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Ãëàâà 1

Ââåäåíèå

Çà÷åì íóæíà ýòà àðõèòåêòóðà, êàêèå çàäà÷è îíà ðåøàåò:

� Åäèíûé ôîðìàò îáðàùåíèÿ ê ëþáûì óñòðîéñòâàì íèçêîãî óðîâ-
íÿ, èñïîëüçîâàííûì â ñîñòàâå ðîáîòà. Â êà÷åñòâå òàêîãî ôîðìàòà
ïðèíÿò ïðîòîêîë I2C. Ýòî ñäåëàíî äëÿ òîãî, ÷òîáû ïðîçðà÷íî èí-
òåãðèðîâàòü â ñèñòåìó óæå èìåþùèåñÿ óñòðîéñòâà äëÿ øèíû I2C
(êîìïàñû, ãèðîñêîïû, àêñåëåðîìåòðû, ÓÇ-äàëüíîìåðû è äðóãèå).

� Âîçìîæíîñòü áûñòðîé ñáîðêè ïðîøèâêè äëÿ êàæäîãî êîíòðîëëåðà
êàê â âàðèàíòå OR-øëþç-êîíòðîëëåðà, òàê è â âàðèàíòå ïîä÷èíåí-
íîãî êîíòðîëëåðà íà øèíå RoboBus[I2C].
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Ãëàâà 2

Ñáîðêà ìèêðîïðîãðàììû

ORFA íàïèñàíà íà ÿçûêå Ñè ïîä ìèêðîêîíòðîëëåðû ñåìåéñòâà AVR.
Ñòàíäàðòíûå äðàéâåðà ïðèâÿçàíû ê ìîäóëÿì Open Robotics, íî Âû ìî-
æåòå ìîäèôèöèðîâàòü ìèêðîïðîãðàììó ïîä ñâîè íóæäû, òàê êàê ýòî ÏÎ
ñ îòêðûòûìè èñõîäíûìè êîäàìè, ðàñïðîñòðàíÿåìîå ïî óñëîâèÿì ëèöåí-
çèè MIT (ñì. ôàéë LICENSE â äèñòðèáóòèâå).

Äëÿ ñáîðêè âàì ïîòðåáóåòñÿ êîìïèëÿòîð AVR-GCC (GNU Compiler
Collection), ñèñòåìà ñáîðêè GNU Make è ñòàíäàðòíûå óòèëèòû POSIX.
Äëÿ OS Windows ïîäîéäåò íàáîð WinAVR.

Åñëè âû õîòèòå, ÷òîáû âàøè èñïðàâëåíèÿ áûëè âíåñåíû â îñíîâ-
íîé äèñòðèáóòèâ, òî âàì òàêæå ïîòðåáóåòñÿ ñèñòåìà êîíòðîëÿ âåðñèé
Mercurial è íåìíîãî íàâûêîâ ðàáîòû ñ íåé (îïèñàíèå ðàáîòû ñ ýòîé ñè-
ñòåìîé âûõîäèò çà ðàìêè ýòîãî ðóêîâîäñòâà).

Ðåçóëüòàò ñáîðêè çàâèñèò îò ôàéëà êîíôèãóðàöèè local_config.mk.
Ïðèìåð ñ îïèñàíèåì îïöèé ìîæíî ïîñìîòðåòü â êàòàëîãå doc äèñòðèáó-
òèâà.

Îñíîâíûå íàñòðîéêè:

� PLATFORM � çàäàåò ïîä êàêîé ìîäóëü ñîáèðàåòñÿ ïðîãðàììà (ïî
óìîë÷àíèþ OR-AVR-M32-D)

� BAUD � çàäàåò ñêîðîñòü ïîñëåäîâàòåëüíîãî ïîðòà (ïî óìîë÷àíèþ
àâòîîïðåäåëåíèå)

Ñáîðêà:

1. $ cp ./doc/local_config.mk ./

2. $ edit ./local_config.mk

3. $ make
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Ãëàâà 3

Ðåæèì serialgate

Â ýòîì ðåæèìå èñïîëüçóåòñÿ áèáëèîòåêà serialgate, êîòîðàÿ ðàáîòàåò â
êà÷åñòâå øëþçà ïîñëåäîâàòåëüíûé ïîðò → I2C Master.

Íà÷èíàÿ ñ âåðñèè ORFA 0.7.5 åñòü àâòîîïðåäåëåíèå ñêîðîñòè ïîñëå-
äîâàòåëüíîãî ïîðòà. Äëÿ åãî ðàáîòû, ïîñëå ñòàðòà êîíòðîëëåðà íóæíî
ïîäàòü 8 ðàç ñèìâîë 0x0d (èëè '\r' â Ñè) äî ïîäà÷è êàêèõ-ëèáî êîìàíä,
ïîñëå ÷åãî íóæíî ñäåëàòü çàäåðæêó íå ìåíåå ÷åì íà 20 ìñ. Ïîñëå ýòî-
ãî ORFA äîëæíà áûòü ãîòîâà ïðèíèìàòü êîìàíäû. Ïîñëåäîâàòåëüíîñòü
ñèìâîëîâ 0x0d èãíîðèðóåòñÿ ïàðñåðîì serialgate.

Îáìåí èäåò â òåêñòîâîì ðåæèìå, êàæäàÿ êîìàíäà çàêàí÷èâàåòñÿ ñèì-
âîëîì ïåðåâîäà ñòðîêè '\n' (LF) èëè '\r' (CR). Ñèìâîë ïåðåâîäà ñòðîêè
áåç êîìàíäû èãíîðèðóåòñÿ, òàêèì îáðàçîì ìîæíî çàêàí÷èâàòü êîìàí-
äû ïîñëåäîâàòåëüíîñòüþ CR LF (áóäåò ðàçîáðàíî êàê êîìàíäà + ïóñòàÿ
êîìàíäà). Áàéòû êîíâåðòèðóþòñÿ â øåñòíàäöàòåðè÷íóþ ôîðìó. Ó÷èòû-
âàéòå, ÷òî âíóòðåííèé áóôåð ìîæåò ñîäåðæàòü íå áîëüøå 128 ñèìâîëîâ,
ò.å. äëèííà âàøåãî çàïðîñà äîëæíà áûòü íå áîëåå 128 ñèìâîëîâ. Ýòî îñî-
áåííî âàæíî ïðè ñîñòàâëåíèè ìóëüòèñòàðò çàïðîñîâ.

Òàáëèöà 3.1: Ñïèñîê êîìàíä
Íàçâàíèå Çàïðîñ Îòâåò Êîììåíòàðèé

Get protocol version V V1.1

Clear I2C bus X X

Set local address L<addr> L<addr> addr � uint8
Set bus speed (freq) C<freq> C<freq> freq � uint16
I2C write S<adr+w><data>P SW(A)+P A � Ack
I2C read S<adr+r><count>P SR<adata>P adata � uint8 array
Îøèáêà � ERROR <errtype> errtype � uint8

Â òàáëèöå íåò ìóëüòèñòàðò-I2C çàïðîñà, ðåãóëÿðíîå âûðàæåíèå äëÿ
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òàêîãî çàïðîñà âûãëÿäèò òàê: (S<adr+w><data>|S<adr+r><count>)+P , à
îòâåò: (SW(A)+|SR<adata>)+P

Â ñëó÷àå êàêîé-ëèáî îøèáêè ïðè ðàçáîðå èëè âûïîëíåíèè çàïðîñà
áóäåò âîçâðàùåí åå êîä.

Òàáëèöà 3.2: Êîäû îøèáîê
Êîä Òèï

1 Âíóòðåííÿÿ îøèáêà ïàðñåðà (íà ïðàêòèêå âñòðå÷àòüñÿ íå äîëæíà)
2 Íåèçâåñòíàÿ êîìàíäà
3 Íå øåñòíàäöàòåðè÷íûé ñèìâîë â áàéòå
4 Îøèáî÷íûé äàííûå
5 Ïîòåðÿí ñèìâîë 'P' èç I2C çàïðîñà
6 Íåò ïîäòâåðæäåíèÿ àäðåñà I2C (NAck)
7 Íåò ïîäòâåðæäåíèÿ áàéòà I2C (NAck)
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Ãëàâà 4

Ðåæèì ïîä÷èíåííîãî I2C
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Ãëàâà 5

Äðàéâåðà óñòðîéñòâ

Äîñòóï ê äðàéâåðàì ïðîèñõîäèò ÷åðåç I2C ðåãèñòðû. Ìåòîä ðàáîòû ñ ðå-
ãèñòðàìè ïîõîæ íà ðàáîòó ñ I2C EEPROM ìèêðîñõåìàìè, ñ òîé ëèøü
ðàçíèöåé, ÷òî çäåñü â îáùåì ñëó÷àå íåò àâòîèíêðåìåíòà àäðåñà. Ïðè-
íÿòûé ïîðÿäîê áàéò � Big Endian (òàêæå èçâåñòíûé êàê Network Byte
Order).

Ïðîöåäóðà çàïèñè ðåãèñòðà: â ôðåéìå çàïèñè I2C íóæíî ñíà÷àëà ïå-
ðåäàòü àäðåñ ðåãèñòðà, à çà òåì äàííûå. Ïðèìåð çàïèñü â ðåãèñòð 0x20
äàííûõ 0x001112 � S 10 20 00 11 12 P

Ïðîöåäóðà ÷òåíèÿ ðåãèñòðà: ñíà÷àëà íóæíî çàïèñàòü àäðåñ ðåãèñòðà,
à çà òåì ïðî÷èòàòü N áàéò. Ïðèìåð ÷òåíèå èç ðåãèñòðà 0x20 3 áàéòà �
S 10 20 S 11 03 P

Òàáëèöà 5.1: Ñòàíäàðòíûå äðàéâåðà
UID Ïëàòôîðìà Äðàéâåð

0x0000 Âñå Äðàéâåð èíòðîñïåêöèè
0x0001 Âñå Äðàéâåð øèíû SPI
0x0020 OR-AVR-M32-D Äðàéâåð ïîðòîâ ÂÂ (RoboGPIO)
0x0021 OR-AVR-M128-S Äðàéâåð ïîðòîâ ÂÂ (RoboGPIO)
0x0030 OR-AVR-M128-S Äðàéâåð ñåðâ
0x0031 OR-AVR-M32-D Äðàéâåð ñåðâ
0x0040 Âñå Äðàéâåð ÀÖÏ (RoboGPIO)
0x0060 OR-AVR-M32-D Äðàéâåð ìîòîðîâ (RoboMD2)
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5.1 Äðàéâåð èíòðîñïåêöèè

Ýòîò äðàéâåð ïðåäîñòàâëÿåò èíôîðìàöèþ îáî âñåõ âêëþ÷åííûõ äðàéâå-
ðàõ. Ïîêàçûâàåò èäåíòèôèêàöèîííûé íîìåð (UID), âåðñèþ, ñòàðòîâûé
àäðåñ ðåãèñòðà è êîëè÷åñòâî ðåãèñòðîâ.

Çà ýòèì äðàéâåðîì çàêðåïëåí UID = 0x0000 è îí âñåãäà íàõîäèòñÿ íà
ðåãèñòðå 0x00.

Åñòü äâà âèäà çàïðîñà:

1. Ïîëó÷èòü êîëè÷åñòâî âñåõ äðàéâåðîâ (âêëþ÷àÿ ñàì äðàéâåð èíòðî-
ñïåêöèè)
Çàïèñàòü â ðåãèñòð 0x00 áàéò 0x00, à ïîòîì ïðî÷èòàòü 1 áàéò.

2. Ïîëó÷èòü èíôîðìàöèþ î äðàéâåðå �N
Çàïèñàòü â ðåãèñòð 0x00 áàéò N, à ïîòîì ïðî÷èòàòü 6 áàéò.
Ïîääåðæèâàåòñÿ àâòîèíêðåìåíò íîìåðà äðàéâåðà. Íàïðèìåð åñëè
çàïèñàòü íîìåð 1, à ïîòîì ïðî÷èòàòü 12 áàéò, à íå 6, òî âû ïîëó÷èòå
äàííûå î 1-îì è 2-îì äðàéâåðå. Íî íóæíî îáÿçàòåëüíî ó÷èòûâàòü
ðàçìåð áóôåðà â 64 áàéò è êîëè÷åñòâî äðàéâåðîâ. Ïîïûòêà ïîëó-
÷èòü èíôîðìàöèþ î íåñóùåñòâóþùåì äðàéâåðå ïðèâåäåò ê îøèáêå,
áóäåò îòäàíà èíôîðìàöèÿ î ïåðâîì äðàéâåðå èç ñïèñêà. Ñì. ïðèìåð
÷òåíèÿ íà ïñåâäîÿçûêå.

Òàáëèöà 5.2: Ñòðóêòóðà èíôîðìàöèè î äðàéâåðå
Áàéò Îïèñàíèå
1, 2 UID
3 Ñòàðøàÿ ÷àñòü âåðñèè
4 Ìëàäøàÿ ÷àñòü âåðñèè
5 Ñòàðòîâûé àäðåñ ðåãèñòðà
6 Êîëè÷åñòâî çàíÿòûõ ðåãèñòðîâ

5.2 Äðàéâåð ïîðòîâ Ââîäà/Âûâîäà

Äðàéâåð ïîçâîëÿåò óïðàâëÿòü ñîñòîÿíèåì ïîðòîâ êîíòðîëëåðà â ðåæè-
ìàõ öèôðîâîé ëîãè÷åñêèé âõîä èëè âûõîä.

Êîëè÷åñòâî óïðàâëÿåìûõ ïîðòîâ N: N = 4 äëÿ äðàéâåðà ñ UID = 0x20,
N = 2 äëÿ äðàéâåðà ñ UID = 0x21.

Êîëè÷åñòâî ðåãèñòðîâ, èñïîëüçóåìûõ äðàéâåðîì ðàâíî N · 2. Îáîçíà-
÷èì R � íà÷àëüíûé ðåãèñòð äðàéâåðà, à R+n - (R+n)-é ðåãèñòð.
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Ïåðâûå N ðåãèñòðîâ, ýòî ÷òåíèå/çàïèñü çíà÷åíèÿ, îñòàâøèåñÿ N ðå-
ãèñòðîâ � çàïèñü ðåæèìà ïîðòà. Êàæäîé èç 8 ëèíèé ïîðòà ñîîòâåòñòâóåò
1 áèò. Òî åñòü åñëè ó êîíòðîëëåðà 2 ïîðòà PORTA, PORTF, òîãäà äëÿ
çàäàíèÿ 2-ìó è 3-ìó ëèíèÿì ïîðòà PORTF ðåæèìà ðàáîòû ½öèôðîâîé
âõîä�, à îñòàëüíûì áèòàì ýòîãî ïîðòà ðåæèì ½öèôðîâîé âûõîä� íóæíî
â ïîñëåäíèé ðåãèñòð äðàéâåðà R+3 îòïðàâèòü 0xF3 (ò.å. 11110011 â äâî-
è÷íîì ïðåäñòàâëåíèè � 2-é è 3-é áèòû âûñòàâëåíû â 0). Ïðè ðàáîòå â
ðåæèìå âõîäà çàïèñü â çíà÷åíèå ïîðòà âêëþ÷àåò èëè âûêëþ÷àåò ïîäòÿ-
ãèâàþùèå ðåçèñòîðû êîíòðîëëåðà íà ñîîòâåòñòâóþùèõ ëèíèÿõ.

5.3 Äðàéâåðà ìîäåëüíûõ ñåðâîïðèâîäîâ

Ïðåäíàçíà÷åíèå � âûðàáîòêà ØÈÌ ñèãíàëà äëÿ óïðàâëåíèÿ ìîäåëüíû-
ìè ñåðâîïðèâîäàìè ïîäêëþ÷åííûìè ê ïîðòàì RoboGPIO èëè RoboServo,
â çàâèñèìîñòè îò êîíòðîëëåðà. Â ýòîì äðàéâåðå âñåãäà 2 ðåãèñòðà. Îáî-
çíà÷èì íà÷àëüíûé ðåãèñòð ýòîãî äðàéâåðà � RS, âòîðîé ðåãèñòð SP. Ðå-
ãèñòð RS çàðåçåðâèðîâàí äëÿ îáðàòíîé ñîâìåñòèìîñòè ñ äðàéâåðîì âåð-
ñèè 1.0.

Êîëè÷åñòâî óïðàâëÿåìûõ ñåðâîïðèâîäîâ: 16 äëÿ äðàéâåðà ñ UID = 0x31,
32 äëÿ äðàéâåðà ñ UID = 0x30.

Ìîäåëüíûå (RC) ñåðâîïðèâîäû óïðàâëÿþòñÿ ïðÿìîóãîëüíûìè ñèãíà-
ëàìè ÷àñòîòîé 50 Ãö è ñêâàæíîñòü (âðåìåíåì, êîòîðîå íà ëèíèè âûñîêîå
íàïðÿæåíèå) îò 1 äî 2 ìñ. Ïîýòîìó íå çíàÿ õàðàêòåðèñòèê êîíêðåòíîãî
ïîäêëþ÷åííîãî ñåðâîïðèâîäà ÷àñòî ïðèõîäèòñÿ ãîâîðèòü î ïîëîæåíèè
ñåðâîïðèâîäà, óêàçûâàÿ ëèøü ñêâàæíîñòü óïðàâëÿþùåãî ñèãíàëà. Íà-
ïðèìåð, 1200 ìêñ, ýòî îçíà÷àåò ÷òî åñëè ñåðâîïðèâîä ïîâîðà÷èâàåòñÿ íà
óãîë ±75◦ ïðè óïðàâëÿþùèõ ñèãíàëàõ 1 ìñ è 2 ìñ ñîîòâåòñòâåííî, òîãäà
1200 ìêñ ñîîòâåòñòâóåò ïðèìåðíî:

−75◦ +
2 · 75◦(1200− 1000)

2000− 1000
= −45◦

ØÈÌ ñèãíàë âûðàáàòûâàåìûé äðàéâåðîì èìååò ñëåäóþùèå õàðàê-
òåðèñòèêè:

� Ïåðèîä � 20 ìñ

� Ñêâàæíîñòü � îò 500 äî 2500 ìêñ

Äëÿ óïðàâëåíèÿ â ðåãèñòð SP çàïèñûâàåòñÿ N íàáîðîâ [íîìåð ñåðâî
(1 áàéò)][ñêâàæíîñòü (2 áàéòà)], íî íóæíî ó÷èòûâàòü, ÷òî ðàçìåð áóôåðà
ïðèåìà ïîçâîëÿåò ïåðåäàòü çà ðàç òîëüêî 16 ïîëîæåíèé.
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Äëÿ âêëþ÷åíèÿ ðåæèìà ñåðâî RoboGPIO (UID = 0x0031) ó âåðñèè
äðàéâåðà 1.0 íóæíî áûëî çàïèñàòü â ðåãèñòð RS áèòîâóþ ìàñêó, à ñåé÷àñ
äîñòàòî÷íî óñòàíîâèòü ñêâàæíîñòü íå ðàâíóþ 0-þ.

5.4 Äðàéâåð óïðàâëåíèÿ ìîòîðàìè

UID = 0x0060
Ñîäåðæèò 4-å îäíîáàéòíûõ ðåãèñòðà:

1. PWM1 � ØÈÌ 1-îãî ìîòîðà (0 � 255)

2. PWM2 � ØÈÌ 2-îãî ìîòîðà

3. DIR1 � íàïðàâëåíèå 1-îãî ìîòîðà (0/1 � âïåðåä/íàçàä)

4. DIR2 � íàïðàâëåíèå 2-îãî ìîòîðà

Åñòü âîçìîæíîñòü óñòàíîâèòü âñå ðåãèñòðû çà îäèí çàïðîñ, ïåðåäàâ
ïîäðÿä PWM1, PWM2, DIR1, DIR2 â ïåðâûé ðåãèñòð. Íàïðèìåð åñëè
çàïèñàòü â ðåãèñòð PWM1 0x80600001, òî ìû óñòàíîâèì PWM1 = 0x80,
PWM2 = 0x60, DIR1 = 0, DIR2 = 1.

5.5 Äðàéâåð ÀÖÏ

Äðàéâåð ïîçâîëÿþùèé óïðàâëÿòü áëîêîì Àíàëîãî-Öèôðîâîãî Ïðåîáðà-
çîâàòåëÿ (äàëåå ÀÖÏ).

Êîëè÷åñòâî ðåãèñòðîâ, èñïîëüçóåìûõ äðàéâåðîì - 2. Îáîçíà÷èì RC -
ïåðâûé ðåãèñòð äðàéâåðà, RD - âòîðîé ðåãèñòð.

Ðåãèñòð RC - êîíôèãóðàöèîííûé, â íåãî ïèøóòñÿ 2 áàéòà âñåãäà:

1. Íàñòðîéêè ÀÖÏ

(a) áèòû 0..1

i. 00 � External reference

ii. 01 � AVCC

iii. 10, 11 � Internal reference

(b) áèò 2 � ðåæèì òî÷íîñòè ÀÖÏ

i. 0 � 8-áèòíûé

ii. 1 � 11-áèòíûé
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2. Ìàñêà âêëþ÷àåìûõ â ÀÖÏ êàíàëîâ (8 áèò � ñîîòâ. 8 ëèíèÿì ïîð-
òà À)

Âòîðîé ðåãèñòð äëÿ ÷òåíèÿ ðåçóëüòàòîâ - èç íåãî ÷èòàþòñÿ 8 áàéò,
åñëè ðåæèì 8-áèòíûé èëè 16 áàéò, åñëè ðåæèì 16-áèòíûé. Ìîæíî ÷èòàòü
ìåíüøå, íî òîãäà áóäåì çíàòü ñîñòîÿíèå ïåðâûõ íåñêîëüêèõ ëèíèé.

ÂÍÈÌÀÍÈÅ! ×òåíèå ëèíèé ÀÖÏ ïðîèñõîäèò â àâòîìàòè÷åñêîì
öèêëè÷åñêîì ðåæèìå, ïîýòîì ïîñëå êîíôèãóðèðîâàíèÿ ÀÖÏ íåîáõîäèìî
ñäåëàòü ïàóçó â 10 ìñ ïåðåä ÷òåíèåì çíà÷åíèé.

5.6 Äðàéâåð SPI
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Ãëàâà 6

Ïðèìåðû

Ïðèìåðû äàíû íà Ñè-ïîäîáíîì ïñåâäîÿçûêå.

6.1 Ðàáîòà ñ äðàéâåðîì èíòðîñïåêöèè

/∗ introspection register always zero ∗/
#de�ne INTRO 0x00

/∗ Calculated for 128 char / 64 byte ORFA's cbf_t
∗ size of one pkg: 6 byte (12 chars)
∗ reply header and end (SWAASR ... P\n): 8 chars
∗/
#de�ne MAX_PER_PKG 10
#de�ne PKG_LEN 6

drvlist orfa_get_drivers(int16_t address)
{

drvlist head;
orfareply reply;
uint8_t count;
vector buf = [INTRO, 0];

/∗ get drivers count {{{ ∗/
orfa_tr_start();
orfa_write(address, buf, 2);
orfa_read(address, 1);
orfa_tr_commit();
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reply = orfa_read_reply(); /∗ SW ∗/
reply = orfa_read_reply(); /∗ SR ∗/

count = reply>data[0]
/∗ }}} ∗/

uint8_t max_cnt = count / MAX_PER_PKG;
uint8_t min_cnt = count % MAX_PER_PKG;
uint8_t min_num = MAX_PER_PKG ∗ max_cnt + 1;
uint8_t reply_cnt = max_cnt∗2 + (min_cnt)? 2:0;

for (int i=0; i<max_cnt; i++) {
buf[1] = MAX_PER_PKG ∗ i + 1;

orfa_tr_start();
orfa_write(address, buf, 2);
orfa_read(address, MAX_PER_PKG ∗ PKG_LEN);
orfa_tr_commit();

}

/∗ read last elements {{{ ∗/
buf[1] = min_num;

orfa_tr_start();
orfa_write(address, buf, 2);
orfa_read(address, min_cnt ∗ PKG_LEN);
orfa_tr_commit();
/∗ }}} ∗/

for (int i=0; i < reply_cnt; i++) {
reply = orfa_read_reply();

if (reply>type == OR_READ) {
continue;

}
if (reply>size % 6) {

cerr << "get_drivers: wrong read reply size: " << reply ...⇒
...>size << endl;

continue;
}
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for (int pi=0; pi < reply>size; pi += 6) {
head>append(

uid = (reply>data[pi+0] << 8) | (reply>data[pi... ⇒
...+1]),

major_version = reply>data[pi+2],
minor_version = reply>data[pi+3],
start_addr = reply>data[pi+4],
count = reply>data[pi+5]);

}
}

return head;
}
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