåéñîâ. Ãëàâû 6, 7, è 8 îïèñûâàþò ìåõàíè÷åñêèå, ýëåêòðè÷åñêèå ïàðàìåòðû è îïðåäåëåíèÿ èíòåðôåéñà ïðîòîêîëà “êàáåëÿ” USB. Ãëàâà 9 îïèñûâàåò èíòåðôåéñ ïðîãðàììèðîâàíèÿ óñòðîéñòâà USB, êîòîðûé ïîçâîëÿåò óïðàâëÿòü óñòðîéñòâîì USB ñ ïîìîùüþ êàáåëÿ íà ñòîðîíå õîñòà.(Chapters 6, 7, and 8 describe the mechanical, electrical, and protocol interface definitions of the USB “wire.”  Chapter 9 describes the USB device programming interface that allows a USB device to be manipulated from the host side of the wire.)  Ãëàâà 10 îïèñûâàåò äâà èíòåðôåéñà ïðîãðàììíîãî îáåñïå÷åíèÿ íà ñòîðîíå õîñòà:


Äðàéâåð Õîñò Êîíòðîëëåðà (HCD) - èíòåðôåéñ ïðîãðàììíîãî îáåñïå÷åíèÿ ìåæäó USB õîñò êîíòðîëëåðîì è  ïðîãðàììíûì îáåñïå÷åíèåì ñèñòåìû USB. Ýòîò èíòåðôåéñ ïîçâîëÿåò ðåàëèçîâûâàòü ðÿä õîñò êîíòðîëëåðîâ áåç òðåáîâàíèÿ òîãî, ÷òîáû âñå ïðîãðàììíîå îáåñïå÷åíèå õîñòà çàâèñåëî îò ðåàëèçàöèè ëþáîé îñîáåííîñòè. Îäèí Äðàéâåð USB ìîæåò ïîääåðæèâàòü ðàçëè÷íûå õîñò êîíòðîëëåðû áåç òðåáóåìûõ ñïåöèôè÷åñêèõ çíàíèé îòíîñèòåëüíî ðåàëèçàöèè õîñò êîíòðîëëåðà.  Ðàçðàáîò÷èê õîñò êîíòðîëëåðà ðåàëèçóåò HCD, êîòîðûé ïîääåðæèâàåò õîñò êîíòðîëëåð.


Äðàéâåð USB(USBD) - èíòåðôåéñ ìåæäó ïðîãðàìíûì îáåñïå÷åíèåì ñèñòåìû USB è êëèåíòñêèì ïðîãðàììíûì îáåñïå÷åíèåì. Ýòîò èíòåðôåéñ îáåñïå÷èâàåò êëèåíòîâ óäîáíûìè ôóíêöèÿìè äëÿ óïðàâëåíèÿ óñòðîéñòâàìè USB.
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Ðèñóíîê 5-8. Äåòàëèçèðîâàííûé Âèä Õîñòà/óñòðîéñòâà USB


Ëîãè÷åñêîå óñòðîéñòâî USB ïîÿâëÿåòñÿ â ñèñòåìå USB êàê ñêîïëåíèå êîíå÷íûõ òî÷åê. Êîíå÷íûå òî÷êè ñãðóïïèðîâàíû â íàáîðû êîíå÷íûõ òî÷åê, êîòîðûå ðåàëèçóþò Èíòåðôåéñ. Èíòåðôåéñû - ýòî âèäû ôóíêöèè(Interfaces are views to the function).  Ñèñòåìíîå ïðîãðàììíîå îáåñïå÷åíèå óïðàâëÿåò óñòðîéñòâîì, èñïîëüçóÿ Çàäàííûé ïî Óìîë÷àíèþ Êàíàë (ñâÿçàííûé ñ Êîíå÷íîé Òî÷êîé 0). Êëèåíòñêîå ïðîãðàììíîå îáåñïå÷åíèå óïðàâëÿåò Èíòåðôåéñîì, èñïîëüçóÿ ïó÷åê êàíàëîâ(ñâÿçàííûé ñ Íàáîðîì Êîíå÷íûõ Òî÷åê). Êëèåíòñêîå ïðîãðàììíîå îáåñïå÷åíèå òðåáóåò ÷òîáû äàííûå ïåðåìåùàëèñü â USB ìåæäó áóôåðîì íà õîñòå è êîíå÷íîé òî÷êîé íà óñòðîéñòâå USB.  Õîñò êîíòðîëëåð (èëè óñòðîéñòâî USB â çàâèñèìîñòè îò íàïðàâëåíèÿ ïåðåäà÷è) óïàêîâûâàåò äàííûå ïðè ïåðåìåùåíèè èõ ïî USB. Õîñò êîíòðîëëåð òàêæå îñóùåñòâëÿåò êîîðäèíàöèþ, êîãäà äîñòóï ê øèíå èñïîëüçóåòñÿ äëÿ ïåðåìåùåíèÿ ïàêåòà äàííûõ ïî USB.


Ðèñóíîê 5-9 èëëþñòðèðóåò, êàê ïîòîêè ñâÿçè - äâèæóòñÿ ïî êàíàëàì ìåæäó êîíå÷íûìè òî÷êàìè è áóôåðàìè ïàìÿòè íà ñòîðîíå õîñòà. Ñëåäóþùèå ðàçäåëû îïèñûâàþò êîíå÷íûå òî÷êè, êàíàëû, è ïîòîêè ñâÿçè áîëåå ïîäðîáíî.


� EMBED ShapewareVISIO20  ���


Ðèñóíîê 5-9. Ïîòîê Ñâÿçè USB


Ïðîãðàììíîå îáåñïå÷åíèå íà õîñòå ñâÿçûâàåòñÿ ñ ëîãè÷åñêèì óñòðîéñòâîì ÷åðåç íàáîð ïîòîêîâ ñâÿçè. Íàáîð ïîòîêîâ ñâÿçè âûáðàí ïðîåêòèðîâùèêîì(àìè) ïðîãðàììíîãî îáåñïå÷åíèÿ/àïïàðàòíûõ ñðåäñòâ óñòðîéñòâà òàê, ÷òîáû òðåáîâàíèÿì ê ñâÿçè óñòðîéñòâà ýôôåêòèâíî ñîîòâåòñòâîâàëè õàðàêòåðèñòèêàì ïåðåäà÷, îáåñïå÷èâàåìûõ USB .( The set of communication flows are selected by the device software/hardware designer(s) to efficiently match the communication requirements of the device to the transfer characteristics provided by USB.)


Êîíå÷íûå Òî÷êè Óñòðîéñòâà


Êîíå÷íàÿ òî÷êà - óíèêàëüíî èäåíòèôèöèðóåìàÿ ÷àñòü óñòðîéñòâà USB, êîòîðàÿ ÿâëÿåòñÿ êîíå÷íûì ïóíêòîì íàçíà÷åíèÿ ïîòîêà ñâÿçè ìåæäó õîñòîì è óñòðîéñòâîì. Êàæäîå ëîãè÷åñêîå óñòðîéñòâî USB ñîñòîèò èç íàáîðà íåçàâèñèìûõ îïåðàöèîííûõ(ì/á îïåðàöèé) êîíå÷íûõ òî÷åê.( Each USB logical device is composed of a collection of independently operating endpoints.) Ïðîãðàììíîå îáåñïå÷åíèå ìîæåò ñâÿçûâàòüñÿ ñ óñòðîéñòâîì USB òîëüêî ÷åðåç îäíó èëè áîëåå êîíå÷íûõ òî÷åê. Êàæäîå ëîãè÷åñêîå óñòðîéñòâî èìååò óíèêàëüíûé àäðåñ, íàçíà÷åííûé ñèñòåìîé âî âðåìÿ ïðèñîåäèíåíèÿ óñòðîéñòâà. Êàæäàÿ êîíå÷íàÿ òî÷êà íà óñòðîéñòâå èìååò óñòðîéñòâî (ñîçäàåòñÿ âî âðåìÿ ðàçðàáîòêè), îïðåäåëÿþùåå óíèêàëüíûé èäåíòèôèêàòîð, íîìåð êîíå÷íîé òî÷êè.(Each endpoint on a device has a device (design time) determined unique identifier, the endpoint number.)  Êîìáèíàöèÿ àäðåñà óñòðîéñòâà è íîìåðà êîíå÷íîé òî÷êè ïîçâîëÿåò îäíîçíà÷íî îáðàùàòüñÿ ê êàæäîé êîíå÷íîé òî÷êå.


Êîíå÷íàÿ òî÷êà èìååò õàðàêòåðèñòèêè, êîòîðûå îïðåäåëÿþò òèï òðåáóåìîãî ñåðâèñà ïåðåäà÷è ìåæäó êîíå÷íîé òî÷êîé è êëèåíòñêèì ïðîãðàììíûì îáåñïå÷åíèåì. Êîíå÷íûå òî÷êè îïèñûâàþò ñåáÿ(Endpoints describe themselves by):


Ñâîèìè òðåáîâàíèÿìè ïî äîñòóïó ê ÷àñòîòå/âðåìåíè îòêëèêà íà øèíå(Their bus access frequency/latency requirements)


Ñâîèìè òðåáîâàíèÿ ê ïðîïóñêíîé ñïîñîáíîñòè


Ñîáñòâåííûì íîìåðîì êîíå÷íîé òî÷êè


Òðåáîâàíèÿìè ïîâåäåíèÿ ïðè îáðàáîòêå îøèáîê


Ìàêñèìàëüíûì ðàçìåðîì ïàêåòà, êîòîðûé êîíå÷íàÿ òî÷êà ñïîñîáíà ïîñûëàòü èëè ïîëó÷àòü


Òèïîì ïåðåäà÷è êîíå÷íîé òî÷êè (îáðàòèòåñü ê Ðàçäåëó 5.4 äëÿ ïîäðîáíîñòåé)


Äëÿ bulk è èçîõðîííûõ òèïîâ ïåðåäà÷è, íàïðàâëåíèåì ïåðåìåùåíèÿ äàííûõ ìåæäó êîíå÷íîé òî÷êîé è õîñòîì


Êîíå÷íûå òî÷êè íàõîäÿòñÿ â íåèçâåñòíîì ñîñòîÿíèè ïðåæäå, ÷åì îíè áóäóò ñêîíôèãóðèðîâàíû. Ê êîíå÷íûì òî÷êàì õîñò íå ìîæåò îáðàòèòüñÿ ïðåæäå, ÷åì îíè áóäóò ñêîíôèãóðèðîâàíû.


Òðåáîâàíèÿ ê Êîíå÷íîé Òî÷êå 0 (Endpoint 0 Requirements)


Âñå USB óñòðîéñòâà äîëæíû èìåòü êîíå÷íóþ òî÷êó ñ íîìåðîì 0, êîòîðàÿ èñïîëüçóåòñÿ, ÷òîáû èíèöèàëèçèðîâàòü, è âíóòðåííå (generically) óïðàâëÿòü ëîãè÷åñêèì óñòðîéñòâîì (íàïðèìåð, êîíôèãóðèðîâàòü ëîãè÷åñêîå óñòðîéñòâî). Êîíå÷íàÿ òî÷êà 0 îáåñïå÷èâàåò äîñòóï ê èíôîðìàöèè î êîíôèãóðàöèè óñòðîéñòâà è ïðåäîñòàâëÿåò âíóòðåííåå ñîñòîÿíèå USB è äîñòóï ê óïðàâëåíèþ.( Endpoint 0 provides access to the device’s configuration information and allows generic USB status and control access.) Êîíå÷íàÿ òî÷êà 0 ïîääåðæèâàåò ïåðåäà÷è óïðàâëåíèÿ êàê îïðåäåëåíî â Ðàçäåëå 5.5. Êîíå÷íàÿ òî÷êà 0 âñåãäà ñêîíôèãóðèðîâàíà, åñëè òîëüêî óñòðîéñòâî ïðèñîåäèíåíî è ïîä ïèòàíèåì.


Òðåáîâàíèÿ íå íóëåâîé êîíå÷íîé òî÷êå


Ôóíêöèè ìîãóò èìåòü äîïîëíèòåëüíûå êîíå÷íûå òî÷êè êîòîðûå òðåáóåòñÿ äëÿ èõ ðåàëèçàöèè.  Íèçêî ñêîðîñòíûå ôóíêöèè îãðàíè÷åíû äâóìÿ íåîáÿçàòåëüíûìè êîíå÷íûìè òî÷êàìè êðîìå òðåáóåìîé Êîíå÷íîé Òî÷êè 0. Ïîëíî ñêîðîñòíûå óñòðîéñòâà ìîãóò èìåòü äîïîëíèòåëüíûå êîíå÷íûå òî÷êè,  îãðàíè÷åííûå òîëüêî îïðåäåëåíèåì ïðîòîêîëà; òî åñòü, ìàêñèìóì 16 âõîäíûõ êîíå÷íûõ òî÷åê è 16 êîíå÷íûõ òî÷åê âûâîäà.


Êîíå÷íàÿ òî÷êà íå ìîæåò èñïîëüçîâàòüñÿ, ïîêà îíà íå ñêîíôèãóðèðîâàíà. Êîíå÷íûå òî÷êè, ïîìèìî Êîíå÷íîé òî÷êè 0, êîíôèãóðèðóþòñÿ êàê ÷àñòü íîðìàëüíîãî ïðîöåññà êîíôèãóðàöèè óñòðîéñòâà (îáðàòèòåñü ê Ãëàâå 9).


Êàíàëû


USB êàíàë - ñîåäèíåíèå ìåæäó êîíå÷íîé òî÷êîé íà óñòðîéñòâå è ïðîãðàììíûì îáåñïå÷åíèåì íà õîñòå. Êàíàëû ïðåäñòàâëÿþò âîçìîæíîñòü ïåðåìåùàòüñÿ äàííûì ìåæäó ïðîãðàììíûì îáåñïå÷åíèåì íà õîñòå ÷åðåç áóôåð ïàìÿòè è êîíå÷íîé òî÷êîé íà óñòðîéñòâå.  Åñòü äâà ðàçëè÷íûõ, âçàèìíî èñêëþ÷àþùèõ, ðåæèìà ñâÿçè â êàíàëå:


Ïîòîê. Äàííûå, ïåðåìåùàþùèåñÿ ÷åðåç êàíàë íå èìåþò íèêàêîé îïðåäåëåííîé USB ñòðóêòóðû.


Ñîîáùåíèå. Äàííûå, ïåðåìåùàþùèåñÿ ÷åðåç êàíàë èìåþò íåêîòîðóþ îïðåäåëåííóþ USB ñòðóêòóðó.


USB íå èíòåðïðåòèðóåò ñîäåðæàíèå äàííûõ, êîòîðûå îíà äîñòàâëÿåò ïî êàíàëó. Äàæå ïðè òîì, ÷òî êàíàë ñîîáùåíèé òðåáóåò, ÷òîáû ñòðóêòóðà äàííûõ áûëà ñîãëàñîâàíà ñ îïðåäåëåíèåì USB, ñîäåðæàíèå äàííûõ íå èíòåðïðåòèðóåòñÿ USB.


Äîïîëíèòåëüíî, êàíàëû ñâÿçàíû ñ :


Òðåáîâàíèåì äîñòóïà íà øèíå USB è èñïîëüçîâàíèÿ ïðîïóñêíîé ñïîñîáíîñòè.


Òèï ïåðåäà÷è.


Õàðàêòåðèñòèêè ñâÿçàííûå ñ êîíå÷íîé òî÷êîé òèïà íàïðàâëåíèå è ìàêñèìàëüíûå ðàçìåðû ïîëåçíîé íàãðóçêè äàííûõ (The associated endpoint’s characteristics such as directional ity and maximum data payload sizes). Ïîëåçíàÿ íàãðóçêà äàííûõ(The data payload) - äàííûå, êîòîðûå ïåðåíîñÿòñÿ â ïîëÿõ äàííûõ, ïàêåòà äàííûõ âíóòðè òðàíçàêöèè øèíû (êàê îïðåäåëåíî â Ãëàâå 8).


Êàíàëû ïîÿâëÿþòñÿ, êîãäà óñòðîéñòâî USB ñêîíôèãóðèðîâàíî. Òàê êàê Êîíå÷íàÿ Òî÷êà 0 âñåãäà ñêîíôèãóðèðîâàíà, êàê òîëüêî óñòðîéñòâî âêëþ÷àåòñÿ, âñåãäà åñòü êàíàë äëÿ Êîíå÷íîé Òî÷êè 0. Ýòîò êàíàë íàçûâàåòñÿ Ñîçäàâàåìûé ïî Óìîë÷àíèþ Êàíàë. Ýòîò êàíàë èñïîëüçóåòñÿ ïðîãðàììíûì îáåñïå÷åíèåì ñèñòåìû, ÷òîáû îñóùåñòâèòü èäåíòèôèêàöèþ óñòðîéñòâà è îïðåäåëèòü òðåáîâàíèÿ ê êîíôèãóðàöèè, è ñêîíôèãóðèðîâàòü óñòðîéñòâî(This pipe is used by system software to determine device identification and configuration requirements, and to configure the device). Ñîçäàâàåìûé ïî Óìîë÷àíèþ Êàíàë ìîæåò òàêæå èñïîëüçîâàòüñÿ  ñïåöèôè÷åñêè ïðîãðàììíûì îáåñïå÷åíèåì óñòðîéñòâà ïîñëå òîãî, êàê óñòðîéñòâî ñêîíôèãóðèðîâàíî. Ïðîãðàììíîå îáåñïå÷åíèå ñèñòåìû USB ñîõðàíÿåò ïðàâî “ìîíîïîëüíîãî èñïîëüçîâàíèÿ” Ñîçäàâàåìîãî ïî Óìîë÷àíèþ Êàíàëà è äîáèâàåòñÿ íå(!!!) èñïîëüçîâàíèÿ êàíàëà äðóãèì êëèåíòñêèì ïðîãðàììíûì îáåñïå÷åíèåì(USB system software retains “ownership” of the Default Pipe and mediates use of the pipe by other client software.)


Êëèåíòñêîå ïðîãðàììíîãî îáåñïå÷åíèÿ îáû÷íî çàïðàøèâàåò ïåðåäà÷ó äàííûõ â êàíàëå ñ ïîìîùüþ Ïàêåòîâ Çàïðîñà Ââîäà - Âûâîäà (IRPs) è çàòåì èëè æäåò èëè ñîîáùàåò ÷òî îíè çàâåðøåíû (A software client normally requests data transfers via I/O Request Packets (IRPs) to a pipe and then either waits or is notified when they are completed). Ïîäðîáíîñòè îòíîñèòåëüíî IRPs îïðåäåëåíû â îïåðàöèîííîé ñèñòåìå ñïåöèôè÷åñêèì ñïîñîáîì. Ýòà ñïåöèôèêàöèÿ èñïîëüçóåò òåðìèí ïðîñòîãî îáðàùåíèÿ ê çàïðîñó èäåíòèôèêàöèè êëèåíòñêèì ïðîãðàììíûì îáåñïå÷åíèåì äëÿ ïåðåìåùåíèÿ äàííûõ ìåæäó ñîáîé (õîñòîì) è êîíå÷íîé òî÷êîé óñòðîéñòâà â ñîîòâåòñòâóþùåì íàïðàâëåíèè(This specification uses the term to simply refer to an identifiable request by a software client to move data between itself (on the host) and an endpoint of a device in an appropriate direction). Êëèåíòñêîå ïðîãðàììíîãî îáåñïå÷åíèÿ ìîæåò çàñòàâëÿòü êàíàë âîçâðàòèòü âñå îæèäàþùèå îáðàáîòêè IRPs, åñëè ýòî òðåáóåòñÿ. Êëèåíòñêîìó ïðîãðàììíîìó îáåñïå÷åíèþ ñîîáùàþò, ÷òî IRP çàâåðøåí, êîãäà òðàíçàêöèè øèíû, ñâÿçàííûå ñ íèì çàâåðøåíû èëè óñïåøíî èëè èç-çà îøèáîê.


Åñëè íåò íèêàêèõ çàäåðæàííûõ(pending) IRPs èëè äâèæåíèÿ â êàíàëå, òî êàíàë íåàêòèâåí è õîñò êîíòðîëëåð íå áóäåò âûïîëíÿòü íèêàêèõ äåéñòâèå îòíîñèòåëüíî êàíàëà; òî åñòü, êîíå÷íàÿ òî÷êà äëÿ òàêîãî êàíàëà íå áóäåò âèäíà ëþáûìè òðàíçàêöèÿìè øèíû íàïðàâëåííûìè ê íåé. Êàêèå ëèáî äåéñòâèÿ áóäóò âûïîëíÿòüñÿ øèíîé ñâÿçàííûå ñ êàíàëîì òîãäà, êîãäà IRPs - çàäåðæàíû äëÿ ýòîãî êàíàëà.


Åñëè â íå-èçîõðîííîì êàíàëå ïðîèñõîäèò óñëîâèå ÎÑÒÀÍÎÂÀ(STALL) (îáðàòèòåñü ê Ãëàâå 8) èëè ïðîèñõîäÿò òðè îøèáêè íà øèíå â ëþáîì ïàêåòå IRP, IRP îòìåíÿåòñÿ/óäàëÿåòñÿ, âñå îæèäàþùèå îáðàáîòêè IRPs òàêæå óäàëÿþòñÿ, è íèêàêîé ïîñëåäóþùèå IRPs íå ïðèíèìàþòñÿ, ïîêà êëèåíòñêîå ïðîãðàììíîãî îáåñïå÷åíèÿ íå âîññòàíîâèòñÿ â ðàáî÷åå ñîñòîÿíèÿ (â çàâèñèìîñòè îò ñïîñîáà çàëîæåííîãî ïðè ðàçðàáîòêè) è ïîäòâåðäèò ÎÑÒÀÍÎÂ(STALL) èëè óñëîâèå îøèáêè ÷åðåç âûçîâ USBD. Ñîîòâåòñòâóþùåå ñîñòîÿíèå èíôîðìèðóåò êëèåíòñêîå ïðîãðàììíîãî îáåñïå÷åíèÿ êàñàòåëüíî ñïåöèôè÷åñêîãî ðåçóëüòàòà IRP äëÿ âåðñèé îøèáêè ÎÑÒÀÍÎÂÀ (îáðàòèòåñü ê Ãëàâå 10)(An appropriate status informs the software client of the specific IRP result for error versus STALL ).  Ïîâåäåíèå ïðè èçîõðîííîì êàíàëå îïèñàíî â Ðàçäåëå 5.6.


IRP ìîæåò òðåáîâàòü, ÷òîáû íåñêîëüêî ïîëåçíûõ íàãðóçîê äàííûõ ÷òîáû ïåðåìåñòèòü äàííûå êëèåíòà ïî øèíû (An IRP may require multiple data payloads to move the client data over the bus). Âñå äàííûå çàêàçàííûå IRP ðàçáèâàþòñÿ íà ïàêåòû, âñå êðîìå ïîñëåäíåãî áóäóò èìåòü ìàêñèìàëüíî âîçìîæíûé ðàçìåð ïàêåòà, ïîñëåäíèé ñîäåðæèò îñòàòîê îò ïîëíîãî IRP. Ðàññìîòðèì îïèñàíèå êàæäîãî ñïåöèôè÷åñêîãî òèïà ïåðåäà÷è áîëåå ïîäðîáíî. Äëÿ òàêîãî IRP, êîðîòêèå âõîäíûå ïàêåòû (òî åñòü, ìåíüøèå, ÷åì ìàêñèìàëüíî óñòàíîâëåíûé ðàçìåð ïîëåçíîé íàãðóçêè äàííûõ) ïîëíîñòüþ íå çàïîëíÿþòñÿ,  IRP áóôåð äàííûõ ìîæåò èìåòü îäíî èç äâóõ âîçìîæíûõ çíà÷åíèé â çàâèñèìîñòè îò òîãî ÷òî îæèäàåò êëèåíò(For such an IRP, short packets (i.e., less than maximum sized data payloads) on input that do not completely fill an IRP data buffer can have one of two possible meanings depending upon the expectations of a client).


Êëèåíò ìîæåò îæèäàòü ïåðåìåííóþ ñ ðàçìåðîì äàííûõ â IRP(A client can expect a variable sized amount of data in an IRP). Â ýòîì ñëó÷àå, êîðîòêèé ïàêåò, êîòîðûé íå çàïîëíèò áóôåð äàííûõ IRP ìîæåò èñïîëüçîâàòüñÿ ïðîñòî êàê ìåæçîííûé(inband) ðàçäåëèòåëü, ÷òîáû óêàçàòü “ êîíåö ìîäóëÿ äàííûõ”.(In this case, a short packet that does not fill an IRP data buffer can be used simply as an inband delimiter to indicate “end of unit of data.” ) IRP íóæíî óäàëèòü áåç îøèáêè, è õîñò êîíòðîëëåð äîëæåí ïåðåéòè ê ñëåäóþùåìó IRP.


Êëèåíò ìîæåò îæèäàòü îïðåäåëåííîå ïî ðàçìåðó êîëè÷åñòâî äàííûõ. Â ýòîì ñëó÷àå, êîðîòêèé ïàêåò, êîòîðûé íå çàïîëíèò áóôåð äàííûõ IRP - èíäèöèðóåò îøèáêó. IRP íóæíî óäàëèòü, êàíàë äîëæåí áûòü îñòàíîâëåí, è ëþáûå çàäåðæàííûå IRPs ñâÿçàííûå ñ êàíàëîì äîëæíû òàêæå óäàëÿòüñÿ.


Òàê êàê õîñò êîíòðîëëåð äîëæåí âåñòè ñåáÿ ïî-ðàçíîìó â äâóõ ñëó÷àÿõ è îí íå ìîæåò çíàòü ñàì êàêîé ñïîñîá ïîâåäåíèÿ âûáðàòü äëÿ äàííîãî IRP, ïîýòîìó âîçìîæíî óêàçàòü â IRP æåëàåìîå ïîâåäåíèå êëèåíòà.


Êîíå÷íàÿ òî÷êà ìîæåò ñîîáùàòü õîñòó, ÷òî îíà çàíÿòà, îòâå÷àÿ NAK. NAKs íå èñïîëüçóþòñÿ êàê óñëîâèå óäàëåíèÿ ïðè âîçâðàòå IRP êëèåíòñêîìó ïðîãðàììíîìó îáåñïå÷åíèþ.(NAKs are not used as a retire condition for returning an IRP to a software client.) Ìîæíî ñòîëêíóòüñÿ ñ ëþáîì ÷èñëîì NAKs â òå÷åíèè îáðàáîòêè äàííîãî IRP. Îòâåò NAK íå îçíà÷àåò îøèáêó â òðàíçàêöèè è íå ñ÷èòàåòñÿ îäíîé èç òðåõ îøèáîê, îïèñàííûõ âûøå.


Ïîòîêè â êàíàëàõ


Ïîòîêè â êàíàëàõ ïîñòàâëÿþò äàííûå êàê ÷àñòü ïàêåòà äàííûõ òðàíçàêöèé øèíû íå ïðèâîäÿ ñîäåðæàíèå äàííûõ ê ñòðóêòóðå òðåáóåìîé USB (Stream pipes deliver data in the data packet portion of bus transactions with no USB required structure on the data content). Äàííûå ïîñòóïèâøèå â îäèí êîíåö ïîòîêà â êàíàëå, âûõîäÿò ñ äðóãîé ñòîðîíû â òîì æå ñàìîì ïîðÿäêå(FIFO). Ïîòîêè â êàíàëàõ - âñåãäà íàïðàâëåíû  â îäíó ñòîðîíó â ñâîåì ïîòîêå ñâÿçè( Stream pipes are always unidirectional in their communication flow).


Äàííûå, äâèæóùèåñÿ ÷åðåç ïîòîê â êàíàëå îæèäàþò âçàèìîäåéñòâèÿ, ÷òî â USB çàäóìàíî êàê îäèí êëèåíò (Data flowing through a stream pipe is expected to interact from what USB believes is a single client.) Ïðîãðàììíîå Îáåñïå÷åíèå Ñèñòåìû USB íå òðåáóåòñÿ ïðè îáåñïå÷åíèè ñèíõðîíèçàöèè ìåæäó ìíîæåñòâîì êëèåíòîâ, êîòîðûå ìîãóò èñïîëüçîâàòü îäèí è òîò æå ïîòîê â êàíàëå. Äàííûå, ïðåäàâàåìûå ïîòîêîì â êàíàëå ïåðåìåùàþòñÿ ÷åðåç êàíàë â ïîñëåäîâàòåëüíîì ïîðÿäêå: "ïåðâûì ïðèøåë", "ïåðâûì âûøåë".


Ïîòîê â êàíàëå ê óñòðîéñòâó ñâÿçàí ñ îäíèì íîìåðîì êîíå÷íîé òî÷êè óñòðîéñòâà â ñîîòâåòñòâóþùåì íàïðàâëåíèè (òî åñòü, ñîîòâåòñòâóÿ Âõîäíîìó(IN) èëè âûõîäíîìó(OUT) ìàðêåðó, êàê îïðåäåëåíî óðîâíåì ïðîòîêîëà). Íîìåð êîíå÷íîé òî÷êè óñòðîéñòâà äëÿ ïðîòèâîïîëîæíîãî íàïðàâëåíèÿ ìîæåò èñïîëüçîâàòüñÿ äëÿ íåêîòîðîãî äðóãîãî ïîòîêà â êàíàëå ê óñòðîéñòâó.


Ïîòîêè â êàíàëå ïîääåðæèâàþò ñëåäóþùèå òèïû ïåðåäà÷è bulk, èçîõðîííûé, è ïðåðûâàíèÿ, îáúÿñíÿåìûå íèæå.


Êàíàëû Ñîîáùåíèé


Êàíàëû Ñîîáùåíèé âçàèìîäåéñòâóþò ñ êîíå÷íîé òî÷êîé íå òàê, êàê ïîòîêè â êàíàëàõ. Ñíà÷àëà, õîñò ïîñûëàåò çàïðîñ óñòðîéñòâó USB. Ýòîò çàïðîñ ñîïðîâîæäàåòñÿ ïåðåäà÷åé(àìè) äàííûõ â ñîîòâåòñòâóþùåì íàïðàâëåíèè. Â çàêëþ÷åíèå, ñëåäóåò íåñêîëüêî ïîçæå ñòàäèÿ ñîñòîÿíèÿ ÿâëÿþùàÿñÿ îòâåòîì îò êîíå÷íîé òî÷êè(Finally, a status stage follows at some later time by a response from the endpoint.) ×òîáû ðàçìåñòèòü îáðàçåö çàïðîñà/äàííûõ/ñîñòîÿíèÿ, êàíàëû ñîîáùåíèé äåëàþò ïîòîê ñâÿçè ñòðóêòóðèðîâàííûì, ÷òî ïîçâîëÿåò êîìàíäàì áûòü äîñòîâåðíî èäåíòèôèöèðîâàííûìè è ñîîáùåííûìè (In order to accommodate the request / data / status paradigm, message pipes impose a structure on the communication flow which allows commands to be reliably identified and communicated). Êàíàëû Ñîîáùåíèé ïîçâîëÿþò ïîòîêó ñâÿçè èìåòü äâà íàïðàâëåíèÿ, õîòÿ â ïîòîêå ñâÿçè ìîæåò ïðåîáëàäàòü è îäíî íàïðàâëåíèå. Ñîçäàâàåìûé ïî óìîë÷àíèþ êàíàëà ñ Êîíå÷íîé òî÷êè 0, ÿâëÿåòñÿ âñåãäà êàíàëîì ñîîáùåíèé.


Ïðîãðàììíîå îáåñïå÷åíèå ñèñòåìû USB ãàðàíòèðóåò, ÷òî ìíîæåñòâî çàïðîñîâ íå áóäóò îäíîâðåìåííî ïîñëàíû êîíå÷íîé òî÷êå. Âî âðåìÿ îáðàùåíèÿ ê êîíå÷íîé òî÷êå òðåáóåòñÿ òîëüêî îäèí ñåðâèñ çàïðîñà ñîîáùåíèÿ(An endpoint is only required to service a single message request at a time per endpoint). Íåñêîëüêî êëèåíòñêèõ ïðîãðàììíûõ îáåñïå÷åíèé íà õîñòå ìîãóò äåëàòü çàïðîñû ÷åðåç Ñîçäàâàåìûé ïî óìîë÷àíèþ êàíàë, íî îíè ïîñûëàþò èõ êîíå÷íîé òî÷êå â ïîðÿäêå "ïåðâûì ïðèøåë", "ïåðâûì âûøåë". Êîíå÷íàÿ òî÷êà ìîæåò óïðàâëÿòü ïîòîêîì èíôîðìàöèè ïðè ïåðåìåùåíèè äàííûõ è ôàçàìè ñîñòîÿíèÿ, îñíîâàííûõ íà ñïîñîáíîñòè îòâåòèòü íà òðàíçàêöèè õîñòà (îáðàòèòåñü ê Ãëàâå 8 äëÿ áîëåå ïîäðîáíîãî îçíàêîìëåíèÿ)(An endpoint can control the flow of information during the data and status stages based on its ability to respond to the host transactions).


Êîíå÷íîé òî÷êå îáû÷íî íå áóäåò ïîñëàíî ñëåäóþùåå ñîîáùåíèå îò õîñòà, ïîêà îáðàáîòêà òåêóùåãî ñîîáùåíèÿ â êîíå÷íîé òî÷êå íå áóäåò çàâåðøåíî. Îäíàêî, èìåþòñÿ óñëîâèÿ îøèáêè, â ñëåäñòâèè ÷åãî ïåðåäà÷à ñîîáùåíèÿ ìîæåò áûòü ïðåðâàíà õîñòîì, è êîíå÷íîé òî÷êå ìîæåò áûòü ïîñëàíî íîâîå ñîîáùåíèå ïðåæäåâðåìåííî (â çàâèñèìîñòè îò ïëàíîâ ). Â çàâèñèìîñòè îò ïëàíîâ ïðîãðàììíîãî îáåñïå÷åíèÿ, óïðàâëÿþùåãî êàíàëîì ñîîáùåíèÿ, ïðè îøèáêå â íåêîòîðîé ÷àñòè IRP óäàëÿåòñÿ òåêóùèé IRP è âñå ïîñòàâëåííûå â î÷åðåäü IRPs. Êëèåíòñêîìó ïðîãðàììíîìó îáåñïå÷åíèþ, êîòîðîå çàïðîñèëî IRP, ñîîáùàþò î çàâåðøåíèè IRP ñ èíäèêàöèåé ñîîòâåòñòâóþùåé îøèáêè.


Êàíàë ñîîáùåíèé ê óñòðîéñòâó òðåáóåò îäèí íîìåð êîíå÷íîé òî÷êè óñòðîéñòâà â îáîèõ íàïðàâëåíèÿõ (Âõîäíûå(IN) è Âûõîäíûå(OUT) ìàðêåðû). USB íå ïîçâîëÿåò êàíàëó ñîîáùåíèé áûòü ñâÿçàííûì ñ ðàçëè÷íûìè íîìåðàìè êîíå÷íîé òî÷êè äëÿ êàæäîãî íàïðàâëåíèÿ.


Êàíàëû Ñîîáùåíèé ïîääåðæèâàþò ïåðåäà÷è òèïà óïðàâëåíèÿ, îáúÿñíÿåìûå íèæå.


Òèïû Ïåðåäà÷è


Äàííûå USB òðàíñïîðòèðóþòñÿ ïî êàíàëó ìåæäó áóôåðîì ïàìÿòè, ñâÿçàííûì ñ êëèåíòñêèì ïðîãðàììíûì îáåñïå÷åíèåì íà õîñòå è êîíå÷íîé òî÷êîé íà óñòðîéñòâå USB. Äàííûå, òðàíñïîðòèðóåìûå êàíàëàìè ñîîáùåíèé èìåþò ñòðóêòóðó îïðåäåëåííóþ USB, íî USB ïîçâîëÿåò óñòðîéñòâó òðàíñïîðòèðîâàòü ñïåöèôè÷åñêèå ñòðóêòóðû äàííûõ âíóòðè äàííûõ ñîîáùåíèÿ îïðåäåëåííîãî ïîëåçíîé íàãðóçêîé USB (Data transported by message pipes is carried in a USB defined structure, but USB allows device specific structured data to be transported within the USB defined message data payload.)  USB òàêæå îïðåäåëÿåò ÷òî äàííûå, ïåðåìåùàåìûå ïî øèíå - óïàêîâàíû â ëþáîì êàíàëå (ïîòîê èëè ñîîáùåíèå), íî â êîíå÷íîì ñ÷åòå ôîðìàòèðîâàíèå è èíòåðïðåòàöèÿ äàííûõ, òðàíñïîðòèðóåìûõ â ïîëåçíîé íàãðóçêå äàííûõ òðàíçàêöèè øèíû - îáÿçàííîñòü êëèåíòñêîãî ïðîãðàììíîãî îáåñïå÷åíèÿ è ôóíêöèè èñïîëüçóþùåé êàíàë. Îäíàêî, USB îáåñïå÷èâàåò ðàçëè÷íûå òèïû ïåðåäà÷è, êîòîðûå îïòèìèçèðîâàíû, ÷òîáû áîëåå áëèçêî ñîîòâåòñòâîâàòü òðåáîâàíèÿì ñåðâèñà êëèåíòñêîãî ïðîãðàììíîãî îáåñïå÷åíèÿ è ôóíêöèè èñïîëüçóþùåé êàíàë. IRP èñïîëüçóåò îäèí èëè áîëüøåå êîëè÷åñòâî òðàíçàêöèé øèíû, ÷òîáû ïåðåìåñòèòü èíôîðìàöèþ ìåæäó êëèåíòñêèì ïðîãðàììíûì îáåñïå÷åíèåì è ôóíêöèåé.


Êàæäûé òèï ïåðåäà÷è îïðåäåëÿåò ðàçëè÷íûå õàðàêòåðèñòèêè âêëþ÷åíèÿ ïîòîêà ñâÿçè:


Ôîðìàò äàííûõ, íàëîæåííûé USB


Íàïðàâëåíèå ïîòîêà ñâÿçè


Îãðàíè÷åíèÿ íà ðàçìåð ïàêåòà


Îãðàíè÷åíèÿ íà äîñòóï ê øèíå


Òðåáóåìàÿ ïîñëåäîâàòåëüíîñòü äàííûõ (Required data sequences)


Ïðîåêòèðîâùèêè óñòðîéñòâà USB âûáèðàþò âîçìîæíîñòè êîíå÷íûõ òî÷åê óñòðîéñòâà.  Êîãäà óñòàíîâëåí êàíàë äëÿ êîíå÷íîé òî÷êè, áîëüøèíñòâî õàðàêòåðèñòèê ïåðåäà÷è êàíàëà óæå îïðåäåëåíû è îñòàþòñÿ ôèêñèðîâàííûìè â òå÷åíèè âðåìåíè ñóùåñòâîâàíèÿ êàíàëà.  Õàðàêòåðèñòèêè ïåðåäà÷è, êîòîðûå ìîãóò èçìåíÿòüñÿ,  îïèñàíû äëÿ êàæäîãî òèïà ïåðåäà÷è.


USB îïðåäåëÿåò ÷åòûðå òèïà ïåðåäà÷è:


Ïåðåäà÷à Óïðàâëåíèÿ - Ïàêåòíàÿ, íå-ïåðèîäè÷åñêàÿ, ïðîãðàììíîå îáåñïå÷åíèå õîñòà èíèöèàëèçèðóåò ñâÿçü êàê çàïðîñ/îòâåò, îáû÷íî èñïîëüçóåòñÿ äëÿ òàêèõ îïåðàöèé êàê êîìàíäà/ñîñòîÿíèå (Bursty, non-periodic, host software initiated request/response communication typically used for command/status operations).


Èçîõðîííàÿ Ïåðåäà÷à - Ïåðèîäè÷åñêàÿ, íåïðåðûâíàÿ ñâÿçü ìåæäó õîñòîì è óñòðîéñòâîì, îáû÷íî èñïîëüçóåòñÿ äëÿ ñîîòâåòñòâóþùåé âðåìåíè èíôîðìàöèè.  Ýòîò òèï ïåðåäà÷è òàêæå ñîõðàíÿåò êîíöåïöèþ âðåìåíè, ñêðûòîãî â äàííûõ. Îäíàêî ýòî íå îçíà÷àåò, ÷òî äîñòàâêà òàêèõ äàííûõ âñåãäà êðèòè÷íà ïî âðåìåíè.


Ïåðåäà÷à Ïðåðûâàíèÿ - Ìàëî äàííûõ, íå-ïåðèîäè÷åñêàÿ, íèçêî ÷àñòîòíàÿ, îãðàíè÷åííîå âðåìÿ îòêëèêà, óñòðîéñòâî èñïîëüçóåò èíèöèàëèçèðîâàííóþ ñâÿçü, îáû÷íî ÷òîáû ñîîáùèòü õîñòó î òîì êàêèå ñåðâèñû íóæíû óñòðîéñòâó.


Bulk Ïåðåäà÷à - Íå-ïåðèîäè÷åñêàÿ, ñâÿçü áîëüøèìè ïàêåòàìè, îáû÷íî èñïîëüçóåòñÿ äëÿ äàííûõ, êîòîðûå ìîãóò èñïîëüçîâàòü ëþáóþ äîñòóïíóþ ïðîïóñêíóþ ñïîñîáíîñòü è òàêæå ìîãóò áûòü îòñðî÷åíû ïîêà íå áóäåò äîñòóïíà íóæíàÿ ïðîïóñêíàÿ ñïîñîáíîñòü.


Êàæäûé òèï ïåðåäà÷è îïèñàí ïîäðîáíåå â ñëåäóþùèõ ÷åòûðåõ ãëàâíûõ ðàçäåëàõ. Äàííûå äëÿ ëþáîãî IRP íåñåò ïîëå äàííûõ ïàêåòà äàííûõ êàê îïèñàíî â Ðàçäåëå 8.4.3. Ãëàâà 8 òàêæå îïèñûâàåò ïîäðîáíîñòè ïðîòîêîëà, êîòîðûå çàòðàãèâàþò èñïîëüçîâàíèå êàæäîãî ñïåöèôè÷åñêîãî òèïà ïåðåäà÷è.


Ïåðåäà÷è Óïðàâëåíèÿ


Ïåðåäà÷è Óïðàâëåíèÿ ïîçâîëÿþò èìåòü äîñòóï ê ðàçëè÷íûì ÷àñòÿì óñòðîéñòâà. Ïåðåäà÷è Óïðàâëåíèÿ ïðåäíàçíà÷åíû, ÷òîáû ïîääåðæèâàòü òàêèå òèïû ïîòîêîâ ñâÿçè êàê êîíôèãóðàöèÿ/êîìàíäà/ñîñòîÿíèå ìåæäó êëèåíòñêèì ïðîãðàììíûì îáåñïå÷åíèåì è ôóíêöèåé. Ïåðåäà÷à óïðàâëåíèÿ ñîñòîèò èç óñòàíîâêè òðàíçàêöèè øèíû, ïåðåìåùàþùåé èíôîðìàöèþ çàïðîñà îò õîñòà ê ôóíêöèè, èç íóëÿ èëè áîëåå òðàíçàêöèé äàííûõ, ïîñûëàþùèõ äàííûå â íàïðàâëåíèè, îáîçíà÷åííîì òðàíçàêöèåé óñòàíîâêè, è ñîñòîÿíèè òðàíçàêöèè, âîçâðàùàþùåé èíôîðìàöèþ î ñîñòîÿíèè îò ôóíêöèè ê õîñòó (A control transfer is composed of a setup bus transaction moving request information from host to function, zero or more data transactions sending data in the direction indicated by the setup transaction, and a status transaction returning status information from function to host). Òðàíçàêöèÿ ñîñòîÿíèÿ âîçâðàùàåò “óñïåõ”("success"), êîãäà êîíå÷íàÿ òî÷êà óñïåøíî çàâåðøèëà îáðàáîòêó çàïðîøåííîé îïåðàöèè. Ðàçäåë 8.5.2 îïèñûâàåò, ïîäðîáíîñòè òîãî êàê èñïîëüçóþòñÿ ïàêåòû, òðàíçàêöèè øèíû, è ïîñëåäîâàòåëüíîñòè òðàíçàêöèé, ÷òîáû âûïîëíèòü ïåðåäà÷ó óïðàâëåíèÿ. Ãëàâà 9 îïèñûâàåò ïîäðîáíîñòè îïðåäåëåííûõ USB øèíîé êîäîâ êîìàíä .


Â êàæäîì óñòðîéñòâå USB òðåáóåòñÿ, ðåàëèçîâàòü Êîíå÷íóþ òî÷êó 0 ñ òèïîì ïåðåäà÷åé óïðàâëåíèÿ. Ýòà êîíå÷íàÿ òî÷êà èñïîëüçóåòñÿ ïðîãðàììíûì îáåñïå÷åíèåì ñèñòåìû USB êàê êàíàë óïðàâëåíèÿ. Êàíàëû óïðàâëåíèÿ îáåñïå÷èâàþò äîñòóï ê êîíôèãóðàöèè óñòðîéñòâà USB, ñîñòîÿíèþ, è óïðàâëÿþùåé èíôîðìàöèè(control information). Ôóíêöèÿ ìîæåò îáåñïå÷èâàòü êîíå÷íûå òî÷êè äîïîëíèòåëüíûìè êàíàëàìè óïðàâëåíèÿ äëÿ ñîáñòâåííûõ íóæä ðåàëèçàöèè( A function can provide endpoints for additional control pipes for its own implementation needs).


USB êàðêàñ óñòðîéñòâà (îáðàòèòåñü ê Ãëàâå 9) îïðåäåëÿåò ñòàíäàðò, êëàññ óñòðîéñòâà, èëè çàïðîñû îïðåäåëÿåìûå ïðîäàâöîì, êîòîðûå ìîãóò èñïîëüçîâàòüñÿ, ÷òîáû óïðàâëÿòü ñîñòîÿíèåì óñòðîéñòâà. Òàêæå îïðåäåëåíû äåñêðèïòîðû, êîòîðûå ìîæíî èñïîëüçîâàòü äëÿ õðàíåíèÿ ðàçëè÷íîé èíôîðìàöèè îòíîñèòåëüíî óñòðîéñòâà. Ïåðåäà÷è óïðàâëåíèÿ îáåñïå÷èâàþò òðàíñïîðòíûé ìåõàíèçì äîñòóïà ê äåñêðèïòîðàì óñòðîéñòâà è ñîçäàíèÿ çàïðîñîâ óñòðîéñòâà, êîòîðûå óïðàâëÿþò åãî ïîâåäåíèåì (Control transfers provide the transport mechanism to access device descriptors and make requests of a device to manipulate its behavior).


Ïåðåäà÷è Óïðàâëåíèÿ îñóùåñòâëÿþòñÿ òîëüêî ïî êàíàëàì ñîîáùåíèÿ. Ñëåäîâàòåëüíî, ïîòîêè äàííûõ, èñïîëüçóþùèå ïåðåäà÷è óïðàâëåíèÿ äîëæíû òâåðäî ïðèäåðæàòüñÿ îïðåäåëÿåìîé USB ñòðóêòóðå äàííûõ êàê îïèñàíî â Ðàçäåëå 5.5.1.


USB ïîäñèñòåìà áóäåò íàïðàâëÿòü “ñàìûå áîëüøèå óñèëèÿ” íà òî, ÷òîáû ïîääåðæèâàòü äîñòàâêó ïåðåäà÷ óïðàâëåíèÿ ìåæäó õîñòîì è óñòðîéñòâàìè. Ôóíêöèè è êëèåíòñêîå ïðîãðàììíîå îáåñïå÷åíèå íå ìîãóò çàïðàøèâàòü ñïåöèôè÷åñêóþ ÷àñòîòó äîñòóïà ê øèíå èëè ïðîïóñêíóþ ñïîñîáíîñòü äëÿ ïåðåäà÷ óïðàâëåíèÿ. Ïðîãðàììíîå îáåñïå÷åíèå ñèñòåìû USB ìîæåò îãðàíè÷èâàòü äîñòóï ê øèíå è ïðîïóñêíóþ ñïîñîáíîñòü, êîòîðóþ ìîæåò ïîæåëàòü óñòðîéñòâî äëÿ ïåðåäà÷ óïðàâëåíèÿ. Ýòè îãðàíè÷åíèÿ îïðåäåëåíû â Ðàçäåëå 5.5.3 è Ðàçäåëå 5.5.4.


Ôîðìàò äàííûõ


Ïàêåò óñòàíîâêè èìååò îïðåäåëåííóþ USB ñòðóêòóðó, êîòîðàÿ ðàçìåùàåò â ïàêåòå ìèíèìàëüíûé íàáîð êîìàíä, òðåáóåìûõ äëÿ îñóùåñòâëåíèÿ ñâÿçè ìåæäó õîñòîì è óñòðîéñòâîì. Îïðåäåëåíèå ñòðóêòóðû äîïóñêàåò ðàñøèðåíèå îïðåäåëÿåìîå ïðîäàâöîì äëÿ ñïåöèôè÷åñêèõ êîìàíä óñòðîéñòâà. Òðàíçàêöèè äàííûõ ïîñëå óñòàíîâêè íå èìåþò íèêàêîé îïðåäåëåííîé USB ñòðóêòóðû. Ñîñòîÿíèå òðàíçàêöèè òàêæå èìååò îïðåäåëåííóþ USB ñòðóêòóðó. Ñïåöèôè÷åñêèå îïðåäåëåíèÿ óñòàíîâêè/äàííûõ ïåðåäà÷è óïðàâëåíèÿ îïèñàíû â Ðàçäåëå 8.5.2 è Ãëàâå 9.


Íàïðàâëåíèå


Ïåðåäà÷è Óïðàâëåíèÿ îáåñïå÷èâàþòñÿ äâóíàïðàâëåííûì ïîòîêîì ñâÿçè ïî êàíàëàì ñîîáùåíèé.


Îãðàíè÷åíèÿ íà Ðàçìåð Ïàêåòà


Êîíå÷íàÿ òî÷êà äëÿ ïåðåäà÷ óïðàâëåíèÿ îïðåäåëÿåò ìàêñèìàëüíûé ðàçìåð ïîëåçíîé íàãðóçêè äàííûõ, êîòîðûé êîíå÷íàÿ òî÷êà ìîæåò ïðèíèìàòü èç øèíû èëè ïåðåäàâàòü â øèíó. USB îïðåäåëÿåò äîïóñòèìûå ìàêñèìàëüíûå ðàçìåðû ïîëåçíîé íàãðóçêè äàííûõ óïðàâëåíèÿ äëÿ ïîëíî ñêîðîñòíûõ óñòðîéñòâ, ðàçìåð ìîæåò áûòü òîëüêî 8, 16, 32, èëè 64 áàéòà. Íèçêî ñêîðîñòíîå óñòðîéñòâî îãðàíè÷åíî â ðàçìåðå ïîëåçíîé íàãðóçêè äàííûõ, ìàêñèìóì 8 áàéòîâ. Ýòîò ìàêñèìóì ïðèìåíÿåòñÿ ê ïîëåçíûì íàãðóçêàì äàííûõ ïàêåòîâ äàííûõ ñëåäóþùèõ ïîñëå óñòàíîâêè; òî åñòü, ðàçìåð îïðåäåëåí äëÿ ïîëÿ äàííûõ ïàêåòà êàê îïðåäåëåíî â Ãëàâå 8, íå âêëþ÷àÿ èíôîðìàöèþ òðåáóåìóþ äðóãèìè ïðîòîêîëàìè. Ïàêåò óñòàíîâêè âñåãäà 8 áàéòîâ.  Êîíå÷íàÿ òî÷êà óïðàâëåíèÿ âñåãäà èñïîëüçóåò MaxPacketSize äëÿ ïîëåçíûõ íàãðóçîê äàííûõ.


Òðåáóåòñÿ, ÷òîáû âñå êîíå÷íûå òî÷êè óïðàâëåíèÿ ïîñëå ñáðîñà ïîääåðæèâàëè ìàêñèìàëüíóþ ïîëåçíóþ íàãðóçêó äàííûõ óïðàâëåíèÿ â ðàçìåðå 8 áàéò (All control endpoints are required to support a control data payload maximum size of 8 bytes after reset).  Êîíå÷íàÿ òî÷êà ìîæåò áûòü ðàçðàáîòàíà òàê, ÷òîáû ïîääåðæèâàòü áîëüøèé ìàêñèìàëüíûé ðàçìåð ïîëåçíîé íàãðóçêè äàííûõ. Òàêàÿ êîíå÷íàÿ òî÷êà ñîîáùàåò â èíôîðìàöèè î êîíôèãóðàöèè çíà÷åíèå ìàêñèìàëüíîãî ðàçìåðà ïîëåçíîé íàãðóçêè äàííûõ. USB íå òðåáóåò, ÷òîáû ïîëåçíûå íàãðóçêè äàííûõ, êîòîðûå ïåðåäàþòñÿ áûëè òî÷íî ìàêñèìàëüíîãî ðàçìåðà; òî åñòü, åñëè ïîëåçíàÿ íàãðóçêà äàííûõ - ìåíüøå ÷åì ìàêñèìóì, íå íóæíî äîïîëíÿòü åå äî ìàêñèìàëüíîãî ðàçìåðà.


Âñå õîñò êîíòðîëëåðû òðåáóþò ïîääåðæàíèÿ ìàêñèìàëüíîé ïîëåçíîé íàãðóçêè äàííûõ â ðàçìåðå 8, 16, 32, è 64 áàéò, äëÿ ïîëíî ñêîðîñòíûõ êîíå÷íûõ òî÷åê óïðàâëåíèÿ è òîëüêî ìàêñèìàëüíîé ïîëåçíîé íàãðóçêè äàííûõ â ðàçìåðå 8 áàéòîâ äëÿ íèçêèõ ñêîðîñòíûõ êîíå÷íûõ òî÷åê óïðàâëåíèÿ. Õîñò êîíòðîëëåð íå òðåáóåò ïîääåðæàíèÿ áîëüøèõ èëè ìåíüøèõ ðàçìåðîâ ìàêñèìàëüíîé ïîëåçíîé íàãðóçêè äàííûõ.


Âî âðåìÿ êîíôèãóðàöèè, ïðîãðàììíîå îáåñïå÷åíèå ñèñòåìû USB ÷èòàåò ìàêñèìàëüíûé ðàçìåð ïîëåçíîé íàãðóçêè äàííûõ êîíå÷íîé òî÷êè è ãàðàíòèðóåò, ÷òî íå áóäåò ïîñëàíà íèêàêàÿ ïîëåçíàÿ íàãðóçêà äàííûõ êîòîðàÿ áîëüøå ÷åì îáåñïå÷èâàåìûé ðàçìåð êîíå÷íîé òî÷êîé . Õîñò áóäåò âñåãäà èñïîëüçîâàòü ìàêñèìàëüíûé ðàçìåð ïîëåçíîé íàãðóçêè äàííûõ ïî êðàéíåé ìåðå 8 áàéòîâ.


Êîíå÷íàÿ òî÷êà äîëæíà âñåãäà ïåðåäàâàòü ïîëåçíûå íàãðóçêè äàííûõ ñ ïîëåì äàííûõ ìåíüøåì èëè ðàâíûì MaxPacketSize êîíå÷íîé òî÷êè (îáðàòèòåñü ê Ãëàâå 9). Êîãäà ïåðåäà÷à óïðàâëåíèÿ ñîñòîèò èç áîëüøåãî êîëè÷åñòâà äàííûõ ÷åì, âîçìîæíî ïåðåäàòü â îäíîé ïîëåçíîé íàãðóçêå äàííûõ ñ òåêóùèì óñòàíîâëåííûì ìàêñèìàëüíûì ðàçìåðîì, âñå ïîëåçíûå íàãðóçêè äàííûõ òðåáóþòñÿ óñòàíîâëåíèå ìàêñèìàëüíîãî  ðàçìåðà êðîìå ïîñëåäíåé ïîëåçíîé íàãðóçêè äàííûõ, êîòîðàÿ áóäåò ñîäåðæàòü îñòàþùèåñÿ äàííûå. Åñëè êîíå÷íàÿ òî÷êà õî÷åò ïåðåäàâàòü ìåíüøåå êîëè÷åñòâî äàííûõ ÷åì îæèäàåò êëèåíòñêîå ïðîãðàììíîå îáåñïå÷åíèå, ïðåæäåâðåìåííàÿ, ìåíüøàÿ ÷åì ìàêñèìàëüíî óñòàíîâëåííàÿ ïî ðàçìåðó ïîëåçíàÿ íàãðóçêà äàííûõ áóäåò ïîëó÷åíà õîñò êîíòðîëëåðîì.( If an endpoint wants to transmit less data than expected by the client software, a premature, less than maximum sized data payload will be received by the host controller.) Ýòà ïðåæäåâðåìåííàÿ, ìåíüøàÿ ÷åì ìàêñèìàëüíî óñòàíîâëåííûé ðàçìåð, ïîëåçíàÿ íàãðóçêà äàííûõ çàñòàâëÿåò õîñò êîíòðîëëåð ïðîäâèãàòüñÿ ê ñîñòîÿíèþ òðàíçàêöèè âìåñòî òîãî, ÷òîáû ïðîäîëæèòü ñ äðóãîé òðàíçàêöèåé äàííûõ èëè îñòàíîâèòü êàíàë êàê áûëî îïèñàíî â Ðàçäåëå 5.3.2.( This premature, less than maximum sized data payload causes the host controller to advance to the status transaction instead of continuing on with another data transaction or else stall the pipe as was outlined in Section 5,3,2.) Åñëè ïîëåçíàÿ íàãðóçêà äàííûõ ïîëó÷åíà, êîòîðàÿ áîëüøå ÷åì îæèäàëîñü, IRP äëÿ ïåðåäà÷è óïðàâëåíèÿ áóäåò ïðåðâàíà/óäàëåíà, è êàíàë îñòàíîâèò áóäóùèå IRPs, ïîêà óñëîâèå íå áóäåò èñïðàâëåíî è ïîäòâåðæäåíî (If a data payload is received that is larger than that expected, the IRP for the control transfer will be aborted / retired and the pipe will stall future IRPs until the condition is corrected and acknowledged).


Îãðàíè÷åíèÿ Äîñòóïà ê Øèíå


Ïåðåäà÷è Óïðàâëåíèÿ ìîãóò èñïîëüçîâàòüñÿ ïîëíî ñêîðîñòíûìè è íèçêî ñêîðîñòíûìè óñòðîéñòâàìè USB.


Êîíå÷íàÿ òî÷êà íå èìååò íèêàêîãî ñïîñîáà óêàçàòü æåëàåìóþ ÷àñòîòó äîñòóïà ê øèíå äëÿ êàíàëà óïðàâëåíèÿ. USB óðàâíîâåøèâàåò òðåáîâàíèÿ äîñòóïà ê øèíå âñåõ êàíàëîâ óïðàâëåíèÿ è ñïåöèôè÷åñêèõ îòëîæåííûõ IRPs, ÷òîáû ïîòðàòèòü “ñàìûå áîëüøèå óñèëèÿ”, ïðè äîñòàâêè äàííûõ ìåæäó êëèåíòñêèì ïðîãðàììíûì îáåñïå÷åíèåì è ôóíêöèÿìè (USB balances the bus access requirements of all control pipes and the specific IRPs that are pending to provide “best effort” delivery of data between client software and functions).


USB òðåáóåò, ÷òîáû ÷àñòü êàæäîãî êàäðà áûëà çàðåçåðâèðîâàíà, ÷òîáû áûòü äîñòóïíîé äëÿ èñïîëüçîâàíèÿ ïåðåäà÷àìè óïðàâëåíèÿ ñëåäóþùèì îáðàçîì (USB requires that part of each frame be reserved to be available for use by control transfers as follows):


Åñëè ïðåäïðèíÿòûå( are attempted) ïåðåäà÷è óïðàâëåíèÿ (â çàâèñèìîì îò ðåàëèçàöèè ðåæèìà) ïîòðåáëÿþò ìåíüøå ÷åì 10 %  âðåìåíè êàäðà, îñòàâøååñÿ âðåìÿ ìîæåò èñïîëüçîâàòüñÿ, ÷òîáû ïîääåðæèâàòü bulk ïåðåäà÷è (îáðàòèòåñü ê Ðàçäåëó 5.8).


Ïåðåäà÷à óïðàâëåíèÿ, êîòîðàÿ áûëà ïðåäïðèíÿòà è äîëæíà áûòü ïîâòîðåíà, ìîæåò áûòü ïîâòîðåíà â òåêóùåì èëè áóäóùåì êàäðå; òî åñòü, íå íàäî ïîñûëàòü òðåáîâàíèå, ÷òîáû îñóùåñòâèòü ïîâòîðåíèå â òîì æå ñàìîì êàäðå (A control transfer that has been attempted and needs to be retried can be retried in the current or a future frame; i.e., it is not required to be retried in the same frame).


Åñëè èìååòñÿ áîëüøå ïåðåäà÷ óïðàâëåíèÿ ÷åì çàðåçåðâèðîâàííîãî âðåìåíè, íî èìååòñÿ äîïîëíèòåëüíûé êàäð âðåìåíè, êîòîðûé íå èñïîëüçóåòñÿ ïåðåäà÷àìè òèïà èçîõðîííûõ èëè ïðåðûâàíèé, õîñò êîíòðîëëåð ìîæåò ïåðåìåùàòü äîïîëíèòåëüíûå ïåðåäà÷è óïðàâëåíèÿ, êîãäà îíè åñòü(If there are more control transfers than reserved time, but there is additional frame time that is not being used for isochronous or interrupt transfers, a host controller may move additional control transfers as they are available).


Åñëè èìååòñÿ ñëèøêîì ìíîãî îòëîæåííûõ ïåðåäà÷ óïðàâëåíèÿ ÷åì äîñòóïíûõ êàäðîâ âðåìåíè,  óïðàâëÿþùèå ïåðåäà÷è âûáèðàþòñÿ äëÿ ïåðåìåùåíèÿ â øèíå êàê ñîîòâåòñòâóþùèå (If there are too many pending control transfers than available frame time, control transfers are selected to be moved over the bus as appropriate.)


Åñëè èìåþòñÿ çàäåðæêè ïåðåäà÷ óïðàâëåíèÿ äëÿ íåñêîëüêèõ êîíå÷íûõ òî÷åê, ïåðåäà÷è óïðàâëåíèÿ äëÿ ðàçëè÷íûõ êîíå÷íûõ òî÷åê âûáðàþòñÿ ñîãëàñíî ñïðàâåäëèâîé ñòðàòåãèè äîñòóïà(fair access policy), êîòîðàÿ çàâèñèò îò ðåàëèçàöèè õîñò êîíòðîëëåðà.


Òðàíçàêöèÿ ïåðåäà÷è óïðàâëåíèÿ, êîòîðàÿ ÷àñòî ïîâòîðÿåòñÿ, íå äîëæíà îæèäàòü ïðîïóñêà, íåñïðàâåäëèâî ó÷àñòâóÿ â êàäðå âðåìåíè (A transaction of a control transfer that is frequently being retried should not be expected to consume an unfair share of the frame time).


Ýòè òðåáîâàíèÿ ïîçâîëÿþò ïåðåäà÷è óïðàâëåíèÿ ìåæäó õîñòîì è óñòðîéñòâàìè ðåãóëÿðíî ïåðåìåùàòüñÿ â øèíå ñ "ñàìûì áîëüøèì ýôåêòîì".


Âñå ïåðåäà÷è óïðàâëåíèÿ çàäåðæàííûå â ñèñòåìå áîðþòñÿ çà îäíî è òî æå ñàìîå äîñòóïíîå âðåìÿ øèíû. Èç-çà ýòîãî, âðåìÿ øèíû âûäåëåííîå äëÿ ïåðåäà÷ óïðàâëåíèÿ ê ñïåöèôè÷åñêîé êîíå÷íîé òî÷êå, ìîæåò áûòü èçìåíåíî ïðîãðàììíûì îáåñïå÷åíèåì ñèñòåìû USB, ïî ñâîåìó óñìîòðåíèþ. ( Because of this, the bus time made available for control transfers to a particular endpoint can be varied by USB system software at its discretion.) Êîíå÷íàÿ òî÷êà è êëèåíòñêîå ïðîãðàììíîå îáåñïå÷åíèå íå ìîãóò ïðèñâîèòü ñïåöèôè÷åñêóþ ñêîðîñòü îáñëóæèâàíèÿ äëÿ ïåðåäà÷ óïðàâëåíèÿ (An endpoint and its client software cannot assume a specific rate of service for control transfers). Âðåìÿ øèíû âûäåëåííîå êëèåíòñêîìó ïðîãðàììíîìó îáåñïå÷åíèþ è êîíå÷íîé òî÷êå, ìîæåò áûòü èçìåíåíî, ïîñêîëüêó äðóãèå óñòðîéñòâà âñòàâëÿþòñÿ è óäàëÿþòñÿ èç ñèñòåìû, à òàêæå ïîñêîëüêó ïåðåäà÷è óïðàâëåíèÿ çàïðàøèâàþòñÿ äðóãèìè êîíå÷íûìè òî÷êàìè óñòðîéñòâà.


×àñòîòà øèíû è âðåìÿ êàäðà îãðàíè÷èâàþò ìàêñèìàëüíîå ÷èñëî óñïåøíûõ ïåðåäà÷ óïðàâëåíèÿ, âíóòðè êàäðà äëÿ ëþáîé ñèñòåìû USB, äî ìåíåå ÷åì 29 ïðè ïîëíî ñêîðîñòíîé 8 áàéòîâîé ïîëåçíîé íàãðóçêè äàííûõ èëè ìåíåå  ÷åòûðåõ ïðè íèçêî ñêîðîñòíîé 8 áàéòîâîé ïîëåçíîé íàãðóçêè äàííûõ. Òàáëèöà 5-1 ñîäåðæèò èíôîðìàöèþ îòíîñèòåëüíî ðàçëè÷íîãî ðàçìåðà ïîëíî ñêîðîñòíûõ ïåðåäà÷ óïðàâëåíèÿ è ìàêñèìàëüíîãî ÷èñëà ïåðåäà÷, âîçìîæíûõ â êàäðå. Ýòà òàáëèöà áûëà ñãåíåðèðîâàíà, ïðèíèìàÿ òðàíçàêöèþ ñòàäèè äàííûõ ñîñòîÿíèÿ íóëåâîé äëèíû è îäíó òðàíçàêöèþ ñòàäèè äàííûõ (This table was generated assuming zero length status data stage transaction and one data stage transaction). Òàáëèöà èëëþñòðèðóåò âîçìîæíóþ ìîùíîñòü äâóõ ïîëåçíûõ íàãðóçîê äàííûõ ìåíüøèõ èëè ðàâíûõ ðàçìåðó ìàêñèìàëüíî äîïóñòèìîé ïîëåçíîé íàãðóçêè äàííûõ (The table illustrates the possible power of two data payloads less than or equal to the allowable maximum data payload sizes). 
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Ñîõðàíåíèå 10 % êàäðà äëÿ ïåðåäà÷ óïðàâëåíèÿ îçíà÷àåò, ÷òî â ñèñòåìå ñ  ïîëíîñòüþ ðàñïðåäåëåííûì âðåìåíèåì øèíû, âñå ïîëíî ñêîðîñòíûå ïåðåäà÷è óïðàâëåíèÿ â ñèñòåìå áîðÿòñÿ çà íîìèíàëüíûå òðè ïåðåäà÷è óïðàâëåíèÿ â êàäðå (The 10% frame reservation for control transfers means that in a system with bus time fully allocated, all full speed control transfers in the system contend for a nominal three control transfers per frame). Òàê êàê ïîäñèñòåìà USB äîïîëíåíî èñïîëüçóåò ïåðåäà÷è óïðàâëåíèÿ â öåëÿõ êîíôèãóðàöèè ëþáûõ äðóãèõ ïåðåäà÷ óïðàâëåíèÿ , äðóãîå êëèåíòñêîå ïðîãðàììíîå îáåñïå÷åíèå ìîæåò çàïðàøèâàòü, äàííîå êëèåíòñêîå ïðîãðàììíîãî îáåñïå÷åíèå, è ôóíêöèÿ íå äîëæíà îæèäàòü, à èñïîëüçîâàòü ýòó æå ïîëíóþ ïðîïóñêíóþ ñïîñîáíîñòü äëÿ ñîáñòâåííûõ öåëåé óïðàâëåíèÿ.(Since the USB subsystem uses control transfers for configuration purposes in addition to whatever other control transfers other client software may be requesting, a given software client and its function should not expect to be able to make use of this full bandwidth for its own control purposes. ) Õîñò êîíòðîëëåðû òàêæå ñâîáîäíû, ïðè îïðåäåëåíèè òîãî êàê èíäèâèäóàëüíûå òðàíçàêöèè øèíû äëÿ ñïåöèôè÷åñêèõ ïåðåäà÷ óïðàâëåíèÿ ïåðåìåùàþòñÿ ïîâåðõ øèíû âíóòðè è ïîïåðåê êàäðîâ(Host controllers are also free to determine how the individual bus transactions for specific control transfers are moved over the bus within and across frames.) Êîíå÷íàÿ òî÷êà ìîãëà áû âèäåòü âñå òðàíçàêöèè øèíû äëÿ ïåðåäà÷è óïðàâëåíèÿ âíóòðè òîãî æå ñàìîãî êàäðà èëè ðàñïðîñòðàíÿòüñÿ ïîïåðåê íåñêîëüêèõ ðàçîáùåííûõ êàäðîâ. (An endpoint could see all bus transactions for a control transfer within the same frame or spread across several discontiguous frames.) Â çàêëþ÷åíèå, õîñò êîíòðîëëåð, ïî ðàçëè÷íûì ïðè÷èíàì ðåàëèçàöèè, íå ñïîñîáåí îáåñïå÷èòü òåîðåòè÷åñêîå ìàêñèìàëüíîå ÷èñëî ïåðåäà÷ óïðàâëåíèÿ â êàäðå. (Finally, a host controller, for various implementation reasons, may not be able to provide the theoretical maximum number of control transfers per frame.)


È ïîëíî ñêîðîñòíàÿ è íèçêî ñêîðîñòíàÿ ïåðåäà÷à óïðàâëåíèÿ, áîðþòñÿ çà òî æå ñàìîå äîñòóïíîå âðåìÿ êàäðà. Íèçêî ñêîðîñòíûå ïåðåäà÷è óïðàâëåíèÿ ïðîñòî òðàòÿò áîëüøå âðåìåíè ïðè ïåðåäà÷è. Òàáëèöà 5-2 ñîäåðæèò èíôîðìàöèþ îòíîñèòåëüíî ðàçëè÷íîãî ðàçìåðà íèçêî ñêîðîñòíûõ ïåðåäà÷ óïðàâëåíèÿ è ìàêñèìàëüíîãî ÷èñëà ïåðåäà÷, âîçìîæíûõ â êàäðå. Òàêæå äëÿ îáåèõ ñêîðîñòåé, ïåðåäà÷à óïðàâëåíèÿ ñîñòàâëåíà èç íåñêîëüêèõ ïàêåòîâ, ïàêåòû ìîãóò áûòü ðàñïðîñòðàíåíû áîëåå ÷åì â íåñêîëüêèõ êàäðàõ, êîòîðûå ðàçäåëÿò òðåáóåìîå âðåìÿ øèíû, ìåæäó íåñêîëüêèìè êàäðàìè. (Also for both speeds, since a control transfer is composed of several packets, the packets can be spread over several frames to spread the bus time required across several frames.)
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Ïîñëåäîâàòåëüíîñòè Äàííûõ


Ïåðåäà÷è Óïðàâëåíèÿ òðåáóþò, ÷òîáû òðàíçàêöèÿ óñòàíîâêà øèíû áûëà ïîñëàíà ñ õîñòà íà óñòðîéñòâî, äëÿ îïèñàíèÿ òèïà äîñòóïà óïðàâëåíèÿ, êîòîðûé óñòðîéñòâî äîëæíî âûïîëíèòü. Òðàíçàêöèÿ óñòàíîâêà ñîïðîâîæäàåòñÿ íóëåì èëè áîëåå òðàíçàêöèåé óïðàâëÿþùèõ äàííûõ, êîòîðûå íåñóò ñïåöèôè÷åñêóþ èíôîðìàöèþ äëÿ çàïðîøåííîãî äîñòóïà. Â çàêëþ÷åíèå, òðàíçàêöèÿ ñîñòîÿíèÿ çàâåðøàåò ïåðåäà÷ó óïðàâëåíèÿ , è ïîçâîëÿåò êîíå÷íîé òî÷êå âîçâðàùàòü ñîñòîÿíèå ïåðåäà÷è óïðàâëåíèÿ êëèåíòñêîìó ïðîãðàììíîìó îáåñïå÷åíèþ. Ïîñëå òîãî, êàê çàâåðøàåòñÿ òðàíçàêöèÿ ñîñòîÿíèÿ ïåðåäà÷è óïðàâëåíèÿ , õîñò ìîæåò ïåðåõîäèòü ê ñëåäóþùåé ïåðåäà÷å óïðàâëåíèÿ êîíå÷íîé òî÷êè. Êàê îïèñàíî â Ðàçäåëå 5.5.4, ýòà ñëåäóþùàÿ ïåðåäà÷à óïðàâëåíèÿ áóäåò ïåðåìåùàòüñÿ â øèíå â çàâèñèìîñòè îò ðåàëèçàöèè õîñò êîíòðîëëåðà âðåìÿ â ïîñëåäñòâèè îïðåäåëåííîå(As described in Section 5,4,4, this next control transfer will be moved over the bus at some host controller implementation defined time in the future).


Êîíå÷íàÿ òî÷êà ìîæåò áûòü çàíÿòà äëÿ íîìåðà êàäðà îïðåäåëåííîãî óñòðîéñòâîì ïðè ïåðåäâèæåíèè òðàíçàêöèé äàííûõ è ñîñòîÿíèÿ ïåðåäà÷è óïðàâëåíèÿ (The endpoint can be busy for a device specific numbers of frames during the data and status transactions of the control transfer). Â òå÷åíèå ýòîãî âðåìåíè, êîãäà êîíå÷íàÿ òî÷êà óêàçûâàåò, ÷òî îíà çàíÿòà (îáðàòèòåñü ê Ãëàâå 8 è Ãëàâå 9 äëÿ ïîäðîáíîñòåé), õîñò ïîâòîðèò òðàíçàêöèþ â áîëåå ïîçäíåå âðåìÿ.(During these times when the endpoint indicates it is busy (refer to Chapter 8 and Chapter 9 for details), the host will retry the transaction at a later time.)


Åñëè òðàíçàêöèÿ óñòàíîâêà ïîëó÷åíà êîíå÷íîé òî÷êîé ïðåæäå, ÷åì çàâåðøåíà ïðåäâàðèòåëüíî èíèöèàëèçèðîâàííàÿ ïåðåäà÷à óïðàâëåíèÿ, óñòðîéñòâî äîëæíî ïðåðâàòü òåêóùóþ ïåðåäà÷ó/îïåðàöèþ è îáðàáîòàòü íîâóþ òðàíçàêöèþ óñòàíîâêè óïðàâëåíèÿ.  Îáû÷íî òðàíçàêöèÿ óñòàíîâêè íå äîëæíà áûòü ïîñëàíà ïåðåä çàâåðøåíèåì ïðåäûäóùåé ïåðåäà÷è óïðàâëåíèÿ.Îäíàêî, åñëè ïåðåäà÷à ïðåðâàíà, íàïðèìåð, èç-çà îøèáîê íà øèíå, õîñò ìîæåò ïîñûëàòü ñëåäóþùóþ òðàíçàêöèþ óñòàíîâêè ïðåæäåâðåìåííî â çàâèñèìîñòè îò ïåðåñïåêòèâ êîíå÷íîé òî÷êè.


Ïîñëå ñòîëêíîâåíèÿ ñ óñëîâèåì ÎÑÒÀÍÎÂ(STALL) èëè ñ îøèáêîé îáíàðóæåííîé õîñòîì, óïðàâëÿþùåé êîíå÷íîé òî÷êå ïîçâîëÿåòñÿ âîññòàíîâèòüñÿ, ïðèíèìàÿ ñëåäóþùèé óñòàíîâî÷íûé PID; òî åñòü, âîññòàíîâëåíèå ÷åðåç íåêîòîðûé äðóãîé êàíàë íå òðåáóåòñÿ äëÿ êîíå÷íûõ òî÷åê óïðàâëåíèÿ, íî ìîãóò òðåáîâàòüñÿ â ðåàëèçàöèè íåêîòîðûõ äðóãèõ. (After a STALL condition is encountered or an error is detected by the host, a control endpoint is allowed to recover by accepting the next setup PID; i.e., recovery actions via some other pipe are not required for control endpoints, but may be required by implementation for some.) Äëÿ Ñîçäàâàåìîãî ïî Óìîë÷àíèþ Êàíàëà (Êîíå÷íàÿ òî÷êà 0), ñáðîñ óñòðîéñòâà (USBD) áóäåò â êîíå÷íîì ñ÷åòå òðåáîâàòüñÿ, ÷òîáû î÷èñòèòü ÎÑÒÀÍÎÂ(STALL) èëè óñëîâèå îøèáêè, åñëè ñëåäóþùèé óñòàíîâî÷íûé PID íå ïðèíÿò.(For the Default Pipe (Endpoint 0), a device reset (by USBD) will ultimately be required to clear the STALL or error condition if the next setup PID is not accepted.)


USB îáåñïå÷èâàåò çäðàâîå(robust) îáíàðóæåíèå îøèáîê, âîññòàíîâëåíèå/ïîâòîðíàÿ ïåðåäà÷à äëÿ îøèáîê, êîòîðûå ïðîèñõîäÿò â òå÷åíèè ïåðåäà÷ óïðàâëåíèÿ. Ïåðåäàò÷èêè è ïðèåìíèêè ìîãóò îñòàâàòüñÿ ñèíõðîíèçèðîâàííûìè ÷òî êàñàåòñÿ òîãî, ãäå îíè íàõîäÿòñÿ â ïåðåäà÷è óïðàâëåíèÿ è âîññòàíàâëèâàþòñÿ ñ ìèíèìàëüíûì óñèëèåì.(Transmitters and receivers can remain synchronized with regard to where they are in a control transfer and recover with minimum effort.) Ïîâòîðíàÿ ïåðåäà÷à äàííûõ è ïàêåòû ñîñòîÿíèÿ ìîãóò áûòü îáíàðóæåíû ïðèåìíèêîì ÷åðåç èíäèêàòîðû ïîâòîðåíèÿ äàííûõ â ïàêåòå.(Retransmission of data and status packets can be detected by a receiver via data retry indicators in the packet.) Ïåðåäàò÷èê ìîæåò äîñòîâåðíî îïðåäåëèòü, ÷òî ñîîòâåòñòâóþùèé ïðèåìíèê óñïåøíî ïðèíÿë ïåðåäàííûé ïàêåò ïî âîçâðàùåíèþ èíôîðìàöèè î ïàêåòå â êâèòèðîâàíèè. Ïðîòîêîë ó÷èòûâàåò ðàçëè÷èå ïîâòîðíî ïåðåäàííîãî ïàêåòà îò ïåðâîíà÷àëüíîãî ïàêåòà íî òîëüêî íå äëÿ ïàêåòà óñòàíîâêè óïðàâëåíèÿ. (The protocol allows for distinguishing a retransmitted packet from its original packet except for a control setup packet).Ïàêåò Óñòàíîâêè ìîæåò áûòü ïîâòîðíî ïåðåäàí èç-çà îøèáêè ïåðåäà÷è; îäíàêî, ïàêåòû óñòàíîâêè íå ìîãóò óêàçàòü, ÷òî ïàêåò -ýòî îðèãèíàë èëè ïîâòîðåííàÿ ïåðåäà÷à.


Èçîõðîííûå Ïåðåäà÷è


Â íå-USB ñðåäå, èçîõðîííûå ïåðåäà÷è èìåþò òåñíóþ ñâÿçü ñ ïîñòîÿííîé ñêîðîñòüþ è òåðïèìûìè ê îøèáêàì ïåðåäà÷àìè. Â USB ñðåäå, çàïðàøèâàÿ èçîõðîííûé òèï ïåðåäà÷è çàïðîñ÷èê îáåñïå÷èâàåòñÿ ñëåäóþùèì:(In the USB environment, requesting an isochronous transfer type provides the requester with the following)


Ãàðàíòèðóåìûé äîñòóï ê ïðîïóñêíîé ñïîñîáíîñòè USB ñ îãðàíè÷åííûì âðåìåíåì îòêëèêà


Ïîêà êàíàë îáåñïå÷èâàåòñÿ  äàííûìè, ãàðàíòèðóåòñÿ ïîñòîÿííàÿ ñêîðîñòü ïåðåäà÷è äàííûõ ÷åðåç êàíàë 


Â ñëó÷àå íåóäà÷íîé ïîñòàâêè èç-çà îøèáêè, íèêàêèõ ïîâòîðåíèè ïîñòàâêè äàííûõ íå ïðåäïðèíèìàåòñÿ


Â òî âðåìÿ êàê èçîõðîííûé òèï ïåðåäà÷è USB ðàçðàáîòàí äëÿ ïîääåðæêè èçîõðîííûõ èñòî÷íèêîâ è àäðåñàòîâ,íî íå òðåáóåòñÿ, ÷òîáû ïðîãðàììíîå îáåñïå÷åíèå, èñïîëüçóþùåå ýòîò òèï ïåðåäà÷è ôàêòè÷åñêè áûëî èçîõðîííî, â ïîðÿäêå èñïîëüçîâàíèÿ ýòîãî òèïà ïåðåäà÷è. (While the USB isochronous transfer type is designed to support isochronous sources and destinations, it is not required that software using this transfer type actually be isochronous in order to use the transfer type) Ðàçäåë 5.10 ïðåäîñòàâëÿåò áîëüøå ïîäðîáíîñòåé î ñïåöèàëüíûõ ðàññìîòðåíèÿõ îáðàáîòêè èçîõðîííûõ äàííûõ â USB.


Ôîðìàò äàííûõ


USB íå íàëàãàåò íèêàêèõ îãðàíè÷åíèé íà ñòðóêòóðó ñîäåðæàùóþ äàííûå â ïîòîêå ñâÿçè äëÿ èçîõðîííûõ êàíàëîâ.


Íàïðàâëåíèå


Èçîõðîííûé êàíàë - ýòî ïîòîê â êàíàëå è, ñëåäîâàòåëüíî, âñåãäà îäíîíàïðàâëåí. Îïèñàíèå êîíå÷íîé òî÷êè ïîêàçûâàåò, ÿâëÿåòñÿ ëè ïîòîê ñâÿçè äàííîãî èçîõðîííîãî êàíàëà îò õîñòà èëè ê õîñòó. Åñëè óñòðîéñòâî òðåáóåò äâóíàïðàâëåííîãî èçîõðîííîãî ïîòîêà ñâÿçè, äîëæíû èñïîëüçîâàòüñÿ äâà èçîõðîííûõ êàíàëà, îäèí â êàæäîì íàïðàâëåíèè.


Îãðàíè÷åíèÿ íà Ðàçìåð Ïàêåòà


Êîíå÷íàÿ òî÷êà â äàííîé êîíôèãóðàöèè äëÿ èçîõðîííîãî êàíàëà îïðåäåëÿåò ìàêñèìàëüíûé ðàçìåð äàííûõ â ïîëåçíîé íàãðóçêè, êîòîðàÿ ìîæåò èõ ïåðåäàòü/ïîëó÷èòü (An endpoint in a given configuration for an isochronous pipe specifies the maximum size data payload that it can transmit/receive). Ïðîãðàììíîå îáåñïå÷åíèå ñèñòåìû USB èñïîëüçóåò ýòó èíôîðìàöèþ âî âðåìÿ êîíôèãóðàöèè, ÷òîáû ãàðàíòèðîâàòü, ÷òî èìååòñÿ äîñòàòî÷íî âðåìåíè øèíû, ÷òîáû ðàçìåñòèòü ýòó ìàêñèìàëüíóþ ïîëåçíóþ íàãðóçêó äàííûõ â êàæäîì êàäðå. Åñëè èìååòñÿ äîñòàòî÷íî âðåìåíè øèíû, äëÿ ìàêñèìàëüíîé ïîëåçíîé íàãðóçêè äàííûõ, êîíôèãóðàöèÿ óñòàíàâëèâàåòñÿ; åñëè íåò, êîíôèãóðàöèÿ íå óñòàíàâëèâàåòñÿ. (If there is sufficient bus time for the maximum data payload, the configuration is established; if not, the configuration is not established.) Ïðîãðàììíîå îáåñïå÷åíèå ñèñòåìû USB íå êîððåêòèðóåò ìàêñèìàëüíûé ðàçìåð ïîëåçíîé íàãðóçêè äàííûõ äëÿ èçîõðîííîãî êàíàëà, êàê ýòî äåëàëîñü äëÿ êàíàëà óïðàâëåíèÿ. Èçîõðîííûé êàíàë ìîæåò ïðîñòî èëè ïîääåðæèâàòüñÿ èëè íå ïîääåðæèâàòüñÿ â äàííîé êîíôèãóðàöèè ïîäñèñòåìû USB.


USB îãðàíè÷èâàåò ìàêñèìàëüíûé ðàçìåð ïîëåçíîé íàãðóçêè äàííûõ 1023 áàéòàìè äëÿ êàæäîãî èçîõðîííîãî êàíàëà. Òàáëèöà 5-3 èëëþñòðèðóåò èíôîðìàöèÿ î ðàçëè÷íûõ  ðàçìåðàõ è ìàêñèìàëüíîãî ÷èñëà òðàíçàêöèé, âîçìîæíûõ â êàäðå. Òàáëèöà 5-3 ñîäåðæèò èíôîðìàöèþ îòíîñèòåëüíî ðàçëè÷íîãî ðàçìåðà èçîõðîííûõ òðàíçàêöèé è ìàêñèìàëüíîãî ÷èñëà òðàíçàêöèé, âîçìîæíûõ â êàäðå


Òàáëèöà 5-3. Îãðàíè÷åíèÿ Èçîõðîííûõ Òðàíçàêöèè


� EMBED Excel.Sheet.5  ���


Ëþáàÿ òðàíçàêöèÿ äàííîãî èçîõðîííîãî êàíàëà íå äîëæíà áûòü òî÷íî ìàêñèìàëüíîãî ðàçìåðà, îïðåäåëåííîãî äëÿ êîíå÷íîé òî÷êè. Ðàçìåð ïîëåçíîé íàãðóçêè äàííûõ îïðåäåëåí ïåðåäàò÷èêîì (êëèåíòñêèì ïðîãðàììíûì îáåñïå÷åíèåì èëè ôóíêöèåé) è ìîæåò èçìåíÿòüñÿ êàê òðåáóåòñÿ îò òðàíçàêöèè ê òðàíçàêöèè. Êîíå÷íàÿ òî÷êà ìîæåò èñïîëüçîâàòü íåîáÿçàòåëüíûé ñòàíäàðòíûé òèïîâîé çàãîëîâîê USB, ÷òîáû óêàçàòü, ãäå â âûáîðêå(sample) ïîòîêà íà÷èíàåòñÿ ýòîò ïàêåò. Ýòî ïîçâîëÿåò ïðèåìíèêó îïðàâëÿòüñÿ îò ïàêåòîâ, ïîòåðÿííûõ èç-çà îøèáîê. USB ãàðàíòèðóåò, ÷òî ëþáîé ðàçìåð ïðåäîñòàâëåííûé õîñò êîíòðîëëåðó,  áóäåò ïåðåäàí ïî øèíå.( USB ensures that whatever size is presented to the host controller is delivered on the bus.) Ôàêòè÷åñêèé ðàçìåð ïîëåçíîé íàãðóçêè äàííûõ îïðåäåëåí ïåðåäàò÷èêîì äàííûõ è ìîæåò áûòü ìåíüøå ÷åì ðàíåå îãîâîðåííûé ìàêñèìàëüíûé ðàçìåð. Îøèáêè øèíû ìîãóò èçìåíÿòü ôàêòè÷åñêèé ðàçìåð,÷òî çàìå÷àåò ïðèåìíèê.(Bus errors can change the actual size seen by the receiver.) Îäíàêî, ýòè îøèáêè ìîãóò áûòü îáíàðóæåíû èëè ïî ÖÊÈ(CRC) äàííûõ èëè ñ ïîìîùüþ çíàíèé ïðèåìíèêà îá îæèäàåìîì ðàçìåðå ëþáîé òðàíçàêöèè.


Îãðàíè÷åíèÿ Äîñòóïà ê Øèíå


Èçîõðîííûå ïåðåäà÷è ìîãóò èñïîëüçîâàòüñÿ òîëüêî ïîëíî ñêîðîñòíûìè óñòðîéñòâàìè.


USB òðåáóåò, ÷òîáû íå áîëüøå, ÷åì 90 % ëþáîãî êàäðà áûëè ðàñïðåäåëåíû äëÿ ïåðèîäè÷åñêîé (èçîõðîííîé è ïðåðûâàíèé) ïåðåäà÷è.


Êîíå÷íàÿ òî÷êà äëÿ èçîõðîííîãî êàíàëà íå âêëþ÷àåò èíôîðìàöèþ îòíîñèòåëüíî ÷àñòîòû äîñòóïà ê øèíå.(An endpoint for an isochronous pipe does not include information about bus access frequency.) Âñå èçîõðîííûå êàíàëû îáû÷íî ïåðåìåùàþò òî÷íî îäèí ïàêåò äàííûõ êàæäûé êàäð (òî åñòü, êàæäóþ 1 ìñ).( All isochronous pipes normally move exactly one data packet each frame ) Îøèáêè íà øèíå èëè çàäåðæêè â ïëàíèðîâàíèè îïåðàöèîííîé ñèñòåìû êëèåíòñêèì ïðîãðàììíûì îáåñïå÷åíèåì ìîãóò ïðèâîäèòü ê òîìó, ÷òî íå áóäåò ïåðåìåùàåìîãî ïàêåòà â êàäðå. (Errors on the bus or delays in operating system scheduling of client software can result in no packet being transferred for a frame.) Â òàêîì ñëó÷àå, èíäèêàöèÿ îøèáêè âîçâðàùàåòñÿ êàê ñîñòîÿíèå, êëèåíòñêîìó ïðîãðàììíîìó îáåñïå÷åíèþ. Óñòðîéñòâî ìîæåò òàêæå îáíàðóæèòü ýòó ñèòóàöèþ, ïðîñëåæèâàÿ SOF ìàðêåðû è îòìå÷àÿ äâà SOF ìàðêåðà áåç ïàêåòà äàííûõ äëÿ èçîõðîííîé êîíå÷íîé òî÷êè. (A device can also detect this situation by tracking SOF tokens and noticing two SOF tokens without an intervening data packet for an isochronous endpoint.)


×àñòîòà øèíû è ñèíõðîíèçàöèÿ êàäðà îãðàíè÷èâàþò ìàêñèìàëüíîå ÷èñëî óñïåøíûõ èçîõðîííûõ òðàíçàêöèé âíóòðè êàäðà äëÿ ëþáîé ñèñòåìû USB äî ìåíåå ÷åì 151 ïîëíî ñêîðîñòíîé 1 áàéòîâîé ïîëåçíîé íàãðóçêè äàííûõ. Â çàêëþ÷åíèå, õîñò êîíòðîëëåð, ïî ðàçëè÷íûì ïðè÷èíàì ðåàëèçàöèè, ìîæåò áûòü íå ñïîñîáíûì îáåñïå÷èòü òåîðåòè÷åñêîå ìàêñèìàëüíîå ÷èñëî èçîõðîííûõ òðàíçàêöèé â êàäðå.


Ïîñëåäîâàòåëüíîñòè Äàííûõ


Èçîõðîííûå ïåðåäà÷è íå ïîääåðæèâàþò ïîâòîðíóþ ïåðåäà÷ó äàííûõ ïðè îøèáêàõ íà øèíå. Ïðèåìíèê ìîæåò îïðåäåëÿòü, ÷òî ïðîèçîøëà îøèáêà ïåðåäà÷è.(???) Íèçêèé óðîâåíü ïðîòîêîëà USB íå ïîçâîëÿåò âîçâðàòèòü êâèòèðîâàíèå ïåðåäàò÷èêó èçîõðîííîãî êàíàëà.  Îáû÷íî êâèòèðîâàíèå âîçâðàùàåòñÿ, ÷òîáû ñîîáùèòü ïåðåäàò÷èêó, áûë ëè ïàêåò óñïåøíî ïîëó÷åí èëè íåò. Äëÿ èçîõðîííûõ ïåðåäà÷, ñâîåâðåìåííîñòü áîëåå âàæíà ÷åì ïðàâèëüíîñòü / ïåðåïåðåäà÷à, è ñ äàííûì íèçêèì ïðîöåíòîì îøèáîê, îæèäàåìûõ íà øèíå, ïðîòîêîë, îïòèìèçèðîâàííûé äëÿ ïðèåìà ïåðåäà÷, îáû÷íî óñòðàèâàåò. (For isochronous transfers, timeliness is more important than correctness/retransmission, and given the low error rates expected on the bus, the protocol is optimized assuming transfers normally succeed.) Èçîõðîííûå ïðèåìíèêè ìîãóò îïðåäåëÿòü, áûëè ëè ïîòåðè äàííûå â òå÷åíèè êàäðà. Òàêæå, ïðèåìíèê ìîæåò îïðåäåëÿòü, ñêîëüêî äàííûõ áûëî ïîòåðÿíî. Ðàçäåë 5.10 îïèñûâàåò ýòè ìåõàíèçìû USB áîëåå ïîäðîáíî.


Êîíå÷íàÿ òî÷êà äëÿ èçîõðîííûõ ïåðåäà÷ íèêîãäà íå áûâàåò îñòàíîâëåííîé òàê êàê íåò íèêàêîå êâèòèðîâàíèÿ, ÷òîáû ñîîáùèòü óñëîâèå ÎÑÒÀÍÎÂÀ(STALL). Õîñò è êëèåíòñêîå ïðîãðàììíîå îáåñïå÷åíèå íèêîãäà íå ìîæåò ñòàëêèâàòüñÿ ñ òàêèì ñëó÷àåì. Îá îøèáêàõ ñîîáùàåòñÿ êàê î ñîñòîÿíèè, ñâÿçàííîì ñ IRP äëÿ èçîõðîííîé ïåðåäà÷è, íî èçîõðîííûé êàíàë íå îñòàíàâëèâàåòñÿ â ñëó÷àå îøèáêè. Åñëè îøèáêà îáíàðóæåíà, õîñò ïðîäîëæàåò îáðàáàòûâàòü äàííûå, ñâÿçàííûå ñî ñëåäóþùèì êàäðîì ïåðåäà÷è. Âîçìîæíî îãðàíè÷åííîå îáíàðóæåíèå îøèáîê, òàê êàê ïðîòîêîë äëÿ èçîõðîííûõ òðàíçàêöèé íå ïîçâîëÿåò ïåðåäàâàòü òðàíçàêöèè êâèòèðîâàíèÿ. (Limited error detection is possible since the protocol for isochronous transactions does not allow per transaction handshakes.)


Ïåðåäà÷è Ïðåðûâàíèÿ


Òèï ïåðåäà÷è ïðåðûâàíèÿ ðàçðàáîòàí, äëÿ ïîääåðæàíèÿ òåõ óñòðîéñòâ, êîòîðûå äîëæíû íå÷àñòî ñîîáùàòü íåáîëüøîå êîëè÷åñòâ äàííûõ, íî ñ îãðàíè÷åííûìè ïåðèîäàìè îáñëóæèâàíèÿ. (The interrupt transfer type is designed to support those devices that need to communicate small amounts of data infrequently, but with bounded service periods.) Çàïðàøèâàÿ êàíàëà ñ òèïîì ïåðåäà÷è ïðåðûâàíèÿ çàïðîñ÷èê îáåñïå÷èâàåòñÿ ñëåäóþùèì:


Ãàðàíòèðóåìûì ìàêñèìàëüíûì ïåðèîäîì îáñëóæèâàíèÿ êàíàëà


 Ïîïûòêà ïîâòîðåíèÿ ïåðåäà÷è îñóùåñòâëÿåòñÿ â ñëåäóþùåì ïåðèîäå, ïðè ñëó÷àþùèõñÿ èíîãäà íåóäà÷íûõ äîñòàâêàõ èç-çà îøèáêè íà øèíå


Ôîðìàò äàííûõ


USB íå íàëàãàåò íèêàêèõ îãðàíè÷åíèé íà ñòðóêòóðó ñîäåðæàùóþ äàííûå â ïîòîêå ñâÿçè äëÿ êàíàëîâ ïðåðûâàíèÿ.


Íàïðàâëåíèå


Êàíàë ïðåðûâàíèÿ - ýòî ïîòîê â êàíàëå è ñëåäîâàòåëüíî âñåãäà îäíîíàïðàâëåí. Òàêæå, êàíàë ïðåðûâàíèÿ - ýòî òîëüêî âõîä(input) íà õîñò. Âûõîäíûå (Output) êàíàëû ïðåðûâàíèÿ íå îáåñïå÷èâàþòñÿ USB.


Îãðàíè÷åíèÿ íà Ðàçìåð Ïàêåòà


Êîíå÷íàÿ òî÷êà äëÿ êàíàëà ïðåðûâàíèÿ îïðåäåëÿåò ðàçìåð ìàêñèìàëüíîé ïîëåçíîé íàãðóçêè äàííûõ, êîòîðûé îíà áóäåò ïåðåäàâàòü. Ìàêñèìàëüíî äîïóñòèìûé ðàçìåð ïîëåçíîé íàãðóçêè äàííûõ ïåðåäà÷ ïðåðûâàíèÿ - 64 áàéòà èëè ìåíüøå äëÿ ïîëíî ñêîðîñòíîãî ðåæèìà. Íèçêî ñêîðîñòíûå óñòðîéñòâà îãðàíè÷åíû 8 áàéòàìè èëè ìåíüøèì ðàçìåðîì ìàêñèìàëüíîé ïîëåçíîé íàãðóçêè äàííûõ. Ýòîò ìàêñèìóì ïðèìåíÿåòñÿ ê ïîëåçíîé íàãðóçêå äàííûõ ïàêåòîâ äàííûõ; òî åñòü, îïðåäåëåííûé ðàçìåð - ýòî ïîëÿ äàííûõ ïàêåòà êàê îïðåäåëåíî â Ãëàâå 8 íå âêëþ÷àÿ èíôîðìàöèþ òðåáóåìóþ äðóãèìè ïðîòîêîëàìè. (This maximum applies to the data payloads of the data packets; i.e., the size specified is for the data field of the packet as defined in Chapter 8, not including other protocol required information.) USB íå òðåáóåò, ÷òîáû ïàêåòû äàííûõ áûëè òî÷íî ìàêñèìàëüíîãî ðàçìåðà; òî åñòü, åñëè ïàêåò äàííûõ - ìåíüøå ÷åì ìàêñèìóì, íå òðåáóåòñÿ äîïîëíÿòü åãî äî ìàêñèìàëüíîãî ðàçìåðà.


Òðåáóþòñÿ ÷òîáû âñå õîñò êîíòðîëëåðû èìåëè ïîääåðæêó ìàêñèìàëüíûõ ðàçìåðîâ ïîëåçíîé íàãðóçêè äàííûõ äî 64 áàéò äëÿ ïîëíî ñêîðîñòíûõ êîíå÷íûõ òî÷åê ïðåðûâàíèÿ è ìàêñèìàëüíûõ ðàçìåðîâ ïîëåçíîé íàãðóçêè äàííûõ 8 èëè ìåíåå áàéò äëÿ íèçêî ñêîðîñòíûõ êîíå÷íûõ òî÷åê ïðåðûâàíèÿ (All host controllers are required to have support for up to 64 byte maximum data payload sizes for full speed interrupt endpoints and 8 bytes or less maximum data payload sizes for low speed interrupt endpoints.) Íå òðåáóåòñÿ ÷òîáû õîñò êîíòðîëëåð, ïîääåðæèâàë ðàçìåðû ïîëåçíîé íàãðóçêè äàííûõ áîëüøèå ìàêñèìàëüíûõ.


Ïðîãðàììíîå îáåñïå÷åíèå ñèñòåìû USB îïðåäåëÿåò ìàêñèìàëüíûé ðàçìåð ïîëåçíîé íàãðóçêè äàííûõ, êîòîðûé áóäåò èñïîëüçîâàòüñÿ äëÿ êàíàëà ïðåðûâàíèÿ, âî âðåìÿ êîíôèãóðàöèè óñòðîéñòâà. Ýòîò ðàçìåð îñòàåòñÿ ïîñòîÿííûì â òå÷åíèå ñðîêà ñëóæáû ñêîíôèãóðèðîâàííîãî óñòðîéñòâà. Ïðîãðàììíîå îáåñïå÷åíèå USB èñïîëüçóåò ìàêñèìàëüíûé ðàçìåð ïîëåçíîé íàãðóçêè äàííûõ, îïðåäåëåííûé âî âðåìÿ êîíôèãóðàöèè, äëÿ ãàðàíòèðîâàíèÿ òîãî, ÷òî èìååòñÿ äîñòàòî÷íî âðåìåíè øèíû, ÷òîáû ðàçìåñòèòü ýòó ìàêñèìàëüíóþ ïîëåçíóþ íàãðóçêó äàííûõ â íàçíà÷åííîì ïåðèîäå. Åñëè èìååòñÿ äîñòàòî÷íî  âðåìåíè øèíû, êàíàë óñòàíîâëåí; åñëè íåò, êàíàë íå óñòàíîâëåí. (If there is sufficient bus time, the pipe is established; if not, the pipe is not established. ) USB ïðîãðàììíîå îáåñïå÷åíèå íå êîððåêòèðóåò âðåìÿ øèíû, âûäåëåííîå êàíàëó ïðåðûâàíèÿ êàê ýòî èìååò ìåñòî äëÿ êàíàëà óïðàâëåíèÿ. Êàíàë ïðåðûâàíèÿ ìîæåò ïðîñòî èëè îáåñïå÷èâàòüñÿ èëè íåò â äàííîé  êîíôèãóðàöèÿ ïîäñèñòåìû USB. Îäíàêî, ôàêòè÷åñêèé ðàçìåð ïîëåçíîé íàãðóçêè äàííûõ âñå åùå îïðåäåëÿåòñÿ ïåðåäàò÷èêîì äàííûõ è ìîæåò áûòü ìåíüøå ÷åì ìàêñèìàëüíûé ðàçìåð.


Êîíå÷íàÿ òî÷êà äîëæíà âñåãäà ïåðåäàâàòü ïîëåçíûå íàãðóçêè äàííûõ ñ ïîëåì äàííûõ ìåíüøèì èëè ðàâíûì MaxPacketSize êîíå÷íîé òî÷êè.  Óñòðîéñòâî ìîæåò ïåðåìåùàòü äàííûå ÷åðåç êàíàë ïðåðûâàíèÿ, áîëüøèå ïî ðàçìåðó ÷åì MaxPacketSize. Êëèåíò ïðîãðàììíîãî îáåñïå÷åíèÿ ìîæåò ïðèíèìàòü ýòè äàííûå ÷åðåç IRP ïåðåäà÷è ïðåðûâàíèÿ, êîòîðûé òðåáóåò íåñêîëüêèõ òðàíçàêöèé øèíû íå òðåáóÿ ïîëíîãî ñîîáùåíèÿ î IRP â òðàíçàêöèè.(A software client can accept this data via an IRP for the interrupt transfer that requires multiple bus transactions without requiring an IRP complete notification per transaction.) Ýòî ìîæåò áûòü äîñòèãíóòî, îïðåäåëåíèåì áóôåðà, êîòîðûé ìîæåò ñîäåðæàòü òðåáóåìûé ðàçìåð äàííûõ. (This can be achieved by specifying a buffer that can hold the desired data size.) Ðàçìåð áóôåðà - íåñêîëüêî MaxPacketSize ñ íåêîòîðûì îñòàòêîì. Êîíå÷íàÿ òî÷êà äîëæíà ïåðåäàòü êàæäóþ òðàíçàêöèþ çà èñêëþ÷åíèåì ïîñëåäíåé êàê MaxPacketSize, à ïîñëåäíþþ òðàíçàêöèþ êàê îñòàòîê. Ìíîæåñòâî òðàíçàêöèé äàííûõ ïåðåìåùàþòñÿ â øèíå â ïåðèîä, óñòàíîâëåííûé äëÿ êàíàëà.


Êîãäà ïåðåäà÷à ïðåðûâàíèÿ ñîñòîèò èç áîëüøåãî êîëè÷åñòâà äàííûõ ÷åì, âîçìîæíî ïåðåäàòü â îäíîé ïîëåçíîé íàãðóçêå äàííûõ ñ òåêóùèì óñòàíîâëåííûì ìàêñèìàëüíûì ðàçìåðîì, âñå ïîëåçíûå íàãðóçêè äàííûõ òðåáóþòñÿ óñòàíîâëåíèå ìàêñèìàëüíîãî  ðàçìåðà êðîìå ïîñëåäíåé ïîëåçíîé íàãðóçêè äàííûõ, êîòîðàÿ áóäåò ñîäåðæàòü îñòàâøèåñÿ äàííûå. Åñëè êîíå÷íàÿ òî÷êà õî÷åò ïåðåäàâàòü ìåíüøåå êîëè÷åñòâî äàííûõ ÷åì îæèäàåò êëèåíòñêîå ïðîãðàììíîå îáåñïå÷åíèå, ïðåæäåâðåìåííàÿ, ìåíüøàÿ ÷åì ìàêñèìàëüíî óñòàíîâëåííàÿ ïî ðàçìåðó ïîëåçíàÿ íàãðóçêà äàííûõ áóäåò ïîëó÷åíà õîñò êîíòðîëëåðîì.(If an endpoint wants to transmit less data than expected by the client software, a premature, less than maximum sized data payload will be received by the host controller.) Ýòà ïðåæäåâðåìåííàÿ, ìåíüøàÿ ÷åì ìàêñèìàëüíî óñòàíîâëåííûé ðàçìåð ïîëåçíàÿ íàãðóçêà äàííûõ çàñòàâëÿåò õîñò êîíòðîëëåð ïðîäâèãàòüñÿ ê ñîñòîÿíèþ òðàíçàêöèè âìåñòî òîãî, ÷òîáû ïðîäîëæèòü ñ äðóãîé òðàíçàêöèåé äàííûõ èëè îñòàíîâèòü êàíàë êàê áûëî îïèñàíî â Ðàçäåëå 5.3.2.(This premature, less than maximum sized data payload causes the host controller to retire the current IRP and advance to the next IRP or else stall the pipe as outlined in Section 5,3,2.) Åñëè ïîëåçíàÿ íàãðóçêà äàííûõ ïîëó÷åíà, áîëåå ÷åì îæèäëîñü, IRP äëÿ ïðåðûâàíèÿ áóäåò ïðåðâàíà/óäàëåíà, è êàíàë îñòàíîâèò áóäóùèå IRPs, ïîêà óñëîâèå íå áóäåò èñïðàâëåíî è ïîäòâåðæäåíî ( If a data payload is received that is larger than that expected, the interrupt IRP will be aborted/retired and the pipe will stall future IRPs until the condition is corrected and acknowledged.)


Îãðàíè÷åíèÿ Äîñòóïà ê Øèíå


Ïåðåäà÷è Ïðåðûâàíèÿ ìîãóò èñïîëüçîâàòüñÿ ïîëíî ñêîðîñòíûìè è íèçêî ñêîðîñòíûìè óñòðîéñòâàìè.


USB òðåáóåò, ÷òîáû íå áîëüøå, ÷åì 90 % ëþáîãî êàäðà áûëè ðàñïðåäåëåíû äëÿ ïåðèîäè÷åñêîé (èçîõðîííîé è ïðåðûâàíèé) ïåðåäà÷è


×àñòîòà øèíû è ñèíõðîíèçàöèÿ êàäðà îãðàíè÷èâàþò ìàêñèìàëüíîå ÷èñëî óñïåøíûõ òðàíçàêöèé ïðåðûâàíèÿ âíóòðè êàäðà äëÿ ëþáîé ñèñòåìû USB äî ìåíåå ÷åì 108 ïîëíî ñêîðîñòíîé 1 áàéòîâîé ïîëåçíîé íàãðóçêè äàííûõ. Â çàêëþ÷åíèå, õîñò êîíòðîëëåð, ïî ðàçëè÷íûì ïðè÷èíàì ðåàëèçàöèè, ìîæåò áûòü íå ñïîñîáíûì îáåñïå÷èòü òåîðåòè÷åñêè ìàêñèìàëüíîå ÷èñëî èçîõðîííûõ òðàíçàêöèé íà êàäð


Òàáëèöà 5-4 èëëþñòðèðóåò èíôîðìàöèþ î ðàçëè÷íûõ ðàçìåðàõ ïîëíî ñêîðîñòíûõ òðàíçàêöèé ïðåðûâàíèÿ è ìàêñèìàëüíîãî ÷èñëà òðàíçàêöèé, âîçìîæíûõ â êàäðå. Òàáëèöà 5-5 èëëþñòðèðóåò ïîäîáíóþ èíôîðìàöèþ äëÿ íèçêî ñêîðîñòíûõ òðàíçàêöèé ïðåðûâàíèÿ.


Òàáëèöà 5-4. Îãðàíè÷åíèÿ Ïîëíî Ñêîðîñòíûõ Òðàíçàêöèé Ïðåðûâàíèÿ


� EMBED Excel.Sheet.5  ���


Êîíå÷íàÿ òî÷êà îïðåäåëÿåò, äëÿ êàíàëà ïðåðûâàíèÿ, òðåáóåìûé ïåðèîä äîñòóïà ê øèíå. Ïîëíî ñêîðîñòíàÿ êîíå÷íàÿ òî÷êà ìîæåò îïðåäåëèòü òðåáóåìûé ïåðèîä îò 1 ìñ äî 255 ìñ.  Íèçêî ñêîðîñòíûå êîíå÷íûå òî÷êè îãðàíè÷åíû â âûáîðå îò 10 ìñ äî 255 ìñ. Ïðîãðàììíîå îáåñïå÷åíèå USB èñïîëüçóåò ýòó èíôîðìàöèþ âî âðåìÿ êîíôèãóðàöèè, ÷òîáû îïðåäåëèòü ïåðèîä, êîòîðûé ìîæåò áûòü ïîääåðæàí. Ïåðèîä îáåñïå÷èâàåìûé ñèñòåìîé ìîæåò áûòü êîðî÷å ÷åì ýòî òðåáîâàëî óñòðîéñòâî, âïëîòü äî ñàìîãî êîðîòêîãî ïåðèîäà îïðåäåëåííîãî USB. Êëèåíòñêîå ïðîãðàììíîå îáåñïå÷åíèå è óñòðîéñòâî ìîãóò çàâèñåòü òîëüêî îò ñëåäóþùåãî ôàêòà, õîñò ãàðàíòèðóåò, ÷òî ïðîäîëæèòåëüíîñòü âðåìåíè ìåæäó äâóìÿ òðàíçàêöèÿìè êîãäà íåò îøèáêè (èëè âòîðîé ïîïûòêè ïåðåäà÷è òðàíçàêöèè) ñ êîíå÷íîé òî÷êîé áóäåò íå áîëüøå ÷åì çàòðåáîâàííûé ïåðèîä.(The client software and device can only depend on the fact that the host will ensure that the time duration between two error free transactions (or two transaction attempts) with the endpoint will be no longer than the desired period.) Ñëåäóåò îáðàòèòü âíèìàíèå, ÷òî îøèáêè íà øèíå ìîãóò ìåøàòü òðàíçàêöèÿì ïðåðûâàíèÿ óñïåøíî äîñòàâëÿòüñÿ ïî øèíå è ñëåäîâàòåëüíî áóäåò ïðåâûøåíèå çàòðåáîâàííîãî ïåðèîäà.(Note that errors on the bus can prevent an interrupt transaction from being successfully delivered over the bus and consequently exceed the desired period.) Ïåðèîä ìåæäó ëþáûìè äâóìÿ ïîïûòêàìè ïåðåäà÷è òðàíçàêöèè ìîæåò èçìåíèòüñÿ ÷åðåç êàêîå-òî âðåìÿ; õîòÿ îí íèêîãäà íå áóäåò ïðåâûøàòü çàòðåáîâàííûé ïåðèîä, â ñëó÷àÿõ êîãäà íåò îøèáêè. Òàêæå, êîíå÷íàÿ òî÷êà ÿâëÿåòñÿ òîëüêî îïðîøåííîé, êîãäà êëèåíò ïðîãðàììíîãî îáåñïå÷åíèÿ èìååò IRP äëÿ çàäåðæàíèÿ ïåðåäà÷è ïðåðûâàíèÿ. (Also, the endpoint is only polled when the software client has an IRP for an interrupt transfer pending.) Åñëè åñòü âðåìÿ øèíû äëÿ âûïîëíåíèÿ ïåðåäà÷è ïðåðûâàíèÿ è íåò íèêàêèõ çàäåðæàííûõ IRP, êîíå÷íîé òî÷êå íå áóäåò äàíà âîçìîæíîñòü ïåðåäàòü äàííûå â ýòî âðåìÿ.( If the bus time for performing an interrupt transfer arrives and there is no IRP pending, the endpoint will not be given an opportunity to transfer data at that time.) Åñëè òîëüêî IRP çàïðîøåí, äàííûå áóäóò ïåðåäàíû â ñëåäóþùåì ðàñïðåäåëåííîì ïåðèîäå. (Once an IRP is requested, its data will be transferred at the next allocated period.)


Òàáëèöà 5-5. Îãðàíè÷åíèÿ Íèçêî Ñêîðîñòíûõ Òðàíçàêöèé Ïðåðûâàíèÿ


� EMBED Excel.Sheet.5  ���


Ïåðåäà÷è ïðåðûâàíèÿ ïåðåìåùàþòñÿ ïî USB, îáðàùàÿñü ê êîíå÷íîé òî÷êå ïðåðûâàíèÿ êàæäûé ïåðèîä. Õîñò íå èìååò íèêàêîãî ñïîñîáà îïðåäåëèòü, áóäåò ëè êîíå÷íàÿ òî÷êà èñòî÷íèê ïðåðûâàíèå ïîêà íå áóäåò îáðàùåíèÿ ê êîíå÷íîé òî÷êå è çàïðîñà ïåðåäà÷è ïðåðûâàíèÿ.(The host has no way to determine whether an endpoint will source an interrupt without accessing the endpoint and requesting an interrupt transfer.)  Åñëè ó êîíå÷íîé òî÷êè íåò íèêàêèõ äàííûõ ïðåðûâàíèÿ, ÷òîáû ïåðåäàòü êîãäà îáðàùàåòñÿ õîñò, îíà îòâå÷àåò NAK. Êîíå÷íàÿ òî÷êà äîëæíà òîëüêî ïðåäîñòàâèòü äàííûå ïðåðûâàíèÿ, êîãäà ïðåðûâàíèå çàäåðæàíî, ÷òîáû èçáåæàòü îøèáî÷íîãî ñîîáùåíèÿ êëèåíòó ïðîãðàììíîãî îáåñïå÷åíèÿ, î çàâåðøåíèè IRP.(An endpoint should only provide interrupt data when it has an interrupt pending to avoid having a software client erroneously notified of IRP complete. ) Ïîëåçíàÿ íàãðóçêà äàííûõ íóëåâîé äëèíû - äîïóñòèìàÿ ïåðåäà÷à è ìîæåò áûòü èñïîëüçîâàíà â íåêîòîðûõ ðåàëèçàöèÿõ.


Ïîñëåäîâàòåëüíîñòè Äàííûõ


Òðàíçàêöèè Ïðåðûâàíèÿ ìîãóò èñïîëüçîâàòü èëè ÷åðåäóþùèåñÿ äàííûå ïåðåêëþ÷åíèÿ áèò òàêèå, ÷òî áèòû ïåðåêëþ÷àþòñÿ òîëüêî ïîñëå óñïåøíîãî çàâåðøåíèÿ ïåðåäà÷è èëè íåïðåðûâíî ïåðåêëþ÷àþùèåñÿ äàííûå ïåðåêëþ÷åíèÿ áèò.(Interrupt transactions may use either alternating data toggle bits such that the bits are toggled only upon successful transfer completion or a continuously toggling of data toggle bits.) Õîñò â ëþáîì ñëó÷àå äîëæåí äîïóñêàòü, ÷òî óñòðîéñòâî ïîâèíóåòñÿ âñåì ïðàâèëàì êâèòèðîâàíèÿ/ïîâòîðåíèÿ êàê îïðåäåëåíî â Ãëàâå 8. Óñòðîéñòâî ìîæåò âûáèðàòü, ÷òîáû âñåãäà ïåðåêëþ÷èòü PIDs DATA0/DATA1 òàê, ÷òîáû îí ìîã èãíîðèðîâàòü êâèòèðîâàíèå èç õîñòà.(A device may choose to always toggle DATA0/DATA1 PIDs so that it can ignore handshakes from the host.) Îäíàêî, â ýòîì ñëó÷àå, êëèåíòñêîå ïðîãðàììíîå îáåñïå÷åíèå ìîæåò ïðîïóñêàòü íåêîòîðûå ïàêåòû äàííûõ, êîãäà ïðîèñõîäèò îøèáêà, ïîòîìó ÷òî õîñò êîíòðîëëåð èíòåðïðåòèðóåò ñëåäóþùèé ïàêåò êàê ïîâòîðåíèå ïðîïóùåííîãî ïàêåòà.


Åñëè óñëîâèå îñòàíîâà îáíàðóæåíî íà êàíàëå ïðåðûâàíèÿ èç-çà îøèáîê ïåðåäà÷è èëè ñèãíàëà êâèòèðîâàíèÿ ÎÑÒÀÍÎÂ(STALL),  âîçâðàùàåìîãî èç êîíå÷íîé òî÷êè, âñå çàäåðæàííûå IRPs óäàëÿþòñÿ. Óäàëåíèå óñëîâèÿ ÎÑÒÀÍÎÂ(STALL) äîñòèãàåòñÿ âìåøàòåëüñòâîì ïðîãðàììíîãî îáåñïå÷åíèÿ ïî îòäåëüíîìó êàíàëó óïðàâëåíèÿ. Ýòî âîññòàíîâëåíèå äîëæíî òàêæå ñáðîñèòü äàííûå ïåðåêëþ÷åíèÿ áèòà ê DATA0 äëÿ êîíå÷íîé òî÷êè.(This recovery must also reset the data toggle bit to DATA0 for the endpoint.) Êëèåíò ïðîãðàììíîãî îáåñïå÷åíèÿ äîëæåí òàêæå âûçâàòü Ôóíêöèþ USBD, ÷òîáû ñáðîñèòü äàííûå ïåðåêëþ÷åíèÿ õîñòà ê DATA0, ïîäòâåðäèòü, è î÷èùàòü óñëîâèå îñòàíîâà íà õîñòå.(The software client must also call a USBD Function to reset the host’s data toggle to DATA0, acknowledge, and clear the stall condition on the host.)


Òðàíçàêöèè Ïðåðûâàíèÿ ïîâòîðÿþòñÿ èç-çà îøèáîê, îáíàðóæåííûõ íà øèíå, ÷òî âîçäåéñòâóåò íà äàííóþ ïåðåäà÷ó (Interrupt transactions are retried due to errors detected on the bus that affect a given transfer.)


Bulk Ïåðåäà÷è


Ïåðåäà÷è òèïà bulk ðàçðàáîòàí, äëÿ ïîääåðæàíèÿ óñòðîéñòâ, êîòîðûå äîëæíû ïåðåäàòü îòíîñèòåëüíî áîëüøèå êîëè÷åñòâà äàííûõ ñ ñèëüíî ïåðåìåííûìè âðåìåíàìè(high variable times), ãäå ïåðåäà÷à ìîæåò áûòü îòñðî÷åíà, ïîêà ïðîïóñêíàÿ ñïîñîáíîñòü íå áóäåò äîñòóïíà. Çàïðîñ êàíàëà ñ òèïîì ïåðåäà÷è bulk îáåñïå÷èâàåò çàïðîñ÷èêà ñëåäóþùèì:


Äîñòóï ê USB íà îñíîâàíèè èìåþùåéñÿ ïðîïóñêíîé ñïîñîáíîñòè (Access to the USB on a bandwidth available basis)


Ïîâòîðåíèå ïåðåäà÷, ïðè ñëó÷àþùèõñÿ èíîãäà íåóäà÷íûõ äîñòàâêàõ èç-çà îøèáêè íà øèíå


Ãàðàíòèðóåìàÿ ïîñòàâêà äàííûõ, íî íèêàêèõ ãàðàíòèé îòíîñèòåëüíî ïðîïóñêíîé ñïîñîáíîñòè èëè âðåìåíè îòêëèêà


Ïåðåäà÷è Bulk ïðîèñõîäÿò òîëüêî íà îñíîâàíèè èìåþùåéñÿ ïðîïóñêíîé ñïîñîáíîñòè. Êîãäà â USB ìíîãî ñâîáîäíîé ïðîïóñêíîé ñïîñîáíîñòè, ïåðåäà÷è bulk ìîãóò ïðîèñõîäèòü îòíîñèòåëüíî áûñòðî; â òî âðåìÿ êàê â USB ìàëî äîñòóïíîé ïðîïóñêíîé ñïîñîáíîñòüþ, ïåðåäà÷è bulk ìîãóò ïðîèñõîäèòü(ïðîñà÷èâàòüñÿ - trickle) â òå÷åíèå îòíîñèòåëüíî äëèòåëüíîãî ïåðèîäà âðåìåíè.


Ôîðìàò äàííûõ


USB íå íàëàãàåò íèêàêèõ îãðàíè÷åíèé íà ñòðóêòóðó ñîäåðæàùóþ äàííûå â ïîòîêå ñâÿçè äëÿ bulk êàíàëîâ.


Íàïðàâëåíèå


Bulk êàíàë - ïîòîê â êàíàëå è, ñëåäîâàòåëüíî, äëÿ äàííîãî êàíàëà âñåãäà èìååòñÿ ïîòîê ñâÿçè èëè â õîñò èëè èç õîñòà. Åñëè óñòðîéñòâî òðåáóåò äâóíàïðàâëåííîãî bulk ïîòîêà ñâÿçè, äâà bulk êàíàëà äîëæíû èñïîëüçîâàòüñÿ, îäèí â êàæäîì íàïðàâëåíèè.


Îãðàíè÷åíèÿ íà Ðàçìåð Ïàêåòà


Êîíå÷íàÿ òî÷êà äëÿ bulk ïåðåäà÷ îïðåäåëÿåò ìàêñèìàëüíûé ðàçìåð ïîëåçíîé íàãðóçêè äàííûõ, êîòîðûé êîíå÷íàÿ òî÷êà ìîæåò ïðèíèìàòü èç øèíû èëè ïåðåäàâàòü â øèíó. USB îïðåäåëÿåò äîïóñòèìûå ìàêñèìàëüíûå ðàçìåðû ïîëåçíîé íàãðóçêè bulk äàííûõ , êîòîðàÿ ìîæåò áûòü òîëüêî 8, 16, 32, èëè 64 áàéòà.(USB defines the allowable maximum bulk data payload sizes to be only 8, 16, 32, or 64 bytes.) Ýòîò ìàêñèìóì ïðèìåíÿåòñÿ ê ïîëåçíîé íàãðóçêå äàííûõ ïàêåòîâ äàííûõ; òî åñòü, îïðåäåëåííûé ðàçìåð - ýòî ïîëÿ äàííûõ ïàêåòà êàê îïðåäåëåíî â Ãëàâå 8 íå âêëþ÷àÿ èíôîðìàöèþ òðåáóåìóþ äðóãèìè ïðîòîêîëàìè.(This maximum applies to the data payloads of the data packets; i.e.; the size specified is for the data field of the packet as defined in Chapter 8, not including other protocol required information.)


Êîíå÷íàÿ òî÷êà bulk ðàçðàáîòàíà, äëÿ ïîääåðæàíèÿ ìàêñèìàëüíîãî ðàçìåðà ïîëåçíîé íàãðóçêè äàííûõ.  Êîíå÷íàÿ òî÷êà bulk ñîîáùàåò â èíôîðìàöèè î êîíôèãóðàöèè çíà÷åíèå ìàêñèìàëüíîãî ðàçìåðà ïîëåçíîé íàãðóçêè äàííûõ. USB íå òðåáóåò, ÷òîáû ïîëåçíûå íàãðóçêè äàííûõ ïåðåäàâàëèñü òî÷íî ìàêñèìàëüíîãî ðàçìåðà; òî åñòü, åñëè ïîëåçíàÿ íàãðóçêà äàííûõ - ìåíüøå ÷åì ìàêñèìàëüíî âîçìîæíàÿ, íå íóæíî äîïîëíÿòü åå äî ìàêñèìàëüíîãî ðàçìåðà.


Òðåáóåòñÿ ÷òîáû âñå õîñò êîíòðîëëåðû, èìåëè ïîääåðæêó ìàêñèìàëüíûõ ðàçìåðîâ ïàêåòà â 8, 16, 32, è 64 áàéòîâ äëÿ êîíå÷íûõ òî÷åê bulk. (All host controllers are required to have support for 8, 16, 32, and 64 byte maximum packet sizes for bulk endpoints.) Íå òðåáóåòñÿ ÷òîáû õîñò êîíòðîëëåð, ïîääåðæèâàë ðàçìåðû ïàêåòà áîëüøèå èëè ìåíüøèå ìàêñèìàëüíûõ.


Âî âðåìÿ êîíôèãóðàöèè, ïðîãðàììíîå îáåñïå÷åíèå ñèñòåìû USB ÷èòàåò ìàêñèìàëüíûé ðàçìåð ïîëåçíîé íàãðóçêè äàííûõ êîíå÷íîé òî÷êè è ãàðàíòèðóåò, ÷òî íå áóäåò ïîñëàíà íèêàêàÿ ïîëåçíàÿ íàãðóçêà äàííûõ êîòîðàÿ áîëüøå ÷åì îáåñïå÷èâàåìûé ðàçìåð êîíå÷íîé òî÷êîé.


Êîíå÷íàÿ òî÷êà äîëæíà âñåãäà ïåðåäàâàòü ïîëåçíûå íàãðóçêè äàííûõ ñ ïîëåì äàííûõ ìåíüøåì èëè ðàâíûì MaxPacketSize êîíå÷íîé òî÷êè (îáðàòèòåñü ê Ãëàâå 9). Êîãäà bulk IRP ñîñòîèò èç áîëüøåãî êîëè÷åñòâà äàííûõ ÷åì, âîçìîæíî ïåðåäàòü â îäíîé  ïîëåçíàÿ íàãðóçêà äàííûõ ñ òåêóùèì óñòàíîâëåííûì ìàêñèìàëüíûì ðàçìåðîì, âñå ïîëåçíûå íàãðóçêè äàííûõ òðåáóþò óñòîíîâëåíèÿ ìàêñèìàëüíîãî ðàçìåðà êðîìå ïîñëåäíåé ïîëåçíîé íàãðóçêè äàííûõ, êîòîðàÿ áóäåò ñîäåðæàòü îñòàþùèåñÿ äàííûå. Åñëè êîíå÷íàÿ òî÷êà õî÷åò ïåðåäàâàòü ìåíüøåå êîëè÷åñòâî äàííûõ ÷åì îæèäàåò êëèåíòñêîå ïðîãðàììíîå îáåñïå÷åíèå, ïðåæäåâðåìåííàÿ, ìåíüøàÿ ÷åì ìàêñèìàëüíî óñòàíîâëåííàÿ ïî ðàçìåðó ïîëåçíàÿ íàãðóçêà äàííûõ áóäåò ïîëó÷åíà õîñò êîíòðîëëåðîì.( If an endpoint wants to transmit less data than expected by the client software, a premature, less than maximum sized data payload will be received by the host controller.) Ýòà ïðåæäåâðåìåííàÿ, ìåíüøàÿ ÷åì ìàêñèìàëüíî óñòàíîâëåííûé ðàçìåð ïîëåçíàÿ íàãðóçêà äàííûõ çàñòàâëÿåò õîñò êîíòðîëëåð óäàëÿòü òåêóùèé IRP è ïðîäâèãàòüñÿ ê ñëåäóþùåìó IRP èëè îñòàíîâèòü êàíàë êàê áûëî îïèñàíî â Ðàçäåëå 5.3.2.(This premature, less than maximum sized data payload causes the host controller to retire the current IRP and advance to the next IRP or else stall the pipe as was outlined in Section 5,3,2.) Åñëè ïîëåçíàÿ íàãðóçêà äàííûõ ïîëó÷åíà, áîëüøåãî ÷åì îæèäàëîñü ðàçìåðà, êàíàë áóäåò îñòàíîâëåí è âñå îòëîæåííûå bulk IRPs äëÿ ýòîé êîíå÷íîé òî÷êè áóäóò ïðåðâàíû/óäàëåíû.(If a data payload is received that is larger than that expected, the pipe will stall and all pending bulk IRPs for that endpoint will be aborted/retired.)


Îãðàíè÷åíèÿ Äîñòóïà ê Øèíå


Ïåðåäà÷è Bulk ìîãóò èñïîëüçîâàòüñÿ òîëüêî ïîëíî ñêîðîñòíûìè óñòðîéñòâàìè.


Êîíå÷íàÿ òî÷êà íå èìååò íèêàêîãî ñïîñîáà óêàçàòü òðåáóåìóþ ÷àñòîòó äîñòóïà ê øèíå äëÿ bulk êàíàëà. USB óðàâíîâåøèâàåò òðåáîâàíèÿ äîñòóïà øèíû âñåõ bulk êàíàëîâ è ñïåöèôè÷åñêèõ îòëîæåííûõ IRPs, ÷òîáû çàòðàòèòü “ õîðîøèå óñèëèÿ ” ïðè äîñòàâêè äàííûõ ìåæäó êëèåíòñêèì ïðîãðàììíûì îáåñïå÷åíèåì è ôóíêöèÿìè.(USB balances the bus access requirements of all bulk pipes and the specific IRPs that are pending to provide “good effort” delivery of data between client software and functions.) Ïåðåìåùåíèå ïåðåäà÷ óïðàâëåíèÿ ïî øèíå èìååò ïðèîðèòåò íàä ïåðåìåùàþùèìèñÿ bulk ïåðåäà÷àìè.


Íå ãàðàíòèðóåòñÿ íàëè÷èÿ êàäðà âðåìåíè äëÿ bulk ïåðåäà÷ êàê äëÿ ïåðåäà÷ óïðàâëåíèÿ. Bulk ïåðåäà÷è ïåðåìåùàþòñÿ â øèíå òîëüêî íà îñíîâàíèè èìåþùåéñÿ ïðîïóñêíîé ñïîñîáíîñòè. Åñëè èìååòñÿ êàäð âðåìåíè, êîòîðûé íå èñïîëüçóåòñÿ äëÿ äðóãèõ öåëåé, bulk ïåðåäà÷è áóäóò ïåðåìåùàòüñÿ â øèíå. Åñëè íåò íèêàêîãî äîñòóïíîãî âðåìåíè â êàäðå, äëÿ bulk ïåðåäà÷, bulk ïåðåäà÷è íå áóäóò ïåðåìåùàòüñÿ â ýòîì êàäðå. Åñëè èìååòñÿ ñëèøêîì ìíîãî îòëîæåííûõ bulk ïåðåäà÷ äëÿ äîñòóïíîãî êàäðà âðåìåíè, áóäåò âûáðàíà ïîäõîäÿùàÿ bulk ïåðåäà÷à, äëÿ ïåðåìåùåíèÿ â øèíå. Åñëè èìåþòñÿ çàäåðæêè bulk ïåðåäà÷ äëÿ íåñêîëüêèõ êîíå÷íûõ òî÷åê, bulk ïåðåäà÷è äëÿ ðàçëè÷íûõ êîíå÷íûõ òî÷åê âûáèðàþòñÿ ñîãëàñíî ñïðàâåäëèâîé ñòðàòåãèè äîñòóïà(fair access policy), êîòîðàÿ çàâèñèò îò ðåàëèçàöèè õîñò êîíòðîëëåðà.


Âñå bulk ïåðåäà÷è, çàäåðæàííûå â ñèñòåìå áîðþòñÿ çà òî æå ñàìîå äîñòóïíîå âðåìÿ øèíû. Èç-çà ýòîãî, âðåìÿ øèíû âûäåëåííîå äëÿ bulk ïåðåäà÷ ê ñïåöèôè÷åñêîé êîíå÷íîé òî÷êå, ìîæåò áûòü èçìåíåíî ïðîãðàììíûì îáåñïå÷åíèåì ñèñòåìû USB, ïî ñâîåìó óñìîòðåíèþ (Because of this, the bus time made available for bulk transfers to a particular endpoint can be varied by USB system software at its discretion.) Êîíå÷íàÿ òî÷êà è êëèåíòñêîå ïðîãðàììíîå îáåñïå÷åíèå íå ìîãóò ïðèñâîèòü ñïåöèôè÷åñêóþ ñêîðîñòü îáñëóæèâàíèÿ äëÿ bulk ïåðåäà÷.(An endpoint and its client software cannot assume a specific rate of service for bulk transfers.) Âðåìÿ øèíû âûäåëåííîå êëèåíòó ïðîãðàììíîãî îáåñïå÷åíèÿ è êîíå÷íîé òî÷êå, ìîæåò áûòü èçìåíåíî, ïîñêîëüêó äðóãèå óñòðîéñòâà âñòàâëÿþòñÿ è óäàëÿþòñÿ èç ñèñòåìû, à òàêæå ïîñêîëüêó bulk ïåðåäà÷è çàïðàøèâàþòñÿ äðóãèìè êîíå÷íûìè òî÷êàìè óñòðîéñòâà. Êëèåíòñêîå ïðîãðàììíîå îáåñïå÷åíèå íå ìîæåò ïðåäïðèíÿòü óïîðÿäî÷åíèå ìåæäó(assume ordering between) bulk è ïåðåäà÷àìè óïðàâëåíèÿ; òî åñòü, â íåêîòîðûõ ñèòóàöèÿõ bulk ïåðåäà÷è ìîãóò áûòü ïîñòàâëåíû ïåðåä ïåðåäà÷àìè óïðàâëåíèÿ.


×àñòîòà øèíû è êàäð âðåìåíè (frame timing) îãðàíè÷èâàþò ìàêñèìàëüíîå ÷èñëî óñïåøíûõ bulk òðàíçàêöèé âíóòðè êàäðà äëÿ ëþáîé ñèñòåìû USB äî ìåíåå ÷åì 72 8 áàéòîâûõ ïîëåçíûõ íàãðóçîê äàííûõ. Òàáëèöà 5-6 èëëþñòðèðóåò èíôîðìàöèþ î ðàçëè÷íûõ ðàçìåðàõ bulk òðàíçàêöèé è ìàêñèìàëüíîãî ÷èñëà òðàíçàêöèé, âîçìîæíûõ â êàäðå. Õîñò êîíòðîëëåðû ñâîáîäíû îò îïðåäåëåíèÿ òîãî, êàê èíäèâèäóàëüíûå òðàíçàêöèè øèíû äëÿ ñïåöèôè÷åñêèõ bulk ïåðåäà÷ ïåðåìåùàþòñÿ â øèíå âíóòðè è ïîïåðåê êàäðîâ.(Host controllers are free to determine how the individual bus transactions for specific bulk transfers are moved over the bus within and across frames.) Êîíå÷íàÿ òî÷êà ìîãëà áû âèäåòü âñå òðàíçàêöèè øèíû bulk ïåðåäà÷è âíóòðè òîãî æå êàäðà èëè ðàñïðîñòðàíÿòüñÿ â íåñêîëüêèõ ðàçîáùåííûõ êàäðàõ. (An endpoint could see all bus transactions for a bulk transfer within the same frame or spread across several discontiguous frames.) Â çàêëþ÷åíèå, õîñò êîíòðîëëåð, ïî ðàçëè÷íûì ïðè÷èíàì ðåàëèçàöèè, íå ñïîñîáåí îáåñïå÷èòü òåîðåòè÷åñêîå ìàêñèìàëüíîå ÷èñëî ïåðåäà÷ óïðàâëåíèÿ â êàäðå. (Finally, a host controller, for various implementation reasons, may not be able to provide the theoretical maximum number of control transfers per frame.)





Òàáëèöà 5-6. Îãðàíè÷åíèÿ Òðàíçàêöèè Bulk


� EMBED Excel.Sheet.5  ���


Ïîñëåäîâàòåëüíîñòè Äàííûõ


Bulk òðàíçàêöèè èñïîëüçóþò äàííûå ïåðåêëþ÷åíèÿ áèòû, â êîòîðûõ áèòû ïåðåêëþ÷àþòñÿ òîëüêî ïîñëå óñïåøíîãî çàâåðøåíèÿ òðàíçàêöèè, äëÿ ñîõðàíåíèÿ ñèíõðîíèçàöèè ìåæäó ïåðåäàò÷èêîì è ïðèåìíèêîì, êîãäà òðàíçàêöèè ïîâòîðåíû èç-çà îøèáîê. (Bulk transactions use data toggle bits that are toggled only upon successful transaction completion to preserve synchronization between transmitter and receiver when transactions are retried due to errors.) Bulk òðàíçàêöèè èíèöèàëèçèðóþòñÿ ñ DATA0, êîãäà êîíå÷íàÿ òî÷êà ñêîíôèãóðèðîâàíà äëÿ ñîîòâåòñòâóþùåé ïåðåäà÷åé óïðàâëåíèÿ (Bulk transactions are initialized to DATA0 when the endpoint is configured by an appropriate control transfer.) Õîñò òàêæå íà÷íåò ïåðâóþ bulk òðàíçàêöèþ ñ DATA0. Åñëè bulk êàíàë îñòàíîâëåí, ïåðåêëþ÷àòåëü äàííûõ íà õîñòå ñáðàñûâàåòñÿ ê DATA0, êîãäà îñòàíîâêà ïîäòâåðæäåíà(???) êëèåíòîì ïðîãðàììíîãî îáåñïå÷åíèÿ ÷åðåç ôóíêöèþ USBD. Êîíå÷íàÿ òî÷êà èìåþùàÿ óñëîâèå îñòàíîâà, î÷èùàåòñÿ ñ ïîìîùüþ ñîîòâåòñòâóþùåé ïåðåäà÷è óïðàâëåíèÿ.(The endpoint has its stall condition cleared via an appropriate control transfer.) Ýòî äåéñòâèå òàêæå ñáðàñûâàåò ïåðåêëþ÷àòåëü äàííûõ êîíå÷íîé òî÷êè ê DATA0.


Bulk òðàíçàêöèè ïîâòîðÿþòñÿ èç-çà îøèáîê, îáíàðóæåííûõ íà øèíå, ÷òî âîçäåéñòâóåò íà äàííóþ òðàíçàêöèþ. (Bulk transactions are retried due to errors detected on the bus that affect a given transaction.)


Äîñòóï ê Øèíå ïðè Ïåðåäà÷àõ (Bus Access for Transfers)


Âûïîëíåíèå ëþáîé ïåðåäà÷è äàííûõ ìåæäó õîñòîì è óñòðîéñòâîì USB òðåáóåò èñïîëüçîâàíèÿ íåêîòîðîé ïðîïóñêíîé ñïîñîáíîñòè USB. Ïîääåðæêà øèðîêîãî ðàçíîîáðàçèÿ èçîõðîííûõ è àñèíõðîííûõ óñòðîéñòâ òðåáóåò, ÷òîáû êàæäîå òðåáîâàíèå óñòðîéñòâà î ïåðåäà÷å áûëî ïðèñïîñîáëåíî. Ïðîöåññ íàçíà÷åíèÿ ïðîïóñêíîé ñïîñîáíîñòè øèíû óñòðîéñòâàì íàçûâàåòñÿ Óïðàâëåíèåì Ïåðåäà÷è(Transfer Management). Èìåþòñÿ íåñêîëüêî ñóùíîñòåé íà õîñòå, êîòîðûå êîîðäèíèðóþò èíôîðìàöèþ, ïåðåìåùàþùóþñÿ ïî USB: Êëèåíòñêîå ïðîãðàììíîå îáåñïå÷åíèå, Äðàéâåð USB (USBD), è Äðàéâåð Õîñò Êîíòðîëëåðà (HCD). Ðàçðàáîò÷èêè ýòèõ ñóùíîñòåé äîëæíû çíàòü êëþ÷åâûå êîíöåïöèè, ñâÿçàííûå ñ äîñòóïîì ê øèíå:


Óïðàâëåíèå Ïåðåäà÷åé(Control Transfer) - ñóùíîñòè è îáúåêòû, êîòîðûå ïîääåðæèâàþò ïîòîê ñâÿçè ïî USB.


Ñëåæåíèå Çà Òðàíçàêöèåé(Transaction Tracking) - ìåõàíèçìû USB, êîòîðûå èñïîëüçóþòñÿ, ÷òîáû ïðîñëåäèòü òðàíçàêöèè, êàê îíè äâèãàþòñÿ ÷åðåç ñèñòåìó USB.


Âðåìÿ Øèíû(Bus Time) - âðåìÿ çàòðà÷èâàåìîå íà ïåðåìåùåíèå ïàêåò èíôîðìàöèè â øèíå(Bus Time - The time it takes to move a packet of information over the bus.)


Ðàçìåð Áóôåðà Óñòðîéñòâà/Ïðîãðàììíîãî Îáåñïå÷åíèÿ - Ïðîñòðàíñòâî, òðåáóåìîå, ÷òîáû ïîääåðæèâàòü òðàíçàêöèþ øèíû.


Âîññòàíîâëåíèå Ïðîïóñêíîé Ñïîñîáíîñòè Øèíû (Bus Bandwidth Reclamation) - Óñëîâèÿ, ïðè êîòîðûõ ïðîïóñêíàÿ ñïîñîáíîñòü, êîòîðàÿ áûëà ðàñïðåäåëåíà äëÿ äðóãèõ ïåðåäà÷, íî íå èñïîëüçîâàëàñü è òåïåðü ìîæåò áûòü çàíîâî èñïîëüçîâàíà ïåðåäà÷àìè óïðàâëåíèÿ è bulk (Bus Bandwidth Reclamation - Conditions where bandwidth that was allocated to other transfers but was not used and can now be possibly reused by control and bulk transfers.)


Ïðåäûäóùèå ðàçäåëû, ñîñðåäîòà÷èâàëèñü íà òîì, êàê êëèåíòñêîå ïðîãðàììíîå îáåñïå÷åíèå óñòàíàâëèâàåò îòíîøåíèå ñ ôóíêöèåé è êàêèå ëîãè÷åñêèå ïîòîêè ñóùåñòâóþò â êàíàëàõ ìåæäó äâóìÿ ñóùíîñòÿìè (The previous sections focused on how client software relates to a function and what the logical flows are over a pipe between the two entities.) Ýòîò ðàçäåë ñîñðåäîòà÷èâàåòñÿ íà ðàçëè÷íûõ ÷àñòÿõ õîñòà è êàê îíè äîëæíû âçàèìîäåéñòâîâàòü, äëÿ ïîääåðæàíèÿ ïåðåìåùåíèÿ äàííûõ ïî USB. Ýòà èíôîðìàöèÿ ìîæåò òàêæå áûòü èíòåðåñíà ðàçðàáîò÷èêàì óñòðîéñòâ, ÷òîáû ïîíÿòü àñïåêòû òîãî, ÷òî äåëàåò õîñò, êîãäà êëèåíò çàïðàøèâàåò ïåðåäà÷ó è êàê ýòà ïåðåäà÷à ïðåäñòàâëÿåòñÿ(presented) óñòðîéñòâó.


Óïðàâëåíèå Ïåðåäà÷åé


Óïðàâëåíèå Ïåðåäà÷åé âêëþ÷àåò íåñêîëüêî ñóùíîñòåé, êîòîðûå ôóíêöèîíèðóþò íà ðàçëè÷íûõ îáúåêòàõ, ÷òîáû ïåðåìåñòèòü òðàíçàêöèè ïî øèíå:


Êëèåíòñêîå Ïðîãðàììíîå îáåñïå÷åíèå(Client Software ) - Ôóíêöèÿ Ïîòðåáëåíèÿ / Ãåíåðàöèè ñïåöèôè÷åñêèõ äàííûõ íà/èç êîíå÷íîé òî÷êè ôóíêöèè ÷åðåç îáðàùåíèÿ è ïîâòîðåíèÿ âûçîâîâ, çàïðàøèâàþùàÿ IRPs ñ èíòåðôåéñîì USBD.


Äðàéâåð USB(USBD) - Ïðåîáðàçîâûâàåò äàííûå â êëèåíòñêèõ IRPs íà/èç êîíå÷íîé òî÷êè óñòðîéñòâà ÷åðåç îáðàùåíèÿ / ïîâòîðíûå âûçîâû ñ ñîîòâåòñòâóþùèì HCD. Îäèí êëèåíòñêèé IRP ìîæåò âêëþ÷àòü îäíó èëè áîëåå ïåðåäà÷.


Äðàéâåð Õîñò Êîíòðîëëåðà (HCD) - Ïðåîáðàçîâûâàåò IRPs íà/èç òðàíçàêöèé (êàê òðåáóåò ðåàëèçàöèÿ õîñò êîíòðîëëåðà) è îðãàíèçîâûâàåò èõ äëÿ ìàíèïóëèðîâàíèÿ õîñò êîíòðîëëåðîì. Âçàèìîäåéñòâèÿ ìåæäó äðàéâåðîì õîñò êîíòðîëëåðà è àïïàðàòíûìè ñðåäñòâàìè çàâèñÿò îò ðåàëèçàöèè è îáëàñòåé ëåæàùèõ âíå(outside the scope of)  ñïåöèôèêàöèè USB.


Õîñò êîíòðîëëåð - Áåðåò òðàíçàêöèè è ãåíåðèðóåò äåéñòâèå øèíû ÷åðåç ïàêåòû, ÷òîáû ïåðåìåñòèòü äàííûå îïðåäåëåííûå ôóíêöèåé ïî øèíå äëÿ êàæäîé òðàíçàêöèè.


Ðèñóíîê 5-10 ïîêàçûâàåò, êàê îðãàíèçîâàíû ñóùíîñòè â âèäå èíôîðìàöèîííûõ ïîòîêîâ ìåæäó êëèåíòñêèì ïðîãðàììíûì îáåñïå÷åíèåì è USB. Îáúåêòû ïåðâè÷íîãî èíòåðåñà êàæäîé ñóùíîñòè ïîêàçàíû â èíòåðôåéñàõ ìåæäó ñóùíîñòÿìè.( The objects of primary interest to each entity are shown at the interfaces between entities.)


� EMBED ShapewareVISIO20  ���


Ðèñóíîê 5-10. USB Ïðåîáðàçîâàíèå Èíôîðìàöèè Îò Êëèåíòñêîãî Ïðîãðàììíîãî Îáåñïå÷åíèÿ äî Øèíû


Êëèåíòñêîå Ïðîãðàììíîå Îáåñïå÷åíèå


Êëèåíòñêîå ïðîãðàììíîå îáåñïå÷åíèå îïðåäåëÿåò òî, ÷òî äîëæíû ñäåëàòü ïåðåäà÷è ñ ôóíêöèåé (Client software determines what transfers need to be made with a function.) Îíî èñïîëüçóåò èíòåðôåéñû îïðåäåëåííûå ñîîòâåòñòâóþùåé îïåðàöèîííîé ñèñòåìîé, ÷òîáû çàïðîñèòü IRPs.(It uses appropriate operating system specific interfaces to request IRPs.) Êëèåíòñêîå ïðîãðàììíîå îáåñïå÷åíèå  çíàåò òîëüêî íåîáõîäèìûé íàáîð êàíàëîâ (òî åñòü, èíòåðôåéñ) äëÿ óïðàâëåíèÿ ñâîåé ôóíêöèåé. (Client software is only aware of the set of pipes (i.e., the interface) it needs to manipulate its function.) Êëèåíò çíàåò è òâåðäî ïðèäåðæèâàåòñÿ âñåõ ïðàâèë äîñòóïà ê øèíå(all bus access) è îãðàíè÷åíèé ïðîïóñêíîé ñïîñîáíîñòè êàê îïèñàíî ðàíåå äëÿ êàæäîãî òèïà ïåðåäà÷è. Çàïðîñû, ñäåëàííûå êëèåíòñêèì ïðîãðàììíûì îáåñïå÷åíèåì ïðåäñòàâëÿþòñÿ ÷åðåç èíòåðôåéñ USBD. 


Íåêîòîðûå êëèåíòû ìîãóò óïðàâëÿòü ôóíêöèÿìè USB ÷åðåç äðóãèå èíòåðôåéñû êëàññà óñòðîéñòâà, îïðåäåëåííûå îïåðàöèîííîé ñèñòåìîé è ñàìè ìîãóò íå îáðàùàòüñÿ íàïðÿìóþ ê USBD. Îäíàêî, âñåãäà èìååòñÿ íåêîòîðûé êëèåíò íà ñàìîì íèæíåì óðîâíå(some lowest level client), êîòîðûé îáðàùàåòñÿ ê USBD, ÷òîáû ïåðåäàòü IRPs ê USBD. Âñå ïðåäñòàâëåííûå IRPs òðåáóþò òâåðäî ïðèäåðæàòüñÿ ðàíåå îãîâîðåííîãî íàáîðà îãðàíè÷åíèé ïðîïóñêíûõ ñïîñîáíîñòåé, êîãäà óñòðîéñòâî áûëî ïðèñîåäèíåíî ê øèíå è ñêîíôèãóðèðîâàíî. Åñëè ôóíêöèÿ ïåðåìåùàåò äàííûå èç íå USB ñðåäû â USB, äðàéâåð, êîòîðûé íåïîñðåäñòâåííî óïðàâëÿåò ôóíêöèÿìè àïïàðàòíûõ ñðåäñòâ ÷åðåç ïàìÿòü, èëè äîñòóïû Ââîäà - âûâîäà, ÿâëÿåòñÿ ñàìûì íèçêèì êëèåíòñêèì ïðîãðàììíûì îáåñïå÷åíèåì â USB ñðåäå, òåïåðü âçàèìîäåéñòâóÿ ñ USBD óïðàâëÿåò ýòîé ôóíêöèåé USB. (If a function is moved from a non-USB environment to USB, the driver that would have directly manipulated the function hardware via memory or I/O accesses is the lowest client software in the USB environment that now interacts with USBD to manipulate its USB function.)


Ïîñëå òîãî, êàê êëèåíòñêîå ïðîãðàììíîå îáåñïå÷åíèå çàïðîñèëî ïåðåäà÷ó ôóíêöèè, è çàïðîñ îáñëóæèëñÿ, êëèåíòñêîå ïðîãðàììíîå îáåñïå÷åíèå ïîëó÷àåò ñîîáùåíèå î ñîñòîÿíèè çàâåðøåíèÿ IRP.(After client software has requested a transfer of its function and the request has been serviced, the client software gets notified of the completion status of the IRP.) Åñëè ïåðåäà÷à ñîäåðæèò ôóíêöèþ ïåðåäà÷è äàííûõ õîñòîì, êëèåíòñêîå ïðîãðàììíîå îáåñïå÷åíèå ìîæåò îáðàùàòüñÿ ê äàííûì â áóôåðå äàííûõ, ñâÿçàííûì ñ çàâåðøåííûì IRP. (If the transfer involved function to host data transfer, the client software can access the data in the data buffer associated with the completed IRP.)


Èíòåðôåéñ USBD îïðåäåëåí â Ãëàâå 10.


Äðàéâåð USB


USBD âêëþ÷àåòñÿ êàê ïîñðåäíèê â äîñòóï ê øèíû â äâóõ îñíîâíûõ ñëó÷àÿõ, âî âðåìÿ ïðèñîåäèíåíèÿ óñòðîéñòâà ê øèíå â òå÷åíèå êîíôèãóðàöèè è ïðè íîðìàëüíûõ ïåðåäà÷àõ. (USBD is involved in mediating bus access at two general times while a device is attached to the bus during configuration and normal transfers.) Êîãäà óñòðîéñòâî ïðèñîåäèíåíî è ñêîíôèãóðèðîâàíî, USBD âêëþ÷àåòñÿ, ÷òîáû ãàðàíòèðîâàòü, ÷òî òðåáóåìàÿ êîíôèãóðàöèÿ óñòðîéñòâà ìîæåò áûòü ïðèñïîñîáëåíà â øèíå. USBD ïîëó÷àåò çàïðîñû êîíôèãóðàöèè îò êîíôèãóðèðóþùåãîñÿ ïðîãðàììíîãî îáåñïå÷åíèÿ, êîòîðûå îïèñûâàþò òðåáóåìóþ êîíôèãóðàöèþ óñòðîéñòâà: êîíå÷íàÿ(ûå) òî÷êà(êè), òèï(û) ïåðåäà÷è, ïåðèîä(û) ïåðåäà÷, ðàçìåð(û) äàííûõ, è ò.ä. USBD èëè ïðèíèìàåò èëè îòêëîíÿåò çàïðîñ êîíôèãóðàöèè, îñíîâûâàÿñü íà èìåþùåéñÿ ïðîïóñêíîé ñïîñîáíîñòè è âîçìîæíîñòè ïðèñïîñîáèòü ýòîò òèï çàïðîñà íà øèíå. Åñëè ýòîò çàïðîñ ïðèíÿò, USBD ñîçäàåò êàíàë äëÿ çàïðîñ÷èêà òðåáóåìîãî òèïà è ñ ñîîòâåòñòâóþùèìè îãðàíè÷åíèÿìè îïðåäåëåííûìè äëÿ òèïà ýòîé ïåðåäà÷è.


Àñïåêòû êîíôèãóðàöèè USBD - îáû÷íî ñïåöèôè÷åñêàÿ ñðåäà îïåðàöèîííîé ñèñòåìû è ñëîæíûå ñïîñîáû êîíôèãóðàöèè âîçìîæíîñòåé îïåðàöèîííîé ñèñòåìû, ÷òîáû èçáåæàòü îïðåäåëåíèÿ äîïîëíèòåëüíûõ (èçáûòî÷íûõ) èíòåðôåéñîâ.(The configuration aspects of USBD are typically operating system environment specific and heavily leverage the configuration features of the operating system to avoid defining additional (redundant) interfaces.)


Êàê òîëüêî óñòðîéñòâî ñêîíôèãóðèðîâàíî, êëèåíò ïðîãðàììíîãî îáåñïå÷åíèÿ ìîæåò çàïðàøèâàòü IRPs, ÷òîáû ïåðåìåñòèòü äàííûå ìåæäó íèì è ôóíêöèåé êîíå÷íûõ òî÷åê. (Once a device is configured, the software client can request IRPs to move data between it and its function endpoints.)


Äðàéâåð Õîñò Êîíòðîëëåðà


HCD îòâåòñòâåíåí çà ñëåæåíèå çà IRPs â ïðîäâèæåíèè è îáåñïå÷åíèè  ïðîïóñêíàÿ ñïîñîáíîñòè USB è ÷òî ìàêñèìàëüíûé êàäð âðåìåíè íèêîãäà íå áóäóò ïðåâûøåíû.(HCD is responsible for tracking the IRPs in progress and ensuring that USB bandwidth and frame time maximums are never exceeded.) Êîãäà IRPs ñäåëàíû(are made for) äëÿ êàíàëà, HCD äîáàâëÿåò èõ ê ñïèñêó òðàíçàêöèè. Êîãäà IRP çàâåðøåí, HCD ñîîáùàåò çàïðàøèâàþùåìó êëèåíòó ïðîãðàììíîãî îáåñïå÷åíèÿ î ñîñòîÿíèè çàâåðøåíèÿ IRP. Åñëè IRP ñîäåðæàë(involved) ïåðåäà÷ó äàííûõ îò ôóíêöèè ê êëèåíòó ïðîãðàììíîãî îáåñïå÷åíèÿ, äàííûå áûëè ïîìåùåíû â îáîçíà÷åííûé êëèåíòîì áóôåð äàííûõ.(If the IRP involved data transfer from the function to the software client, the data was placed in the client-indicated data buffer.)


IRPs îïðåäåëåíû â îïåðàöèîííîé ñèñòåìå çàâèñèìûì ñïîñîáîì.(IRPs are defined in an operating system dependent manner.)


Ñïèñîê Òðàíçàêöèé


Ñïèñîê òðàíçàêöèé - çàâèñèìîå îò ðåàëèçàöèè õîñò êîíòðîëëåðà îïèñàíèå òåêóùåãî îæèäàþùåãî îáðàáîòêè ìíîæåñòâà òðàíçàêöèé øèíû, êîòîðûå äîëæíû áûòü ïåðåäàíû ïî øèíå. Òèïè÷íûé ñïèñîê òðàíçàêöèé ñîñòîèò èç ðÿäà îïèñàíèé êàäðà â íåêîòîðîì ïðåäñòàâëåíèå (representation) çàâèñèìîì îò ðåàëèçàöèè õîñò êîíòðîëëåðà. Òîëüêî HCD è õîñò êîíòðîëëåð èìåþò äîñòóï ê ñïåöèôè÷åñêîìó ïðåäñòàâëåíèþ. Êàæäîå îïèñàíèå êàäðà ñîäåðæèò îïèñàíèå òðàíçàêöèè, â êîòîðîì îïðåäåëåíû ïàðàìåòðû òàêèå êàê ðàçìåð äàííûõ â áàéòàõ, àäðåñ óñòðîéñòâà è íîìåð êîíå÷íîé òî÷êè, è îáëàñòü ïàìÿòè, â êîòîðóþ äàííûå äîëæíû áûòü ïîñëàíû èëè ïîëó÷åíû.(Each frame description contains transaction descriptions in which parameters such as data size in bytes, the device address and endpoint number, and the memory area to which data is to be sent or received are identified.)


Ñïèñîê òðàíçàêöèé è âèä èíòåðôåéñà ìåæäó HCD è õîñò êîíòðîëëåðîì îáû÷íî çàâèñèò îò ðåàëèçîâàííîãî ðåæèìà è ÿâíî íå îïðåäåëåí êàê ÷àñòü ñïåöèôèêàöèè USB.(A transaction list and the interface between HCD and its host controller is typically represented in an implementation dependent fashion and is not defined explicitly as part of the USB specification.)


Õîñò êîíòðîëëåð


Õîñò êîíòðîëëåð èìååò äîñòóï ê ñïèñêó òðàíçàêöèé è òðàíñëèðóåò åãî â äåéñòâèÿ øèíû. Êðîìå òîãî, õîñò êîíòðîëëåð îáåñïå÷èâàåò ìåõàíèçì ðàïîðòîâ, ñ ïîìîùüþ êîòîðîãî ìîæåò áûòü ïîëó÷åíî ñîñòîÿíèå òðàíçàêöèè (âûïîëíåíà, çàäåðæàíà, îñòàíîâëåíà, è ò.ä.). Õîñò êîíòðîëëåð ïðåîáðàçîâûâàåò òðàíçàêöèè â ñîîòâåòñòâóþùèå çàâèñèìûå îò ðåàëèçàöèè äåéñòâèÿ, êîòîðûå â ðåçóëüòàòå ïåðåìåùàþò ïàêåòû USB ïî òîïîëîãèè øèíû, îáðàçîâàííîé â êîðíåâîì êîíöåíòðàòîðå (The host controller converts transactions into appropriate implementation dependent activities that result in USB packets moving over the bus topology rooted in the root hub.)


Õîñò êîíòðîëëåð ãàðàíòèðóåò, ÷òî îïðåäåëåííûå ïðàâèëà äîñòóïà ê øèíå, ïîâèíóþòñÿ ïðîòîêîëó; íàïðèìåð, ðàñïðåäåëåíèå ìåæ-óïàêîâî÷íîãî âðåìåíè, áëîêèðîâêè âðåìåíè, ïåðåãîâîðû, è ò.ä (The host controller ensures that the bus access rules defined by the protocol are obeyed; e.g., inter�packet timings, time-outs, babble, etc.) Èíòåðôåéñ HCD îáåñïå÷èâàåò ñïîñîá ñ ïîìîùüþ êîòîðîãî õîñò êîíòðîëëåð ó÷àñòâóåò â ñëåäóþùåì: ïîçâîëåíî ëè íîâîìó êàíàëó èìåòü äîñòóï ê øèíå. Ýòî âûïîëíåíî, ïîòîìó ÷òî ðåàëèçàöèè õîñò êîíòðîëëåðà ìîãóò èìåòü îãðàíè÷åíèÿ / ïðèíóæäåíèÿ íà ìèíèìàëüíîå âðåìÿ ìåæäó òðàíçàêöèÿìè, êîòîðîå îíè ìîãóò ïîääåðæèâàòü ïðè êîìáèíàöèÿõ òðàíçàêöèé øèíû (This is done because host controller implementations can have restrictions/constraints on the minimum inter�transaction times they may support for combinations of bus transactions.)


Èíòåðôåéñ ìåæäó ñïèñêîì òðàíçàêöèé è õîñò êîíòðîëëåðîì ñêðûò âíóòðè HCD è â ðåàëèçàöèè õîñò êîíòðîëëåðà.  Õîñò êîíòðîëëåð îáû÷íî âûïîëíÿåòñÿ êàê àïïàðàòíîå ñðåäñòâî.


Ñëåæåíèå çà Òðàíçàêöèåé


Ôóíêöèÿ USB âèäèò ïîòîê äàííûõ, ïåðåìåùàþùèõñÿ ïî øèíå â âèäå ïàêåòîâ, êàê îïèñàíî â Ãëàâå 8 (A USB function sees data flowing across the bus in packets as described in Chapter 8.) Õîñò êîíòðîëëåð èñïîëüçóåò íåêîòîðîå çàâèñèìîå îò ðåàëèçàöèè ïðåäñòàâëåíèå, ÷òîáû ïðîñëåäèòü êàêèå ïàêåòû ïåðåäàþòñÿ íà/èç êàêîé êîíå÷íîé òî÷êè, â êàêîå âðåìÿ èëè â êàêîì ïîðÿäêå (The host controller uses some implementation dependent representation to track what packets to transfer to/from what endpoints at what time or in what order.) Áîëüøàÿ ÷àñòü êëèåíòñêîãî ïðîãðàììíîãî îáåñïå÷åíèÿ íå õî÷åò èìåòü äåëî ñ óïàêîâàííûìè ïîòîêàìè ñâÿçè, òàê êàê ýòî âêëþ÷àåò ñòåïåíü ñëîæíîñòè è çàâèñèìîñòü âçàèìîñâÿçè, ÷òî îãðàíè÷èâàåò ðåàëèçàöèþ. (Most client software does not want to deal with packetized communication flows since this involves a degree of complexity and interconnect dependency that limits the implementation.) Ïðîãðàììíîå îáåñïå÷åíèå ñèñòåìû USB(USBD è HCD) îáåñïå÷èâàåò ïîääåðæêó ñîîòâåòñòâèÿ òðåáîâàíèé êëèåíòà ïî äâèæåíèþ äàííûõ, ïàêåòàì íà øèíå. Àïïàðàòíûå ñðåäñòâà è ïðîãðàììíîå îáåñïå÷åíèå õîñò êîíòðîëëåðà èñïîëüçóþò IRPs, ÷òîáû ïðîñëåäèòü èíôîðìàöèþ îá îäíîé èëè áîëåå òðàíçàêöèÿõ, êîòîðûå îáúåäèíÿþòñÿ, ÷òîáû îñóùåñòâèòü ïåðåäà÷ó èíôîðìàöèè ìåæäó êëèåíòñêèì ïðîãðàììíûì îáåñïå÷åíèåì è ôóíêöèåé. Ðèñóíîê 5-11 ïîäâîäèò èòîã, êàê îðãàíèçîâàíû òðàíçàêöèè â IRPs äëÿ ÷åòûðåõ òèïîâ ïåðåäà÷è. Èíôîðìàöèÿ î äåòàëÿõ ïðîòîêîëà äëÿ êàæäîãî òèïà ïåðåäà÷è ìîæåò áûòü íàéäåíà â Ãëàâå 8. Ïîäðîáíàÿ èíôîðìàöèÿ î âçãëÿäàõ êëèåíòñêîãî ïðîãðàììíîãî îáåñïå÷åíèÿ íà IRPs ìîæåò áûòü íàéäåíà â Ãëàâå 10 è â ñïåöèôè÷åñêîé èíôîðìàöèè îïðåäåëÿåìîé îïåðàöèîííîé ñèñòåìîé äëÿ îñîáîé îïåðàöèîííîé ñèñòåìû.
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Ðèñóíîê 5-11. Ïåðåäà÷è äëÿ Ïîòîêîâ Ñâÿçè


Äàæå ïðè òîì, ÷òî IRPs ïðîñëåæèâàþò òðàíçàêöèè øèíû, êîòîðûå äîëæíû ïðîèñõîäèòü, ïðè ïåðåìåùåíèè ñïåöèôè÷åñêîãî ïîòîêà äàííûõ ïî USB, õîñò êîíòðîëëåðû ñâîáîäíû îò âûáîðà òîãî, êàê ñïåöèôè÷åñêèå òðàíçàêöèè øèíû ïåðåìåùàþòñÿ ïî øèíå, ïîä÷èíÿÿñü îãðàíè÷åíèÿì îïðåäåëåííûì USB; íàïðèìåð, òî÷íî îäíà òðàíçàêöèÿ çà êàäð äëÿ èçîõðîííûõ ïåðåäà÷ (Even though IRPs track the bus transactions that need to occur to move a specific data flow over USB, host controllers are free to choose how the particular bus transactions are moved over the bus subject to the USB defined constraints; e.g., exactly one transaction per frame for isochronous transfers.) Â ëþáîì ñëó÷àå, êîíå÷íàÿ òî÷êà áóäåò âèäåòü òðàíçàêöèè â òîì ïîðÿäêå, â êîòîðîì îíè ïîÿâëÿþòñÿ âíóòðè IRP, åñëè íå ïðîèñõîäÿò îøèáêè. Íàïðèìåð, Ðèñóíîê 5-12 ïîêàçûâàåò äâà IRPs, ïî îäíîìó íà êàæäûé èç äâóõ êàíàëîâ, ãäå êàæäûé IRP ñîäåðæèò òðè òðàíçàêöèè. Äëÿ ëþáîãî òèïà ïåðåäà÷è, ñâîáîäíûé õîñò êîíòðîëëåð, ïåðåìåùàåò ïåðâóþ òðàíçàêöèþ ïåðâîãî IRP, ñëåäîì ïåðâóþ òðàíçàêöèþ âòîðîãî IRP êóäà-íèáóäü â Êàäð 1, âòîðûå òðàíçàêöèè êàæäîãî IRP ïåðåìåùàåò â ïðîòèâîïîëîæíîì ïîðÿäêå êóäà-íèáóäü â Êàäð 2. Åñëè ýòî èçîõðîííûå òèïû ïåðåäà÷, ó õîñò êîíòðîëëåðà èìååòñÿ åäèíñòâåííàÿ ñòåïåíüþ ñâîáîäû. Åñëè ýòî ïåðåäà÷è óïðàâëåíèÿ èëè bulk, õîñò êîíòðîëëåð ìîã áû äîïîëíèòåëüíî ïåðåìåñòèòü áîëüøå èëè ìåíüøå òðàíçàêöèè èç ëþáîãî IRP âíóòðü ëþáîãî êàäðà. Ôóíêöèè íå ìîãóò çàâèñåòü îò íàáëþäåíèÿ òðàíçàêöèé âíóòðè IRP îáðàòíî ê îáðàòíî âíóòðè êàäðà.(Functions cannot depend on seeing transactions within an IRP back to back within a frame.)
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Ðèñóíîê 5-12. Ðàñïîëîæåíèå Òðàíçàêöèé IRPs â Êàäðàõ


Âû÷èñëåíèå Âðåìåí Òðàíçàêöèè Øèíû (Calculating Bus Transaction Times)


Êîãäà ïðîãðàììíîå îáåñïå÷åíèå ñèñòåìû USB ïîçâîëÿåò ñîçäàâàòü íîâûé êàíàë øèíû, íåîáõîäèìî âû÷èñëèòü, ñêîëüêî âðåìåíè øèíû ïîòðåáóåòñÿ äëÿ äàííîé òðàíçàêöèè. Ýòî âðåìÿ øèíû îñíîâûâàåòñÿ íà ñîîáùåííûõ ìàêñèìàëüíûõ ðàçìåðàõ ïàêåòà èíôîðìàöèè, äëÿ êîíå÷íîé òî÷êè, íåïðîèçâîäèòåëüíûõ çàòðàòàõ ïðîòîêîëà çàïðîñà ñïåöèôè÷åñêîãî òèïà òðàíçàêöèè, íåïðîèçâîäèòåëüíûõ çàòðàòàõ èç-çà ïåðåäà÷è ñèãíàëîâ ñ íàëîæåíèåì âñòàâëÿåìûõ áèò, çàïðîñîâ ìåæ-ïàêåòíîãî ðàñïðåäåëåíèÿ âðåìåíè â ñîîòâåòñòâèè ñ ïðîòîêîëîì, ðàñïðåäåëåíèå âðåìåíè ìåæäó òðàíçàêöèÿìè, è ò.ä.(That bus time is based on the maximum packet size information reported for an endpoint, the protocol overhead for the specific transaction type request, the overhead due to signaling imposed bit-stuffing, inter-packet timings required by the protocol, inter�transaction timings, etc.) Ýòè âû÷èñëåíèÿ òðåáóþòñÿ, ÷òîáû ãàðàíòèðîâàòü, ÷òî äîñòóïíîå âðåìÿ â êàäðå íå áóäåò ïðåâûøåíî. Ñëåäóþùèå óðàâíåíèÿ, èñïîëüçóþòñÿ, ÷òîáû îïðåäåëèòü âðåìÿ òðàíçàêöèè øèíû:


KEY


Data_bc	Ñ÷åò÷èê áàéòîâ ïîëåçíîé íàãðóçêè äàííûõ


Host_Delay	Âðåìÿ, òðåáóåìîå õîñòó, ÷òîáû ïîäãîòîâèòüñÿ ê èëè îïðàâèòüñÿ îò ïåðåäà÷è; ñïåöèôè÷åñêàÿ ðåàëèçàöèÿ õîñò êîíòðîëëåðà


Floor()	Öåëàÿ ÷àñòü ïàðàìåòðà


Hub_LS_Setup      	Âðåìÿ, ïðåäîñòàâëåííîå õîñò êîíòðîëëåðîì êîíöåíòðàòîðàì, äëÿ ïðåäîñòàâëåíèÿ âîçìîæíîñòè íèçêî ñêîðîñòíûì ïîðòàì; Èçìåðåíà êàê çàäåðæêà îò êîíöà PRE PID äî íà÷àëó íèçêî ñêîðîñòíîãî SYNC; ìèíèìóì 4 âðåìåíè ïîëíî ñêîðîñòíûõ ïåðåäà÷è áèòà.(The time provided by the host controller for hubs to enable low speed ports;  Measured as the delay from end of PRE PID to start of low speed SYNC; minimum of 4 full speed bit times.)


BitStuffTime	Ôóíêöèÿ, êîòîðàÿ âû÷èñëÿåò òåîðåòè÷åñêîå äîïîëíèòåëüíîå âðåìÿ, òðåáóåìîå èç-çà âñòàâêè áèòîâ â ïåðåäà÷å ñèãíàëîâ; ñàìûé ïëîõîé ñëó÷àé(1.1667*8*Data_bc)


Ïîëíî ñêîðîñòíîé (Âõîä)


	Íå-èçîõðîííàÿ Ïåðåäà÷à (Âêëþ÷àÿ Êâèòèðîâàíèå)


	 = 9107 + (83.54 * Floor(3.167 + BitStuffTime(Data_bc))) + Host_Delay





	Èçîõðîííàÿ Ïåðåäà÷à (Áåç Êâèòèðîâàíèÿ)


	 = 7268 + (83.54 * Floor(3.167 + BitStuffTime(Data_bc))) + Host_Delay


Ïîëíî ñêîðîñòíîé (Âûõîä)


	Íå-èçîõðîííàÿ Ïåðåäà÷à (Âêëþ÷àÿ Êâèòèðîâàíèå)


	 = 9107 + (83.54 * Floor(3.167 + BitStuffTime(Data_bc))) + Host_Delay


	Èçîõðîííàÿ Ïåðåäà÷à (Áåç Êâèòèðîâàíèÿ)


	 = 6265 + (83.54 * Floor(3.167 + BitStuffTime(Data_bc))) + Host_Delay





Íèçêî ñêîðîñòíîé (Âõîä)


 = 64060 + (2 * Hub_LS_Setup) + 


(676.67 * Floor(3.167 + BitStuffTime(Data_bc))) + Host_Delay





Íèçêî ñêîðîñòíîé (Âûõîä)


 = 64107 + (2 * Hub_LS_Setup) + 


(667.0 * Floor(3.167 + BitStuffTime(Data_bc))) + Host_Delay





Âðåìåíà Øèíû â âûøåóïîìÿíóòûõ óðàâíåíèÿõ èçìåðÿþòñÿ â íàíîñåêóíäàõ è íåîáõîäèìî ïðèíèìàòü âî âíèìàíèå, ÷òî ïðîèñõîäèò çàäåðæêà ðàñïðîñòðàíåíèÿ èç-çà ðàññòîÿíèÿ ìåæäó óñòðîéñòâîì è õîñòîì. Ýòî òèïè÷íûå óðàâíåíèÿ, êîòîðûå ìîãóò èñïîëüçîâàòüñÿ, ÷òîáû âû÷èñëèòü Âðåìÿ Øèíû; îäíàêî, â ðàçëè÷íûõ ðåàëèçàöèÿõ èõ ìîæíî èñïîëüçîâàòü êàê ãðóáîå ïðèáëèæåíèå ýòèõ âðåìåí.


Ôàêòè÷åñêîå âðåìÿ øèíû, ïîëó÷åííîå äëÿ äàííîé òðàíçàêöèè áóäåò ïî÷òè âñåãäà ìåíüøå ÷åì ðàñ÷åòíîå ïîñêîëüêó íåïðîèçâîäèòåëüíûå çàòðàòû âñòàâêè áèòà çàâèñÿò îò äàííûõ.  Ñàìûé ïëîõîé ñëó÷àé âñòàâêè áèòà âû÷èñëåí êàê 1.1667 ðàçû,  íåîáðàáîòàííîå âðåìÿ(1.1667 times the raw time) (òî åñòü, â óðàâíåíèÿõ  â ôóíêöèè BitStuffTime Data_bc óìíîæàåòñÿ íà 8*1.1667). Ýòî îçíà÷àåò, ÷òî áóäåò ïî÷òè âñåãäà èìåòüñÿ âðåìÿ, íåèñïîëüçóåìîå íà øèíå (ïîäëåæàùåå ñïåöèàëüíûì øàáëîíàì äàííûõ) â êîíöå êîíöîâ ðåãóëÿðíî ïëàíèðóåìûå òðàíçàêöèè çàâåðøàòüñÿ.(This means that there will almost always be time unused on the bus (subject to data pattern specifics) after all regularly scheduled transactions have completed.) Ïîìåùàÿ âñå òðàíçàêöèè bulk/óïðàâëåíèÿ â êîíåö êàäðà, âðåìÿ âñòàâêè áèò ìîæåò áûòü âû÷èñëåíî êàê ìåíüøåå ÷åì â ñàìîì ïëîõîì ñëó÷àå. Ýòî áîëåå àãðåññèâíîå âû÷èñëåíèå ïðèõîäèò öåíîé íàëè÷èÿ íåêîòîðûõ ñáîéíûõ òðàíçàêöèé â ïåðåäà÷àõ bulk/óïðàâëåíèÿ â äàííîì êàäðå ïîÿâëÿþùèõñÿ âðåìÿ îò âðåìåíè èç-çà ïðåâûøåíèÿ êàäðà âðåìåíè, êîãäà äîñòàòî÷íî ïðåäûäóùèõ òðàíçàêöèé, ïîòðåáóåòñÿ ñàìûé ïëîõîé ñëó÷àÿ âñòàâêè áèòà. (This more aggressive calculation comes at the cost of having some bulk/control transfer’s transaction fail in a given frame every once in a while due to exceeding the frame time when enough of the previous transactions require worst case bit stuffing.) Ñáîéíàÿ òðàíçàêöèÿ ìîæåò áûòü ïîâòîðåíà,ýòî áóäåò ðåäêî ñëó÷àòüñÿ â òåêóùèõ ïðîèçâîëüíûõ øàáëîíàõ  äàííûõ, è ìîæåò ïðèâîäèòü ê ëó÷øåé îöåíêå ðàñïðåäåëåíèÿ âðåìåíè äëÿ ïåðåäà÷ èçîõðîííûõ è ïðåðûâàíèé.(The failed transaction can be retried, will seldom happen given random data patterns, and can result in a better allocation estimate for isochronous and interrupt transfer times.) Â ëþáîì ñëó÷àå, âðåìÿ øèíà âûäåëåííîå â ñëåäñòâèè ìåíüøåãî êîëè÷åñòâà âñòàâîê áèòîâ ìîæåò ìíîãîêðàòíî èñïîëüçîâàòüñÿ êàê îáñóæäåíî â Ðàçäåëå 5.9.5.


Òåðìèí Host_Delay â óðàâíåíèÿõ çàâèñèò îò õîñò êîíòðîëëåðà è ñèñòåìû è ó÷èòûâàåò äîïîëíèòåëüíîå âðåìÿ, êîòîðîå ìîæåò ïîòðåáîâàòüñÿ õîñò êîíòðîëëåðó èç-çà çàäåðæåê â ïîëó÷åíèè äîñòóïà ê ïàìÿòè èëè äðóãèõ çàâèñÿùèõ îò ðåàëèçàöèè ïðîáëåì. (The Host_Delay term in the equations is host controller and system dependent and allows for additional time a host controller may require due to delays in gaining access to memory or other implementation dependencies.) Ýòîò òåðìèí âêëþ÷åí â ðåàëèçàöèþ ýòèõ óðàâíåíèé,  èñïîëüçóÿ ôóíêöèè Îãðàíè÷åíèå íà Óïðàâëåíèå Ïåðåäà÷åé, îáåñïå÷åííûå èíòåðôåéñîì HCD (This term is incorporated into an implementation of these equations by using the Transfer Constraint Management functions provided by the HCD interface.) Ýòè óðàâíåíèÿ ýòî òèïè÷íàÿ ðåàëèçàöèÿ êîìáèíàöèè ïðîãðàììíîãî îáåñïå÷åíèÿ USBD è HCD, ðàáîòàþùèõ âìåñòå. Ðåçóëüòàòû ýòèõ âû÷èñëåíèé èñïîëüçóþòñÿ, ÷òîáû îïðåäåëèòü, ìîæåò ëè ïåðåäà÷à èëè ñîçäàâàåìûé êàíàëà ïîääåðæèâàòüñÿ â äàííîé êîíôèãóðàöèè USB.


Âû÷èñëåíèå Ðàçìåðîâ Áóôåðà â Ôóíêöèÿõ / Ïðîãðàììíîì Îáåñïå÷åíèè


È êëèåíòñêîìó ïðîãðàììíîìó îáåñïå÷åíèþ è ôóíêöèÿì íåîáõîäèìî îáåñïå÷èòü äîñòàòî÷íóþ áóôåðíóþ îáëàñòü äëÿ îòëîæåííûõ òðàíçàêöèé äàííûõ, îæèäàþùèõ ñâîåãî ïðîïóñêà â øèíó.  Äëÿ íå-èçîõðîííûõ êàíàëîâ, ýòà áóôåðíàÿ îáëàñòü äîëæíà áûòü òîëüêî äîñòàòî÷íî áîëüøîé, ÷òîáû óäåðæàòü ñëåäóþùèé ïàêåò äàííûõ. Åñëè áîëüøå ÷åì îäèí çàïðîñ òðàíçàêöèè çàäåðæèâàåòñÿ äàííîé êîíå÷íîé òî÷êîé, äîëæíà îáåñïå÷èâàòüñÿ áóôåðèçàöèÿ äëÿ êàæäîé òðàíçàêöèè. Ìåòîäû âû÷èñëÿþùèå àáñîëþòíî òî÷íî ìèíèìóì áóôåðèçàöèè, êîòîðàÿ ìîæåò ïîòðåáîâàòüñÿ ôóíêöèè èç-çà ñïåöèôè÷åñêèõ âçàèìîäåéñòâèé, îïðåäåëåííûõ ìåæäó êëèåíòñêèì ïðîãðàììíûì îáåñïå÷åíèåì è ôóíêöèåé ëåæàò âíå îáëàñòè ñïåöèôèêàöèè USB.


Îæèäàåòñÿ, ÷òî õîñò êîíòðîëëåð áóäåò ñïîñîáåí ïîääåðæèâàòü íåîãðàíè÷åííîå ÷èñëî çàäåðæàííûõ òðàíçàêöèé øèíû, ðàñïðåäåëÿÿ äîñòóïíóþ ïàìÿòü ñèñòåìû ïîä áóôåðíóþ è äåñêðèïòîðíóþ îáëàñòü, è ò.ä.  Õîñò êîíòðîëëåðàì ïîçâîëåíî îãðàíè÷èâàòü êîëè÷åñòâî êàäðîâ, êîòîðûå îíè â áóäóùåì ïîçâîëÿò çàïðîñèòü òðàíçàêöèè.


Äëÿ èçîõðîííûõ êàíàëîâ, Ðàçäåë 5.10.4 îïèñûâàåò ïîäðîáíîñòè, âîçäåéñòâèé ñî ñòîðîíû õîñòà è òðåáîâàíèÿ áóôåðèçàöèè ê ñòîðîíå óñòðîéñòâà. Âîîáùå òî, áóôåðà äîëæíû èìåòü òàêèå âîçìîæíîñòè, ÷òîáû óäåðæàòü ïðèáëèçèòåëüíî äâîéíîå êîëè÷åñòâî äàííûõ, ïåðåìåùàåìûõ çà 1 ìñ.


Âîññòàíîâëåíèå Ïðîïóñêíîé Ñïîñîáíîñòè Øèíû


Ïðîïóñêíàÿ ñïîñîáíîñòü USB è äîñòóï ê øèíå ïðåäîñòàâëÿþòñÿ íà îñíîâàíèè âû÷èñëåííûõ äëÿ ñàìîãî ïëîõîãî ñëó÷àÿ âðåìåíè ïåðåäà÷è ïî øèíå è òðåáóåìûõ âðåìåí îòêëèêà. Îäíàêî, èç-çà îãðàíè÷åíèé çàëîæåíûõ â ðàçëè÷íûõ òèïàõ ïåðåäà÷ è òîãî ôàêòà, ÷òî  âêëàä âñòàâîê áèòà âî âðåìÿ øèíû âû÷èñëÿåòñÿ êàê êîíñòàíòà, íî çàâèñèò îò äàííûå, áóäåò ÷àñòî îñòàâàòüñÿ âðåìÿ øèíû, â êàæäîì êàäðå âðåìåíè îò òîãî êàäðà âðåìåíè ïåðåäà÷è, êîòîðîå áûëî âû÷èñëåíî.(However, due to the constraints placed on different transfer types and the fact that the bit stuffing bus time contribution is calculated as a constant but is data dependent, there will frequently be bus time remaining in each frame time versus what the frame transmission time was calculated to be.) ×òîáû ïîääåðæèâàòü íàèáîëåå ýôôåêòèâíîå èñïîëüçîâàíèå ïðîïóñêíîé ñïîñîáíîñòè øèíû,  ïåðåäà÷è  óïðàâëåíèå è bulk ÿâëÿþòñÿ êàíäèäàòàìè, êîòîðûå íåîáõîäèìî ïîìåñòèòü â øèíó êàê òîëüêî âðåìÿ øèíû ñòàíîâèòñÿ äîñòóïíûì. Êàê èìåííî õîñò êîíòðîëëåð ýòî ïîääåðæèâàåò, çàâèñèò îò åãî ðåàëèçàöèè. Õîñò êîíòðîëëåð ìîæåò ïðèíèìàòü âî âíèìàíèå òèïû ïåðåäà÷ çàäåðæàííûõ IRPs è ðåàëèçàöèè ñïåöèôè÷åñêîå çíàíèå îá îñòàâøåìñÿ êàäðå âðåìåíè, ÷òîáû ñíîâà èñïîëüçîâàòü èñïðàâëåííóþ ïðîïóñêíóþ ñïîñîáíîñòü(A host controller can take into account the transfer types of pending IRPs and implementation specific knowledge of remaining frame time to reuse reclaimed bandwidth.)


Ñïåöèàëüíîå Ðàññìîòðåíèå Èçîõðîííûõ Ïåðåäà÷


Ïîääåðæêà èçîõðîííîãî äâèæåíèÿ äàííûõ ìåæäó õîñòîì è óñòðîéñòâîì îäíà èç âîçìîæíîñòåé ñèñòåìû, ïîääåðæèâàåìûõ USB. Íàäåæíîñòü ïîñòàâêè èçîõðîííûõ äàííûõ â USB òðåáóåò ÷åòêîãî âíèìàíèÿ ê äåòàëÿì.(Delivering isochronous data reliably over USB requires careful attention to detail.) Îòâåòñòâåííîñòü çà íàäåæíóþ ïîñòàâêó ðàçäåëåíà ìåæäó íåñêîëüêèìè ñóùíîñòÿìè USB: óñòðîéñòâî/ôóíêöèÿ, øèíà, õîñò êîíòðîëëåð, è îäèí èëè áîëüåå àãåíòîâ ïðîãðàììíîãî îáåñïå÷åíèÿ. Òàê êàê âðåìÿ - êëþ÷åâàÿ ÷àñòü èçîõðîííîé ïåðåäà÷è äëÿ ïðîåêòèðîâùèêîâ USB âàæíî ïîíÿòü, êàê ðàçäåëåíî âðåìÿ âíóòðè USB ìåæäó ýòèìè ðàçëè÷íûìè ñóùíîñòÿìè.


Âñå èçîõðîííûå óñòðîéñòâà äîëæíû ñîîáùèòü ñâîè âîçìîæíîñòè â âèäå äåñêðèïòîðà îïðåäåëåííîãî óñòðîéñòâîì. Âîçìîæíîñòè íåîáõîäèìî òàêæå ïðåäñòàâèòü â âèäå, êîòîðûé ïîòåíöèàëüíûé çàêàç÷èê ñìîæåò èñïîëüçîâàòü, ÷òîáû ðåøèòü, ïðåäëàãàåò ëè óñòðîéñòâî ðåøåíèå åãî ïðîáëåì(û). Ñïåöèôè÷åñêèå âîçìîæíîñòè óñòðîéñòâà ìîãóò îáúÿñíÿòü öåíîâûå ðàçëè÷èÿ.


Â ëþáîé ñèñòåìå ñâÿçè, ïåðåäàò÷èê è ïðèåìíèê äîëæåí áûòü õîðîøî ñèíõðîíèçèðîâàíû, ÷òîáû äîñòàâëÿòü ïðàâèëüíûå äàííûå (In any communication system, the transmitter and receiver must be synchronized enough to deliver data robustly.) Â àñèíõðîííîé ñèñòåìå ñâÿçè, äàííûå ìîãóò áûòü äîñòàâëåíû ïðàâèëüíî, ïåðåäàò÷èê èìååò âîçìîæíîñòü îáíàðóæèòü, ÷òî ïðèåìíèê íå ïîëó÷èë ýëåìåíò äàííûõ ïðàâèëüíî è ïðîñòî ïîâòîðèòü ïåðåäà÷ó äàííûõ.


Â èçîõðîííîé ñèñòåìå ñâÿçè, ÷òîáû ïîñòàâèòü äàííûå ïðàâèëüíî, ïåðåäàò÷èê è ïðèåìíèê îñòàþòñÿ âî âðåìåíè è ñ ñèíõðîíèçèðîâàííûìè äàííûìè. (In an isochronous communication system, the transmitter and receiver remain time and data synchronized to deliver data robustly.) USB íå ïîääåðæèâàåò ïîâòîðåíèå ïðè èçîõðîííîé ïåðåäà÷è äàííûõ òàê, ÷òî áóäåò âîçìîæíî ðàñïðåäåëåíèå ìèíèìàëüíîé ïðîïóñêíîé ñïîñîáíîñòè èçîõðîííûõ ïåðåäà÷, è íå áóäåò ïîòåðÿíà ñèíõðîíèçàöèÿ âî âðåìåíè èç-çà çàäåðæêè ïîâòîðåíèÿ. Îäíàêî, ýòî êðèòè÷íî, ïîòîìó ÷òî èçîõðîííàÿ ïàðà USB ïåðåäàò÷èê/ïðèåìíèê îñòàþòñÿ ñèíõðîíèçèðîâàííûìè, è â íîðìàëüíûõ ñëó÷àÿõ ïåðåäà÷è äàííûõ è â ñëó÷àÿõ, êîãäà ïðîèñõîäÿò îøèáêè íà øèíå.


Â ìíîãèõ ñèñòåìàõ, êîòîðûå èìåþò äåëî ñ èçîõðîííûìè äàííûå, èñïîëüçóþòñÿ îäèíî÷íàÿ ãëîáàëüíàÿ ñèíõðîíèçàöèÿ, ê êîòîðîé ïðèâÿçûâàþòñÿ âñå ñóùíîñòè â ñèñòåìå; ïðèìåð, PSTN - Îáùàÿ Âêëþ÷åííàÿ Òåëåôîííàÿ Ñåòü(Public Switched Telephone Network). Ïðè óñëîâèè, ÷òî øèðîêîå ðàçíîîáðàçèå óñòðîéñòâ ñ ðàçëè÷íûìè åñòåñòâåííûìè ÷àñòîòàìè ìîæåò áûòü ïðèñîåäèíåíî ê USB, íèêàêàÿ îäèíî÷íàÿ ñèíõðîíèçàöèÿ íå ìîæåò îáåñïå÷èâàòü âñå âîçìîæíîñòè, òðåáóåìûå, ÷òîáû óäîâëåòâîðèòü òðåáîâàíèÿ ñèíõðîíèçàöèè âñåõ óñòðîéñòâ è ïðîãðàììíîãî îáåñïå÷åíèÿ ïðè îáåñïå÷åíèè öåëåâîé ñòîèìîñòè ìàññîâîãî ðûíêà èçäåëèé PC.( while still supporting the cost targets of mass market PC products.) USB îïðåäåëÿåò ìîäåëü ñèíõðîíèçàöèè, êîòîðàÿ ïîçâîëÿåò øèðîêîìó äèàïàçîíó óñòðîéñòâ ñîñóùåñòâîâàòü íà øèíå è èìåòü ïðèåìëåìóþ ñòîèìîñòü ðåàëèçàöèè.


Ýòîò ðàçäåë ïðåäñòàâëÿåò îïöèè èëè âîçìîæíîñòè, êîòîðûå ìîãóò èñïîëüçîâàòüñÿ èçîõðîííûìè êîíå÷íûìè òî÷êàìè, ÷òîáû ìèíèìèçèðîâàòü ðàçëè÷èÿ ïîâåäåíèÿ ìåæäó ðåàëèçîâàííîé ôóíêöèåé íå-USB ôîðìàòà è âåðñèåé ôóíêöèè USB. Ïðèìåð âêëþ÷åí, ÷òîáû èëëþñòðèðîâàòü ñõîäñòâà è ðàçëè÷èÿ íå-USB è USB âåðñèåé ôóíêöèè.


Â îêîí÷àíèè ðàçäåëà ïðåäñòàâëåíû êëþ÷åâûå êîíöåïöèè:


Ìîäåëü Ñèíõðîíèçàöèè USB (USB Clock Model)  - Êàêèå ÷àñû ïðèñóòñòâóþò â USB ïîäñèñòåìå è êàê îíè âîçäåéñòâóþò íà èçîõðîííûå ïåðåäà÷è äàííûõ.(What clocks are present in a USB subsystem that have impact on isochronous data transfers.)


Ñèíõðîíèçàöèÿ Êàäðà USB Îïöèè Ñèíõðîíèçàöèè ×àñîâ Ôóíêöèè(USB Frame Clock to Function Clock Synchronization Options) - Êàê ÷àñû Êàäðà USB ìîãóò ñîïðèêàñàòüñÿ ñ ÷àñàìè ôóíêöèè.


Íà÷àëî Ñëåæåíèÿ çà Êàäðîì (Start of Frame Tracking) - Îáÿçàòåëüñòâà/âîçìîæíîñòè èçîõðîííûõ êîíå÷íûõ òî÷åê îòíîñèòåëüíî ìàðêåðà Íà÷àëà Êàäðà (SOF- Start of Frame) è USB Êàäðîâ.


Ïðåä Áóôåðèçàöèÿ Äàííûõ (Data Prebuffering) - Òðåáîâàíèÿ íà íàêàïëèâàíèå äàííûõ ïåðåä ãåíåðàöèåé/ïåðåäà÷åé/ïîòðåáëåíèåì.(Requirements on accumulating data before generation/ transmission/ consumption.)


Îáðàáîòêà îøèáîê(Error Handling) - Ñïåöèôè÷åñêèå ïîäðîáíîñòè îáðàáîòêè îøèáîê â èçîõðîííûõ ïåðåäà÷àõ.(Isochronous specific details for error handling.)


Áóôåðèçàöèÿ äëÿ Ñîîòâåòñòâèÿ Ñêîðîñòè(Buffering for Rate Matching) - Óðàâíåíèÿ, êîòîðûå ìîãóò èñïîëüçîâàòüñÿ ïðè âû÷èñëåíèè áóôåðíîé îáëàñòè, òðåáóåìîé äëÿ èçîõðîííûõ êîíå÷íûõ òî÷åê.


Ïðèìåð Èçîõðîííîãî Ïðèëîæåíèÿ Íå USB


Èñïîëüçóåìûé ïðèìåð ïðèåìëèì êàê ïðèìåð îáùåãî ñëó÷àÿ. Âîçìîæíû äðóãèå áîëåå ïðîñòûå èëè áîëåå ñëîæíûå ñëó÷àè, è ìîãóò èñïîëüçîâàòüñÿ ñîîòâåòñòâóþùèå îïðåäåëåííûå âîçìîæíîñòè USB èëè íå ñîîòâåòñòâóþùèå.(Other simpler or more complex cases are possible and the relevant USB features identified can be used or not as appropriate.)


Ïðèìåð ñîñòîèò èç 8 êÃö ìîíî ìèêðîôîíà ïîäñîåäèíåííîãî ê äðàéâåðó ñìåñèòåëÿ, êîòîðûé ïîñûëàåò âõîäíîé ïîòîê äàííûõ íà 44 êÃö ñòåðåî êîëîíêè. Ñìåñèòåëü îæèäàåò, ÷òî äàííûå áóäóò ïîëó÷àòüñÿ è ïåðåäàâàòüñÿ ñ íåêîòîðîé òèïîâîé ñêîðîñòüþ è çàêîäèðîâàííûìè. Ïîäõîäÿùèé ïî ñêîðîñòè äðàéâåð ïðåîáðàçîâûâàåò íà âõîäå è âûõîäå òèïîâóþ ñêîðîñòü è êîäèðîâêó èç åñòåñòâåííîé äëÿ óñòðîéñòâà ñêîðîñòè è êîäèðîâêè ê ñêîðîñòè è êîäèðîâêè îæèäàåìîé ñìåñèòåëåì. Ðèñóíîê 5-13 èëëþñòðèðóåò ýòîò ïðèìåð.


� EMBED ShapewareVISIO20  ��� Ðèñóíîê 5-13. Ïðèìåð Èçîõðîííîé Íå-USB ïåðåäà÷è


Çàäàþùèé ãåíåðàòîð (ìîæåò îáåñïå÷èâàòüñÿ ïðîãðàììíûì îáåñïå÷åíèåì, óïðàâëÿåìûì îò ÷àñîâ ðåàëüíîãî âðåìåíè) â PC,  èñïîëüçóåòñÿ äëÿ ïðîáóæäåíèÿ ñìåñèòåëÿ, ÷òîáû îïðîñèòü âõîäíîé èñòî÷íèê î âõîäíûõ äàííûõ è ïðåäîñòàâèòü âûõîäíûå äàííûå â ñòîê âûâîäà.(A master clock (can be provided by software driven from the real time clock) in the PC is used to awaken the mixer to ask the input source for input data and to provide output data to the output sink.) Â ýòîì ïðèìåðå, ïðèíÿòî ÷òî îí ïðîáóæäàåòñÿ êàæäûå 20 ìñ(In this example, assume it awakens every 20 ms.) Ìèêðîôîí è êîëîíêè, èìåþò ñâîè ñîáñòâåííûå òèïîâûå ÷àñû êîòîðûå íåñèíõðîíèçèðîâàíû îòíîñèòåëüíî äðóã äðóãà èëè ñ çàäàþùèìè ÷àñàìè ñìåñèòåëÿ (master mixer clock). Ìèêðîôîí ïðîèçâîäèò äàííûå ñ åñòåñòâåííîé ñêîðîñòüþ (âûáîðêà(samples) 1 áàéòà, 8'000 ðàç â ñåêóíäó) è êîëîíêè ïîòðåáëÿþò äàííûå ñî ñâîåé åñòåñòâåííîé ñêîðîñòüþ (âûáîðêà 4 áàéò, 44'100 ðàç â ñåêóíäó).  Òðîå ÷àñîâ â ñèñòåìå ìîãóò äðåéôîâàòü è èìåòü ôëóêòóàöèþ îòíîñèòåëüíî äðóã äðóãà. Êàæäûé ñîãëàñîâàòåëü ñêîðîñòè ìîæåò òàêæå âûïîëíÿòüñÿ ïðè ðàçëè÷íîé åñòåñòâåííîé ñêîðîñòè èëè êàê äðàéâåð ñìåñèòåëÿ, âõîäíîé èñòî÷íèê/äðàéâåð, èëè êàê âûõîäíîé ñòîê / äðàéâåð.(Each rate matcher may also be running at a different natural rate than either the mixer driver, the input source/driver, or output sink/driver.)


Ñîãëàñîâàòåëè ñêîðîñòè òàêæå êîíòðîëèðóþò, äëèòåëüíîñòü ñðîêà ñêîðîñòè ïåðåäà÷è äàííûõ ñâîåãî óñòðîéñòâà, ñðàâíèâàþò ñ ÷àñàìè ãëàâíîãî ñìåñèòåëÿ è èíòåðïîëèðóþò äîïîëíèòåëüíóþ âûáîðêó èëè îáúåäèíÿåò äâå âûáîðêè, ÷òîáû ñêîððåêòèðîâàòü ñêîðîñòü ïåðåäà÷è äàííûõ ñâîåãî óñòðîéñòâà ñî ñêîðîñòüþ ïåðåäà÷è äàííûõ ñìåñèòåëÿ (The rate matchers also monitor the long term data rate of their device compared to the master mixer clock and interpolate an additional sample or merge two samples to adjust the data rate of their device to the data rate of the mixer.) Ýòà êîððåêòèðîâêà ìîæåò òðåáîâàòüñÿ êàæäóþ ïàðó ñåêóíä, íî îáû÷íî ïðîèñõîäèò íå÷àñòî. Ñîãëàñîâàòåëè ñêîðîñòè îáåñïå÷èâàþò íåêîòîðóþ äîïîëíèòåëüíóþ áóôåðèçàöèþ, ÷òîáû îñóùåñòâèòü ñîîòâåòñòâèå ñêîðîñòè.(The rate matchers provide some additional buffering to carry through a rate match.)


Ñëåäóåò çàìåòèòü, ÷òî íèêàêîå äðóãîå ïðèëîæåíèå íå ïîääåðæèâàåò âîçìîæíîñòü ïðèìåíåíèÿ êîððåêòèðóþùåé âûáîðêè è áóäåò íóæäàòüñÿ â íåêîòîðûõ äðóãèõ ñðåäñòâàõ ñîãëàñîâàíèÿ çàäàþùåãî ãåíåðàòîðà ñ äðåéôóþùèìè ÷àñàìè óñòðîéñòâà, èëè èíà÷å ïîòðåáîâàëèñü áû íåêîòîðûå ñðåäñòâà ñèíõðîíèçèðîâàíèÿ ÷àñîâ, äëÿ ãàðàíòèè òîãî, ÷òî íå ñìîæåò ïðîèçîéòè íèêàêîé äðåéô.


Ñìåñèòåëü âñåãäà îæèäàåò, ïðè ïîëó÷åíèè, òî÷íî ïåðèîä îáñëóæèâàíèÿ äàííûõ (20 ìñ - ïåðèîä îáñëóæèâàíèÿ ) èç óñòðîéñòâà ââîäà äàííûõ è ïðè îòïðàâêè òî÷íî ïåðèîä îáñëóæèâàíèÿ äàííûõ äëÿ óñòðîéñòâà âûâîäà. (The mixer always expects to receive exactly a service period of data (20 ms service period) from its input device and produce exactly a service period of data for its output device.) Ñìåñèòåëü ìîæåò çàäåðæèâàòüñÿ íà ìåíüøå ÷åì ïåðèîä îáñëóæèâàíèÿ, åñëè íåò äîñòóïíûõ äàííûõ èëè ìåñòà â óñòðîéñòâå ââîäà-âûâîäà. (The mixer can be delayed up to less than a service period if data or space is not available from its input/output device.) Ïðèíÿòî, ÷òî ñìåñèòåëåì òàêèå çàäåðæêè íå íàêàïëèâàþòñÿ.(The mixer assumes that such delays don’t accumulate.)


Óñòðîéñòâà ââîäà è âûâîäà è èõ äðàéâåðû îæèäàþò âîçìîæíîñòè ïîìåñòèòü/ïîëó÷èòü äàííûå â îòâåò íà àïïàðàòíîå ïðåðûâàíèå èç êîíòðîëëåðà ÏÄÏ(DMA), êîãäà èõ ïðåîáðàçîâàòåëü îáðàáîòàë îäèí ïåðèîä îáñëóæèâàíèÿ äàííûõ. Îíè îæèäàþò ïîëó÷åíèÿ/ïîìåùåíèÿ òî÷íî îäèí ïåðèîä îáñëóæèâàíèÿ äàííûõ. Óñòðîéñòâî ââîäà ïðîèçâîäèò 160 áàéòîâ (10 âûáîðîê) êàæäûé ïåðèîä îáñëóæèâàíèÿ 20 ìñ. Óñòðîéñòâî âûâîäà ïîòðåáëÿåò 3528 áàéòîâ (882 âûáîðîê) êàæäûé  ïåðèîä îáñëóæèâàíèÿ 20 ìñ. Êîíòðîëëåð ÏÄÏ ìîæåò ïåðåìåùàòü îäíó âûáîðêó ìåæäó óñòðîéñòâîì è áóôåðîì õîñòà ñî ñêîðîñòüþ íàìíîãî áîëüøå ÷åì ñêîðîñòü âûáîðêè ëþáîãî óñòðîéñòâà.


Âõîäíûå è âûõîäíûå äðàéâåðû óñòðîéñòâà îáåñïå÷èâàþò äâà ïåðèîäà îáñëóæèâàíèÿ áóôåðèçàöèè ñèñòåìû.( The input and output device drivers provide two service periods of system buffering) Îäèí áóôåð âñåãäà îáðàáàòûâàåòñÿ êîíòðîëëåðîì ÏÄÏ. Ãàðàíòèðóåòñÿ ÷òî äðóãîé áóôåð áóäåò ãîòîâ ïðåæäå, ÷åì áóäåò èñ÷åðïàí òåêóùèé áóôåð . Êîãäà òåêóùèé áóôåð îñâîáîæäåí, àïïàðàòíîå ïðåðûâàíèå ïðîáóæäàåò äðàéâåð óñòðîéñòâà, è îí(äðàéâåð) âûçûâàåò ñîãëàñîâàòåëü ñêîðîñòè, ÷òîáû äàòü åìó(??êîìó) áóôåð.(When the current buffer is emptied, the hardware interrupt awakens the device driver and it calls the rate matcher to give it the buffer.) Äðàéâåð óñòðîéñòâà çàïðàøèâàåò íîâûé IRP ñ áóôåðîì ïðåæäå, ÷åì áóäåò èñ÷åðïàí òåêóùèé áóôåð.(The device driver requests a new IRP with the buffer before the current buffer is exhausted.)


Óñòðîéñòâà ìîãóò îáåñïå÷èâàòü äâå âûáîðêè áóôåðèçèðîâàííûõ äàííûõ, ÷òîáû ãàðàíòèðîâàòü, ÷òî îíè âñåãäà èìåþò îáðàáîòàííóþ âûáîðêó äëÿ ñëåäóþùåãî ïåðèîäà âûáîðêè, â òî âðåìÿ êàê ñèñòåìà ðåàãèðóåò íà ïðåäûäóùóþ/ñëåäóþùóþ âûáîðêó.(The devices can provide two samples of data buffering to ensure that they always have a sample to process for the next sample period while the system is reacting to the previous/next sample.)


Ïåðèîäû îáñëóæèâàíèÿ äðàéâåðîâ âûáðàíû, ÷òîáû ïåðåæèòü ïðåðûâàíèå ïåðåìåííîãî âðåìåíè îòêëèêà, êîòîðîå ìîæåò ïðèñóòñòâîâàòü â ñðåäå îïåðàöèîííîé ñèñòåìû.(The service periods of the drivers are chosen to survive interrupt latency variabilities that may be present in the operating system environment. ) Ðàçëè÷íîå îêðóæåíèå îïåðàöèîííîé ñèñòåìû òðåáóåò ðàçëè÷íûõ ïåðèîäîâ îáñëóæèâàíèÿ äëÿ íàäåæíîãî âûïîëíåíèÿ îïåðàöèè.(Different operating system environments will require different service periods for reliable operation.) Ïåðèîäû îáñëóæèâàíèÿ òàêæå âûáðàíû äëÿ ïîìåùåíèÿ ìèíèìàëüíîé çàãðóçêè ïðåðûâàíèé â ñèñòåìå òàê êàê ìîæåò èìåòüñÿ äðóãîå ïðîãðàììíîå îáåñïå÷åíèå â ñèñòåìå, êîòîðîå òðåáóåò âðåìÿ äëÿ îáðàáîòêè.(The service periods are also selected to place a minimum interrupt load on the system since there may be other software in the system that requires processing time.)


Ìîäåëü ×àñîâ USB


Âðåìÿ ïðèñóòñòâóåò â ñèñòåìå USB â âèäå ÷àñîâ. Ôàêòè÷åñêè, èìåþòñÿ ìíîæåñòâî ÷àñîâ â ñèñòåìå USB, êîòîðûå äîëæíû áûòü îáäóìàíû:


Ïðîñòûå ÷àñû(Sample clock) - Ýòè ÷àñû îïðåäåëÿþò åñòåñòâåííóþ ñêîðîñòü ïåðåäà÷è âûáîðîê äàííûõ, ïåðåìåùàþùèõñÿ ìåæäó êëèåíòñêèì ïðîãðàììíûì îáåñïå÷åíèåì õîñòà è ôóíêöèåé. Ýòè ÷àñû íå äîëæíû îòëè÷àòüñÿ â íå-USB è USB ðåàëèçàöèÿõ.(This clock does not need to be different between non-USB and USB implementations.)


×àñû Øèíû(Bus clock) - Ýòè ÷àñû ðàáîòàþò ñ ïåðèîäîì â 1.000 ìñ (÷àñòîòà 1 êÃö) è îçíà÷àþò ñêîðîñòü Íà÷àëà Êàäðà (SOF) ïàêåòîâ íà øèíå.(This clock runs at a 1.000 ms period (1 kHz frequency) and is indicated by the rate of Start of Frame(SOF) packets on the bus.) Ýòè ÷àñû íåñêîëüêî ýêâèâàëåíòíû 8 ÌÃö ÷àñàì â íå-USB ïðèìåðå. Â ñëó÷àå USB, ÷àñû øèíû - ÷àñòî ÷àñû áîëåå íèçêîé ÷àñòîòû ÷åì ÷àñû âûáîðîê, â òî âðåìÿ êàê ÷àñû øèíû - ïî÷òè âñåãäà ÷àñû áîëåå âûñîêîé ÷àñòîòû ÷åì ÷àñû âûáîðîê â ñëó÷àå íå-USB.


×àñû Îáñëóæèâàíèÿ(Service clock) - Ýòè ÷àñû îïðåäåëÿþò ñêîðîñòü, ñ êîòîðîé êëèåíòñêîå ïðîãðàììíîå îáåñïå÷åíèå âûïîëíÿåò îáñëóæèâàíèå IRPs, êîòîðûå âîçìîæíî, íàêîïèëèñü ìåæäó âûïîëíåíèÿìè. Ýòè ÷àñû òàêæå ìîãóò áûòü òåìè æå ñàìûìè â USB è íå-USB ñëó÷àÿõ.


Â áîëüøåé ÷àñòè îêðóæåíèÿ îïåðàöèîííîé ñèñòåìû, êîòîðîå ñóùåñòâóåò ñåãîäíÿ, áûëî áû íå âîçìîæíî ïîääåðæèâàòü øèðîêèé äèàïàçîí èçîõðîííûõ ïîòîêîâ ñâÿçè, åñëè áû êàæäûé äðàéâåð óñòðîéñòâà ïðåðûâàëñÿ áû êàæäîé  áûñòðîé âûáîðêîé ñêîðîñòè(In most operating system environments that exist today, it is not possible to support a broad range of isochronous communication flows if each device driver must be interrupted for each sample for fast sample rates.) Ñëåäîâàòåëüíî, ðàçëè÷íûå âûáîðêè, åñëè ýòî íå ìíîæåñòâî ïàêåòîâ, áóäóò îáðàáîòàíû êëèåíòñêèì ïðîãðàììíûì îáåñïå÷åíèåì è çàòåì âûäàíû õîñò êîíòðîëëåðó ïîñëåäîâàòåëüíî ïî øèíå ñîãëàñíî ðàíåå îãîâîðåííûì òðåáîâàíèÿì äîñòóïà ê øèíå.(Therefore, multiple samples, if not multiple packets, will be processed by client software and then given to the host controller to sequence over the bus according to the prenegotiated bus access requirements.) Íà Ðèñóíêå 5-14 ïðåäñòàâëåí ïðèìåð îêðóæåíèÿ ÷àñîâ USB ýêâèâàëåíòíîãî îêðóæåíèþ íå - USB ÷àñîâ ïîêàçàííîãî íà Ðèñóíêå 5-13.
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Ðèñóíîê 5-14. Èçîõðîííîå Ïðèëîæåíèå USB


Ðèñóíîê 5-14 ïîêàçûâàåò òèïè÷íûé ïóòü ïðîõîæäåíèÿ èíôîðìàöèè òóäà è îáðàòíî èç ìèêðîôîíà, óñòðîéñòâà ââîäà äàííûõ, ê êîëîíêàì, óñòðîéñòâó âûâîäà. Òàêæå ïîêàçàíû ÷àñû, ïàêåòû, è âêëþ÷åííàÿ áóôåðèçàöèÿ. Ðèñóíîê 5-14 áóäåò èññëåäîâàòüñÿ áîëåå ïîäðîáíî â ñëåäóþùèõ ðàçäåëàõ.


Ñìûñë ýòîãî ïðèìåðà ýòî îïðåäåëåíèå ðàçëè÷èé, ïðåäñòàâëåííîãî USB ïðèìåðà â ñðàâíåíèè ñ ïðåäûäóùèì íå-USB ïðèìåðîì. (The focus of this example is to identify the differences introduced by USB compared to the previous non�USB example.) Ðàçëè÷èÿ íàõîäÿòñÿ â îáëàñòÿõ áóôåðèçàöèè, ñèíõðîíèçàöèè êîíêðåòíûõ ñóùåñòâóþùèõ ÷àñîâ USB øèíû, è çàäåðæêè.(The differences are in the areas of buffering, synchronization given the existence of a USB bus clock, and delay.) Êëèåíòñêîå ïðîãðàììíîå îáåñïå÷åíèå âûñøèõ äðàéâåðîâ óñòðîéñòâà ìîæåò áûòü íå çàòðîíóòî â áîëüøèíñòâå ñëó÷àåâ.(The client software above the device drivers can be unaffected in most cases.)


Ñèíõðîíèçàöèÿ ×àñîâ


Äëÿ èçîõðîííûõ äàííûõ, êîòîðûìè íóæíî óïðàâëÿòü íàäåæíî,  èäåíòèôèöèðîâàíî âûøå òðåõ ÷àñîâ, êîòîðûå äîëæíû áûòü ñèíõðîíèçèðîâàíû â íåêîòîðîì ðåæèìå. (In order for isochronous data to be manipulated reliably, the three clocks identified above must be synchronized in some fashion. ) Åñëè ÷àñû íå ñèíõðîíèçèðîâàíû, ó íåñêîëüêèõ ÷àñîâ ìîãóò ïðèñóòñòâîâàòü ñëåäóþùèå àòðèáóòû ÷àñîâ, ÷òî ìîæåò áûòü íåæåëàòåëüíî( If the clocks are not synchronized, several clock to clock attributes can be present that can be undesirable):


Äðåéô ÷àñîâ(Clock drift) - Äâîå ÷àñîâ, êîòîðûå äîëæíû âûïîëíÿþòñÿ ñ îäíîé è òîé æå ñêîðîñòüþ, ìîãóò íà ïðàêòèêå èìåòü ðàçëè÷íóþ ðåàëèçàöèþ, â ðåçóëüòàòå îäíè ÷àñû âûïîëíÿþòñÿ áûñòðåå èëè ìåäëåííåå ÷åì äðóãèå, áîëåå ÷åì äëèòåëüíûå ïåðèîäû âðåìåíè.(over long periods of time) Åñëè íå èñïðàâèòü ýòî ðàçëè÷èå, ñðàâíåíèåì îäíèõ ÷àñîâ ñ äðóãèìè, âîçìîæíî ïîÿâëåíèå ñëèøêîì áîëüøîãî èëè ñëèøêîì íåáîëüøîå êîëè÷åñòâà äàííûõ, êîãäà îæèäàåìûå äàííûå âñåãäà áóäóò ïðèñóòñòâîâàòü â òðåáóåìîå âðåìÿ .(If uncorrected, this variation of one clock compared to the other can lead to having too much or too little data when data is expected to always be present at the time required.)


Ôëóêòóàöèÿ ×àñîâ(Clock jitter) - ×àñû ìîãóò èçìåíèòü ñâîþ ÷àñòîòó ÷åðåç êàêîå-òî âðåìÿ èç-çà èçìåíåíèé â òåìïåðàòóðå, è ò.ä. Îíè ìîãóò òàêæå èçìåíèòüñÿ ïîñëå òîãî, êàê äàííûå ñðàâíåíèÿ ôàêòè÷åñêè ïîñòàâëåíû, êîãäà îæèäàëîñü áûëè ïîñòàâëåíû(This may also alter when data is actually delivered compared to when it is expected to be delivered.)


×àñû, ÷òîáû ñèíõðîíèçèðîâàòü ðàçëè÷èÿ ôàçû (Clock to clock phase differences )- Åñëè äâîå ÷àñîâ íå ñêðåïëåíû ïî ôàçå, ðàçëè÷íîå êîëè÷åñòâî äàííûõ ìîæåò áûòü äîñòóïíî â ðàçëè÷íûõ òî÷êàõ â òî âðåìÿ êàê òàêò ÷àñòîòû ÷àñîâ âûõîäèò èç öèêëà ÷åðåç êàêîå-òî âðåìÿ.(If two clocks are not phase locked, different amounts of data may be available at different points in time as the beat frequency of the clocks cycle out over time.) Ýòî ìîæåò âåñòè ê êâàíòîâàíèþ/âûáîðêå ñâÿçàííûõ àðòåôàêòîâ.(This can lead to quantization/sampling related artifacts.)


×àñû øèíû îáåñïå÷èâàþò öåíòðàëüíûå ÷àñû, ïî êîòîðûìè àïïàðàòíûå óñòðîéñòâà USB è ïðîãðàììíîå îáåñïå÷åíèå ìîãóò ñèíõðîíèçèðîâàòüñÿ ïî îäíîìó óðîâíþ èëè äðóãîìó (The bus clock provides a central clock with which USB hardware devices and software can synchronize to one degree or another.) Îäíàêî, ïðîãðàììíîå îáåñïå÷åíèå íå áóäåò, ïîëíîñòüþ ñïîñîáíî òî÷íî ïðèêðåïèòüñÿ ê ôàçå èëè ÷àñòîòå ÷àñîâ øèíû â òåêóùåé, îïåðàöèîííîé ñèñòåìå, ïîääåðæèâàþùåé ïëàíèðîâàíèå “ïîäîáíî ðåàëüíîìó âðåìåíè”, ïîääåðæèâàþùååñÿ â áîëüøèíñòâå îïåðàöèîííûõ ñèñòåì PC.(However, the software will, in general, not be able to phase or frequency lock precisely to the bus clock given the current support for “real time-like” operating system scheduling support in most PC operating systems.) Îäíàêî ïðîãðàììíîå îáåñïå÷åíèå, âûïîëíÿþùååñÿ íà õîñòå ìîæåò, çíàòü, ÷òî äàííûå, ïåðåìåùàåìûå â USB óïàêîâàíû. Äëÿ èçîõðîííûõ òèïîâ ïåðåäà÷è, îäèíî÷íûé ïàêåò äàííûõ ïåðåìåùàåòñÿ òî÷íî, åñëè òîëüêî îí îäèí â êàäðå è ÷àñû êàäðà ïðèåìëåìî òî÷íû.(For isochronous transfer types, a single packet of data is moved exactly once per frame and the frame clock is reasonably precise.) Ïðåäîñòàâëåíèå ïðîãðàììíîìó îáåñïå÷åíèþ ýòîé èíôîðìàöèè ïîçâîëÿåò åìó êîððåêòèðîâàòü êîëè÷åñòâî äàííûõ ïîäîãíàííûõ èì ê ôàêòè÷åñêîìó êàäðó âðåìÿ, êîòîðîå ïåðåäàåòñÿ.(Providing the software with this information allows it to adjust the amount of data it processes to the actual frame time that has passed.)


Èçîõðîííûå Óñòðîéñòâà


USB âêëþ÷àåò êàðêàñ äëÿ èçîõðîííûõ óñòðîéñòâ, êîòîðûé îïðåäåëÿåò Òèïû Ñèíõðîíèçàöèè(Synchronization Types), êàê èçîõðîííûå êîíå÷íûå òî÷êè îáåñïå÷èâàþò îáðàòíóþ ñâÿçü ñêîðîñòè ïåðåäà÷è äàííûõ, è êàê îíè ìîãóò áûòü ñîåäèíåíû âìåñòå.(USB includes a framework for isochronous devices which defines Synchronization Types, how isochronous endpoints provide data rate feedback, and how they can be connected together.) Èçîõðîííûå óñòðîéñòâà âêëþ÷àþò âûáîðêó àíàëîãîâûõ óñòðîéñòâ; íàïðèìåð, çâóêîâûå è òåëåôîííûå óñòðîéñòâà, è ñèíõðîííûå óñòðîéñòâà äàííûõ.(Isochronous devices include sampled analog devices; for example, audio and telephony devices, and synchronous data devices.) Òèï Ñèíõðîíèçàöèè êëàññèôèöèðóåò êîíå÷íóþ òî÷êó ñîãëàñíî åå âîçìîæíîñòè ïî ñèíõðîíèçàöèè ñêîðîñòü ïåðåäà÷è äàííûõ ñî ñêîðîñòüþ ïåðåäà÷è äàííûõ êîíå÷íîé òî÷êè, ñ êîòîðîé îíà ñîåäèíåíà. Îáðàòíàÿ ñâÿçü îáåñïå÷èâàåòñÿ òî÷íûì óêàçàíèåì òðåáóåìîé ñêîðîñòè ïåðåäà÷è äàííûõ, îòíîñèòåëüíî SOF ÷àñòîòû. Ñïîñîáíîñòü ñîçäàâàòü ñîåäèíåíèÿ çàâèñèò îò êà÷åñòâà ñîåäèíåíèÿ(make), êîòîðîå òðåáóåòñÿ, òèïà ñèíõðîíèçàöèè êîíå÷íîé òî÷êè, è âîçìîæíîñòè ïðèëîæåíèÿ õîñòà, êîòîðîå ñîçäàåò ñîåäèíåíèå. Äîïîëíèòåëüíîå, â çàâèñèìîñòè îò ïðèëîæåíèÿ ìîæåò ïîòðåáîâàòüñÿ èíôîðìàöèÿ îïðåäåëÿþùàÿ Êëàññà Óñòðîéñòâà.(Additional Device Class-specific information may be required, depending on the application.)


Ñëåäóåò îáðàòèòü âíèìàíèå, ÷òî òåðìèí “äàííûå” èñïîëüçóåòñÿ â î÷åíü øèðîêîì ñìûñëå , è ìîæåò îòíîñèòüñÿ ê äàííûì, êîòîðûé ïðåäñòàâëÿåò âûáîðêó(sampled) àíàëîãîâîé èíôîðìàöèè (ïîäîáíî çâóêó), èëè ýòî ìîæåò áûòü áîëüøåå êîëè÷åñòâî àáñòðàêòíîé èíôîðìàöèè. “Ñêîðîñòü ïåðåäà÷è äàííûõ” îòíîñèòñÿ ê ñêîðîñòè, â êîòîðîé àíàëîãîâàÿ èíôîðìàöèÿ ÿâëÿåòñÿ ïðîñòîé, èëè ê ñêîðîñòè, â êîòîðîé äàííûå ñèíõðîíèçèðîâàíû.(“Data rate” refers to the rate at which analog information is sampled, or the rate at which data is clocked.)


Ñëåäóþùàÿ èíôîðìàöèÿ îïðåäåëÿåò òðåáîâàíèÿ ê ñîåäèíåíèþ èçîõðîííûõ êîíå÷íûõ òî÷åê(The following information is required in order to determine how to connect isochronous endpoints):


Òèï Ñèíõðîíèçàöèè


Àñèíõðîííûé - íåñèíõðîíèçèðîâàííûé, õîòÿ ñòîêè îáåñïå÷èâàþò îáðàòíóþ ñâÿçü ñêîðîñòè ïåðåäà÷è äàííûõ (Asynchronous - unsynchronized, although sinks provide data rate feedback)


Ñèíõðîííûé - ñèíõðîíèçèðîâàííûé ê SOF USB


Àäàïòèâíûé - èñïîëüçóåòñÿ ñèíõðîíèçèðîâàííàÿ îáðàòíàÿ ñâÿçü èëè èíôîðìàöèÿ î ñêîðîñòè ïåðåäà÷è óïðåæäàþùèõ äàííûõ(Adaptive - synchronized using feedback or feedforward data rate information)


Äîñòóïíûå ñêîðîñòè ïåðåäà÷è äàííûõ


Äîñòóïíûå ôîðìàòû äàííûõ


Òèï Ñèíõðîíèçàöèè è èíôîðìàöèÿ î ñêîðîñòè ïåðåäà÷è äàííûõ íåîáõîäèìû, ÷òîáû îïðåäåëèòü, ñóùåñòâóåò ëè òî÷íîå ñîîòâåòñòâèå ñêîðîñòåé ïåðåäà÷è äàííûõ ìåæäó èñòî÷íèêîì è ñòîêîì(sink), èëè ñóùåñòâóåò ëè ïðèåìëåìûé ïðîöåññ ïðåîáðàçîâàíèÿ, êîòîðûé ïîçâîëèë áû èñòî÷íèêó áûòü ñîåäèíåííûì ñî ñòîêîì. Çà ýòî îòâåòñòâåííî ïðèëîæåíèå, êîòîðîå îïðåäåëÿåò, ìîæåò ëè îáåñïå÷èâàòüñÿ ñîåäèíåíèå âíóòðè äîñòóïíûõ îáðàáàòûâàåìûõ ðåñóðñîâ è äðóãèõ îãðàíè÷åíèé (òèïà çàäåðæêè) (It is the responsibility of the application to determine whether the connection can be supported within available processing resources and other constraints.) Ñïåöèôè÷åñêèå êëàññû óñòðîéñòâà USB îïðåäåëÿþò, êàê îïèñàòü Òèï Ñèíõðîíèçàöèè è èíôîðìàöèþ î ñêîðîñòè ïåðåäà÷è äàííûõ.


Ñîîòâåòñòâèå ôîðìàòà äàííûõ è ïðåîáðàçîâàíèå òàêæå òðåáóåòñÿ äëÿ ñîåäèíåíèÿ, íî ýòî - íå óíèêàëüíîå òðåáîâàíèå äëÿ èçîõðîííûõ ñîåäèíåíèé. Ïîäðîáíîñòè îòíîñèòåëüíî ïðåîáðàçîâàíèÿ ôîðìàòà ìîãóò áûòü íàéäåíû â äðóãèõ äîêóìåíòàõ, ñâÿçàííûõ ñî ñïåöèôè÷åñêèìè ôîðìàòàìè.


Òèï Ñèíõðîíèçàöèè


Îïðåäåëåííî òðè ðàçëè÷íûõ òèïà ñèíõðîíèçàöèè. Òàáëèöà ïðåäñòàâëÿåò êðàòêèé îáçîð õàðàêòåðèñòèê ñèíõðîíèçàöèè êîíå÷íîé òî÷êè äëÿ êîíå÷íûõ òî÷åê ñòîêà è èñòî÷íèêà. Òèïû ïðåäñòàâëåíû â ïîðÿäêå óâåëè÷åíèÿ âîçìîæíîñòåé.


Òàáëèöà 5-7. Õàðàêòåðèñòèêè Ñèíõðîíèçàöèè


�
Èñòî÷íèê�
Ñòîê�
�
Àñèíõðîííûé�
Ñâîáîäíîå äâèæåíèå Fs(Free running Fs)


Îáåñïå÷èâàåò íåÿâíîå óïðåæäåíèå (ïîòîê äàííûõ)�
Ñâîáîäíîå äâèæåíèå Fs


Îáåñïå÷èâàåò ÿâíóþ îáðàòíóþ ñâÿçü (êàíàë ïðåðûâàíèÿ)�
�
Ñèíõðîííûé�
Fs ïðèêðåïëåíà ê SOF


Èñïîëüçóåò íåÿâíóþ îáðàòíóþ ñâÿçü (SOF)�
Fs ïðèêðåïëåíà ê SOF


Èñïîëüçóåò íåÿâíóþ îáðàòíóþ ñâÿçü (SOF)�
�
Àäàïòèâíûé�
Fs ïðèêðåïëåíà ê ñòîêó


Èñïîëüçóåò ÿâíóþ îáðàòíóþ ñâÿçü (êàíàë óïðàâëåíèÿ)�
Fs ïðèêðåïëåíà ê ïîòîêó äàííûõ


Èñïîëüçóåò íåÿâíîå óïðåæäåíèå (ïîòîê äàííûõ)�
�
Àñèíõðîííûé òèï


Àñèíõðîííûå êîíå÷íûå òî÷êè íå ìîãóò ñèíõðîíèçèðîâàòü ïî SOF èëè ëþáûì äðóãèì ÷àñàì â îáëàñòè(domain) USB .Îíè ÿâëÿþòñÿ èñòî÷íèêîì èëè ñòîêîì èçîõðîííîãî ïîòîêà äàííûõ èëè ñ ôèêñèðîâàííîé ñêîðîñòüþ ïåðåäà÷è äàííûõ (îäíî ÷àñòîòíûå êîíå÷íûå òî÷êè), ïðè îãðàíè÷åííîì ÷èñëå ñêîðîñòåé ïåðåäà÷è äàííûõ (32 êÃö, 44.1 êÃö, 48 êÃö, …), èëè ñ íåïðåðûâíî ïðîãðàììèðóåìîé ñêîðîñòüþ ïåðåäà÷è äàííûõ.(They source or sink an isochronous data stream at either a fixed data rate (single frequency endpoints), a limited number of data rates (32 kHz, 44.1 kHz, 48 kHz, É), or a continuously programmable data rate. ) Åñëè ñêîðîñòü ïåðåäà÷è äàííûõ ïðîãðàììèðóåìà, îíà óñòàíàâëèâàåòñÿ â òå÷åíèå èíèöèàëèçàöèè èçîõðîííîé êîíå÷íîé òî÷êè.( If the data rate is programmable, it is set during initialization of the isochronous endpoint.) Àñèíõðîííûå óñòðîéñòâà äîëæíû ñîîáùèòü ñâîè âîçìîæíîñòè ïðîãðàììèðîâàíèÿ â äåñêðèïòîð îïðåäåëÿþùåãî êëàññ êîíå÷íîé òî÷êè êàê îïèñàíî â ñïåöèôèêàöèè èõ Êëàññà Óñòðîéñòâà. (Asynchronous devices must report their programming capabilities in the class specific endpoint descriptor as described in their Device Class specification.) Ñêîðîñòü ïåðåäà÷è äàííûõ âíåøíèå ïðèêðåïëåíà ê USB ÷àñàìè èëè ñâîáîäíî âûïîëíÿþùèìèñÿ âíóòðåííèìè ÷àñàìè. (The data rate is locked to a clock external to USB or to a free running internal clock.) Ýòè óñòðîéñòâà ïîìåùàþò íàêëàäíûå ðàñõîäû ñîãëàñîâàíèÿ ñêîðîñòåé ïåðåäà÷è äàííûõ, â äðóãîå ìåñòî îêðóæåíèÿ USB . Àñèíõðîííûå êîíå÷íûå òî÷êè èñòî÷íèêà íåñóò ñâîþ èíôîðìàöèþ î ñêîðîñòè ïåðåäà÷è äàííûõ íåÿâíî â ÷èñëå âûáîðîê, êîòîðûå îíè ïðîèçâîäÿò çà êàäð. Àñèíõðîííûå êîíå÷íûå òî÷êè ñòîêà äîëæíû ÿâíî îáåñïå÷èòü èíôîðìàöèåé îá îáðàòíîé ñâÿçè àäàïòèâíûé äðàéâåð (îáðàòèòåñü ê Ðàçäåëó 5.10.4.2).(Asynchronous sink endpoints must provide explicit feedback information to an adaptive driver ). 


Ïðèìåð àñèíõðîííîãî èñòî÷íèêà - çâóêîâîé ïðîèãðûâàòåëü CD, êîòîðûé âûäàåò äàííûå áàçèðóÿñü íà âíóòðåííèõ ÷àñàõ èëè ðåçîíàòîðå. Äðóãîé ïðèìåð - ïðèåìíèê Öèôðîâîãî Çâóêîâîãî Ðàäèîâåùàíèÿ (DAB) èëè Öèôðîâîé Ñïóòíèêîâûé Ïðèåìíèê (DSR). Çäåñü òàêæå, òèïîâàÿ ñêîðîñòü ôèêñèðîâàíà íà ðàäèîïåðåäàþùåé ñòîðîíå è íå óïðàâëÿåòñÿ USB.


Àñèíõðîííûìè êîíå÷íûìè òî÷êàìè ñòîêà ìîãëè áû áûòü äåøåâûå êîëîíêè, âûïîëíÿþùèåñÿ îò ñâîèõ âíóòðåííèõ òèïîâûõ ÷àñîâ.


Äðóãîé ñëó÷àé âîçíèêàåò, êîãäà èìåþòñÿ äâà èëè áîëüøå óñòðîéñòâ, ïðèñîåäèíåííûõ ê USB, êîòîðûå äîëæíû èìåòü ãëàâíîå óïðàâëåíèå äëÿ ïîðîæäåíèÿ SOF, ÷òîáû ôóíêöèîíèðîâàòü êàê ñèíõðîííûå óñòðîéñòâà. (Another case arises when there are two or more devices present on USB that need to have mastership control over SOF generation in order to operate as synchronous devices.) Ýòî ìîãëî áû ñëó÷àòüñÿ, åñëè áû èìåëèñü äâà òåëåôîííûõ óñòðîéñòâà, è êàæäûé èç íèõ áûë áû ïðèêðåïëåí ê ðàçëè÷íûì âíåøíèì ÷àñàì.(This could happen if there were two telephony devices, each locked to a different external clock.) Îäíî òåëåôîííîå óñòðîéñòâî ìîãëî áû áûòü â öèôðîâîé ôîðìå ñîåäèíåíî ñ PBX, êîòîðûé íå ñèíõðîíèçèðîâàí ñ ISDN. Äðóãîå óñòðîéñòâî ìîãëî áû áûòü ñîåäèíåíî íåïîñðåäñòâåííî ñ ISDN. Êàæäîå óñòðîéñòâî áóäåò èñòî÷íèêîì èëè ñòîêîì äàííûõ íà/èç ñòîðîíû ñåòè ñ âíåøíèì óïðàâëåíèåì ñêîðîñòè.(Each device will source or sink data to/from the network side at an externally driven rate.) Òàê êàê òîëüêî îäíî èç óñòðîéñòâ ìîæåò áðàòü ãëàâåíñòâî ïî SOF, äðóãèå ñòîêè èëè èñòîêè äàííûõ áóäóò ïî ñêîðîñòè àñèíõðîííû ê SOF. (Since only one of the devices can take mastership over SOF, the other will sink or source data at a rate which is asynchronous to SOF.) Ýòîò ïðèìåð óêàçûâàåò, ÷òî êàæäîìó óñòðîéñòâó, ñïîñîáíîìó ê ãëàâåíñòâó ïî SOF âîçìîæíî ïðèäåòñÿ ôóíêöèîíèðîâàòü êàê àñèíõðîííîå óñòðîéñòâî.


Ñèíõðîííûé òèï


Ñèíõðîííûå êîíå÷íûå òî÷êè ìîãóò èìåòü ñâîþ ñèñòåìó ÷àñîâ (ñâîå ïîíÿòèå âðåìåíè) óïðàâëÿåìóþ èç âíå ÷åðåç SOF ñèíõðîíèçàöèþ. Ýòè êîíå÷íûå òî÷êè äîëæíû äåëàòü îäíî èç ñëåäóþùåãî:


Ïîä÷èíåíèå ñâîèõ âûáîðîê ÷àñîâ ê 1 ìñ SOF èìïóëüñà ñèãíàëà âðåìåíè (ïîñðåäñòâîì ïðîãðàììèðóåìîãî PLL (Slaving their sample clock to the 1 ms SOF tick (by means of a programmable PLL).


Óïðàâëåíèå ñêîðîñòü USB ãåíåðèðîâàíèåì SOF òàê, ÷òîáû èõ ñêîðîñòü ïåðåäà÷è äàííûõ ñòàëà àâòîìàòè÷åñêè ïðèêðåïëåííîé ê SOF.(Controlling the rate of  USB SOF generation so that their data rate becomes automatically locked to SOF.) Â ñëó÷àå, åñëè ýòèì êîíå÷íûì òî÷êàì íå ïðåäîñòàâëÿþò ãëàâåíñòâî íàä SOF(SOF mastership), îíè äîëæíû âûðîæäàòüñÿ â àñèíõðîííûé ðåæèì ðàáîòû (îáðàòèòåñü ê àñèíõðîííîìó ïðèìåðó).


Ñèíõðîííûå êîíå÷íûå òî÷êè ìîãóò áûòü èñòî÷íèêîì èëè ñòîêîì èçîõðîííîãî ïîòîêà äàííûõ èëè ñ ôèêñèðîâàííîé ñêîðîñòüþ ïåðåäà÷è äàííûõ (îäíî ÷àñòîòíûå êîíå÷íûå òî÷êè), ïðè îãðàíè÷åííîì ÷èñëå ñêîðîñòåé ïåðåäà÷è äàííûõ (32 êÃö, 44.1 êÃö, 48 êÃö, …), èëè ñ íåïðåðûâíî ïðîãðàììèðóåìîé ñêîðîñòüþ ïåðåäà÷è äàííûõ(Synchronous endpoints may source or sink isochronous data streams at either a fixed data rate (single frequency endpoints), a limited number of  data rates (32 kHz, 44.1 kHz, 48 kHz, É), or a continuously programmable data rate.) Åñëè ñêîðîñòü ïðîãðàììèðóåòñÿ, îïåðàöèÿ ñêîðîñòè ïåðåäà÷è äàííûõ óñòàíàâëèâàåòñÿ â òå÷åíèå èíèöèàëèçàöèè èçîõðîííîé êîíå÷íîé òî÷êè (If programmable, the operating data rate is set during initialization of the isochronous endpoint.) ×èñëî âûáîðîê èëè ìîäóëåé äàííûõ, ñãåíåðèðîâàííûõ â ðÿäå êàäðîâ USB äåòåðìèíèðîâàíî è ïåðèîäè÷íî.(The number of samples or data units generated in a series of USB frames is deterministic and periodic.) Ñèíõðîííûå óñòðîéñòâà äîëæíû ñîîáùèòü ñâîè âîçìîæíîñòè ïðîãðàììèðîâàíèÿ â äåñêðèïòîð ñïåöèôè÷åñêîãî êëàññà êîíå÷íîé òî÷êè êàê îïèñàíî â ñïåöèôèêàöèè èõ Êëàññà Óñòðîéñòâà.(Synchronous devices must report their programming capabilities in the class specific endpoint descriptor as described in their Device Class specification.)


Ïðèìåð ñèíõðîííîãî èñòî÷íèêà - öèôðîâîé ìèêðîôîí, êîòîðûé ñèíòåçèðóåò òèïîâûå ÷àñû ïî SOF è ïðîèçâîäèò ôèêñèðîâàííîå ÷èñëî çâóêîâûõ âûáîðîê êàæäûé êàäð USB. Äðóãàÿ âîçìîæíîñòü - ïîòîê ïîòîê ñî ñêîðîñòüþ 64 êèëîáàéòà â ñåêóíäó èç “ìîäåìà” ISDN. Åñëè USB ïîðîæäåíèå SOF ïðåêðèïëÿåòñÿ ê ÷àñàì PSTN (âîçìîæíî ÷åðåç òî æå ñàìîå óñòðîéñòâî ISDN), ïîðîæäåíèå äàííûõ áóäåò òàêæå ïðèêðåïëåíî ê SOF, è êîíå÷íàÿ òî÷êà áóäåò ïðîèçâîäèòü ïîòîê äàííûõ íåèçìåííî 64 êèëîáàéòà â ñåêóíäó, ññûëàÿñü ê ïîíÿòèþ SOF âðåìåíè.( If the USB SOF generation is locked to the PSTN clock (perhaps through the same ISDN device), the data generation will also be locked to SOF and the endpoint will produce a stable 64 kb/s data stream, referenced to the SOF time notion.)


Àäàïòèâíûé òèï


Àäàïòèâíûå êîíå÷íûå òî÷êè - êîíå÷íûå òî÷êè íàèáîëåå ñïîñîáíûå ïî âîçìîæíîñòÿì. Îíè ñïîñîáíû ê èñòî÷íèêó èëè ñòîêà äàííûì âî âñÿêîì ñëó÷àå âíóòðè ñâîåãî îïåðàöèîííîãî äèàïàçîíà.(They are able to source or sink data at any rate within their operating range.  Adaptive source endpoints produce data at a rate which is controlled by the data sink.) Ñòîê îáåñïå÷èâàåò îáðàòíóþ ñâÿçü (îáðàòèòåñü ê Ðàçäåë 5.10.4.2) ê èñòî÷íèêó, êîòîðàÿ ïîçâîëÿåò èñòî÷íèêó çíàòü òðåáóåìóþ ñòîêîì ñêîðîñòü ïåðåäà÷è äàííûõ. Àäàïòèâíûå êîíå÷íûå òî÷êè ìîãóò ñâÿçûâàòüñÿ ñî âñåìè òèïàìè êîíå÷íûõ òî÷åê ñòîêà. Äëÿ àäàïòèâíûõ êîíå÷íûõ òî÷åê ñòîêà, èíôîðìàöèÿ î ñêîðîñòè ïåðåäà÷è äàííûõ âíåäðåíà â ïîòîê äàííûõ. Ñðåäíåå ÷èñëî âûáîðîê, ïîëó÷åííûõ â òå÷åíèå îïðåäåëåííîãî ñðåäíåãî âðåìåíè, îïðåäåëÿåò ìãíîâåííóþ ñêîðîñòü ïåðåäà÷è äàííûõ. Åñëè ýòî ÷èñëî èçìåíåíèÿ â òå÷åíèå îïåðàöèè, ñîîòâåòñòâåííî êîððåêòèðóåòñÿ ñêîðîñòü ïåðåäà÷è äàííûõ.


Äèàïàçîí ñêîðîñòè îïåðàöèè ïåðåäà÷è äàííûõ, ìîæåò öåíòðèðîâàòüñÿ âîêðóã((The data rate operating range may center around) îäíîé ñêîðîñòè (íàïðèìåð, 8 êÃö), âûáèðàòüñÿ ìåæäó íåñêîëüêèìè ïðîãðàììèðóåìûìè èëè àâòîìàòè÷åñêè îáíàðóæåííûìè ñêîðîñòÿìè ïåðåäà÷è äàííûõ (32 êÃö, 44.1 êÃö, 48 êÃö, …), èëè ìîæåò áûòü âíóòðè îäíîãî èëè íåñêîëüêèõ äèàïàçîíîâ (íàïðèìåð, îò 5 êÃö äî 12 êÃö,îò 44 êÃö äî 49 êÃö). Àäàïòèâíûå óñòðîéñòâà äîëæíû ñîîáùèòü ñâîè âîçìîæíîñòè ïðîãðàììèðîâàíèÿ â äåñêðèïòîð ñïåöèôè÷åñêîãî êëàññà êîíå÷íîé òî÷êè êàê îïèñàíî â ñïåöèôèêàöèè èõ Êëàññà Óñòðîéñòâà (Adaptive devices must report their programming capabilities in the class specific endpoint descriptor as described in their Device Class specification)


Ïðèìåð àäàïòèâíîãî èñòî÷íèêà - CD ïðîèãðûâàòåëü, êîòîðûé ñîäåðæèò ïîëíîñòüþ àäàïòèâíûé òèïîâîé ïðåîáðàçîâàòåëü ñêîðîñòè (SRC-sample rate converter) òàêîé, ÷òîáû ÷àñòîòà âûáîðêè âûâîäà áîëüøå íå äîëæíà áûòü 44.1 êÃö, íî ìîæåò áûòü ÷òî-íèáóäü âíóòðè îïåðàöèîííîãî äèàïàçîíà SRC (An example of an adaptive source is a CD player that contains a fully adaptive sample rate converter (SRC) so that the output sample frequency no longer needs to be 44.1 kHz but can be anything within the operating range of the SRC.) Àäàïòèâíûå ñòîêè âêëþ÷àþò òàêèå êîíå÷íûå òî÷êè êàê âûñîêîêà÷åñòâåííûå öèôðîâûå êîëîíêè, headsets, è ò.ä.


Îáðàòíàÿ ñâÿçü


Àñèíõðîííûé ñòîê îáåñïå÷èâàåò îáðàòíóþ ñâÿçü ê àäàïòèâíîìó èñòî÷íèêó,  óêàçûâàÿ òî÷íî, êàêàÿ òðåáóåòñÿ ñêîðîñòü ïåðåäà÷è äàííûõ (Ff), îòíîñèòåëüíî SOF ÷àñòîòà USB (An asynchronous sink provides feedback to an adaptive source by indicating accurately what its desired data rate (Ff) is, relative to the USB SOF frequency.) Ïðè òðåáóåìîé ñêîðîñòè ïåðåäà÷è äàííûõ òî÷íîñòü äîëæíà áûòü ëó÷øå ÷åì îäíà âûáîðêà çà ñåêóíäó (1 Hz),÷òî ïîçâîëèò ñîçäàíèå ñêîðîñòè âûñîêî êà÷åñòâåííîãî èñòî÷íèêà è äîïóñòèòü çàäåðæêè è îøèáêè â öèêëå îáðàòíîé ñâÿçè.(The required data rate is accurate to better than one sample per second (1 Hz) in order to allow a high quality source rate to be created and to tolerate delays and errors in the feedback loop.)


Çíà÷åíèå Ff ñîñòîèò èç äðîáíîé ÷àñòè, êîòîðàÿ ïîëó÷àåò òðåáóåìóþ ðàçðåøàþùóþ ñïîñîáíîñòü ñ 1 êÃö êàäðàìè , è öåëîé ÷àñòè, êîòîðàÿ äàåò ìèíèìàëüíîå ÷èñëî âûáîðîê íà êàäð.(The Ff value consists of a fractional part, in order to get the required resolution with 1 kHz frames, and an integer part, which gives the minimum number of samples per frame.) Òðåáóåòñÿ äåñÿòü áèòîâ, ÷òîáû ðàçðåøèòü îäíó âûáîðêó âíóòðè êàäðà ñ ÷àñòîòîé 1 êÃö (1000 / 2 ^ 10 = 0.98).(Ten bits are required to resolve one sample within a 1 kHz frame frequency ). Ýòî 10 áèòíîå äðîáíîå, ïðåäñòàâëåíî â áåççíàêîâîì âèäå ñ ôèêñèðîâàííîé òî÷êîé â 0.10 ôîðìàòå.(This is a 10 bit fraction, represented in unsigned fixed binary point 0.10 format.) Â öåëî÷èñëåííîé ÷àñòè íåîáõîäèìî èìåòü 10 áèò (2^10=1024) ÷òîáû êîäèðîâàòü äî 1023 1-áàéòîâûõ âûáîðîê çà êàäð. Ýòî 10 áèòíîå öåëîå , ïðåäñòàâëåíà â áåççíàêîâîì âèäå ñ ôèêñèðîâàííîé òî÷êîé â 10.0 ôîðìàòå. Îáúåäèíåííîå çíà÷åíèå Ff ìîæåò áûòü çàêîäèðîâàíî â áåççíàêîâîì âèäå ñ ôèêñèðîâàííîé òî÷êîé â 10.10 ôîðìàòå, êîòîðûé âïèñûâàòüñÿ â òðè áàéòà (24 áèòà). Òàê êàê ìàêñèìàëüíîå öåëî÷èñëåííîå çíà÷åíèå ôèêñèðîâàíî 1023, ÷èñëî 10.10  áóäåò âûðîâíåíî ïî ëåâîìó êðàþ â 24 áèòàõ, òàê, ÷òîáû îíî èìåëî 10.14 ôîðìàò.(Since the maximum integer value is fixed to 1023, the 10.10 number will be left-justified in the 24 bits, so that it has a 10.14 format.) Òðåáóþòñÿ òîëüêî ïåðâûå 10 áèòîâ ïîçàäè äâîè÷íîé òî÷êè. Ìëàäøèå 4 áèòà ìîãóò íåîáÿçàòåëüíî èñïîëüçîâàòüñÿ, ÷òîáû ðàñøèðèòü òî÷íîñòü Ff; èíà÷å, îíè äîëæíû áûòü ñîîáùåíû êàê 0. Óïîðÿäî÷èâàíèå áèò è áàéò ïðèäåðæèâàåòñÿ îïðåäåëåíèÿìè äðóãèõ ìíîãîáàéòîâûõ ïîëåé, ñîäåðæàùèõñÿ â Ãëàâå 8.(The bit and byte ordering follows the definitions of other multi-byte fields contained in Chapter 8.)


Êàæäûé êàäð, àäàïòèâíûé èñòî÷íèê äîáàâëÿåò Ff ê ëþáîìó îñòàâøåìóñÿ äðîáíîìó ñ÷åòó âûáîðêè èç ïðåäûäóùåãî êàäðà, ÷èñëî âûáîðîê èñòî÷íèêè ñóììèðóþò â öåëîé ÷àñòè, è ñîõðàíÿåò äðîáíûé ñ÷åò âûáîðêè äëÿ ñëåäóþùåãî êàäðà.(Each frame, the adaptive source adds Ff to any remaining fractional sample count from the previous frame, sources the number of samples in the integer part of the sum, and retains the fractional sample count for the next frame.) Èñòî÷íèê ìîæåò ðàññìàòðèâàòü ïîâåäåíèå Ff âî ìíîãèõ êàäðàõ, ÷òîáû îïðåäåëèòü áîëåå òî÷íî ñêîðîñòü, åñëè ýòî òðåáóåòñÿ.


Ñòîê ìîæåò îïðåäåëÿòü Ff, ñ÷èòàÿ öèêëû ÷àñîâ ñ ÷àñòîòîé Fs * 2 ^ P çà ïåðèîä â 2 ^ (10-P) êàäðàõ, ãäå P - öåëîå ÷èñëî.  P ôàêòè÷åñêè äîëæåí áûòü â äèàïàçîíå [0,10], ïîòîìó ÷òî íåò ñìûñë â èñïîëüçîâàíèè ÷àñîâ èäóùèõ ìåäëåííåå ÷åì Fs, è íåò ñìûñëà ïîïûòàòüñÿ ìîäèôèöèðîâàòü êàäð áîëüøå ÷åì îäèí ðàç(update more than once a frame). Ñ÷åò÷èê ïðî÷èòûâàåòñÿ ïî Ff è ñáðàñûâàòü êàæäûé 2 ^ (10-P) êàäð. Ïîêà íèêàêèå öèêëû ÷àñîâ íå ïðîïóùåíû, ïîäñ÷åò áóäåò òî÷åí äîëãîå âðåìÿ. Â êîíå÷íîé òî÷êå íåîáõîäèìî òîëüêî ðåàëèçîâàòü ÷èñëî áèòîâ ñ÷åò÷èêà, ìàêñèìàëüíîé Ff êîòîðóþ îíà òðåáóåò.(An endpoint only needs to implement the number of counter bits that it requires for its maximum Ff.)


Öèôðîâàÿ òåëåôîííàÿ êîíå÷íàÿ òî÷êà, íàïðèìåð, áóäåò îáû÷íî ïîëó÷àòü 8 êÃö Fs,  äåëÿ ÷àñû 64 êÃö (P = 3) êîòîðûå îíà èñïîëüçóåò, ÷òîáû ïðåîáðàçîâàòü äàííûå â ïîñëåäîâàòåëüíûé ïîòîê äàííûõ/( which it uses to serialize the data stream.) Ôàçà ÷àñîâ 64 êÃö ìîæåò òàêæå äîïîëíÿòüñÿ 1 áèòîì òî÷íîñòè, òîãäà ðåàëüíîå P = 4. Ýòî ïîçâîëèëî áû Ff ìîäèôèöèðîâàòüñÿ êàæäûé 2^(10-4)=64 êàäð.(This would give Ff updates every 2^(10-4) = 64 frames.) ×òîáû ïîëó÷èòü Ff òðåáîâàëñÿ áû 13-ðàçðÿäíûé ñ÷åò÷èê ,ñ 3 áèòàìè äëÿ 8 âûáîðîê çà êàäð, è 10 áèòîâ äëÿ äðîáíîé ÷àñòè. 13 áèòîâ îáåñïå÷èëè áû ïîëå 3.10 âíóòðè 10.14 çíà÷åíèé Ff, ñ îñòàþùèìñÿ  áèòàìè ñáðîøåííûìè â 0.


Âûáîð P çàâèñèò îò ñïåöèôèêè êîíå÷íîé òî÷êè, è äîëæåí áûòü ìåæäó 1 è 9, âêëþ÷èòåëüíî.  Áîëüøèå çíà÷åíèÿ P ïðåäïî÷òåíû, òàê êàê îíè óìåíüøàþò ðàçìåð ñ÷åò÷èêà êàäðîâ è óâåëè÷èâàþò ñêîðîñòü ñ êîòîðîé ìîäèôèöèðóåòñÿ  Ff. Áîëåå ÷àñòûå ìîäèôèêàöèè ïðèâîäÿò ê áîëåå æåñòêîìó óïðàâëåíèþ  ñêîðîñòüþ ïåðåäà÷è äàííûõ èñòî÷íèêà, êîòîðàÿ óìåíüøàåò áóôåðíóþ îáëàñòü, òðåáóåìóþ äëÿ îáðàáîòêè èçìåíåíèÿ Ff. P äîëæåí áûòü ìåíüøå ÷åì 10 òàê, ÷òîáû Ff áûëà óñðåäíåíà õîòÿ áû ïî äâóì êàäðàì, ÷òîáû óìåíüøèòü ýôôåêòû ôëóêòóàöèè SOF. P íå äîëæåí áûòü 0, ÷òîáû õðàíèòü íå ìåíåå ÷åì 1 îòêëîíåíèå â ÷èñëå âûáîðîê èç èñòî÷íèêà â ñëó÷àå ïîòåðè çíà÷åíèÿ Ff.(P should not be 0 in order to keep the deviation in the number of samples sourced to less than 1 in the event of a lost Ff value.)


Ïåðåäà÷è Ïðåðûâàíèÿ èñïîëüçóþòñÿ, äëÿ ïðî÷òåíèÿ Ff èç ðåãèñòðà îáðàòíîé ñâÿçè â ïåðèîäè÷åñêèõ èíòåðâàëàõ (Interrupt transfers are used to read Ff from the feedback register at periodic intervals.) Òðåáóåìàÿ  ñêîðîñòè ñîîáùåíèÿ ïî îáðàòíîé ñâÿçè äîëæíà áûòü 2^(10-P) ìñ (êàäðîâ).The desired reporting rate for the feedback should be 2^(10-P) ms (frames)) Ff áóäåò ñîîáùåíà áîëåå îäíîãî ðàçà ïðè ìîäèôèêàöèè ïåðèîäà.(Ff will be reported at most once per update period.) Íå÷åãî ñîîáùàòü êðîìå òîãîæå ñàìîãî çíà÷åíèå Ff ïðè ìîäèôèêàöèè ïåðèîäà.(There is nothing to be gained by reporting the same Ff value more than once per update period.) Êîíå÷íàÿ òî÷êà ìîæåò âûáðàòü ñîîáùåíèå òîëüêî Ff, åñëè ìîäèôèöèðóåìîå çíà÷åíèå èçìåíèëîñü îò ïðåäûäóùåãî çíà÷åíèÿ Ff. (The endpoint may choose to only report Ff if the updated value has changed from the previous Ff value.)


Âîçìîæíî, ÷òî èñòî÷íèê ïîñòàâèò íà îäíó áîëüøå èëè íà îäíó ìåíüøå âûáîðêó â òå÷åíèè äëèòåëüíîãî ïåðèîäà, èç-çà îøèáîê èëè íàêîïëåííûõ ïîãðåøíîñòåé ïðè èçìåðåíèè Ff. (It is possible that the source will deliver one too many or one too few samples over a long period, due to errors or accumulated inaccuracies in measuring Ff.) Ñòîê äîëæåí èìåòü áóôåð ñ âîçìîæíîñòÿìè äîñòàòî÷íûìè äëÿ ðàçìåùåíèÿ åå. (The sink must have sufficient buffer capability to accommodate this.) Êîãäà ñòîê ðàñïîçíàåò òàêîå ñîñòîÿíèå, îí äîëæíî îòêîððåêòèðîâàòü ñîîáùåííîå çíà÷åíèå Ff, ÷òîáû èñïðàâèòü ýòó ñèòóàöèþ. Ýòî ìîæåò áûòü òàêæå íåîáõîäèìî äëÿ êîìïåíñàöèè äðåéôà ÷àñîâ.(This may also be necessary to compensate for relative clock drifts.) Ðåàëèçàöèÿ ýòîãî ïðîöåññà èñïðàâëåíèÿ ñïåöèôè÷íà äëÿ êîíå÷íîé òî÷êè è íå îïðåäåëåíà.


Àäàïòèâíûé èñòî÷íèê ìîæåò ïîëó÷àòü èíôîðìàöèþ î ñêîðîñòè ïåðåäà÷è äàííûõ ñòîêà èç àäàïòèâíîãî ñòîêà, êîòîðûé ïðèâÿçàí ê òåìæå ñàìûì ÷àñàì ÷òî è ñòîê, êàê èìåëî áû ìåñòî ïðè äâóõñòîðîííåì ðå÷åâîì ñîåäèíåíèè. Â ýòîì ñëó÷àå, êàíàë îáðàòíîé ñâÿçè íå íóæåí.


Ñâÿçûâàåìîñòü


×òîáû ïîëíîñòüþ îïèñûâàòü ïðîöåññ ñâÿçûâàåìîñòè èñòî÷íèêà-ñî-ñòîêîì, èñïîëüçóåòñÿ ìîäåëü ñâÿçè. Ìîäåëü ïîêàçûâàåò ðàçëè÷íûå âêëþ÷àåìûå êîìïîíåíòû è êàê îíè âçàèìîäåéñòâóþò, ÷òîáû óñòàíîâèòü ñîåäèíåíèå. 


Ìîäåëü ïðåäóñìàòðèâàåò ñèòóàöèè ñî ìíîãèìè-èñòî÷íèêàìè/ìíîãèìè-ñòîêàìè. �Ðèñóíîê 5-15 èëëþñòðèðóåò òèïè÷íóþ ñèòóàöèþ (ñèëüíî ñæàòàÿ è íåçàâåðøåííàÿ)(highly condensed and incomplete). Ôèçè÷åñêîå óñòðîéñòâî ñîåäèíåíî ñ ïðèêëàäíûì ïðîãðàììíûì îáåñïå÷åíèåì õîñòà ÷åðåç ðàçëè÷íûå óðîâíè àïïàðàòíûõ ñðåäñòâ è ïðîãðàììíîãî îáåñïå÷åíèÿ êàê îïèñàíî â ñïåöèôèêàöèè USB. Â êëèåíòñêîì óðîâíå èíòåðôåéñà, ïðèëîæåíèå ïðåäñòàâëåíî êàê “âèðòóàëüíîå” óñòðîéñòâî. (At the client interface level, a “virtualized” device is presented to the application.)  Ñ òî÷êè çðåíèÿ ïðèëîæåíèÿ, ñóùåñòâóþò òîëüêî âèðòóàëüíûå óñòðîéñòâà. Îíî äî äðàéâåðà óñòðîéñòâà è êëèåíòñêîãî ïðîãðàììíîãî îáåñïå÷åíèÿ, ðåøàåò òî, êàêèå òî÷íî çàâèñèìîñòè åñòü ìåæäó ôèçè÷åñêèì è âèðòóàëüíûì óñòðîéñòâîì.(It is up to the device driver and client software to decide what the exact relation is between physical and virtual device.)


� EMBED Word.Picture.6  ���


Ðèñóíîê 5-15. Ïðèìåðà Ñîåäèíåíèÿ Èñòî÷íèêà/Ñòîêà


Èçãîòîâèòåëè óñòðîéñòâà (èëè ïðîäàâöû îïåðàöèîííîé ñèñòåìû) äîëæíû ïðåäîñòàâèòü íåîáõîäèìîå ïðîãðàììíîå îáåñïå÷åíèå äðàéâåðà óñòðîéñòâà è ïðîãðàììíîå îáåñïå÷åíèå êëèåíòñêîãî èíòåðôåéñà, ÷òîáû ïðåîáðàçîâàòü èõ óñòðîéñòâî îò ôèçè÷åñêîé ðåàëèçàöèè ê ðåàëèçàöèè, ïîäõîäÿùåé ïðîãðàììíîìó îáåñïå÷åíèþ USB, â âèäå âèðòóàëüíîãî óñòðîéñòâà. Êàê èçëîæåíî âûøå, â çàâèñèìîñòè îò âîçìîæíîñòåé âñòðîåííûõ â ýòî ïðîãðàììíîå îáåñïå÷åíèå, âèðòóàëüíîå óñòðîéñòâî ìîæåò ïðîÿâëÿòü  ïîâåäåíèå ïðè ñèíõðîíèçàöèè îòëè÷íîå îò ôèçè÷åñêîãî óñòðîéñòâà.  Îäíàêî, êëàññèôèêàöèÿ ñèíõðîíèçàöèè îäèíàêîâî ïðèìåíÿåòñÿ íà è ôèçè÷åñêèå è íà âèðòóàëüíûå óñòðîéñòâà. Âñå ôèçè÷åñêèå óñòðîéñòâà ïðèíàäëåæàò îäíîìó èç òðåõ âîçìîæíûõ òèïîâ ñèíõðîíèçàöèè.  Ñëåäîâàòåëüíî, âîçìîæíîñòè, êîòîðûå äîëæíû âñòðàèâàòüñÿ â äðàéâåð óñòðîéñòâà è-èëè êëèåíòñêîå ïðîãðàììíîå îáåñïå÷åíèå äîëæíû áûòü òàêèå æå êàê âîçìîæíîñòè ôèçè÷åñêîãî óñòðîéñòâà. Ñëîâî “ïðèëîæåíèå” äîëæíî áûòü çàìåíåíî íà " äðàéâåð " óñòðîéñòâà/êëèåíòñêîå ïðîãðàììíîå îáåñïå÷åíèå”. Â ñëó÷àå ñîåäèíåíèÿ ôèçè÷åñêîãî èñòî÷íèêà ñ âèðòóàëüíûì èñòî÷íèêîì, “ âèðòóàëüíîå óñòðîéñòâî èñòî÷íèêà ” äîëæíî áûòü çàìåíåíî íà “ ôèçè÷åñêîå óñòðîéñòâî èñòî÷íèêà ” è “ âèðòóàëüíîå óñòðîéñòâî ñòîêà ”, äîëæíî áûòü çàìåíåíî íà “ âèðòóàëüíîå óñòðîéñòâî èñòî÷íèêà ”. Â ñëó÷àå ñîåäèíåíèÿ âèðòóàëüíîãî ñòîêà ñ ôèçè÷åñêèì ñòîêîì, “ âèðòóàëüíîå óñòðîéñòâî èñòî÷íèêà ” äîëæíî áûòü çàìåíåíî íà “ âèðòóàëüíîå óñòðîéñòâî ñòîêà ” è “ âèðòóàëüíîå óñòðîéñòâî ñòîêà ”, äîëæíî áûòü çàìåíåíî íà “ ôèçè÷åñêîå óñòðîéñòâî ñòîêà. ”


Ðàçìåùåíèå ôóíêöèîíàëüíûõ âîçìîæíîñòåé àäàïòàöèè ñêîðîñòè â óðîâåíü äðàéâåðà óñòðîéñòâà/ êëèåíòñêîãî ïðîãðàììíîãî îáåñïå÷åíèÿ èìååò îòëè÷íîå ïðåèìóùåñòâî èçîëÿöèè âñåõ ïðèëîæåíèé, èñïîëüçóþùèõ óñòðîéñòâî, îò ñïåöèôèêè è ïðîáëåì, ñâÿçàííûõ ñ àäàïòàöèåé ñêîðîñòè. Ïðèëîæåíèÿ, êîòîðûå èíà÷å áûëè áû ìíîãî-ñêîðîñòíûìè, âûðîæäàþòñÿ ê áîëåå ïðîñòûì ìîíî-ñêîðîñòíûì ñèñòåìàì.


Ñëåäóåò îáðàòèòü âíèìàíèå, ÷òî ìîäåëü íå îãðàíè÷åíà òîëüêî óñòðîéñòâàìè  USB. Äèñêîâîä CD-ROM, íàïðèìåð, ñîäåðæàùèé 44.1 êÃö çâóê ìîæåò ïðîÿâëÿòüñÿ(appear) èëè êàê àñèíõðîííûé èëè ñèíõðîííûé èëè àäàïòèâíûé èñòî÷íèê. Àñèíõðîííàÿ îïåðàöèÿ îçíà÷àåò, ÷òî CD-ROM çàïîëíÿåò áóôåð ñî ñêîðîñòüþ, ñ êîòîðîé îí ÷èòàåò äàííûì ñ äèñêà, è äðàéâåð îñâîáîæäàåò áóôåð ñîãëàñíî èíòåðâàëó îáñëóæèâàíèÿ USB. Ñèíõðîííàÿ îïåðàöèÿ îçíà÷àåò, ÷òî äðàéâåð èñïîëüçóåò èíòåðâàë îáñëóæèâàíèÿ USB (íàïðèìåð, 10 ìñ) è íîìèíàëüíàÿ ñêîðîñòü âûáîðêè äàííûõ (44.1 êÃö) êîòîðàÿ îïðåäåëÿåò îñóùåñòâëåíèå 441 âûáîðîê êàæäûé èíòåðâàë îáñëóæèâàíèÿ USB. Àäàïòèâíàÿ îïåðàöèÿ áûëà áû âñòðîåíà â ïðåîáðàçîâàòåëü ñêîðîñòè âûáîðîê, ÷òîáû ñîãëàñîâûâàòü âûõîäíóþ ñêîðîñòü CD-ROM ñ ðàçëè÷íûìè ñêîðîñòÿìè âûáîðîê ñòîêà. 


Ïðè èñïîëüçîâàíèè ýòîé ýòàëîííîé ìîäåëè, âîçìîæíî îïðåäåëèòü ÷òî íåîáõîäèìû îïåðàöèè óñòàíîâêè ñîåäèíåíèÿ ìåæäó ðàçëè÷íûìè èñòî÷íèêàìè è ñòîêàìè.(Using this reference model, it is possible to define what operations are necessary to establish connections between various sources and sinks.) Êðîìå òîãî, ìîäåëü óêàçûâàåò, ÷òî îäèíàêîâîñòü ýòèõ îïåðàöèè äîëæíà èëè ìîæåò èìåòü ìåñòî.( Furthermore, the model indicates at what level these operations must or can take place.) Ñíà÷àëà èìååòñÿ ñòàäèÿ, ãäå ôèçè÷åñêèå óñòðîéñòâà îòîáðàæåíû(mapped) íà âèðòóàëüíûå óñòðîéñòâà è íàîáîðîò. Îíà âûïîëíåíà äðàéâåðîì è-èëè êëèåíòñêèì ïðîãðàììíûì îáåñïå÷åíèåì. Â çàâèñèìîñòè îò âîçìîæíîñòåé, âêëþ÷åííûõ â ýòî ïðîãðàììíîå îáåñïå÷åíèå, ôèçè÷åñêîå óñòðîéñòâî ìîæåò áûòü ïðåîáðàçîâàíî â âèðòóàëüíîå óñòðîéñòâî ïîëíîñòüþ äðóãîãî òèïà ñèíõðîíèçàöèè. Âòîðîé ñòàäèÿ - ýòî ïðèëîæåíèå, êîòîðîå èñïîëüçóåò âèðòóàëüíûå óñòðîéñòâà. Ðàçìåùåíèå âîçìîæíîñòåé ñîãëàñîâàíèÿ ñêîðîñòè íà óðîâíå äðàéâåðà/êëèåíòà ñòåêà ïðîãðàììíîãî îáåñïå÷åíèÿ îñâîáîæäàåò ïðèëîæåíèå ñâÿçûâàþùååñÿ ñ âèðòóàëüíûìè óñòðîéñòâàìè îò çàáîò ïî âûïîëíåíèþ ñîãëàñîâàíèÿ ñêîðîñòè äëÿ êàæäîãî óñòðîéñòâà, êîòîðîå ïðèñîåäèíåíî ê íèì(??? ê òàêèå "ê íèì "). Åñëè òîëüêî âèðòóàëüíûå õàðàêòåðèñòèêè óñòðîéñòâà îïðåäåëåíû(decided), ôàêòè÷åñêèå õàðàêòåðèñòèêè óñòðîéñòâà èíòåðåñíû íå áîëüøå ÷åì ôàêòè÷åñêèå ôèçè÷åñêèå õàðàêòåðèñòèêè óñòðîéñòâà äðóãîãî äðàéâåðà.


Íàïðèìåð, ðàññìîòðèì ïðèëîæåíèå ñìåñèòåëÿ, êîòîðîå ñîåäèíÿåòñÿ íà ñòîðîíå èñòî÷íèêà ñ ðàçëè÷íûìè èñòî÷íèêàìè, êàæäûé âûïîëíÿåòñÿ ñî ñâîåé ñîáñòâåííîé ÷àñòîòîé è ÷àñàìè.  Ïðåæäå, ÷åì ñìîæåò ïðîèñõîäèòü ñìåøèâàíèå, âñå ïîòîêè äîëæíû áûòü ïðåîáðàçîâàíû â îáùóþ ÷àñòîòó è ïðèâÿçàíû ê îáùèì ýòàëîííûì ÷àñàì. Ýòî äåéñòâèå ìîæåò âûïîëíÿòüñÿ â ôèçè÷åñêîì îòîáðàæåíîì íà âèðòóàëüíûé óðîâåíå èëè îíî ìîæåò áûòü âûïîëíåíî ïðèëîæåíèåì íåïîñðåäñòâåííî äëÿ êàæäîãî óñòðîéñòâà èñòî÷íèêà íåçàâèñèìî. (This action can be performed in the physical to virtual mapping layer or .) Ïîäîáíûå æå äåéñòâèÿ äîëæíû âûïîëíèòüñÿ íà ñòîðîíå ñòîêà. Åñëè ïðèëîæåíèå ïîñûëàåò ñìåøàííûé ïîòîê äàííûõ íàðóæó ðàçëè÷íûì óñòðîéñòâàì ñòîêà, âîçìîæíî èëè äåëàòü ñîãëàñîâàíèå ñêîðîñòè äëÿ êàæäîãî óñòðîéñòâà, íåïîñðåäñòâåííî èëè ïîëîæèòüñÿ íà  äðàéâåð/êëèåíñêîå ïðîãðàììíîå îáåñïå÷åíèå, ÷òîáû îí ñäåëàë ýòî åñëè âîçìîæíî.


Òàáëèöà 5-8 óêàçûâàåò â ïåðåñå÷åíèÿõ, êàêèå äåéñòâèÿ äîëæíî âûïîëíèòü ïðèëîæåíèå, ÷òîáû ñîåäèíèòü êîíå÷íóþ òî÷êó èñòîêà ñ êîíå÷íîé òî÷êîé ñòîêà.


Òàáëèöà 5-8 Òðåáîâàíèÿ ê Ñîåäèíåíèþ
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Ïðèìå÷àíèÿ:


Àñèíõðîííàÿ RA â ïðèëîæåíèè. Fsi - îïðåäåëåííèå èñòî÷íèêà, èñïîëüçóÿ èíôîðìàöèþ óïðåæäåíèÿ, âíåäðåííóþ â ïîòîê äàííûõ(Fsi is deter�mined by the source, using the feedforward information embedded in the data stream.) Fso - îïðåäåëåíèå ñòîêà, îñíîâûâàÿñü íà èíôîðìàöèè îáðàòíîé ñâÿçè îò ñòîêà. Åñëè íîìèíàëüíî Fsi = Fso, ïðîöåññ âûðîæäàåòñÿ ê ïðîõîäíîìó(feedthrough) ñîåäèíåíèþ, åñëè îøèáêè/çàïîëíåíèÿ(slip/stuff) èç-çà íåäîñòàòêà ñèíõðîíèçàöèè òåðïèìû (If nominally Fsi = Fso, the process degenerates to a feedthrough connection if slips/stuffs due to lack of synchronization are tolerable.) Òàêèå îøèáêè/çàïîëíåíèÿ âûçîâóò ñëûøèìûå èñêàæåíèå âîñïðîèçâåäåíèÿ â çâóêîâûõ ïðèëîæåíèÿõ.


Àñèíõðîííàÿ RA â ïðèëîæåíèè.  Fsi îïðåäåëåíèå èñòî÷íèêà íî ñ ïðèâÿçêîé ê SOF.  Fso -, îïðåäåëåíèå ñòîêà, îñíîâûâàÿñü íà èíôîðìàöèè îáðàòíîé ñâÿçè îò ñòîêà. Åñëè íîìèíàëüíî Fsi = Fso, the process degenerates to a feedthrough connection if slips/stuffs due to lack of synchronization are tolerable.  Such slips/stuffs will cause audible degradation in audio applications.


If Fso falls within the locking range of the adaptive source, a feedthrough connection can be established.  Fsi = Fso, and both are deter�mined by the asynchronous sink, based on feedback information from the sink.  If Fso falls outside the locking range of the adaptive source, the adaptive source is switched to synchronous mode and Note 2 applies.


Asynchronous RA in the application. Fsi is deter�mined by the source.  Fso is determined by the sink and locked to SOF.  If nominally Fsi = Fso, the process degenerates to a feedthrough connection if slips/stuffs due to lack of synchronization are tolerable.  Such slips/stuffs will cause audible degradation in audio applications.


Synchronous RA in the application.  Fsi is deter�mined by the source and locked to SOF.  Fso is determined by the sink and locked to SOF.  If Fsi = Fso, the process degener�ates to a loss-free feedthrough connection.


The application will provide feedback to synchronize the source to SOF.  Then the adaptive source appears to be a synchronous endpoint and Note 5 applies.


If Fsi falls within the locking range of the adaptive sink, a feedthrough connection can be established.  �Fsi = Fso and are deter�mined by and locked to the source.�If Fsi falls outside the locking range of the adaptive sink, synchronous RA is done in the host to provide an Fso that is within the locking range of the adaptive sink.


If Fsi falls within the locking range of the adaptive sink, a feedthrough connection can be established.  �Fso  = Fsi and are deter�mined by the source and locked to SOF.�If Fsi falls outside the locking range of the adaptive sink, synchronous RA is done in the host to provide an Fso that is within the locking range of the adaptive sink.


The application will use feedback control to set Fso of the adaptive source when the connection is set up.  The adaptive source operates as an asynchronous source in the absence of ongoing feedback information and Note 7 applies.


Â ñëó÷àÿõ, ãäå RA íåîáõîäèì, íî íå äîñòóïåí, ïðîöåññ àäàïòàöèè ñêîðîñòè ìîã áû ïîäðàæàòü ïðîïóñêó/çàïîëíåíèþ âûáîðêè (In cases where RA is needed but not available, the rate adaptation process could be mimicked by sample dropping/stuffing.) Òîãäà ñîåäèíåíèå ìîãëî áû åùå îñóùåñòâëåíî, âîçìîæíî ñ ïðåäóïðåæäåíèåì î íèçêîì êà÷åñòâå; èíà÷å, ñîåäèíåíèå íå ìîæåò îñóùåñòâëåíî(made).


Çâóêîâàÿ Ñâÿçûâàåìîñòü


Êîãäà âûøåóïîìÿíóòîå äåéñòâèå ïðèìåíÿåòñÿ ê çâóêîâûì ïîòîêàì äàííûõ, ïðîöåññ àäàïòàöèè ñêîðîñòè çàìåíåí ïðåîáðàçîâàíèåì ñêîðîñòè âûáîðêè, êîòîðîå ÿâëÿåòñÿ ñïåöèàëèçèðîâàííîé ôîðìîé àäàïòàöèè ñêîðîñòè. Âìåñòî óïðàâëåíèÿ ïðè îøèáêå(Instead of error control), èñïîëüçóåòñÿ íåêîòîðàÿ ôîðìà èíòåðïîëÿöèè âûáîðêè , ÷òîáû ñîãëàñîâàòü âõîäÿùèå è èñõîäÿùèå ñêîðîñòè âûáîðêè. Â çàâèñèìîñòè îò èñïîëüçóåìûõ ìåòîäîâ èíòåðïîëÿöèè, çâóêîâîå êà÷åñòâî (èñêàæåíèå, îòíîøåíèå ñèãíàë/øóì, è ò.ä.) ïðåîáðàçîâàíèÿ ìîæåò çíà÷èòåëüíî èçìåíÿòüñÿ. Îáû÷íî, áîëåå âûñîêîå êà÷åñòâî òðåáóåò áîëüøèõ çàòðàò ìîùíîñòè.


Ñâÿçûâàåìîñòü Ñèíõðîííûõ Äàííûõ


Äëÿ ñëó÷àÿ ñèíõðîííûõ äàííûõ, èñïîëüçóåòñÿ àäàïòàöèÿ ñêîðîñòè. Ñëó÷àéíûå îøèáêè/çàïîëíåíèÿ ìîãóò áûòü ïðèåìëåìû äëÿ ìíîãèõ ïðèëîæåíèé, â êîòîðûõ ðåàëèçîâàíà íåêîòîðàÿ ôîðìà óïðàâëåíèÿ ïðè îøèáêàõ. Óïðàâëåíèå ïðè îøèáêàõ âêëþ÷àåò îáíàðóæåíèå îøèáîê è îòáðàñûâàíèå, îáíàðóæåíèå îøèáîê è ïîâòîðíóþ ïåðåäà÷ó, èëè ïðÿìîå èñïðàâëåíèå îøèáêè. Ñêîðîñòü îøèáîê/çàïîëíåíèé áóäåò çàâèñåòü îò íåñîîòâåòñòâèÿ ÷àñîâ èñòî÷íèêà è ñòîêà, è ìîæåò áûòü äîìèíèðóþùèé èñòî÷íèê îøèáêè êàíàëà.(The rate of slips/stuffs will depend on the clock mismatch between the source and sink, and may be the dominant error source of the channel.) Åñëè óïðàâëåíèÿ ïðè îøèáêå äîñòàòî÷íî, òî ñîåäèíåíèå ìîæåò âñå åùå îñóùåñòâëåíî. 


Ïðåäáóôåðèðîâàíèå Äàííûõ (Data Prebuffering)


USB òðåáóåò, ÷òîáû óñòðîéñòâà ïðåäáóôåðà ïåðåä îáðàáîòêîé/ïåðåäà÷åé  äàííûõ ïîçâîëèëî õîñòó áîëåå ãèáêî óïðàâëÿòü ïåðåìåùåíèåì êàæäîé òðàíçàêöèè êàíàëà â øèíå îò êàäðà ê êàäðó (USB requires that devices prebuffer data before processing/transmission to allow the host more flexibility in managing when each pipe’s transaction is moved over the bus from frame to frame.)


Äëÿ ïåðåäà÷ îò ôóíêöèè ê õîñòó, êîíå÷íàÿ òî÷êà äîëæíà íàêîïëÿòü âûáîðêè â òå÷åíèå êàäðà X, ïîêà îíà íå ïîëó÷èò ìàðêåðíûé ïàêåò Íà÷àëî Êàäðà (SOF) äëÿ êàäðà X + 1. Ýòè “çàùåëêè” äàííûõ èç êàäðà X â ïàêåò áóôåðà, è òåïåðü ãîòîâ ïîñëàòü ïàêåò, ñîäåðæàùèé ýòè âûáîðêè â òå÷åíèå êàäðà X+1.(It “latches” the data from frame X into its packet buffer and is now ready to send the packet containing those samples during frame X+1.) Êîãäà îíà ïîøëåò ýòè äàííûå â òå÷åíèå êàäðà îïðåäåëåííîãî èñêëþ÷èòåëüíî õîñò êîíòðîëëåðîì è ìîãóò èçìåíÿòüñÿ îò êàäðà ê êàäðó.(When it will send that data during the frame is determined solely by the host controller and can vary from frame to frame.)


Ïðè ïåðåäà÷àõ îò õîñòà ê ôóíêöèè, êîíå÷íàÿ òî÷êà ïðèìåò ïàêåò îò õîñòà êîãäà-íèáóäü â òå÷åíèè êàäðà Y. Êîãäà îíà ïîëó÷àåò SOF äëÿ êàäðà Y+1, îíà ìîæåò íà÷èíàòü îáðàáàòûâàòü äàííûå, ïîëó÷åííûå â êàäðå Y.


Ýòîò ïîäõîä ïîçâîëÿåò êîíå÷íîé òî÷êå èñïîëüçîâàòü ìàðêåð SOF êàê óñòîé÷èâûå ÷àñû ñ î÷åíü íåáîëüøîé ôëóêòóàöèåé/äðåéôîì, êîãäà õîñò êîíòðîëëåð ïåðåìåùàåò ïàêåò ïî øèíå ïðè òàêæå ðàçðåøåíèè õîñò êîíòðîëëåðà, ÷òîáû èçìåíèòüñÿ âíóòðè êàäðà òî÷íî, êîãäà ïàêåò ôàêòè÷åñêè ïåðåìåùàåòñÿ ïî øèíå. (This approach allows an endpoint to use the SOF token as a stable clock with very little jitter/drift when the host controller moves the packet over the bus while also allowing the host controller to vary within a frame precisely when the packet is actually moved over the bus.) Ýòî ïðåäáóôåðèðîâàíèå  ïðåäîñòàâëÿåò íåêîòîðóþ äîïîëíèòåëüíóþ çàäåðæêó ìåæäó òåì, êîãäà âûáîðêà ÿâëÿåòñÿ äîñòóïíîé â êîíå÷íîé òî÷êå è êîãäà îíà ïåðåìåùàåòñÿ ïî øèíå, ñðàâíèâàÿ ñ îêðóæåíèåì, ãäå äîñòóï øèíû - òî÷íî òî æå ñàìîå ñìåùåíèå âðåìåíè èç SOF îò êàäðà ê êàäðó.(This prebuffering introduces some additional delay between when a sample is available at an endpoint and when it moves over the bus compared to an environment where the bus access is at exactly the same time offset from SOF from frame to frame.)


Ðèñóíîê 5-16 ïîêàçûâàåò ïîñëåäîâàòåëüíîñòü âðåìåí, ãäå ïåðåäà÷à îò ôóíêöèè ê õîñòó (Âõîäíîé ïðîöåññ), äàííûå D0 íàêàïëèâàþòñÿ â òå÷åíèå êàäðà Fi âî âðåìÿ Ti è ïåðåäàþòñÿ íà õîñò â òå÷åíèè êàäðà FI+1. Òî÷íî òàê æå äëÿ ïåðåäà÷è îò õîñòà ê ôóíêöèè (Âûõîäíîé ïðîöåññ), äàííûå D0 ïîëó÷åíû êîíå÷íîé òî÷êîé â òå÷åíèå êàäðà Fi+1 è îáðàáîòàí â òå÷åíèå êàäðà Fi+2.
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Ðèñóíîê 5-16. Ïðåäáóôåðèðîâàíèå Äàííûõ


Ñëåæåíèå çà SOF


Ôóíêöèè, ïîääåðæèâàþùèå èçîõðîííûå êàíàëû äîëæíû ïîëó÷èòü è ïîíÿòü ëåêñåìó SOF, ÷òîáû ïîääåðæèâàòü ïðåäáóôåðèðîâàíèå êàê îïèñàíî ðàíåå. Ïðè óñëîâèè, ÷òî SOFs ìîãóò áûòü ðàçðóøåíû, óñòðîéñòâî äîëæíî áûòü ïîäãîòîâëåíî, ÷òîáû îïðàâèòüñÿ îò ðàçðóøåííîãî SOF. Ýòè òðåáîâàíèÿ êàñàþòñÿ òîëüêî ïîëíî ñêîðîñòíûõ óñòðîéñòâ ïðè èçîõðîííûõ ïåðåäà÷àõ, òàê êàê íèçêî ñêîðîñòíûå óñòðîéñòâà íå âèäÿò SOFs íà øèíå.(These requirements limit isochronous transfers to full speed devices only, since low speed devices do not see SOFs on the bus.) Òàêæå, òàê êàê SOF ïàêåòû ìîãóò áûòü ïîâðåæäåíû ïðè ïåðåäà÷è, óñòðîéñòâà ïîääåðæèâàþùèå èçîõðîííûå ïåðåäà÷è, äîëæíû óìåòü ñèíòåçèðîâàòü ñóùåñòâîâàíèå SOF, êîòîðûé îíè íå ìîãóò âèäåòü èç-çà îøèáêè íà øèíå.


Èçîõðîííûå ïåðåäà÷è òðåáóþò, ÷òîáû  ñîîòâåòñòâóþùèå äàííûå áûëè ïåðåäàíû â ñîîòâåòñòâóþùåì êàäðå. USB òðåáóåò, ÷òî, êîãäà îáåñïå÷åíà èçîõðîííàÿ ïåðåäà÷à ê õîñò êîíòðîëëåðó, ýòî èäåíòèôèöèðóåò íîìåð êàäðà äëÿ ïåðâîãî êàäðà. (USB requires that when an isochronous transfer is presented to the host controller, it identifies the frame number for the first frame.) Õîñò êîíòðîëëåð íå äîëæåí ïåðåäàòü ïåðâóþ òðàíçàêöèþ ïðåæäå ÷åì áóäåò óêàçàí íîìåð êàäðà. Êàæäàÿ ïîñëåäóþùàÿ òðàíçàêöèÿ èç IRP äîëæíà ïåðåäàâàòüñÿ â óñïåøíûõ(succeeding) êàäðàõ. Åñëè íåò çàäåðæàííûõ òðàíçàêöèé äëÿ òåêóùåãî êàäðà, òî õîñò êîíòðîëëåð íè÷åãî íå ïåðåäàñò ïî èçîõðîííîìó êàíàëó.(If there are no transactions pending for the current frame, then the host controller must not transmit anything for an isochronous pipe.) Åñëè óêàçàíûé íîìåð êàäðà ïåðåäàí, õîñò êîíòðîëëåð äîëæåí ïðîïóñòèòü (òî åñòü, íå ïåðåäàâàòü) âñå òðàíçàêöèè, ïîêà íîìåð ñîîòâåòñòâóþùèé òåêóùåìó êàäðó íå äîñòèãíóò.(If the indicated frame number is passed, the host controller must skip (i.e., not transmit) all transactions until the one corresponding to the current frame is reached.)


Îáðàáîòêà îøèáîê


Èçîõðîííûå ïåðåäà÷è íå îáåñïå÷èâàþò íèêàêîãî ïîâòîðåíèÿ ïàêåòà äàííûõ (òî åñòü, ïðèåìíèê íå âîçâðàùàåò íèêàêîå êâèòèðîâàíèå ïåðåäàò÷èêó) òàê, ÷òîáû íå áûëà ïîòðåâîæåíà ñâîåâðåìåííîñòü ïîñòàâêè äàííûõ. Îäíàêî, àãåíòàì, îòâåòñòâåííûõ çà òðàíñïîðò äàííûõ, âàæíî çíàòü, êîãäà ïðîèñõîäèò îøèáêà è êàê îíà âîçäåéñòâóåò íà ïîòîê ñâÿçè. Â ÷àñòíîñòè äëÿ ïîñëåäîâàòåëüíîñòè ïàêåòîâ äàííûõ (A, B, C, D), USB ïðåäîñòàâëÿåò äîñòàòî÷íî èíôîðìàöèè ÷òîáû îáíàðóæèòü îòñóòñòâóþùèé ïàêåò (A, _, C, D) è íå áóäåò íåîñîçíàííîãî ïðåâðàùåíèÿ â íåïðàâèëüíûå äàííûå èëè ïîñëåäîâàòåëüíîñòü âðåìåí. (A, C, D èëè A, _, B, C, D).(In particular, for a sequence of data packets (A,B,C,D), USB allows sufficient information such that a missing packet (A,_,C,D) can be detected and will not unknowingly be turned into an incorrect data or time sequence) Ïðîòîêîë îáåñïå÷èâàåò ÷åòûðå ìåõàíèçìà, êîòîðûå ïîääåðæèâàþò ýòî: òî÷íî îäèí ïàêåò â êàäðå, SOF, CRC, è âðåìÿ îæèäàíèÿ òðàíçàêöèè øèíû.


Èçîõðîííûå ïåðåäà÷è òðåáóþò äëÿ íîðìàëüíîé îïåðàöèè òî÷íî 1 òðàíçàêöèþ äàííûõ êàæäûé êàäð. USB íå çàñòàâëÿåò ïåðåäàâàòü äàííûå â êàæäîì êàäðå. Ïåðåäàò÷èê/èñòî÷íèê äàííûõ îïðåäåëÿåò ñïåöèôèêó âûäàâàåìûõ äàííûõ. Ýòà ðåãóëÿðíîñòü äàííûå çà êàäð îáåñïå÷èâàåò êàðêàñ, êîòîðûé ÿâëÿåòñÿ ôóíäàìåíòîì ê îáíàðóæåíèþ ïðîïóùåííûõ îøèáîê â äàííûõ. (This regular data per frame provides a framework that is fundamental to detecting missing data errors.) Ëþáàÿ ôàçà òðàíçàêöèè ìîæåò áûòü ïîâðåæäåíà â òå÷åíèå ïåðåäà÷è ïî øèíå. Ãëàâà 8 îïèñûâàåò, êàê êàæäûé ñëó÷àé îøèáêè âîçäåéñòâóåò íà ïðîòîêîë.


Òàê êàê êàæäîìó êàäðó ïðåäøåñòâóåò ïàêåò SOF, è ïðèåìíèê ìîæåò âèäåòü SOFs íà øèíå, ïðèåìíèê ìîæåò îïðåäåëÿòü, ÷òî îæèäàåìàÿ òðàíçàêöèÿ íå ïðîèçîøëà ìåæäó äâóìÿ SOFs.  Äîïîëíèòåëüíî, òàê êàê äàæå ïàêåò SOF ìîæåò áûòü ïîâðåæäåí, óñòðîéñòâî äîëæíî óìåòü âîññòàíàâëèâàòü ñóùåñòâîâàíèå ïðîïóùåííîãî SOF êàê îïèñàíî â Ðàçäåëå 5.10.6.


Ïàêåò äàííûõ ìîæåò áûòü ðàçðóøåí íà øèíå; ñëåäîâàòåëüíî, çàùèòà CRC ïîçâîëÿåò ïðèåìíèêó îïðåäåëÿòü, ÷òî ïàêåò äàííûõ, êîòîðûé îí ïîëó÷èë, áûë ðàçðóøåí.


Â çàêëþ÷åíèå, ïðîòîêîë îïðåäåëÿåò ïîäðîáíîñòè, êîòîðûå ïîçâîëÿþò ïðèåìíèêó îïðåäåëÿòü ÷åðåç âðåìÿ îæèäàíèÿ òðàíçàêöèè øèíû, ÷òî îí íå ñîáèðàåòñÿ ïîëó÷àòü ïàêåò äàííûõ ïîñëå òîãî, êàê îí óñïåøíî ïðîñìîòðåë ìàðêåðíûé ïàêåò.


Êàê òîëüêî ïðèåìíèê îïðåäåëèë, ÷òî ïàêåò äàííûõ íå áûë ïîëó÷åí, ìîæåò ïîòðåáîâàòüñÿ óçíàòü ðàçìåð äàííûõ, êîòîðûå áûëè ïîòåðÿíû, ÷òîáû îïðàâèòüñÿ îò îøèáêè ñâÿçàíîé ñ ôóíêöèîíàëüíûì ïîâåäåíèåì.(Once a receiver has determined that a data packet was not received, it may need to know the size of the data that was missed in order to recover from the error with regard to its functional behavior.) Åñëè ïîòîê ñâÿçè èìååò âñåãäà òîò æå ñàìûé ðàçìåð äàííûõ íà êàäð, òî ðàçìåð âñåãäà èçâåñòíàÿ êîíñòàíòà. Îäíàêî, â íåêîòîðûõ ñëó÷àÿõ ðàçìåð äàííûõ ìîæåò ìåíÿòüñÿ îò êàäðà ê êàäðó. Â ýòîì ñëó÷àå, ïðèåìíèê è ïåðåäàò÷èê èìåþò çàâèñÿùèé îò ðåàëèçàöèè ìåõàíèçì äëÿ îïðåäåëåíèÿ ðàçìåðà ïîòåðÿííîãî ïàêåòà.  


Â ðåçþìå ìîæíî ñêàçàòü ÷òî, ïåðåìåùàåòñÿ ëè òðàíçàêöèÿ ôàêòè÷åñêè óñïåøíî ïî øèíå èëè íåò, ïåðåäàò÷èê è ïðèåìíèê âñåãäà ïðîäâèãàþò â ñâîè ïîòîêè äàííûõ/áóôåð îäíó òðàíçàêöèÿ çà êàäð, ÷òîáû ñîõðàíèòü äàííûå ñèíõðîíèçîâàííûìè âî âðåìåíè(In summary, whether a transaction is actually moved successfully over the bus or not, the transmitter and receiver always advance their data/buffer streams one transaction per frame to keep data per time synchronization.) Äåòàëèçèðîâàííûå ìåõàíèçìû, îïèñàííûå âûøå ïîçâîëÿþò îáíàðóæèâàòü, ñëåäèòü, è ñîîáùàòü î ïîâðåæäåííûõ òðàíçàêöèé òàê, ÷òîáû ôóíêöèè èëè êëèåíòñêîå ïðîãðàììíîå îáåñïå÷åíèå ìîãëî ðåàãèðîâàòü íà ïîâðåæäåíèå â ñîîòâåòñòâóþùåì ðåæèìå ôóíêöèè.(The detailed mechanisms described above allow detection, tracking, and reporting of damaged transactions so that a function or its client software can react to the damage in a function appropriate fashion.) Ïîäðîáíîñòè ñïåöèôè÷åñêîé ðåàêöèè ôóíêöèè/ïðèëîæåíèÿ ëåæèò âíå îáëàñòè ñïåöèôèêàöèè USB.


Áóôåðèçàöèÿ äëÿ Ñîãëàñîâàíèÿ Ñêîðîñòè


Ïðè óñëîâèè, ÷òî èìåþòñÿ íåñêîëüêî ÷àñîâ, êîòîðûå âîçäåéñòâóþò íà èçîõðîííûå ïîòîêè ñâÿçè â USB, áóôåðèçàöèÿ òðåáóåòñÿ äëÿ ñîãëàñîâûâàíèÿ ñêîðîñòåé ïîòîêîâ ñâÿçè â USB.  Äîëæíà èìåòüñÿ äîñòóïíàÿ áóôåðíàÿ îáëàñòü, è ó êîíå÷íîé òî÷êè  óñòðîéñòâà è ó êëèåíòñêîãî ïðîãðàììíîãî îáåñïå÷åíèÿ íà ñòîðîíå õîñòà. Ýòè áóôåðà îáåñïå÷èâàþò îáëàñòü äëÿ íàêîïëåíèÿ äàííûõ, ïîêà íå ïðèäåò âðåìÿ ïåðåäà÷è, ÷òîáû ïðîäâèíóòü èõ ïî USB. Îïðåäåëåííûå åñòåñòâåííûå, äëÿ óñòðîéñòâà, ñêîðîñòè ïåðåäà÷è äàííûõ, ìàêñèìàëüíûé ðàçìåð ïàêåòîâ äàííûõ, êîòîðûå ïðîäâèãàþòñÿ ïî øèíå, ìîãóò áûòü òàêæå âû÷èñëåíû. Íà ðèñóíîê 5-17 ïîêàçàíû óðàâíåíèÿ, èñïîëüçóåìûå, äëÿ îïðåäåëåíèÿ  ðàçìåðà áóôåðà íà óñòðîéñòâå è õîñòå è ìàêñèìàëüíîãî ðàçìåðà ïàêåòà, êîòîðûé äîëæåí áûòü çàïðîøåí äëÿ ïîääåðæàíèÿ òðåáóåìîé ñêîðîñòè ïåðåäà÷è äàííûõ. Ýòè óðàâíåíèÿ ïîçâîëÿþò äëÿ óñòðîéñòâà è êëèåíòñêîãî ïðîãðàììíîãî îáåñïå÷åíèÿ äëÿ îïðåäåëåííîãî âðåìÿ ðàñ÷èòàòü ñêîðîñòü ÷àñîâ îáñëóæèâàíèÿ (ïåðåìåííóþ X), ñêîðîñòè ÷àñîâ âûáîðêó (ïåðåìåííàÿ C), è ðàçìåðû âûáîðêè(ïåðåìåííàÿ S).(These equations allow a device and client software design time determined service clock rate (variable X), sample clock rate (variable C), and sample size). USB ïîçâîëÿåò ïðîõîäèòü òîëüêî îäíîé òðàíçàêöèþ çà òàêò øèíû(USB only allows one transaction per bus clock.) Ýòè óðàâíåíèÿ äîëæíû ïðåäîñòàâèòü ðàñ÷èòàííóþ èíôîðìàöèþ äëÿ âûáîðà ñîîòâåòñòâóþùèõ ðàçìåðîâ ïàêåòà, êîòîðûé êîíå÷íàÿ òî÷êà ñîîáùèò â èíôîðìàöèè î õàðàêòåðèñòèêè è ñîîòâåòñòâóþùèõ òðåáîâàíèé ê áóôåðó óñòðîéñòâà/êîíå÷íîé òî÷êè è êëèåíòñêîãî ïðîãðàììíîãî îáåñïå÷åíèÿ(These equations should provide design information for selecting the appropriate packet size that an endpoint will report in its characteristic information and the appropriate buffer requirements for the device/endpoint and its client software). Ðèñóíîê 5-14 ïîêàçûâàåò ôàêòè÷åñêèé áóôåð, ïàêåò, è çíà÷åíèÿ ÷àñîâ äëÿ òèïè÷íîãî èçîõðîííîãî ïðèìåðà.
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Ðèñóíîê 5-17. Ôîðìóëû Îïðåäåëåíèÿ Ðàçìåðà Ïàêåòà è Áóôåðà äëÿ Ñîãëàñîâàíèÿ Ñêîðîñòè Èçîõðîííûõ Ïåðåäà÷


Â ìîäåëè äàííûõ USB ïðèíÿòî, ÷òî óñòðîéñòâà èìåþò íåêîòîðûé åñòåñòâåííûé ðàçìåð è ñêîðîñòü âûáîðêè. USB ïîääåðæèâàåò ïåðåäà÷ó ïàêåòîâ, êîòîðûå ÿâëÿþòñÿ êðàòíûìè ðàçìåðó âûáîðêè, ÷òî äåëàåò îáðàáîòêó âîññòàíîâëåíèÿ ïðè îøèáêàõ ïðîùå, êîãäà èçîõðîííûå òðàíçàêöèè ïîâðåæäàþòñÿ íà øèíå.(USB supports the transmission of packets that are multiples of sample size to make error recovery handling easier when isochronous transactions are damaged on the bus.) Åñëè óñòðîéñòâî íå èìååò íèêàêîãî åñòåñòâåííîãî ðàçìåðà âûáîðêì èëè åñëè âûáîðêè áîëüøèå ÷åì ïàêåò, íåîáõîäèìî îïèñàòü ðàçìåð âûáîðêè êàê îäèí áàéò.(If a device has no natural sample size or if its samples are larger than a packet, it should describe its sample size as being one byte.) Åñëè âûáîðêà ðàçáèòà ïî ïàêåòàì äàííûõ, âîññòàíîâëåíèå ïðè îøèáêàõ ìîæåò áûòü òÿæåëåå, êîãäà òåðÿåòñÿ ïðîèçâîëüíàÿ òðàíçàêöèÿ. Â íåêîòîðûõ ñëó÷àÿõ,  ìîæåò áûòü ïîòåðÿíà ñèíõðîíèçàöèÿ äàííûõ, åñëè ïðèåìíèê íå çíàåò, ÷òî â íîìåðå êàäðà êàæäàÿ ÷àñòü âûáîðêè ïåðåäàíà.(In some cases, data synchronization can be lost unless the receiver knows in what frame number each partial sample is transmitted.) Êðîìå òîãî, åñëè ÷èñëî âûáîðîê ìîæåò èçìåíèòüñÿ íåîáõîäèìî èñïðàâëåíèå  ÷àñîâ (íàïðèìåð, äëÿ íå - ïîëó÷åííûõ ÷àñîâ óñòðîéñòâà), ýòî ìîæåò áûòü òðóäíî èëè íåýôôåêòèâíî, çíàÿ ÷òî ÷àñòü âûáîðîê ïåðåäàíà.(Furthermore, if the number of samples can vary due to clock correction (e.g., for a non�derived device clock), it may be difficult or inefficient to know when a partial sample is transmitted.) Ñëåäîâàòåëüíî, USB íå ðàçáèâàåò âûáîðêè ïî ïàêåòàì.
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