(FL2S B R 30)

Xillybus host application programming guide for Linux

Xillybus Ltd.

www.xillybus.com

Version 3.0

AEHEHITEILEshEE, AR FE0ES ANEW - 5
JRIASCHAREL, 1230t T RERS U A
UASRATHE, IHZ SO0

This document has been automatically translated from En-
glish by a computer, which may result in unclear language.
This document may also be slightly outdated in relation to
the original.

If possible, please refer to the document in English.


http://xillybus.com/

Xillybus Ltd. (FL2SEHIE AL 20) www.xillybus.com
1 N4 5
2 [[} streams 557 streams 7

21 BEER . 7
22 FPstreams IZIHL . . . . . .. 7
2.3 Streams M\ FPGAZ|host . . . . ... ... .. ... .. ......... 8
2.4 Streams M host Z|FPGA . . . . . ... ... ... ... ... 8
25 MHIEMES latency . . . ... 10

3 1O JWAESLER 1
31 MR L 11
32 BWEBUEIEIERT . . . . . . 11
33 HIBEATER . . . . . 13
3.4 TE50 downstreams EfifTflush ... ... .. ... ... 15
3.5 select() # nonblocking /O . . . . . . . . ... ... .. .. ... . ..., 17
3.6 WiEdriverfbuffersHAVEIEE . . . . . ... 18
3.7 XillyUSB: FRZLEYHEdata linkJiE . .. .. ... 18

4 EEELEO 20
41 EREIN .o 20
42 KdriverBlbuffers . . . .. ... ... 21
4.3 userspace FHIRAMbuffers . . . . ... ... L L L 22
4.4 fifo.c E/RRMARFMEAR .. ... . 23
45 fifo.cBEZID . . 24
46 RAMFIFOINRE. . . . . .o 24
461 fifo iNit) . . o oo 25

46.2 fifo_destroy() . . .. ... . . . .. 25

46.3 fifo_request . drain() . ... ... ... ... ... ... 25

4.6.4 fifo_drained() . ... ... . .. 26

4.6.5 fifo_request_write(). . . . . . . . ... L 26

46.6 fifo_wrote() . ... ... . . . ... 27
Xillybus host application programming guide for Linux 2


http://xillybus.com/

Xillybus Ltd. (FL2SEHIE AL 20) www.xillybus.com
4.6.7 fifo_done() .. ... ... . ... 27

4.6.8 FIFO_BACKOFF definevariable . . ... ... .......... 27

5 {&f frame buffers 28
5. B e 28
52 BURFIFORGIMREG ..o 28
53 EFMEEframes . . . . . . . 29

6 HEmmERA 31
6.1 Seekablestreams . . .. .. ... ... .. ... 31
6.2 WA streams . . . . . . oo 33
6.3 MG . .. 33
6.4 MEH hardware interrupts . . . . . . .. ... 34
6.5 Timeout . . . . . . . 35
6.6 Coprocessing/ Hardware acceleration . . . . ... ... ... ...... 38

A NFIREEF: streams JE WA SCERAY 40
Al N e 40
A2 “Classic’ DMA 5 Xillybus . . . . ... ... ... ... .. . 40
A3 FPGA Z host(upstream) . . . .. .. ... ... ... 41
A3 BER . 41

A3.2 #1[rE: Application logic #/FH FIFO . . ... .... ... .. 41

A3.3 #2BE: WA FIFO £ DMAbuffer. . . . ... ... ... .. .. 42

A.3.4 Stage #3: DMA buffer IR HARER . .. ..o L. 42

A35 buffersEBsMHESCESIT oo 43

A3.6 BT . 44

A3.7 SEFREEW ... 45

A4 Host 2 FPGA (downstream ). . . . . ... ... .. ... ........ 46
Add MER .. 46

A.4.2 Stage #1: DMA buffer B PR AT . . . . .. ... .. 46

A4.3 #2[rE;: DMAbuffer E|FHE FIFO . . . ... ......... .. 47
Xillybus host application programming guide for Linux 3


http://xillybus.com/

Xillybus Ltd. (FL2SEHIE AL 20) www.xillybus.com

A4.4 #3 B 1A FIFO % application logic . . . . ... ....... 48
A4S — T 48
A4.6 ZEFREER .. 48

Xillybus host application programming guide for Linux 4


http://xillybus.com/

Xillybus Ltd. (FL2SEHIE AL 20) www.xillybus.com

Xillybus E7E4 Linux host $2ff:— A B M4 KA H, BE HARMIBHAIITH -
host driver 4= /%, device files, HATHE(LT named pipes- E TGRS —HE4
TH « BAE A, BEEHFEZ AT ARG pipes 8, TCP/IP streams - %} Tz
TfEhost IR 2R U4, X B 7E Fstream ) A — i AN 2 A — AR (GBI W 4% 878
A—&itENLLE) |, MREFPGAFK—1FIFO- mif% TCP/IP stream —&f, Xillybus
stream 1511 A T AR 2 5 LS AR /R BIA B A 126 B B 771 -

BT 5 Xillybus (3 0 #2&id device files 7181/, AT LU [AAEAR] SO —HE7A],
PR 38 AT LU AR SE F RRARE S, M HRRIESR . ¥ B R EMER -
AR AT LU R BT s ST S, AT DU A% SCE3E T Xillybus 1717] FPGA -

—™ driver binary X F#Ef Xillybus IP core At &: driver S7ERTIA LIS &S B shia
streams X EEM:, HAHNHLGIE device files - 1X2E device files {fEN /dev/xillybus_something
(5% /dev/xillyusb_something 5 XillyUSB ) 15A] -

FERAE TR, FPGA 1 host 2 [A] (B F- WU &7 4% 4L data stream FIEE I - 7E5E
J&, driver /) buffers #IEFEFLIE - 5 T TCP/IP streaming HIFAR KU A H
THACRE R buffers, RIS CRIEFRT/NREGE 10 2 58

HT Xillybus I/O 5 Linux * KL device file I/O —FEHUAT, It BIRA T E MRS
FE, BRI AR SE R -

BIfEnSL, 5 FPGA AU %W XM 110 NHMAIFESS . AYgr @il T L8 0
FPGA HHXII B 74, AR SE IR EVERE - BRI REF A vl fE 2 k5 m 1Y)
THEFBUG FRERI AL -

AP FIRER S N2 A /0 7 UNIX RS an il SEERFR AN =l - BRI R
AREIANFRES A MATE R F LM R RE), BXLEENTE; Xilybus #ixitH
AR Z BT R APL, TR R E LI ARE R ST AR -
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NTIEERN, AP RREILLE C 4, RANEEE—HENSRERTHAR
DIFE SRR AL - PR BB e DU Al LRSS 580, B35 script 155, 4 Perl F1
Python, F75I7& % host Fl FPGA 1 Z [A] fE BRI [F] 25 BRI 4 T2 A& B -

—1 /0 EEw] LI shell scripts FIELZ5ER, -
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5] streams 5 5% streams

2.1

A

i

|

& Xillybus stream #E — M, HTHIE AT R A ERFH - i ERMERE
FPGA ] logic =& R -

XY stream #ibRic W TS, HEMHNA device file 240 FTFTHIRA, w7 LIZE FPGA
1 host (] kernel driver Z [Al#1T4IE:E(E, L7 user space software %5 -

T30 streams H HEIFHIERE, FrAlEEEIRTLEELLAN % . [ streams B 5, T4k
T, ¥ HREFEA user space application HHEIES FPGA A & & e 18] 'R 2 &
SR E I -

7 IP Core Factory HAEALAT B 7€ X IP cores H, fHEE1 stream [R5 5745 2 8] ik
FHYETH X stream THAHZEAEE, 08 H “autoset internals” i T2 R F 7 A
HIAREE o an5R autoset BEIHIHE I, FH P 2 BRI AR H XN HE -

T A 75, & 7E M IP Core Factory T~ #:i i H B “readme” S {HF8 & &1
stream WIEPEFPIRE (DUEEABEM) -

7EFTE demo bundles #, 5 xillybus_read_* #l xillybus_write_* fH5# streams #}5&
S - xillybus_mem_8 /& seekable, Pt ZFH ). HfHH XillyUSB B, RIS
FIF A xillyusb_* S0 -

2.2 R streams HIEHHL

Linux #1 Microsoft Windows & £ L &5 #E R G HT CPU KA L=, #FEKE CPU
FIBSH ], SE o — LA B SR E TR TR AR AT 45 e B IR 3 F2 R B CPU -

UG AT LU R B e, (BEANRERIE R L2 1T, Bl preemption A& 1A
AR FREERE, BIEZ OIS EN LT o BE R RIEEARBOS Z T
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HREHERA] LA A2 AR CPU starvation JEHA - T [a] S AR AR Y (51100 7 & N AR P
ARG RS ) X Rl R AR R T 22 - MR, BRI T #E RO A se
PrAToh, HED 110 LRIFRIRE preemption periods -

5 streams #id RFEGRAEN FRRFF AT preempted ST T H AT S ELSLR B8
FRPLIE IR B R SRR TE X streams ZEAE— 77 ) L HIRAIE X .

2.3 Streams M FPGA %] host

7E upstream J7 [ ( FPGA % host ) , 401 stream &7 1, FPGA H ] IP core
2 R geZIEFE host driver /) buffers - L&, =X AR, £dfEn H I BA0
6 buffers H1 AT FHZSH] -

F—TH, wWF stream ZFHH), HHE Y host LK user application software H—
M file descriptor BEEUEHRE AU A RIE SRS, IP core 74 M user application logic G
W FIFO ) REUEUE - #eA)igid, 24 user application software 4F read() BR%
FH F A BB o

TE T 5 N A Rk 6 5 F B 25 streams, FEH U THDNERE:

o YN HEFE preempted BT HMIRIER, IR TWr, Rty HEEE
TERLEI A B N R FFAR RS - ERZEIE N T, X2 FHH HHRDER
k-

o TEIXLLHTA|EIFEA, FPGA H# FIFO LA HFH overflow - 40, #HH'E K
I E A 100 MB/sec, MIHH 2 kByte 417 FPGA FIFO £ 0.02 ms Z£ 4 M
23250 o SEPR L, X EBEE user space program f{Ef preemption #i ] HES:
FH FPGA #1) FIFO [ overflow -

REFEXLEER S, B2 FPGA WEEIREMR HRE ZN, [ streams 182 1RA H
B FAlE, RUNFRZOFE-EDED .

Xillybus IP core 7E FPGA _E M\ application logic FeUt2! A% v LISLEI#E host Y user
space application 325X, TCit stream & R HIL & 7B -

2.4 Streams M host 3| FPGA

7£ downstream /71 (host #| FPGA) , stream J& R HIEKE host application A
write() BRI AR R AR R 2 B (B SLRIGR A o BEERRHI UL, QSRR AT LUE 2 fE E AR
driver [#] buffers /, N5 A device file FIREVER R R E « SREEE L user
application logic 7& FPGA LiEKEE L E| FPGA, host [ application software
T"&5.
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XillyUSB F1EAt Xillybus IP cores Z [AJFEAMZER], KT HETE L £E FPGA K
B, RERP streams F| FPGA -

ST ET PCle 5 AXI /) IP cores, R ETELL BN 2 — & BRI A4 2 8 5R &% F|
FPGA:

o [ DMA buffer ©i# (47 buffers L1~ stream ) -
o application software 7£ device file . BA#fiiEK flush (W 3.4 B)
o file descriptor IE7E K] -

o WIRTERFERIE GEHEE 10 ms ) NIEE W stream 5 AT AL, NITHE 252
HH, SEHIHAT BB flush

f#F XillyUSB stream, % JLFA] LISZRI & % - BERRMUG, driver Z2is0R [ 2 K/
(B 64 kB) K] USB transfers HERA, (HUNRAEEIEZ L H, NIRKFHEA RN rfE
By, FBAER stream VA EAEEHEN - FIL, T8 stream, JGEASH @B
—MNNTEERADBHEBA R B, B REERIRE AR, SEEDHE - MEREHTT
H o X SECT USB &4 B07E U5 A LS AR B A PR i i -
BMEZ, FE IP cores (XillyUSB F1H:Ath Xillybus IP cores) LI streams [
T RAREHE, XillyUSB 503 B i S [ B (7% 10 ms ZEiR) -
AT, WHE stream ZFB ), W5 A device file FIRL RELHIVEF AR R
BITEEIEHE)E FPGA F 1 user application [ logic. ZE 8RR A Xk
& Y xfwrite ()R ECR LR RIS, REAZIRE D E2AFPGAH 5P coretHEMIFIFO -

HEM:

MR VO ThEE, FIUn fwrite(), ¥ X H library functions Bl K) buffer layer -
b, fwrite() FIRL R ECA] RES TEEUIR IR FPGA Z iR E], BIfEXS T [ #
streams H 2L -

TR BN P ROEE R RS streams, EEALUR A ANER:

o YN T Z preempted ST HMERIERS, HORM S HWT, FitYHEEEE
FLLER B RN AR AR RS - EREBEEN T, XS ERNH MHERE -

o TEIXULEF[HIAIFGIA, FPGA H FIFO L AlfE< iR underflow - #0, IR E
HIHEZKZ Sy 100 MB/sec, #17 [ FPGA FIFO #1 2 kByte 7£ 0.02 ms &4 M
375 . SEPR b, IXEWEE user space program HI{E1 preemption # A BE S 2
FPGA ] FIFO ] underflow -
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RER XL S, HFD streams 7R T HIEHE C 28 FPGA REZKRE
F - % stream ﬁﬁ?%ﬁﬁ%@iﬁﬁ—%ﬁ‘%{”ﬁ (FlantErFECE) A4 Z BT B A< B it
FEXAE UL -

2.5 FHiIEMS latency

— N L REE IR N T BUE 2 R R [E P E Sk F P streams b1 latency B - 1]
w, RN HREF SRR, B R EAE RO A 3% B Z (A3 T [R5 -
IXIE H 2 BT design FIRMAE, T R H AT E LR/ NT L latency FIREE -
NT R RAOANEREN, latency LU buffers #RATEEM/)N, T S BEEAN REGTN
real-time 22 sKAR A ¥

ffH Xillypus, FIVIRZEZMEIZEE (ERNFERAEH) , 6.2 BEHATA-
It, latency FIRRHIVRE T EIAEIR Pusm b I TFHE (R EXMHRE) -

Bilan, TR, &K latency 20N AR T FIEIR RN & 245 HEEE R
M N - FEARALN A Y, host A AT AEALIZEAT 4R AE LLJAEE shutter speed DIFMEA
Wr (L YE IR S5 - BRI latency EITARIEE 2 E1E control loop HIEE -

XL RFEEZEMEIEERREZE, mMEEANLER AL ER latency 1R A AN E Y
BRIET B R B HIE L -
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/0 JRFESC i

3.1 #R

Xillybus i& T GRS U5 A L IGRAEIE S, AT T U5 R SCEAT AP #RE -
AR, EANBTET open()- read() - write() #1 close() % IhHEAI{ELL API
B RN E AT AR HA AR F RS (Fa0 fopen() - fwrite() ~ forintf()
%), WNEK APl BIZhEEE B &SN buffers |2 - 53X buffers 7 DAXT P RE ™ 4=
R, BERHEATTCEE R 1/0 BISERRERAE -

LEE W (R It B PO B RAERD VO S B B R AR, X — SR
2EHET -

MY buffer ZHETEIREE, BERFGEEREE R a0, X fwrite() BIEEL
W R R AR FAEE RAM buffer #1, TIAHUTIENT 1/0 #4E, BEEISUHRH - %H
BIREX— AT & NS ATRES IR LA fwrite() RIBGE RN FPGA ¥ii%H & 4 E =%
15, MLhR EEWEETE buffer HHEERE .

AT AR UNIX GifEsCi, RS C run-time library R A T 528N,
XA T UL, BT X S R R AR AT — AR AR TR E T Xillybus Y
A5 A B HLE Getting started with Xillybus on a Linux host- iR fiE RN R - 31X
LRI H HY device file 2 FR7& PCle / AXI 1 Xillybus IP core & %5 - % T XillyUSB,
A2 xillyusb_00_* T AN xillybus_* -

3.2 EHUEWETRME

BRI T
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int fd, rc;

unsigned char xbuf;

device file k% openfTJT (file descriptor integert&=l) :

fd = open("/dev/xillybus_ourdevice", O_RDONLY) ;

if (fd < 0) {
perror ("Failed to open devfile");
exit (1) ;

}

WA device file CITH AL — R EEL (ATARIEZESREE ML S OTHR4T ), T
4% i “Device or resource busy” (errno = EBUSY) #i% - #15E H ¥ “No such device”
(errno = ENODEV), MR ATEERZRITH H'E stream -
RCINTTH LI B but FRIAINAE 4 ELH buffer f5, SRR :
while (1) {

rc = read(fd, buf, numbytes);
nunbytes f&Z LR AR F T
REME re B & EFREREFTE (WREEAHFHE TR, WHAE) -
BEER, WH nunbytes FIERIEIRERTH, read() B2 LBLRE . BT, WHEE
AR HESE , ERAAERN 10 ms ZJ5iRE - RRAEEIETH, read() &1k
iR, BEEIERLLREEE -
driver 7£ IP core .M\ FPGA H1] application logic #2UERE 1& X & 5 1w
7% - DMA buffers HIBLHIX K%L read() AUV & &R, It BA2FE S DMA buffer
RIWTIEIR 7] read() sRECA A ZREIE, Wkt A.3.5 &B5 ik .

HEN:

AEECRIE NS AR BT R E KRB F 17, RIEE read() AUDREIH R G0EE « T5R5E
RAEIREAN S NE, WRAEETUEN read() #4757 — 10 H -

XF read() FYBRECH R QB EREE, WHFF7R (‘continue” 1 “break” 1B A UE
while JE34 £ N30 -
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if ((rc < 0) && (errno == EINTR))

continue;

if (rc < 0) {

perror ("read () failed");

break;

}

if (rc == 0) {
fprintf (stderr, "Reached read EOF.\n");
break;

}

// do something with "rc" bytes of data
}

HE—A i BRI read() B H N signal 1T FIRE - X &R MERIE RGBT
signal HI%55R -

LR BN EER TSR H driver 37BN I HIAGR |44 B FE F RS 1E .
EINTR #5125 222 15 o A0 A & V50 BRI —F 77 X - #2FF LA “continue” 1& 6]
MR, AT B 22 {5 FH A [R] ) 2 550 FH eR 4K read ()

w5 signal 234} buffer FEEE, driver 2R [E rc FELERAF T4 MH
EF AL HGE signal DA EIE, H HRE UNIX HRELE, BEEREHEBRL: WH
signal T Z#1E (Bl4n SIGINT H#E 1) CTRL-C 74) |, MNZERIER STEAERIE
R4y, wFEMAY signal handler -

BERE, HLE signals AROZXHUTRAR SRR, KR W FroR s
#| signals, NIFEF AT RES LA TCHO 2SR R G 5% -

403 EINTR 546 T i fE - (5 CTRL-Z —#f) FHIEFIKE 22 -
WSRAERE P AT A R B A EE IR R, WA if iR L5 -
FE=A it AR S B E)E end of file, :XHIREE 0 f87~ - 2 M Xillybus device
file LIRS, & A XMIE ORI ME—REZ application logic 475 T stream fY _eof
5 GXZ& FPGA L IP core B HHI—#4) -

3.3 HUEEAfEr

R R AT
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int fd, rc;
unsigned char xbuf;

device file k% openfTJT (file descriptor integert&=l) :

fd = open("/dev/xillybus_ourdevice", O_WRONLY) ;

if (£d < 0) {
perror ("Failed to open devfile");
exit (1);
}
W device file CATHLAMER — MHEREE A (AIARYEZSREEHEIEM 5 3THFTH)
4% i “Device or resource busy” (errno = EBUSY) #i% - #15E H ¥ “No such device”
(errno = ENODEV), MR AT e 2T H ik stream -

REIFTIF 315 B but FEIATNAFH 2 BCHD buffer J5, 5 KR

while (1) {

rc = write(fd, buf, numbytes);
numbytes TBE NIRRT T
REME rc BEEREARNFTE (WREEAHFETER, WHAE) -
BEER:
TIERIEFTEE RPF T EE S A, BRI write() SR B2 W10 - AR5
AR E A AR, WIS R SHEX write() #1757 — 1 BREGRH -

XT write() FIMRECH A G NAGEEREE, @ FFR (“continue” F1 “oreak” 15 A] &
while fE3F £ 30 -
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if ((rc < 0) && (errno == EINTR))

continue;

if (rc < 0) {

perror ("write () failed");
break;
}
if (rc == 0) {
fprintf (stderr, "Reached write EOF (?2!)\n");
break;

}

// do something with "rc" bytes of data
}

A if BAKRE write() &5 H 2 signal g FIRE] X2 FE M ERE RS EIL
signal HI%55

LR BN EER, TR TR E driver 37BN HIAUR B 45 N R F A& 1E - (A
EINTR #5125 JUR SR AU # B 5 ASBIEM—F 775 . 27 LL “continue” 15H)
MR, DT 3 st P R ] ) 2008 F R AR write() -

WFRAE signal FliAZ BIE A T —L83E, driver iR [E rc FEEEAMFENE . N
FREFFASHIE signal DAFNA, 1 HRTE UNIX RI22E, BREHEBERL: E
signal T2 #E (Bl4n SIGINT A 1) CTRL-C 74) |, MNZERIER STEAERIE
ARYE, wFEMAY signal handler -

HER, FLE signals ANROZX HATIURE R AR, B a0 SREE an b BT Rl
#| signals, NIFEF AT RES LA TCHO 2SR G E1R -

LLFE EINTR 7550060 T AR AEF L (5 CTRL-Z —#F) FHIEBKE M%) .«
MRS AP SHRE R E X EEEMTR, WE A if B ITE -

FE=A it BARIE S S E)E end of file, :XHIREE 0 87~ - 5 A Xillybus device
file I, JKIEAE LA XFPIEDL -

3.4 7R % downstreams 4T flush

MR 2.4 AR, S PCle/ AXI IP core LI stream HIEHEA—E SV A
%% FPGA, B3k DMA buffer E7#% (B JL1> DMA buffers ) - Itb47 i SR 5
Bi A buffer 25 [E]RIEETERE - XIS T7E PCle / AXI bus & £ EFEEHIRCE -
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IEE 525/, XillyUSB IP cores JLF LRI &A% RE, RI{E stream 2R PH,
7 USB #OH—MEMNZHE . Fith, REEW SRR ERN, $UT flush A%
XillyUSB IP cores H&E X -

Streams #| FPGA 7£ % 4] file descriptor B4 B 5122 flush, {EiXZ2AFEMREIR T
AL - X close() FIBRECHARIER, BERIFTEEIEEENE FPGA, HI7=UR LT
write() ERECF FHTEF P streams FAEIEIRN T2 . BERIXAIZ close() %1+ flush 52
% —F0Eh . QR IEET flush iR E 52, close() Tt #R 4R\, F7E system
log A HESHEE - HEFFE, £—SLFEWAHEIT. K file descriptor i, 7
KEIRNRE LT RS ER A M EENEL T EE .
AT L K N E Y buffer VA K%L write() 2B Zx0ER 7 stream #) flush,
Ap
while (1) {

rc = write (fd, NULL, O0);

if ((rc < 0) && (errno == EINTR))
continue; // Interrupted. Try again.

if (rc < 0) {
perror ("flushing failed");
break;

}

break; // Flush successful
}

THER LR 0
e UNIX K] manual page %5 & 2% count NZAT write() BEUAF MIZAMT 4
BRI E 4D device driver - flushing X 71245 € T Xillybus -

e 5 close() INE, 1 LFT/RA) write() & 32BMR[E, AT FPGA b Al %k
P

o IEENUILL, XFhwrite()XIXillyUSBZTLE L - TR EEMEIR, LPhr bHEE
FRAATVER . Towtnfa], BESEPR bR RN A %R, write() B O FHEEIB
NEANEES

o BT M buffer SR, F I write() BRAUAF 1) buffer 24007 LUR FE
e, 8% NULL, 1 EFTR-

o BHEEHAIN APl 5EKE N buffer —HLfF A, Al HEH AR EH MR- Fl
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wn, AR fwrite() B AE T AT RE R A SR B T A 2 KR, %
BOE H TR BRI R B C run-time library G11E2H) buffer -

o flush() T£5%: EHATEREHA buffer {) flush, {HAN KL A driver & % flush

o NEEAERB—NHA (M FPGA % host ) %I streams T flush , ti&H HiE
IXEEM - X RN Y host Zim ISt EUATE BIE 5 3 2 ABERRCIR S (BD block )
B, & BT 2E streams Y flush -

3.5 select() 1 nonblocking I/0

R ANHETE , Linux B Xillybus driver #3C#F nonblocking calls 1 select() ThfE - 15
FR, FT Windows ) driver ACFHERARITNEE, HIINRFTFE, {#H D6
SRR R AE - 2 MREMIEE T IEREHZ A threads (5 1F & RAM
FIFOs ) ., 1 fifo.c REIREFHFIR, 7E 4.4 BePitie -

%f select() ~ pselect() 1 poll() f & £LH A AT LUZAE AT UNIX file descriptor — T3
HAIE A -

nonblocking calls #1 select() ZhHEZE Xillybus IP cores H R 2, XLINFECLE IP
Core Factory 1% &} “Windows only” -

N EEEN, FATRER 3.2 Bt BEdR RS R4, i H nonblocking HZHY -
AR OE 7R 1A UNIX H 8 SO BT nonblocking B #ILT 1 -

Z I O_NONBLOCK FREFTFF

fd = open ("/dev/xillybus_ourdevice", O_RDONLY | O_NONBLOCK) ;

if (fd < 0) {
perror ("Failed to open devfile");
exit (1);

}

SCHEREBUT R SEECREE RS SORE XA
while (1) {
rc = read(fd, buf, numbytes);

BENAESEEREHTT A —TRE. MR rc HHEI H EAGAIN 1EH &%
RIGAEH, XEWEWERE AR ANE . EHERIUL, driverfbuffers B T 1% 1
&, FPGAEHAIFIFOZZ M .
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if ((rc < 0) && (errno == EINTR))
continue;
if ((rc < 0) && (errno == EAGAIN)) {

// do something else
continue;

}

if (rc < 0) {

perror ("read () failed");
break;

}

if (rc == 0) {

fprintf (stderr, "Reached read EOF.\n");
break;

}

// do something with "rc" bytes of data
}

WER, LEEEEEL, PRIAFEREAARE EAGAIN B T —2FE L HE
e BN, BRI while FEEAHRERRIR SR CPU time, T AN AEISH R vl 12
FCRSS R IR =

%1 nonblocking @5, 187 3.3 Bt BRI R /AT AH R A BE A -

3.6 s#driverfbuffers IR E

3.7 XillyUSB:

I FE BT Xillybus FPGA designer’s guide™ 4474 “Monitoring the amount of buffered
data” R4 AT T g -

S Y Hdata link ) i =

5 PCle ~N[F], ©M%EF|5 USB 3.0 —#{#H Y13 data link 2 /3% bit errors - iXF1F
DAL, RAEA—PMAMFERE, RATHEE host i) USB ¥ M BLFHLAL -

USB PhilFR it T ZFRAL IR 5o ik & AR X FPIE GLET ) bit errors, (X BRI REALYE
Jif# link protocol 20 TARAARIFPIRE - Kb, X AIGESIE R host B USB controller
B IR - XFERVEE IR, EENTEERTEEN, @R, HSEEMEEntT
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B, iR data link S bit errors FIE$E, M) USB i FLER A KRS,
Al USB i &R BAWIT, sEEWDEIEH T, EESSENHAREFEEH
o

XillyUSB &3 & FI#Y device file - /dev/xillyusb_NN_diagnostics it 7 — i il 4 78
data link f&REIRILHI /% - showdiagnostics SEHFEF (41t web page Ltk fT T fi#
B) A TERRE ERERER -

FRFEEFE T XillyUSB 95 FFE P RS 1 showdiagnostics SEHFEF 2 R AU ET B4
ITEES (5RE - KBE IR Recovery 1EKRE XK) |, HBRENASHEMN. @
AT T, KRR ASRMAT SN, A ROZ @A ERE G, FIRER A
FZ*:

o WTJT USB fik it EHNEREE A — i M - XARERE#E, FOVELEERE
T B3 F S RE SIS F] S R USB host #5188 GEH & h T SCRF B i AR AR
USB 3.x thi%) -

o WP HEFHER R —u 0 L) USB 6k - 415 analog signal equalizer (THFRY)
BESBE5ERZEMRS) KRELTRIIRE, XATRESH ) .
o i NFA) USB F4 -

RIfH7E bit errors FEEMER T, NABRFHRETRMRESERET - Fk, RIFES
FEEIF P A BE A2 1B BT BE (2 I S 0 T 4R A IEFE R I -

showdiagnotics.pl £ FHEFF & 7] FATES: % RS Perl script- 50, AILAZE/ESR C
TRACHHR LR Windows 12 MW7 SEFHFEFE «

BER, XLEREEAZ XillyUSB FE 1 - M, XL R RIAR AT fE < s A USB
3.0 &, fH XillyUSB #2Ht T EATR 7% - thoh, EREHAE, PCle HEEA
AR, XIR T RER T S a6 TS A E 5k -
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—_—2_a

HIFELE /0

[=]

raj

4.1

2SN

B RSB T7E host A1 FPGA 22 18] SE3H i 38 S8 E i J L P e s N Al /DAY
o S streams

o TR driver 1 buffers % K LI#ME user space application [ 1/O #1E 2 [8] RS
[E] [ B

o —HETWH%E, ik user space application M device file EEUEHE, Bl &7
buffers H175 ] F 23 [R] I 32 B[] i) 25 A -

o 4 FPGA RIS ASHEHIERAT, §107 5 FAIEHHTIF device files -

XillyUSB 7& R FFEURE R LER T 2 78S EkiL, 140 web page 7 B gk 07l
B

Xillybus FPGA designer’s guide?E4 7 “Monitoring the amount of buffered data” FJ#%k
SIS T AR AT 45 SE R 1B WA driver B buffers HRERTF AR & -
FEAIFEFRE T, B SRS streams, 7 2 FAFHT TiIHE FEoAMES
MRFIEARTT I H RT3 L

FPHRRESEININ, [ — NP streams ML AR EIEE FPGA 1 host Z [BliZ1T, ¢
77 user space application [Tl HICHERFIN, HLRAERF L -

FFAEX T M host 2| FPGA [ stream, %[ U2 5& I buffers 71 A% BT A £ 93

7 flush, HHEMESZRE (8—MF) REASCH - B, ARESCHFEIERTTIF S0
(RS A file descriptor) Z [RIFF7ER (] [RIRG, 5OH £ -

2T FPGA F ) streams, X132 52 pipe ' FPGA 1) application logic
#l| host H1f# user space application FIETH%E X% (B FPGA # FIFO F driver )
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buffers ) - % KRR Sk HUME— 7 1k B 7E S B0 b 2 RTTE 25 pipe FHRBTEALHE -
K, TR B SO B CHT P30 2 IR0 2 B HOS 4 4 -

A L BB B EOF ThAESMRIT RS (IHn5eReA0 video frames ) . 3
SORE2 18 host 7 B AT AL 3 3 EHHTIF device file. SKTTT. JXEZHMNT
overflow 7 FPGA f] FIFO _E/XFE: -

HEMBEILE, BIERATRSETFAENZ ( preemption ) M user space
application F1ffilfx CPU, HUILIEFH LR ECAA Z R fEa HEUL M EZR L=
TR FOBSE ] (5] B -

4.2 K driver ¥ buffers

7E FPGA F1 host 2 [8] DL R AL HEORE 10 S KBkt 2 — 2 R EFESR - 7510 X data
acquisition FIHEAI N FAFEF A, overflow BiEIERN E & SHMALTIEER TIE-
WX FE ML, driver 7F host 43 Ei K RAM buffers i 5 S # H - X2 buffers 1%k
T E AR, FE A 18] R FH AR 0 R A ER R (4 5 -

Xillybus fiF 4 BL B K H driver [ buffers, {H 2 X3RN LT NEEIE RSTHT kernel
RAM I 43 B - FERLE RS (JRHE 32 (L REGE) b, X Fh N7 K41k 25 8] B
Linux #/ERGIBRHIMN 1 GB, RIERTARE RAM BHEHE K. £ RAM /NT 1 GB (%F
HI7& embedded Linux) FIRZEH, FrENFALRGEH T driver 1 buffers -

fEF G582 host driver I, FILATE 64 £ &5 4 FLEE K buffers, QAR TIFTIA:
http://xillybus.com/doc/huge-dma-buffers/

BxT XillyUSB, driver /] buffers 7 Xillybus driver IN# 4> BL (il 7 boot HFE K]
FH) |, JF BAAE driver M kernel HIEI (B 7E system shutdown BA[A]) A BEHLC
X buffers IRART, XiEHEEWE kernel 1 RAM i I1R K —HR 54 driver /) buffers
HH e XR— MM SEME, FRNHEHIXLE buffers FINABEFRATGERIZITE
AINLAR B B -

EKHY buffers f— MEBERRLZ EATEE 72 RAM FELLE - X5 7Euserspacets
FFH e fbufferfi iz, buffer?Evirtual address space™ & iE4EHT, (Bl LLB AP HE A
7. BEERAA SFEMYERAM .

BEEERIE RGN, FTRANEMZREHR AL X2 AT 4 Xillybus driver 2 RUER
SBCE: buffers, I BEIMEAEAFREARN B SRE TN BT REMRE, ZatEE
driver FH7EA B B BB NS B FTRES RIK -

XillyUSB HARIMN BT, ©HEERGSYEHNER A - X2 E KidriverfEfT
F—device filefs s Ebuffers 7 ELRAM, £ 4K AR BT IR E 2 — .

{H2, RCRETTHE 56 DL 2 kernel RAM %G5k - IP Core Factory B E ZhNZE 5 BL (
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“autoset internals” ) H.i%k EEANHEER T 50% WIFHR A, F40 PC it HEHLAY 512
MB, ETFIA PC 2225 RAM #it 1 GB HIfRi% - A% 75% Al RER 222, 1XA]
LU F & E buffer R~ E52A8

buffers FIiFE S B A RES SR AR ATRE - A2, HBIERGTIEM kernel pool
SrBE RAM B, EIRATRESRENL L LR

4.3 user space /) RAM buffers

XFFALE 32 fibles LT E buffers KT 512 MB FINFHTEF, #IULE user space RAM
P — LR b . 75 64 fINLES b, MOETR/ADH R, BRIEFTFFR buffer K/NEHE K,
A 2 B9 (2N ). Ftn, &t Xillybus DMA buffers ToiE 77 stream it 62 GB #
buffer, {H7]LLET user space RAM ZE3

/O FE S 1) J AT LL3E 3 £F user space application H143 it — 1~ B K ) buffer S fi#
R, XRLPFEREN . BE L, SRERSIRIL CPU N AR, XFERTTH
WEFTE. BE, WRRERSH scheduler it 5+ i3 A M SeHG% & EM,
B4 BIEZE B E R EAL L, user space application B &4 HHREHE CPU H -

EE buffer FISE—IXIEFTREE: 2 user space application 15 KINFES, IAEIER
GRS BRI RAM - fH, {1 21%E memory page tables S [ A 7743
Bt AEYUNARFZRER TN A 2SR NG - 3X & T4 BIRIED T
1%, {H£% data acquisition N HFEF A IMEMERZIN: B0, 558 4508 1R MEUE
TR AR 2 & AT 4 - NARRFRBEGE S AR B Abuffer, (H2 8K T R — 3T
fimemory page, #{ERGIHTEIRE—Hphysical memory page - @ISR
N FIYFE RAM, s & GRA —MIRER BN AR (Fla, BR5HERD
1) disk buffers) , XFHAFIHEERTRES 2 - EEEREYE RAM A EH KRR
BT, ATREL AU TG B  (RAM swapping Ef##8% flushing disk buffers) |
XA RE S R FH AR T 15 L0 AR 1]

HIEFINEER, REWIREER AR BUR T BN RGPS - FHit, @HEAT L
BATHREFF AT RE S ORI, RA Hofh— A8 5 FURTE R — & i B L T — L5k
BEMEH -

ESRBIRIR T RENFYE: mlock() HIFRIERG—EM (B NEIDLITRR
TEYEE RAM H o X BRHEISLRI S BL B N A7, DR a0 SR R B R R T2 B R R
F, AT RERRZE—Lemst [A] 4 R [A] -

BIERGAEEBIE RAM AR, BIiX &R EARE . £ RZEERT, &
B shell H% m — Lo fR I s B ACE S -
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4.4 fifo.c H/RR AR FHEA

1E Linux 71 Windows ] LN #RERN BRRFF, B— 104 “fifo.c” - iX&—
{EF R threads SZE1 RAM FIFO f7Rf, ©7F 32 (Al 64 (L F& Fatfr 7l .

HFRERNARFHFELZES, 1524 Getting started with Xillybus on a Linux host -

HER, 53CEF AR AF, AT “FIFO” —1d2&$8 host L) RAM
buffer, i/ FPGA H1f# FIFO-

XNEFRY B BN Y streams, H A —> RAM FIFO 24—~ E X/ RAM
buffer FTLFRH - HATEDL, WREFE—1 L 16 GB B/ buffer, 4 IR HE
NEBEXNET -

B LUAE B & N AR EMACR A R ER . ERITE mutexes, L
H thread & H A — thread 5 lock M ABEIRIRZS - M5k, % FIFO APIRASF
B (Flan, MWZR) FIFO 1EKIEH) |, BEAR (blocking ) ffisLes & 4

Lﬂ”/xﬁ mutexes BSEINTEE(F404EFH APl BBEL, HNENTAE reentrant - (B2,
{#F—%& thread IEZEFI—& thread 5 A EH A1 -

ZFf data acquisition M device file iZ1TE]EH 128 MB 1 buffer FURLE ST, 155
UNPRNZSES

$ ./fifo 134217728 /dev/xillybus_async > dumpfile

WREE S HSUHEBIERE A SEL, WFEF M standard input 1525 -

e EMRBRBIE NTERIMRE], 7F shell prompt LA limit-I', HEH root AR (7]
H ‘su - your-username” F{E root DURFZR A PR BRI A -, R B BEET IR
%’J) o B RIRHI IR, ES I Linux Z1TRUR SR -

YHREF O T =1 threads:

e read_thread() )\ standard input (Ean&17H 45 SO EEEER I RETES
A FIFO

o write_thread() M FIFO (35 A standard output

e status_thread() /z & [n] standard error ¥TE1—Z5RA4T
%= thread FENEEE L, FTLUEIK - AT DIZEE thread HiafT H A —#iy 5 )
i - 1N, 7E data acquisition N FHFEFFH, FIRETR H R H R F 5 read_thread() F 4L

& M file descriptor %)% FIFO, {E7EERNHREFH thread HEFER B FIFO HI%K
% -
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4.5 fifo.cB{ZE%EIC
MREBYAER, HICE T ILA:

o fifo_* THAEAZ reentrant. 4% thread fif FH —2H H Ath thread ANl FH AU TH fE
(X BRER) &, FHTEIRZ2.

o PR fifo_init() A RETRE—LEmT (Bl A BRI, I HNIZAETT F 572 Xillybus device
file Z A -

o FEN AR ELEUY thread A5 AR thread /&2 2t EH: /0 3R RFAI&
RFTE - XAEFLAFL T Al ge2 IR, Fln 1/O J§52 /dev/zero fi B %
& /dev/null B o B EHRFAE— IR SEREE MG SK, FEI FIFO 3 M 58 & 25 F)
SERFE, REHE IR EXFENT, REIVEAH VO REIHE K IF T 4E
B -

4.6 RAM FIFO Jjfig

Br TR fifo.c /RGN, AL AT LR RS A ) —2H R %L -

fifo.c X IFHH —B FIFO APl THAEFT AN - ixX 28 pR 50T LIAE B € N I RE R A i
F, SRR B FEARTE T T A R R -

HEM:

RE fifo * RELEERT multi-threaded $145%, (EiXLEpREAS R reentrant - X7
BRE&E—1 thread NZ A S M FIFO SEEUH R IEEL, 1A —1> thread NiZiH 1T
G, EHEA thread V8 HE B A —H K EL -

BR T WIta Les - BHELER A thread join FEBNES S, API B MEE KEL, & T AM
Ao XL REERER EIEVI A FIFO FHAEE - BN FIFO PR HFE AT
B A WEEHSRHENIER -

AT T RGN A FIFO BEEUH) thread 18 FH R £K fifo_request_drain(), 1%E%L
REA KA LI E DTG R, DUKAT LU AR 1) pointer - 415R FIFO
Z5 | thread HIRIR B 2IEIERIE -

INJE . FH P N R P X 48 [a) PO B TR 3T P R BAR AT ) - ZEVE RESE 80 2 Bl & AR

(B EHIEEE - 2T RFEESE) 5, BV A KL fifo_drained() i8%1 FIFO
AP| SEFRIEEE T 2017 . AP BT FIFO HAHEAINES 4 - W5 AR thread
T FIFO @M TIRIRRE, NI'E S HREE -
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4.6.1 fifo_init()

HER, EEUY thread ANESRFF ERE T - Mk, fifo_request_drain() & ifRH
FEFF R LIERES DFT, NARF &SRS T fifo_drained() ik H R F T4 -
ETHROTR, RECELIFHE: 5 fthread i i %idifo_request_write() - It ER%L
REAT S N FIFO FIFET4L, Wk FIFO S IIAKRER - I R R PP BT 3 B 7 T4k

(AT fifo_request_write() RIFRIF T4 S5 AEM fifo_request_write() 31517
Hitk, SRIERE T E B R4 fifo_wrote() -

HATIAR AN X IR IR — 1 .

fifo_init(struct xillyfifo *fifo, unsigned int size)—iX > b8 %% #] 4 (L FIFORY 5 B 45 ¥4 7
NFIFOS TN - Bif% K FIFO K virtual memory 9f & 2|9 ¥ RAM, fif H
UL BIHUE 5 N FEB 1T AN swapped to disk -

fifo_init() N size FTH buffer HECNTF - size A LLEAES integer (RIANLE 2
a2V ) EEER RSN int B

HER, WEEETREFEILE A GEEE . SRR RAM I35 K 7] fE 2 33 i
VERGUHHAMHFER) RAM pages ZC# B4, ok disk cache flushing - 753X HiFf
THEOUTR, fifo_init() FTREL TSR K EEERE AR A GER(E] -

ZREE IR EE, BLREEE

4.6.2 fifo_destroy()

fifo_destroy(struct xillyfifo *fifo)——f# 815 B FIFORIA 77, EEfifthread synchroniza-
tionHy B o X R BRI AE ERE PR A, BRI RIS ZE 2 B 19 Linux SEELH
thread synchronization B/ B EhEEAH), EHENTH AP HABERIEX — 5 -

BERECR void KR (AR EHERIAZ) -

4.6.3 fifo_request_drain()

fifo_request_drain(struct xillyfifo *fifo, struct xillyinfo *info)— #&{it pointer M FIFO #EHL
BHEIEN info->addr, FHIBAILE info->bytes F M pointer JF AR LIEEE( L D5 .
info G5MARRES TN fifo_request write() FABEACEFFHR I4E#H - B4 thread #B
ROZ X EEYE—4 H ORI BB & -
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HEM:

RE I F AR RE FIFO Fi075 2 /DEIRZEEE. BRI aExE T 52
FIFO HIN A7 buffer L5 R R 7 T4 - BIt, 2 pointer ¥ buffer B1K B
W, FFrIRES BERE -
R EGRY fifo->position B E MR FIFO #)2 Bi kB B Fe 7m0 0 1 size-1 Z [8]
B, HEH size ZIT fifo_init() B¥IE - JEZF fifo->slept /RN FIFO J= -
R ECR [ A VF I F R (5 info->taken #[F]) - {HANSR K%L fifo_done() T4
VA, T FIFO %S, I fifo_request drain() jR[EIZ

4.6.4 fifo_drained()

fifo_drained(struct xillyfifo *fifo, unsigned int req_bytes)——X > AU ZEFIFORIR S
e hreq bytes¥- 17 HITHAE - 1SR fifo_request write() K124 FIFO &b FRHRMR
B, BRI -

HER:

req bytesix HE2HRE - AP NHETFHE T EWMIR req bytes 1N KT Xt

fifo_request_drain() {5 — X R ECE IR [E#Y info->bytes -

SRR ECR void KR (L AREHERIAZ) -

4.6.5 fifo_request_write()
fifo_request_write(struct xillyfifo *fifo, struct xillyinfo *info)— #&{# pointer LLREUES A
FIFO /£ info->addr, FFiE%M info->bytes M pointer AR LLG AL /DF5 .
info GMARES FFXT fifo_request_drain() FRECE A RILEH - &) thread #F
ROZ X EERYET—A H DR BB & -
HEN:

REIMF I ARRRIE FIFO T 8HZPDEIRES N BHAgERBE FIFO
HINTE buffer G5FRET RIS INF AL B, 2 pointer B2l buffer FIREBES,
RS BEREK -

R EGLF fifo->position HE AR FIFO B4 HI S AN EFER A 0 F size-1 Z[H Y
B, HA size T fifo_init() FIE - EZF fifo->slept F7~ FIFO ZEJH I Ui -
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4.6.6 fifo_wrote()

4.6.7 fifo_done()

ZEREORE RS AF T (5 info->taken M[F]) - {BA0F K%L fifo_done() E#
VA, fifo_request_write() FiREIZE, BIfF FIFO K (5EE CHEIES AR
SPIEHE) FIFO) -

fifo_wrote(struct xillyfifo *fifo, unsigned int req_bytes)——iX >R ELELZE FIFO FAPIR
PIURBE req bytes 1T AOTE A - 414 fifo_request_drain() K- FIFO “NZS kb F IRk AR
KA, BRFH R EE -

HEN:

req bytesix HE2HRE - AP NHEFE T EWMIR req bytes AN KT Xt
fifo_request_write() )55 — IR ERECA AR [F ) info->bytes -

BRI ECR void K (R ANREHERIAZ) -

fifo_done(struct xillyfifo *fifo)——ixX R EGE P LK), a0 Ffthreads (RELE) H I
fAl— 2257, BB NHBEFLRERRY - ©RE7E FIFO Mg xE
—MRiE, FEEM A threads 40 TRERRIR AR MEEE T AT - WX, W% FIFO
=%, fifo_request_drain() FHREIZEMAE KR, H B fifo_request_write() J&18 an{aI #F
FHREE

XFE, XEEREEI A E S AE FIFO AR ZHLA T, fIRESRYLENAR, X
TRATRES 15 1E thread AUHAT -

LM pipe MEIRIRES SR (140 EOF 5iE) sk Tt & N EZE (7140 broken
pipe ) , VA ILEEL.

SRR ECR void KR (L AREHERIAZ) -

4.6.8 FIFO_BACKOFF define variable

GEFE FIFO HEHEI G — 1 2Nl ) . REE G BF 2 A0 3 BB X M o,
{EA R A EAERURE S A AL BRI B 2 [ R FF— 1/ N EITRIBR

a0, FIFO_BACKOFF "] LI &N 8, HItE A FIFO MG — M FTHEA~AE 5%
— MNEREFE T RE A 64 ALFUMHEE . X R H AR TR A, ERAME 8
FANERRAN -

i Xillybus 5% XillyUSB B R Z L I HE -
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1EEF frame buffers

5.1

e

RN HAF, STHEEMAERG SR A, TR L buffers, 155
oufferfiE — 1 EE IR/ - FEMANEER HZFH, 81X buffer BRELE—
A frame o X ARVFIRIET EBET frames B IREREEA ] -

7t frame grabber N FHFEFH, A LUESE BT — 2 £ A frames BEIE — 1T EH
buffer 40 overflow 5514 - filtn, FEERBCRNHARFT, S3EEROBHEIRHE
KNS, ATRES LI overflow 1641 - 50X HE 7 frames 7] LA 1E5K B HLATR 1)
SR, RN RERRINE latency -

7t frame replay N AFEFH  (FIATER live output FIFER:) |, H%H FHK frame &
R, BHEGRSES - XBRTIR (Bl EeHE LB, SEERMER
MRS N VRS, - BRANEE 2, (R stream NESBELF - ZEHFSENT,
EUR EEYLH B RE LR, (Ea] IR 7 iR frame rates MIZER:, FEAE M5 H
K] frame rate &5 THi AR frame rate Bf (%140 30 fps £ 60 fps ) -

AATTHEWAERL 4.4 B FIFO JE RN IR DU FE—4H 2% buffers -

5.2 X4 FIFO R~BILHS

YE$P frame buffers 1 FIFO FUTEIAE Z RIE M2 4L - FE E, R FIFO F &1
FHHECFE— frame buffer, ILATE FIFO B 5 AN F T HIMER LS,
[F] T A frame buffer FIEEELE A -

filan, fBRi%—1> frame grabber NP, HA4HE T VH frame buffers T8 &
BRI EREER - FF— P ERE T — ST 8 FIFO SRHF B & HX 1Y~ frame
buffers, 1~ FR:
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B EIE R thread M EE—> frame buffer 718, DIIEIF 7 AR EE S| — 4 frame
buffer - 65 AT frame buffer Z Fj, It thread SHEIIFT FIFO 25 ATH -
SEAL— frame buffer 5, E£ 0 FIFO EA—"NFT, W5 FIFO £, NIEEE|F—

P A =g = vy

T

TH BB EUE R thread LUK R I 7E frame buffer FHEER o 782 M frame
buffer IEEZ Hj, TEKEIFT FIFO £E N - HEEM T frame buffer HE &
NF—1E, B2 M FIFO BEE— 19 .

W ESF XN E A LURE BRI thread 7GRS 213 i R 7 7 19 frame
buffer, I HLiH % thread /KA 2 M AL & TEREURE Y frame buffer FFiZEL . =
S F . FIFO HRFTEUCE T E 4 HHRL frame buffers HIALE -

WER, BAMEREFTEEE RS, E SRR AT E S B 10415 i N 7
BEIREEER S . JUF FIFO FEFHLHIEIER .
K, 4.6 B AR FIFO API ] RIFRFEER -
o T size Z40 FH K%L fifo_init() 1E4 frame buffers F%tE ([FIFE—TF size 7]
PLZAEAT integer ) - fifo_init() ¥ FIFO S ECAMBIENTE, A NEH

(ERHENFTT L ERAME— frame buffer ) - XFAZIR T AT LLZBS AN, {(H
AT DA BRACHS AR A AE S50 5 LR 60 5 SRR A -

o A FH R AL fifo_request drain() LUIREXELIEEAY frame buffer -  info->position #f
B E BT frame buffer FIR5] (45 M 0 FFliB) - WREH frame buffer 1
&UF, fifo_request_drain() ¥kiE, HEFE -

o M buffer EEUS , i %K fifo_drained(), bytes req=1-

o thread LLAHTRI A 20 F B8 4L fifo_request_write() 1 fifo_wrote() 5 A frame
buffers -

e FIFO_BACKOFF Ri% & N%E . frame buffers FIiX MFHEEE &R XL -

53 EHFMEE frames

ik FATLL image frames FELLIFE NG, EKIEA 2R overflow FPRA, F &R
TH B8 FTRETE AN G2 W R N S AR -
XL N T Bk thread ERIBHZE, BRAETE W EIE TR £ 42 frame buffers . 5
I, RAEAEAR frame TEEALLTFA:

o I REL fifo_request_write() #% 25 AR frame buffer

e 5\ info->position &A1 f frame buffer
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o SEME NG, XV AL fifo_request_write() - HEEHHE EANSKIR (
block ) , FERHHLERAALSE, &HEMRE buffer 2E A -

o W4 fifo_request_write() RIRIGRE—NATF 1 BIE, TIVEF K%K fifo_wrote() (4
IR req_bytes=1) - X fifo_request write() /5 2R EA & E A SKIR (
block ) , FNEZA buffer A, HERHEFRET —1 FELL, X fifo_request write()
R —> R EOJA AT LA %S T —1 frame buffer SR -

o H—JH, R fifo_request_write() FR[E 1, MIASZJEH K EL fifo_wrote() -
MR, FEHAT N —MEEA AR S A SR PR IR A 24 AT buffer, 38 FUR R
A frame WNETERRHEZ EVE R € B B -

X A A AT AR (EPH2E R AT LLE fifo_request write() FOSEER A HIBR while() 1
T, WREAGEASH A - B MERAE K semaphore K HATIA M FEHE AL,
A LU — AR - B EATEAERE IR, FX R £ 22 REF RS
A IR

A LURBCR LA /7 4 thread B & frames M FIFO B A\ £ sK4L fifo_drained()
Z BT FFRUE FH B AL fifo_request_drain(), iFRE/NT 2, NIEE Y H] frame -
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BRI g EEBIR

6.1 Seekable streams

[ Xillybus stream 7] LAEC & 7 seekable - stream FIALETE FPGA A LS4 AE
JyHihk E 345 application logic, H 7 FPGA % N 7EFES 8 registers 1R f 2. |
41 demo bundle FI7R GG -

I ThRESRF B3E FH T1E FPGA Hi% & control registers - stream i[RI RF IR TR R
I/0 MREGRE 2 Bij% & FPGA HH] register -

AR A BER T AR len FATAVEER S AN EIHINE address B, FPGA

H Y register space, RIS &R THIE I E R -
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int rc, sent;

if (lseek(fd, address, SEEK_SET) < 0) {

perror ("Failed to seek");

exit (1) ;
}
for (sent = 0; sent < len;) {
rc = write (fd, buf + sent, len - sent);
if ((rc < 0) && (errno == EINTR))
continue;

if (rc <= 0) {
perror ("Failed to write");
exit (1) ;

}

sent += rc;

}

£d A EE 7 WX open() HIBRECH IR BIRIME, H A U A DLEIT 5 A B
5, I H puf fEMEESEES AREHER buffer -

IR B2 BE Y% 3.3 HET/RRBIHIT & .

X B RS H ME—RE R SRR Iseek() FIBRECRA, TIixE THikE . £V Iseek() %L
i, HBEH SEEK_SET EWHIESR =154

JE SR B 2 1RYE 1/0 stream AU & ST HAE, BRI AE VA B BRI %K Iseek() J5 2 IXE
LB NEHRH -

X THE FPGA FER 16 fiak 32 (7515 [RI#Y streams, 45 Iseek() HIHLIELZ1 5351 &
2 50 4 HIfEEL . FPGA F#RMt44 application logic FIHBIEIAZ AR FFHy stream Y 1/O fif
B (HBWH Iseek() ) S HIBRLL 2 B 4. XFTFEBEMIA, FIREAEGRGE -

tell() EEL AT BES IR ] stream HFRIIERAIOE (BD Y aihil) |, HEANZIE BRI
Kl - anEBER], 1E A AL 1seek() -

Iseek() BT LALAAR R A9 77 = T2 lUEGE - 18 2 REoR B AR T & H 1) memwrite.c F
memread.c (LN EAT7E Getting started with Xillybus on a Linux host# f##iA) -

O
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6.2 X[ [F]F streams

FERLEN HF, TERP L streams, AJREA AIFH - F141, FTLAFE host L SCIRTE
BRI RS, MOEEEF] RF 00281 A/D converter AT FREAR - [EIRE, EFRES
BT R AR L L FERET] RF & 52517 D/A converter - ZEiXFEM T, W HEA R
T EMRET AR, DUERE SR A R AR Fst 8] - FE IS S AR
[ REE .

Sz, W LUE AR EP FPGA logic RSEHL . — X FIfRIR 77 22 ZBS R
PIECFHEAR, HRIEERmE — AT FPGA:

host B JEFTJF stream LAM FPGA ZHUEA « 3X> stream 75X I B2 25 IR Y,
H FPGA £ T BRI - X5 host $T7T stream 5 AFEARLIEHE] FPGA, I
TR EG ANETE . 45— DEEARZA FPGA B, B2 EIEZBINEI AR, HIT
BRFEATAZES] host -

I, BN FPGA B HISE— MERKH S E A FPGA fIS5E— MREARICEL . i, host
AR AR AT LU B B AR AR A timing SR REAR LD, HFEILE T
ITFEM R stream AL ERIF] - FPGA 1 latency LAJz A/D F1 D/A HISER 7] e
ERYEBIE, (HIXFER latency 2 1H E K H 2 CEIH0 -

streams W ATIRLRFFIELE - 4 FR T8 T AT SE B — 4. -

AR CRFF & AR Z (R AARGT S (B 5¢ R 208 T, MRZRER T 2 AR - 4
FEATRESSMERE e HANRT 8] 2% [PEE, A DR I8 75 22 A B Bk oo 4 7 B A [ SR 38
DASE IR 7 45

Xillybus FPGA designer’s guide?£4% 4 “Monitoring the amount of buffered data” FJ#%k
TS T AR 4G € RS B S A driver [ buffers H AR A7 IR & -

6.3 SHIERE

FELE N 75 28R data stream 23 AN R B BOEOE 61 « S AR R 7 58 65 FH > S
Hstreams, F H AT ZEE 10 2 1A % A2 T fA 08 1 8 8 52 20 B B AE AR (i) K
;-

fA] BT 7R — 1 stream _E—ME—MHUEE T ITREREEEE B O ERNE
A BB - 57— PSS BB B S EUE € B E T - X2 video
frame grabber 5%, video replay T2/ H ST AR 77 28

TR BKERIECEN, LATE—T upstream RFHFEF, HA FPGA [ host
RIFEFIEIEE - ik FPGA AETEERG — D517 2AN A FEEIE B K -

FPGANG (Bl& k%) FISCELGN T
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o FPGA REUEEFHIFTEFT S AE—1 Xillybus stream -

o FPGA EE ANEHREAFHFH N F IR EET TGS, HEECEANEMF
FIRHEHEE -

o UKIBMTHEE —MFETHE AN, FPGA BiTH MM L %8 E -1
Xillybus stream - EHSEIREAEKE (H—) -

ZARRTT R — D EEBMRE FPGA AR Z B AR EF RN EIEE - ©HEER
PEREARE T -

host _E #9H F N FRE Az AT 40 T TEER

o M stream I —"1F, A& N —MEIEEFIFTE .
o WHWE, NEKRK/IH buffer BLNTE -

o FATHENFTMZATHTHREE 1 stream FIEIE M buffer -

EER, host £V AIEHE 2 BRI EUNF 140, (2 FPGA LI IR FX Lo
TS N streams - {#H #HF) Xillybus streams A LLSEELX RIS %

LEPEE M host £ i£%| FPGA Bf, KLIALHEWIEH - (B Histreams, —HiH T
R, — BT HEEIRNBIREAE - FPGA Y application logic FUAE AT LLSE M
—~ stream BEUFETTEL, ARG F A —1 stream FRECEIE -

XA HA AT R N AE IR R stream FEsB HABTTEORE, BN a8 B R s
R e (B AFE, S —PFTEER) -

6.4 Hfl hardware interrupts

FE/NBIRI S IS 0 H H L GECE i hardware interrupts SRIZEEEUE & 4 T L H
15, FHHBRTEE R — S5 . S8 Linux F1ER userspace # #1217
5f, hardware interrupts & NA] BERY, H Z software interrupts F14E ] 7 8 & {4 —
B, ERERMAEIR AR -

XFTET Xillybus F9RSE, BRI TT 22 5 BL— MR stream FAEIH S -
TR B EF, hardware interrupt 2B 76 % F stream b & 7% — 575 RS
[ -

7E host ¥, userspace application %5\ stream SEEUCEHE - 45H &, HEH “inter-
rupt’ X 55, NHAREF SRR (blocking ) HEI—MNF A HMEE . N
BFAHEIZEN, REZRNEH stream A — T, FIHELERFIRHFEA
RIS, MR R
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6.5 Timeout

R T SEELE R TR AN interrupt routine Z [ FIIERRAC B, X N& F Y stream 7] DL
B software thread s A F2 I . B X FEHE, ERIEHS T FE E stream
B thread oK, JEEIRTE & 2 H0H B R ARFIMGEE -

U7 ¥ B — N AR A AR B 2 1T OB (%3588 SR8 interrupt FITERAOE B - 1AL,
WRAESLHHERE LS, BEEEAITUET 15T .

XFHITIEE K ATRERIR TR logic BTR, 1H Xillybus SAIATILIT B BIEA &N
[ stream JEFERZ logic, LUMEFXFERIRRIR T RAISEHE -

LN AR A, A BRE /0 BAERTRELRFFLE blocking TRZRHIMIH], HFAlE 2 5
SERE I T e S BRI R LR .

Xillybus 7 & B4 iz B, DARSUEEHE A2 DX F o e R, (EEGR TR
FIEHETE B8 v fE 2 PR &R R i 45 Lk

RSN [ AN RS2 UG R 77 12502 1 select() Bl pselect() BA%L - EATRIHHEAE
THEERF L file descriptors B, i EH timeout FITHEE - VUG FHX L pR %Y,
FEATRVEHEF FLEE O Al e 28R AR, FrAE7E timeout ] LUK B BB LLAF TR IH
F.

—FE BRI T IE R Linux fY alarm F5iE: B2 — D HHRER timeout L], 24
B HARS & e R & 35— signal ( software interrupt ) - 15EIAE—F, signal £ i&#]
IETERBR Y read() 8% write() REC A L RIIRE#E 6] (S0 3.2 f1 3.3 Btvk) - XLk
BREGR Bl — A {EH B errno &N EINTR - ZERT I RFI A, by B2 —FF
I, BT TS timeout ARG H -

R FEREHL BT LR L 5 BT BETC < B9 signals - 20 signal & & 1~ # R
timeout R - JLFH T AR LLAIKT, (Hf %42 5077 R AR AKX S A a0 R
I/O #AEAE TR HOBS AR — e IS [A], P4 E B2 timeout - RIL, S EFEMIEESEN =
BFlE], @ AR RGITR, BETNEYE 3.2 A KL read() B -

R85 include files 31135 S
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#include
#include
#include
#include
#include
#include
#include
#include

#include

<stdio.h>

<signal.h>
<unistd.h>
<stdlib.h>

<errno.h>
<sys/types.h>
<sys/stat.h>
<fcntl.h>
<time.h>

BARBHoRG], FHELLTE

struct timespec before, after;

double elapsed;

FF 2B R A while TEERERAEFFGA TR :

while (1)
if (clock_gettime (CLOCK_MONOTONIC, &before))

{

perror ("Failed to get time");
exit (1) ;

alarm(2);

rc = read(fd, buf, numbytes);

if (clock_gettime (CLOCK_MONOTONIC, &after))

perror ("Failed to get time");
exit (1) ;

B[] 76 ) clock_gettime() Y FH BRAX read() 2 Bl A2 J5 & A < 3 2 I B Fsf 8] 22 1)
HiEIhEE, FEAER LR B EE (50 RS HET B system clock A~
) o BEE, WERERTREFRER -1t FRERNE gcc MSEH, Rt ESnEs

B -

XT alarm() FOMRECRFZERFLEE K signal (BEEMED - BN EE—1 alarm
timer, RHAIFEEANER S timer B —MER, HIA07ERLE Linux 2L H)

sleep() -

XBAHEI T
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elapsed = (after.tv_sec - before.tv_sec);
elapsed += (after.tv_nsec - before.tv_nsec) / 1000000000.0;

if (elapsed >= 2.0) {
fprintf (stderr, "Timed out\n");
exit (1) ;

}

THEE R ZHFEGFEE clapsed F - FEXPNEHIRFIH, ER—1 double-
precision floating point 25 & DLk 07K AT RS AR R [ - (HiX L A] LA integer 58K -
SRR B QIR R & 22 A28 T AP e KA, AR 4 Bt timeout . read()
RE I EFEEHRE - FTREZ signal BiEURE & A FA, HAR T . TR
L, BE#B=Z error-

TR, X alarm() B RO RS — IR X & JF T, FIt timeout fRIEfE

(N EEEEOR N U
while JEEME LR —FEAREE:
if ((rc < 0) && (errno == EINTR))
continue;

if (rc < 0) {
perror ("read () failed");
exit (1) ;

if (rc == 0) {
fprintf (stderr, "Reached read EOF.\n");
exit (0);

}

WL FToR, signals 39885 Z0% . W03 timer MLEEERE USR] 22 57 oK timeout RS
HEH -

BER, XFPSEI timeout BT HEZ T UNIX signal, 3X7E multi-threaded #7355
N — A EZ B AR . R ERE T £ threads, e # A 2L E A — PR
watchdog A T H At -

FHEEE, E£LHEPRFIF, timeout 2 FEGHEL L, AT HERIER signal
handler BB 5500 - FaR 7 VA IE F TAEB T AR AT A I R A 0L -

ZORBE R timeout X [AIFE R, 1E 75 FEIUH setitimer() -
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6.6 Coprocessing/ Hardware acceleration

Coprocessing (15 hardware acceleration) =—FhiA, & iR AT FIH
logic fabric AR IEPER T « B EEMEHIT FL4E1E, H B4 ER processor BF
FRABEREE =3 . EIRBLR 4, maEdRE T T coprocessing i
BRI T RBEREE .

HEIZEINREIZET coprocessing HIN HTEF H AR S F WL gRFEE IR R A
ANFE e NTHEXFESR, WFRNTL— P FEIT A floating point FoRTEZ A B
TR EAET i -

BT B EE T ERBETFERNS L34 sqrt(), AT, RESHFEECRME .

B A EAE FPGA 1 logic fabric FITEFIR - — 8 ISR R sqri() B hE;
TREREL, ZRBCHITEEA XS] FPGA, ST, REIREISRE . REXHTE
sqri() AT BN, B ERATEES HLIESR A sqrt() B8 AR HAL: EIRAER 711
2T bus FTERIRTIA], i LB MR IEIFPGA ST BT AR IR], ATRELL sqrt() BT
T K processor cycles K15% - R WL, WREIER KT IER, £ FPGA LitEF
HREREZL

T 5L ARk bus 1 FPGA K logic 38/ latencies, TR E@EHHANM - THEEEF
B thread MREFHESTER S WAL 1 threads (S FE) - MRZ A
threads J& AT REFEL AN RTERET, T w] DUAS A E A 4R P2 B R SR8 multi-threading 1Y
78, BE&RELUNIRZ multi-threaded -

B2 sqrt() FIFIF, SHX A REEIEH S NP threads: 55— thread ¥ T 774
R B PRS2 B (SRR EEIEE R EMEME A EIESEH) - B2
thread MAE {20045 S H N BE H BB s AR B4 3
XEBFBNEIRENLIFEE L2 KE XL, {H coprocessing HIBITLERE Z0HITF £
AR . FrLLSE— thread &% — M EURMATTITE, B4 thread FIL— 145 H
i -

pipelining BIXFREE A £ KPR EEH /D T i {4 latency BISZIN, 7 threads #REHEH
R EREX A latency AOBTIE] - AHEZ, latency &30 4™ threads 2 ] 2L FEIT H %
BE—HAEMHEMNBURTH A threads Fl FPGA logic FIZFERES] -

R AR SRS T X B .
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‘|'|
U
®
>

Host

Thread A | o - a = )[ Task 9 ]..)[ Task 8 ]..)[ Task 7 ].-—"-

Xillybus stream

Task 6
Task 5

Xillybus stream VEERE

ThreadB | [g--=- .[ Result 1 ]4- .[ Result 2 ]4- .[ Result 3 ]‘ . L
N-—'

—

Y i
Y ¢
Y .

sqrt() FIhmETHE S — MR R R AF ., ([E'EiRE T4 coprocessing BIAER 7k
. JLPFERREEREE KT ENER, DUE—UI#E pipeline FIEHRFANS) -

FH—DREERERREE, BT Xillybus A5 read() 1 write() —# 1A, FEIHAEREL
PEINE A stream | FPGA Z R B ENTH L TIHEATRER B M - FIRE, 2l
B read() A EZ M RUIATRES RS R - X EHEARFEEE read() 1
write() 52 BH — & FF 510 system calls - WIEREIE TR R/ N B LA HE R L5, 5ixX
L system call FIFFFH AT REIR K - sqrt() Wt — MMRIFAIHIF: double float JEHH 8
NFET R XFKER /0 system call ZUERME, F I HEA system call #E#EE N
double float TLEEH AR -

MER—RIE, FHAEFTE N AR FE KIEE KA - Flan, FH copro-
cessing TTEAEEFFF B hashes (U0 SHA1 ) 1R ATREW K AR K E FIEE T &
HATAEE - 55 6.3 T NILIRH T — MR T .
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INERGEH . streams & W[ SEIR

R Xillybus T EN ESLEAN T E B T#E, Bt AR EER T REE
REMER, LM TEET e T 8RR RR T RS .

ATTHEAR T 2T DMA buffers Q% 4L streams FIFEERA - & T PCle / AXI i)
Xillybus, {HANE 15 F 5 —FHLHI BT XillyUSB -

Xillybus H¥% it HFr 2 RENHIX H SR, HFEAERKEE DREHEBTHRE
i1 EAEFEE N EABORAITT N 20X — A, Bh TR Xillybus H1E IP core, EA]
RATEERAL IR » XERH L 2R T ELWM TIER, AR THAREE
HIZENE -

TEEWRNEELS, —NHT upstream Fife, B— 1 F T downstream. TR
ANTTIAERR T 2RI, F— NN AR A — MR HEE .

FEREN, WAEFERS streams I, BRIEBH U - end-offile 55 LL K
non-blocking 1/0 AJEIAE L AE 18

A.2 “Classic” DMA 5 Xillybus

feag b, BEAEFIEH 2 18] BEUE 1% ok B 2 - B [E € K/ buffers ITE S - %4
I8 L E K B LR buffers HY, AIBES WM AIREN S RIET - BIK buffer 1 &4
W, FEemA—wmAEERES . flin, mEREECTEN buffer WE A, EFEES
] processor A 3% interrupt DLBFIEEFETE O & 3T 0B - BRI AR,
FIREAE buffer AT LAFFIRB A, 8% &l 5 A —LL N FBS E register - B, WA
#BLL round-robin 77 =117 buffers -

Xillybus 7 FPGA FRE &R ] FH 7 FLIHI Rt T340 stream (55 - EKZ, Xillybus
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{EF T %5/ round-robin JEEF1—2H DMA buffers -

IR, T E AR BB A T A 8% 4L stream RS 5, LUEFH P AT LLZBS R 2 5UE
BRRIFIETE - FralE, BN R RS DUEE RN A2 50E, LT F DMA
buffers fK/NS N FREFFEGRICES, 0 RETR .

A.3 FPGA % host ( upstream)

A3.1  HEA
TEH#%: T FPGA %) host (upstream ) 77 [\ FIfEN « FAR XIS R RES NG T
) A T R AT -
FESREIF, B8 T U DMA buffers, R ix L% & 7] LIZE IP Core Factory HAL
=,

Xillybus host driver

Xillybus IP Core +
(software)

User application
bus master interface

logic
Stage #1 Stage #2 Stage #3

: [ | I

[ T | User application

:  ——— buffer
| R
[ l

; \\ ///
FPGA DMA
FIFO buffers

Bdla o =B BUfim host, 40T ik -

A.3.2 #1 BB Application logic Z| 8] FIFO

FPGA [ user application logic 4% 23532 user application logic #1 Xillybus
IP core Y FIFO H . Br T EEH FIFO ) “full” 155 LIk % overflow 241, Jofaf it k%

slffEIA 2 D RIEBR K
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A.3.3 #2[rB:: 1§ FIFO | DMA buffer

FEIX BB, Xillybus IP core % #E I FIFO E %] host 7 RAM H )— - DMA
buffer- Jyitt,, core i FH—4£ bus master #1 (PCle- AXI4 %) ¥EIEEREE A
host FIINTE, T host fY processor AT -

7t host ] RAM H 42 T —1> DMA buffers jtb . 41~ DMA buffer {25 i & #Am 54E
FEZRLKEEFR—FE:. —JFih, FE DMA buffers #2 %K), WS FE T .
fiE {4 Lhround-robin# 77 F [albuffers 5 (4 : 2 X H A buffer5 58 /5, 18 Flhostbufferf]
PIEAT (bufferr] L2430 %Bhost T) , ZEEAREEE T Fbuffer | - SR/ host
A REZTHAE buffer FAZAERIEIR, 25 E 2B buffer T LLFFIRE A (host R
buffer iR [EIZEHEHE) -

#2 M EREER EH FIFO /Y “empty” 155 F1 DMA buffers b {4 A] FH 235 B 354 - 2
Xillybus IP core f&:ilIE% B FIFO HIK “empty” {55, 3 H3:LE DMA buffer HibH %=
[EEF, B2 M FIFO FREEIEH 4 55 A\ DMA buffer. 4 FIFO FFIRZAEZS, & (E 4
DMA buffer F1{%H 25 [AIT, IP core FIPERIRASHL 2 &% IR B AR . 85 M DMA
buffer H{= (1 BHb T 4REE -

LEARAT LR, 1P core RIBEIEIC T HARTED), FlUNFEREM stream S HIEE (H]
FERA—1FE FIFO ) - Ft, 7€ FIFO ¥ “empty” 155 2 MK FHIN A 5KE
AR B AR 2 (8] PT BEAEZEBENLIEIR - XFMIERA A EE, AT S, IP core fRIE
512 P/ FIFO "4 % overflow FPIRES (REFIHEELERBTERE ) -

&1~ DMA buffer AT IZEAC 45 host Z iS22 3EFT, AT LIRACL host MR - B
TER AT buffer FISHIGFEETRIEA UL (35 A3.5 1) |, BN ENIFRES M
FIT HE R T -

[6 4 streams B ULAEF AL, 2 Xillybus IP core ZEM 18] FIFO FREREE 2 A ,
SR —E BEUR N EFEK -

A.3.4 Stage #3: DMA buffer Z|FH 84 B T

LR B iE T i R read() system calls (B8 Microsoft Windows L #J%f 5. IRP) 7E host
/4 Xillybus 7 driver F5581 - ARIEAINAT APL, read() 15K 145 H user application
FEHEA) buffer, LI buffer B/, X2 BB B K158 - BRSO A A] REAE 332
BURAKRF T (E2sH) 83/ DEiRE .

driver B S ERACLAE K DMA buffers, LUfiE DMA buffers #2578 & % FIEHE fit
HTE, DIPTSR read() 15K - IER2XKE, EREGRE HI2IH 1 buffer, ]
A2 FF DMA buffers iR [EIEIRE#:, 85 M system call 1R[] -

B, FHT read() sRECHMH AIFRE API A¥F driver LUDTIERI)F T RORE], B0 %
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R (IRER) AEfAIRTE B - driver #81IT A AL ERIRR DB TEEIRE (XA §E
25 EHKE read() MECHH®E MUERD, WIMRTE CPU ) | (H#%R T A%
ZH latency - 215 DMA buffers H B4 #E /DT read() BRECH AP F VAR, B4R
RREL: BREFRHE SR (UEEREZD) -

WEAERRES S5 10 ms FREUE 28R, A5 RE W HAMEFEEE (S S E
%GR, MTCRRBA% R, ibnvlE API FTZESRAGHREE) - W5k read() BIEU & 1h4H
SKEVEE Z T RT EERE, WX &7 A b 2 PR B R [Ef [H], B SR T B8 PR &) &4 100
IR read() BEECHF -

XFHAZ UL read() EECAFYIRE 10 ms 19 latency: 415R user space application =
SEHITERNOZIER /DTN, BRI REERANET ZECT - B XM, ERER T latency
TERIE E D -

INTIE — M IRF B304 host HITE B AL 44 E # DMA buffers, {HR] BEFFAERD ST E T
i) DMA buffer, T host INALE - B, 5% EEIFR 3 EHITH DMA buffer, SEPR -
AREH R ETE R 22 58K read() BRECAA -

N T IEFLEXFE N, driver BB £ KAV F TR TIE A H 2 E AR buffer - 415
WRSEnte, EaEAE G DEIREY T - AR5 driver 15 10 ms & - X {HRE
EHLe LR A EE T buffer, (ISR THHSE RUF5E 258K read() BREGR A -
WERER D EFN buffer AELZRE (FTRESLED) |, BEARFEACY host, RJE ZR15E
% read() ERECAH -

% 10 ms ABALE RN, driver 2R BB A R ATEEL FUEE - 0 RIRA AL
P&, driver 2 [ RE A& % — M1 K LUE 3 B A AR FIER 2 3E TR buffer - B 278
HAEEAERT ZRLRE], FN 10 ms B D S48 -

HEHTERE T, X4 DMA buffer #{52 £ 7EFERT, driver 45 R B4R (BB #0RE 1F
ERLUHREAN) -

*F[EF streams BIJLANE: EFERE FEMEER, FEEAH read() EMEUEH
i 4098 7E DMA buffers F7KGE AT - X7 B AR EITE S, A riEiE
FPGA K] FIFO E#I%dE - Kb, [FP streams ) read() &G I8 FbE 4
ROZEHIEIR & - FHILEIRTFAZE: B%E 10 ms, RETEEMT S ERDN
buffer -

A.3.5 buffersEfsrimEi e B &4

HR R I buffersSZ e A ZR B AT LI B IS ik, Sy kS AR5 H -

— RN, n SR O S AN IR AT EE A R B ER [E] read() BRECERT, T
#R4 buffer #2324 host, XA AEELN T =FMEFR L —:
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e host X FIIE{EANTE— read() AU, 4 S HTH S EFER buffer #228HT, %
BRI PR o 4 Sl
o read() ERECAAM TEFTA, HHDLEEEFERSE (RI10ms ) -
o [UAER streams F: MHEMA5ERIREL host 15K AUELERT -
HERE, 34 FIFO ZRZER, BEARRHEDMA buffer #238HIJHEA -
A36 fIF

AT ZEBLUT 8 15745 stream KU B ZM] - & stream FIRETASEL & F A EUE
ZJ5 FIFO #3410 &E (Bl—"1FT) #E5 . host ERIN FHREFIREEH read() X
B, ER—DFET o X R AT RER R

e Xillybus IP core fEIK “empty” {55, KM FIFO SREURNFT, ZFEH

e F75 DMA —j# 5 A DMA buffer K158 — (I & - host RIUTEEE, HH
buffer i -

e 7£ host LA read() ECHA, HR—1FT7 -

e driver 7%H DMA buffer 7] \HFFREUCETE: MH—RSEIE (—15F77) 7 DMA
buffer S HE {4H15E -

o driver K& IEEFHZEAEHE E/NT DMA buffer FIR/IN, Bt SRR {452 HFR 5
HILH buffer, R EEDHE DT -

o driver J1f 10 ms BEIE, SRFHEHELA

o TELESLENMAN, REER 7 EFERT buffer #3845 host -

o driver SLRIMEEE, KAFKp)—F T EHIE] read() BRECH AR buffer 7, 2K
JEIRE] -

XAE AR BIER T read() ERECEH a0l JLF 28R E, BIFEEGE AR/ NE BN
DMA buffer -
WHEATEE—FXMT, BE—INIXH]: read() MEUARERE M7, REHR
H— " FTHE N FIFO- RFWTF -

e Xillybus IP core K:MZIK “empty” 55, Fitb I FIFO SREUAANFT, ZEEH

Xillybus host application programming guide for Linux 44


http://xillybus.com/

Xillybus Ltd. (FL2SEHIE AL 20) www.xillybus.com

e 7115 DMA —#2 5 A\ DMA buffer 158 — ML & - host RULEEET, KN
buffer A& -

e 7£ host i read() BRECER, 1EKHA-FT5 -

e driver {XH DMA buffer 7] N\ FHEREUEUE: ME—EEEdE (—1NFT) A DMA
buffer REWFF405E -

o driver 1ol 2 & FHERIEFE E/NT DMA buffer HIR )N, B 85 iR 22 H R 5>
HITH buffer, IREEDEW DT -

e driver J1f 10 ms BEIR, SHEELLE.
o fEMEM A, HE A DMA buffer fF RE—1NFT, HEEH D .

o driver 7£ 10 ms 2GR, (T AENEH - B A& EE K LU A HER S HE 7T
1 buffer, BRIETZZEH -

o TEMSLRIMAR., WFERE A buffer F2C 45 host -
o driver S RIMAEE, BHESRE)—NFEHIE] RECRHE K buffer 1, SRFIRIE -

BRI R T AEERR ERE — N F I E SRR A AE 10
ms ZJFiRE, RE—-MFY . ERIEER, ERZEEERHBIT, XMIEEA 2
EEE .

A3.7 SEFRZEL

o AR AR FHETE S 2 HE N F I RBRE R, thisa il LUEM 77 0% DMA
buffer X/x - user application software 2 75 2 { iiEread() & £ FH 15 K A £ 3R
BREEMAETE, Habuffertl ] FRIEETE 2425 AFPGARIFIFORT 8 £0JH F 18
[, latencyfR1f -

o HI{EXS T 4L streams BIELHE, e LUE{FH/NE buffers 317 read() MFi%L
VKD latency, EACMZIIN T EIERSRIHSE - o DMA buffers HIR
/NGOART, latency {XEBUR T read() BREYH FH HOE SKAVECE S R RN b
DMA buffer K/NEFFTE, B NUIRE read() AR ANRETE 258 read() HEL
WH, TSR 10 ms.

o UNER 10 ms B ATEAZ AT latency, NIEILEEE L, Fh read() A ARIIEAE
UEET (A B fE R ], BRAEMR AR A $adE nl iR [H] -
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A.4 Host # FPGA ( downstream )

A4 R
TR T host ] FPGA ( downstream ) /7 [ FUEUIERL - A X M FERAE RN T E
TOA A I AR AT FE AR -
FEMRF A EoR T P DMA buffers, B[ fifi X %5 & 7] LIZF IP Core Factory #
H o
Xillybus host driver Xillybus IP Core + User application
(software) bus master interface logic
Stage #1 R Stage #2 Stage #3
[ = _l
N N :' ' :
User application [ ‘.\ i | | :
buffer \
[ \ l
DMA FPGA
buffers FIFO

FALAHT—HE, EUE M host filn] FPGA 5> =", a0 FpEmA -

A.4.2 Stage #1: DMA buffer I/ &4 p R

LER BEE i R, write() system calls (2 Microsoft Windows _E %R IRP) 7E Xilly-
bus i driver (7£ host F) FSCHl. MRIBSEZR AP, write() & ECH H1E K G55 H A
PN AR PR LR buffer, LUK buffer AR/, X EEE ARIRKT T KEUA
HFREES AR F T (2L s DEIRE .

7 host ) RAM N7 H 4Bt T — DMA buffers it - 4 DMA buffer {4 i &1
ER 2 R LI E: —JFIE, BT DMA buffers #5251, 7S LJET host.

hostLAround-robinf) /5 = [albuffers 5 A% HE: 2% 3 Moufferf) 5 A SERUE , 18 AN E
frbufferrT IR (buffer@ 38 4AHEME T ) |, ZJE E4REE S 7E T M Mbuffer - - SR )51
HERTEE 2 VHFE buffer FRVEIE . Z /5 B 2 %0 host buffer A] LLFIRE A (BE X
buffer iX[E]45 host) -

Xillybus HJ driver i1t 2R RUAT 6E 2 VAR & 1% DMA buffers SEIEL write() %L
WH - 24— DMA bufferif 5e 185 . SAZAEM T, Elhostid A1t fbufferr] LI
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H2E, HORIEERE-Rbufferif 25 hostZ B A& FIRE A -

R driver 7£ DMA buffer Z5 [R5 Z BIRES AN T 20— 177, M| write() BRECH
FLRE S NHFTT5 . BN TR %R GRS IRER, Bl “blocking” ) . HZ| DMA
buffer FTHTE A, REEHRFEEL 1O%EHES A\ DMA buffer HiR[H .

HIEE, WF DMA buffer BB E TS, TS write() BRI B S RN B A0 44 1F
4, Htt—~ DMA buffer # 7] BEFEAEME A ANAE FIEGE - “flush” BAERR HH 2 E T
) buffer, ‘& & AEAELUT PURE LA AT —FRB LR -

o 3 flush, HERAZFTE AR write() ERECAF G - X4 write() BRECHH L
AR E (Bl EANEREEIEN FPGA (/) -

o TEf)a—iIR write() BREUAHZ 5 10 ms 337 B2 flush .

o HICMERHIN, & HIE flush. EXFFIL T, close() REUAM &ERREe —
B BEIBUESS AW FPGA JHFE, RIEAIRE .

o 7E[E streams b, X write() FUE N RECAHERLL flush() 453, E2 TR
%F HP FPGA SE2THRERTE -

BEE, BEEZKE buffer 1 write() sREUAF &S 20 flush, #fRE S5 ARIFTEEL
AT T FPGA - (HJE, TASRNAREER FPGA [ FEHE . 1R FHFEX
R, MIRAFF[E 2 stream o

A.4.3 #2[rE: DMA buffer 91 [A] FIFO

TEX BB, Xillybus IP core ¥ host 7 RAM H /) DMA buffers H1 B4 #E & 2|
FPGA 1 FIFO H . Ak, core ffifi—%& bus master # 1 (PCle- AXI4 %) H#
M host BN A7 H LB YR, TWICRR host [ processor [T «

#2 JAEIR L FIFO /) “full” /5 5B T FPGA 1) DMA buffers it H B£8R 7] F
Pl . 24 Xillybus IP core &:IE3KE H FIFO M “full” 55, 7 HEF:LL DMA buffer
HEBIRESIFN, 2\ DMA buffer ZREUEHR TR ES A FIFO- %4 FIFO F x2S
{5 DMA buffers HZET, P core FINFERIRASHL B 1 EREEE . 9%)5 )\ DMA
buffer b A 4 HH T Zb4REE

HEARE LR, IP core AIBEIEA T H MG, BlanftEH A stream S HIEdE (A
HAA—1HE FIFO) - FEit, 7E FIFO R “full” {55 2 AR PR A 5 Pk 8 50E
B2 (A A GEAAFERENLREIR - SXMIER A AN, (HEARTE . IP core FRIE 512 F
f] FIFO ZW5EE -

FE AR 24 SREE B S SE 7511 DMA buffers, HIREEG MO &2/ DEEE -

Xillybus host application programming guide for Linux 47


http://xillybus.com/

Xillybus Ltd.

(FL2SEHIE AL 20) www.xillybus.com

A4.4 #3KrB: HiHE FIFO | application logic

A45 — T

A.4.6 SLRRZEIL

FPGA "] user application logic Mi%#% user application logic #1 Xillybus IP core HJ
FIFO FREUEHE . BT B E FIFO K “empty” {55 LIS underflow Z 71, S {ATBsal ik
W& DEIREEK -

WBATHZ R LT 8 [ 7 stream AR L ZRF - (1% stream FFIAES AL &AL AR,
2 J& host BN AR FHF 5N 5 A device file «

IR AA T -

o driver (¥ write() BEUR FIRZiliT 5 A— 515 HIERR Y -
o T stream NEEEIE, TR DMA buffers HHE =SR] - FtL, driver ¥FTE

#5155 — DMA buffer 133K [H -
10 ms HH[EE A EAT R -

autoflush HLEIZE 10 ms ZJ5fi% , 53X driver ¥ DMA buffer 3 [F ' & —
FATHE B — A AR

Xillybus IP core )\ DMA buffer 52815 -4 EH 5 A 18] FIFO -

>
-

application logic 7] LAREE M FIFO HFT5 -

B R AR P R B2 N F I ROBRAE AL, A 2 i DUE 77 0% DMA
buffer XN user application software S FFE1EK flush FI%E, HAER R
REMEHEREFTH write() BRECHAH - — MaibEE B atency il 2 X 52
PR -

BT LE ) streams 203, latency 3 7] LGE 5 F /N buffers 17 write()
PR FH SR /D latency, SRJE flush (ZFT7H) write() BECEAA) , (HEH
INEIERGHFFES - o1 DMA buffers FIR/NIA, latency (XHURT flush 1%
K2 A B R R &

WSRHESLHAIE flush 52 IR EMETER 25, AR 2 08]> DMA buffer HIA
NEEENXH), FEIEH DMA buffer BB F 50 - /T, XM ME
—IFALRAE host ET94 T RER RAM, X AKATRER BEH] -
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o W 10 ms & A[#E52 1) latency, IRAMMEEE L, FH autoflushing HLHITE
10 ms B ESIZ 5 E3) -
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