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Abstract

APSoc chip has been widely used for its excellent performance, scalability and flexibility. It is
mainly divided into two parts: PS (Processing System) and PL (Programmable Logic), among
which the PL part can achieve different functions by loading different BIT files. This paper mainly
studies how to combine the domestic APSoc platform with the Linux system and control the PL
part through PS to realize that the system can dynamically load BIT during the running process,
and test whether the dynamic loading is successful through the pre-designed AXI DMA function.
The test results show that the dynamic loading BIT of APSoc can be realized on the Linux system,
which verifies the scalability and flexibility of APSoc.
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1. 518

APSoc & — R gfE i L R G4 T g FEHR DS AR AR T LR AR), B M ML AR SRR 28 R T
HEH ) Zyng 7000 F241, BAEHS AR 1T BA FE R A ARM Cortex-A9 2 1% AL #1245 1) 4b
HRGUR Xilink Al4mfEiB 4, BEE T LAEFas. JNBEff s O —EEE K 110 4. APSoc B
B A TR IR, X LR B A T AR T BAE AT b s I e o B AVEC BUAS 1 2 « APSoc
HATEAR S WA RS BEHL. T s eI, AT & RN I e ARG 2 T2
PN, BAT R R S=[1].

S ERE, — K APSoc #4324 PS R PL R4, o PL #3439 FPGA (BILi% m] g FE a2 48 ] b
H), ©H AT gEER N Ot ATRFEIZ AR G, RN RAM S5 AR, B AT DASE BT AT S A
PEIThRE, B @RG-S T B E2]. 1 PS FAM S T RANEE AN ARM AbHE 38 Al —2HAH 3¢ 1)
AFRRIR, TR T AN Ab B 2% 85T (Application Processing Unit, APU) [3], i&H AZ 42100, B4 PS A
PL Z [alff), A PS RSN Z [E[1), PS Hr 2B KRG HIZ A, PL ATLLEAERZ PS #4145 & .

Linux /2 — T POSIX I Z ' 24155 XRFZ &AM 2 CPU HE RS, & 1A 72k Tk,
e A, AT RSURAGE T 2N H[4]. FEAKHRS APSoc 147 ARM b ds, Fr
DIAE SRR Linux REMIELT, B ZFMEEA, AT LU Linux B % & B ER R, 7840 Hh & #% APSoc
RiGZABIINS, ERAT USSR HEARR&WIEe, BARKHIBFRANMES].

Vivado /& —# N2 () EDA #4:, & al LAXE ApSoc #EAT ¥, A& A BIT SCE T hnsk
F| PL #43 LLSEIL IR SE e I ThRE[6]. AL G0maR BIT ST R0y JTAG hngk, Hoikimemaie, i
Wi e Eik RGuAFE I TAE, HFZELTIRE TR, %A 7 7]. K28 APSoc H i) PS #43 w] LAIZ 4T Linux
R4, JFH PS M PL Z I8 BB, A4 Linux REEANE Rk 7], LLSeBl PL sha&m
R BIT RAFETREMER . ASGERBEE 71 APSoc 5 F{E AREE &, i Vivado /=44 AXI DMA
Def BIT S0, fE 507 & & Linux R4, B 7 A sealzh & ek BIT, JE0 s # it i) AXI DMA
Dhae AT MR LAR s 00 2 15 )

2. MIFE

A% (RIS 4 v B w1 FMQLASTO00 JF AR, HseEanE 1 fior.

T KA R ) APSoc 5 F A 45T900, H: RGHERIGn A 2 s

ST 2 KRB, %S PL 5 PS A B2 11, 336 P32 0 R 2 AXI L, % PSR H
ARM AR I —FhmtERe . il i IREIR I A2k, SCRPR AR i, RGNS R A f E
hb, SCRRREAALRT WAL UGN, 78 APSoc TR H B EE AL, & PS 5 PL Z MR, 2
AR5 AT LLIT e ) R Al [8]
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Figure 1. FMQL45T900 demoboard
[& 1. FMQL45T900 FF % #RSE4
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P A= e 4=X A
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4 4
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/0 GPIO AN 12 bit ADC
USB CAN SPI  I2C SRAMNOR
ONFI 1.0 NAND -
ttt v ¢
LT i H
o
‘ L]
OCM Lj% 256KB SRAM
i = CSU —» CONFIG
DMA 8 M #%CPU
Snoop
Channal o 32KB I/D AT
e Jid E1/0
tTc  swpr  AWPT T
BN DR
GIC = IRO
P 2T A 256KB L2 Cachefl# i %
7 P bR e T Processing Programpnable
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Figure 2. 45T900 system block diagram
2. 45T900 RS HEE

AXI B4 RIUHRE, 502 M_AXI_GP. S_AXI_ACP. S_AXI_GP f1S_AXI_HP, M_AXI_GP %/~
PS uifi EHL, PL MMHL, PS JEd iz D45 PL. AR5+, FEZHEH M_AXI_GP B 11X} PL 11
AXI DMA HBEHUHAT ], SCI BN A INEE 1% 4% O BT RS I .
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3. Vivado LG RIFEE
3.1. Block Design

T IREASINE BIT 275 A3, AVGREAE Vivado B FH 52 1 8 AXI DMA 1) T2, Block
Design W1l 3 Frow.

axi_dma_0 axi_smc
= = = processing_system7_0
] M_AXI_MM2S + |2 {4 s00_AX
F S AXILITE il +; 55+ - | bl | ||+ s_AxX_HPO_FIFO_CTRL DDR + || {> DDR

E M_AXI_S2MM + + so1_ax X ” ;; H

=l S AXIS_S2MM I R H—E MO0_AXI + i i+ S _AXI_HPO FIXED_IO + || [ FIXED_IO

= M_AXIS_MM2S - [y #——= aclk o H - = -
—— 5_axi_lite_aclk = [TEAY] M_AXI_GPO_ACLK ZYNQ M_AXI_GPQ - |t

mm2s_prmry_reset_out_n @= ——4 areseln . -
+—— m_axi_mm2s_aclk S_AXI_HPO_ACLK FCLK_CLKO =
i_s2 AT (o —m IRQ_F2P[1:0] FCLK_RESETO_N
e s2mm_ac mm2s_introut AXI SmartConnect - : - -
—q axi_reseln P o
rout =——
samm_in ZYNQT Processing System
xiconcat_0
AXI| Direct Memory Access 70 h
1n0[0:0] ps7_0_axi_peripl
AXI4-Stream Data FIFO mpog !
-Stream Data R Hl3 s00 Ax

M0D_ACLK
axis_data_fifo_0 -
MOO_ARESETN

s_axis_adlk Concat :E;:ETN —n
o+ M_AXIS  s_axis_aresein X -
i | S00_ACLK BEE MOOAX +
- ~ S00_ARESETN .X. ’

AXI Interconnect

rst_ps7_0_100M
slowest_sync_clk mb_reset
ext_reset_in bus_struct_reset[0:0]
Q0 aux_reset_in peripheral_reset[0:0]
= mb_debug_sys_rst  interconnect_aresetn[0:0]
= dem_locked peripheral_aresein[0:0]

Processor System Reset

Figure 3. Block design of Vivado
3. Vivado A9 Block Design

Z LT, system BIHURE PS #5r, MRAEH KT S SEBRIENL, FE %A R RS & 1f1 DDR3 #%
Hl8s, FEIFIE GP #:01, LUJFE PS XF PL %, axi_dma fRE ARSI %, wEHLY
BRI B ECN 14, bk 23 (8]0 58 B2 AR REBROE 32, BN R M EALL ) DMA,  DUELHR
#HdE, JFE DMA K5, JF B Sl E M. W0 concat IP, FJ LUK DMA KIS 5
SHERWIE S EES N MESHIER PS, T RAMIIT. axi_smeip HTEHE AXI #E, R4
¥ AXI @B @ % IP AT &S, T )E HP 5% GP R, vivado 2= H 34 B IP, o F3hils i,
axis_data_fifo /£ axi_dma KIFtE IP, 2 EH3IER, 1ERZ N axi_dma 2% i, 5 fE it fa) iy 5 K
EHIELN axi_dma, SRS HIITE.

Vivado 7] LASEHL H B 1P, (HiZIhREToI: 76 40l 2 i 1 R 2, 1k, 1675 22K mm2s_introut
Al s2mm_introut 55 in0. inl Ai&#E, SRJ54 dout 5 system f) IRQ_F2P LIAHIESR:, 52/ DMA [ {5
55 PS ULHEC. Z itk block design #4r C& e M, KH TG 5411 )Z HDL B T )5 8 1Az «
3.2. AXI DMA %7

DMA 2 ILE T B B B G 47, 8 SO VR AN [ 38R (R A 8 A AT VA 3 o 17 A 75 B AR e b 2
AR W . B, ok TR ORI A — B EE EH B w A4, SRR ENTHRE
5] 2 7 o FEIX /NI AT E,  Hp de Ab BE AR OV AT L A 25 (9]

1E 45T900 HA-EPI i DMA, —FU2£EAE PS F1 A% DMA, 1 —Fg PL 5% AXI DMA
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IP. fFEH AXI DMA Xf CPU 5 %D, HT LA 25 B2 . AXI DMA 5 PS [¥) DMA il 3 1%
A AXI_GP $2 H, IX AN F g s SCHF 3 32 4758 % - AXI DMA IP BZAE AXI4 A7 BT AX14-Stream
IP 432 11 2 A Bt w5 98 BLREAEAE U 1) . FLAT Y scatter gather gL AT UKL T-AbBE 2% (1) R G5 v (i v e
AbFE BT (CPU) EV R AR B BT 55 gAML RSB /E 248 AXI4-Lite MBI Vi . %0 ThfE
PR 4 Fs o

AXI4 Memory Map Read DataMover AXI4 Stream Master (MM2S)
MM2S Catl/Sts Logic AXI4 Control Stream (MM2S)
- AXI4-Lite Registers [« Scatter/Gather AXI4 Memory Map Write/Read -
S2MM Cntl/Sts Logic AXI4 Stream (S2MM)
- AXI4 Memory Map Write DataMover AXI4-Stream Slave (S2MM)
x1322

Figure 4. AX1 DMA system block diagram
[ 4. AXI DMA RGHEE]

£ ESCHTR ) Vivado &1, PS JFE T HPO A1 GPO 4211, AXI DMA A1 AXI4 Stream Data FIFO 7£
PL sz, ALFER%EE M_AXI_GPO #2115 AXI DMA ilif5, LLEE. BEshmEsEsdiitim. Bonithm
JEid S_AXI_HPO #2117, AXI_DMA j@id S_AXI_HPO 21 )\ DDR 52U 5 K 1% AX14 Stream Data
FIFO, iXF#5L N AXI4 Stream Data FIFO ] LLAH 4 T4 Stream 4 [ /1) 3% DA.

B SCh AR B, PL AT LLEAE PS f—ANh &, PS A ZiANIE PL 44N IP (kA B JL 1T F 1,
B e TR JEE R —F PL P RIht 40, 5T AT Linux R4H0EH], K 5 Fir

Diagram Address Editor
Q = | &
Cell Slave Interface  Base Name Offset Address ~ Range High Address
axi_dma_0
Data_MM2S5
= processing_system7_0 S_AX_HPO HPO_DDR_LOWOQCM  0x0000_0000  1G ~  Ox3FFF_FFFF
Data_S2MM
processing_system7_0 S_AXI_HF0 HP0_DDR_LOWOCM  0x0000_0000 1G ~  Ox3FFF_FFFF
¥ processing_systemi_0

Data (32 address bit

axi_dma_0 S_AXI_LITE Reg 0x4040_0000 64K -  Ox4040_FFFF

Figure 5. PL address assignment

5. PL bt 43 Ec
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FEMIN T LREBA W2 5, BT T SR St el fa ™ ARG E AR BIT 3CfF, H
B Ja T B A IR AN B

4. PS Bt
4.1. Linux &% aY%HE

Linux REEHA —VIE AR, XO7E T HERNFEZR RS, FRAREAAHEH T Petalinux T
H, @7 u-boot. Linux Kernel. device-tree. rootfs ZEJERSANZE, w] LALEIRATE T AER. BE. %
B H E S Linux R4, AUGRIETE Petalinux 1255 FdEAT RGMIHIE .

Linux R G020 AR s AT B, B WIS ABRCOR T (8 7 56T Linux & I3 ITF K,
WD 7 A 2 LSRR AE B 28 E IR VR E 2. BP0 R B AR, 258 HiIAS 8] i 15 25 A0 A
Vg, ECriitag AXI DMA BT Linux REER WA IEE— ik, 4G E3CPx PL &4
B HIE L, FRATDN WA WS AT B, W] 6 oo

axi_dma_0: axidma0O@40400000 {
#dma-cells = <1>;

clock-names = "s_axi_lite_aclk", "m_axi_mm2s_aclk", "m_axi_sZmm_aclk";
clocks = <&clkc 15>, <&clkc 15>, <&clkc 15>;

compatible = "xlnx,axi-dma-7.1", "xlnx,axi-dma-1.00.a";
interrupt-names = "mm2s introut", "s2mm introut";

interrupt-parent = <&intc>;

interrupts = <0 29 4 0 30 4>;
reg = <0x40400000 0x10000>;
xlnx,addrwidth = <0x20>;

x1lnx, sg-length-width = <0x17>;

dma-channel@40400000 {
compatible = "xlnx,axi-dma-mm2s-channel";
dma-channels = <0x1>;
interrupts = <0 29 4>;
xlnx,datawidth = <0x40>;
xlnx,device-id = <0xl>;

Fi

dma-channel@40400030 {
compatible = "xlnx,axi-dma-s2mm-channel™;
dma—-channels = <0xl>;
interrupts = <0 30 4>;
x1lnx,datawidth = <0x40>;
x1lnx,device-id = <0x0>;

Fi

+i

Figure 6. Device tree node for AXI DMA
& 6. AXI DMA HIi& &5

LR SR T AXI DMA I BIE Sk, s . @4, Hh REG Rz & i
FfEE, &M RIEs EE N — B, 1 REG 5 130 PL bbb 2 A X B, 5 f 2 150 15 2% 1 ) 28
B FRERTE Vivado H5E R, W& B 0@ AR Z T EAR N & . 1X 1B ApSoc A LM
PRAEFRATH) 75 BRIV AR, KDL T H R B IX % AXI DMA (iR, BXahaT Ll # &A1 T
i+ TAE.

PL 3t RAM %5, o] LUF A X S %50 BIT InEisiid, ML EE— 4N devefg K% %
BT A, 7 s, TSR T PL B9 RAM HihkAs(E], i B 1% AT A, AT SEEl PL S RAM
FHRIIFI, NG SERBA NS BIT f#k&[10].

ARUGRIGAE FH 28 R H 752 L AXI DMA 3Kz, FARS PERAE 214 11 T A2 3R Sl ARRS 1Y) drivers
H 3%, 3F B st _EE Y Keonfig £ Makefiile 3244 . Keonfig FH T8 58 i B 5 ] LLE i B8 A1 B
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8 BA AT H2 1

JB 3l Linux.

Makefile SCHFFTHATYREE, T LK IRSIARES I BP9 % 29 ;ﬁ&ﬁqﬁﬁaﬁé\,
FIAVRES BT 1 Linux 8518504, il thtp P 254512% 31 APSoc A7, i H uboot 1] bootm 7y

devcfg@e0040000 {

};

compatible = "fmsh, fmgl-devcfg-1.0";
reg = <0xe(0040000 0x1000>;
interrupt-parent = <0xl>;

interrupts = <0x0 0x8 0x4>;

clocks = <0x6 0x3f>;

clock-names = "ref clk";

syscon = <0x7>;

<0x8>;

"okay";

ddrcon =

status

Figure 7. Device tree node for DEVCFG
& 7. DEVCFG K& & T =

4.2. Kbu»ﬂuik*i YQT+

FERTHIAE S LA T, BUAE AT DUE BT s SIS /.

K 8 AR BRI o

Y
b S0rPL
N h
TR AL
¥ devefg [+
v —
_ IR
BBt
FHILAXI GP
HEBitk/
5 ABit
N#EDMAIK 5))

}

#EkAXI GP

4k
Hik

Figure 8. Program design flowchart
8. EFEitiRiEE

BRI ZHON BIT 304 . EAREF G, E e KT PL 80 2 15 C4n#k BIT, Wk, i
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B, MR

A HEAE PS AR A PL AL IR,  MIMTE 2 S Em) BIT 30, 2 JFE#E AXI DMA K5I %
PRI AXI GP #%21H, B ksl A makns AXI GP & 11 & 184 FHum#k. $17F devefg %45 BIT 3¢
i, RAF SRR ST, A Linux F11 Iseek sZHE BIT SCHER/N, SR HIE G 2 KNS Z A5 1)
WAEZSE], 2 Ja 8 write BRECH BIT SC5 AN devefg B0, 58 BIT IS INER, 551/ DMA
HARE), FT9F AXIGP 21, e IS . RS T,
Int ZyngPILoad(const char * BIT)
{
*(volatile unsigned int *)(PS_USR_CMD_PL_RESET)=1;
usleep(1000);
*(volatile unsigned int *)(PS_USR_CMD_PL_RESET)=0;
ZyngLibDestory();
fd1=open(“/dev/devcfg”);
fd=open(pcPIBit);
fileSize = Iseek(fd,0,SEEK_END);
pData = malloc(fileSize);
memset(pData,0,fileSize);
sIRet=read(fd,pData,fileSize);
write(fd1,pData,fileSize);
ZyngLiblInit();
Return 0;
}
RG] usleep. open. Iseek. malloc. write 71 read p&%#S 2 linux PAZSRBEI RSk, HL AT W,
{5 linux £ TEI I TE TREFSEEL. 328 linux B — 01 sc g B4R, % BIT 5 devefg 4 E
WO RS, B R BN B R R BRSO A, AU R BIT SUHFS N PL S A7 5E

5. MR

BN MBI P I AT HAT SO, dr 488 pl_load. 530 linux #4t, @i thtp M54 BIT SO
5 pl_load SCAFARFE RSt PATEA N, 45 RaE 9 P,

axidma_kxt. ko El_load

# cp ./top.bit.bin /1ib/firmware/

# ./p1_load top.bit.bin

1794.443004] Axidmal Remove is OK!

1794.446633] Axidma0 Remove is OK!

1794.757054] fpga_manager fpga0: writing top.bit.bin to FMSH FMQL FPGA Manager

1795.310249] xi?inx—vdma 40400000.axidma0: Xilinx AXI DMA Engine Driver Probed!!

1795.318043] xilinx-vdma 40430000.axidma3: Xilinx AXI DMA Engine Driver Probed!!

1795.402288] axidma: axidma_dma.c: axidma_dma_init: 719: DMA: Found 1 transmit channels and 1 receive channels.
1795.412619] Axidma0 Probe 1is OK!

1795.416325] axidma: axidma_dma.c: axidma_dma_init: 719: DMA: Found 1 transmit channels and 1 receive channels.
1795.426614] Axidmal Probe is OK!

L L e L L T L T o |

Figure 9. Dynamically load result
9. HTSMELER

sririmti g R, TGt AXI DMA B3RS et EE, 2 5 AR 7 7 # BIT XS5 AN T devefg
Mrf, feJa AXI DMA WIS INE ST, FHREI T Kik SE4mrEE. o CLABRE T e IT . =
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BIT &7 &MY, FENHASH AXI DMA % &3 T BUR %R, MR ms, MERER
G DEAFE AXI DMA 3645, BB BIT InEskzh, Nl % HF AXI DMA MR B TR PR N RS
o, BEATIR, g5 SR 10 Frs.

# ./axidma_benchmark_1ch -c 0
AXI DMA Benchmark Parameters:
Transmit Buffer Size: 7.91 MiB
Receive Buffer Size: 7.91 MiB
Number of DMA Transfers: 1000 transfers

Using transmit channel 0 and receive channel 1.
Single transfer test successfully completed!
Beginning performance analysis of the DMA engine.

AXIDMAO Timing Statistics:
Elapsed Time: 10.52 s
Transmit Throughput: 752.11 MiB/s
Receive Throughput: 752.11 MiB/s
Total Throughput: 1504.22 MiB/s

Figure 10. AXI DMA transfer test results
10. AXI DMA iR 45 R

HAU A R AT R, RGHKE] T AXI DMA [0 A0E S51IGEIE, FHIRA 5E Rk 1 &4k, AXI DMA #¢

HINGEIEH, YW RS CL M AXI DMA ¥4, AREhA&INEGRI6 ).
6. LS9

ASCAEE T ApSoc -6 F, M linux R0 LA INE BIT (7535, it fe JFl s, ey

T ENASINE TAT I SAEENE, [N BT linux 5 ApSoc AHZE & T LAT TR, 97 ApSoc HIDIRE,
HA RIS

&5k
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