< Avuwiner

D1-H Tina Linux R{ERW
FHRIEE

RAES: 1.0
AHmAEH: 2021.04.07



( Auwiner
NHEER: W

hRZs A sE
hRZsS HEA BHEITA AR
1.0 2021.04.07 AWAQ916 first version

R
\‘\“’“‘ﬂe

WA © BSEERERHERAE. RE—TF



Auwiner

g MHER: WE

B =

iz 1
1.1 BBEB . . . e 1
1.2 EESERE . . . . e 1
1.3 BERAR . . e 1
REERE RS 2
2.1 DRAM K/IN . o e 2
RFERFEFEABER . . . . e 3
2.2.1 free BB . . . . . e 3
2.2.2 /proc/meminfo TE . . . .. ... 4

2.3 REBITE . . . e 5
2.4 buffers & cached ... ... ... ... . ... ... 7
2.5 RAFEABRE . . . e 8
2.5.1 BEFERIRATE . . . . e 8
2.5.2 BERARTE . . . . 8
RTERL 10
3.1 REBREML . . . . e e 10
3.1.1 AEBESHEMRL ... .. a 10
3.1.2 DTBRTEMR . . . e 10
3.1.3 openshi TMEBREFEML . . oL o0 0 11
3.1.4 disp MEBWREMLM . ... . 11

3.2 RZEARARERML . e 11
3.3 Slab et . . . . L e 11
3.4 BRI . . . o o e 11
3.5 ARTEMERRAERKL . . . . 4 e 11
IRAUFTE © BBLERRBHERAR. RE— I ii



@LWIMIER

MHER: WE

1.1 REER

7148 Tina Linux TRV RGERRFRISGE.

1.2 EAEE

ERTFEHTS: 2F D1-H Th.

WEFE: Tina v3.5 RELEERRZ,

1.3 #HXAR

i&MAF TinaLinux F&MEFMIEXEAR A5
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REREEBE D N=TMER:
o FAFEEMR

AT, RMUEEEX, REEESTEERER, ABEITEENER, BERLE
BirFEER,

o THRIVIR

TRANRSKNERE, HRAE, SHBIRESABRF.

o &AL
SAFERIVRETIE, SHXPERIE T,

FERBRFHBIANFHERBR.

2.1 DRAM K/

W £ DDR #EZfG, DRAM K/)\HELZMTE.

boot0/uboot =1R#E DRAM IRZhiRHAYIEZOIREX DRAM BIA/N, SAGEER dts FEY memory
Te, Linux BT dts 3REX DRAM BRI

B5h log AEFTEN dram BYK/N bl D1-H 5% boot0O/uboot/kernel BB IT log:

[276]DRAM SIZE =512 M
[00.705]DRAM: 512 MiB

[ 0.000000] Memory: 491608K/522240K available

#l,'/ﬁ'hexdump -C /sys/firmware/devicet ree/base/memory@40000000/reg‘@ﬂ1—){3§§ﬁ2 dram E’gﬁyﬁ\i{ﬂi.lk'—_jj(
N SNTFEGIFFR, EHE 0x40000000 HiEtatiit, 0x20000000 79 dram HY size,
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root@TinalLinux:/# hexdump -C /sys/firmware/devicetree/base/memory@40000000/reg
00000000 00 00 00 00 40 00 00 0O 00 00 6O 00 20 00 60 00 |....@....... ...
00000010

2.2 REAFERIS

2.2.1 free $5%

#A Linux AP =E, $#1T free s L ARG HAIRKNIAEERT T,

Ebdn D1-H 7%, FERINIT free ss MR !

root@TinalLinux:/# free

total used free shared buffers cached
Mem: 499872 43508 456364 36 3940 8068
-/+ buffers/cache: 31500 468372
Swap: 0 0 0

free sp< i HEAUN T :

o F—17 ven, HAIRGAFNEABER.

e total: Linux A% A] %z BEHIATE.

e used: RABFEANNF.

o free: RAMAKERNAGF.

e shared: EEREFLUK tmpfs. devimpfs FRGBHNAE. £EERNEFIEEE shmget.
shm open, mmap FEORIENEZRNTE,

e buffers: Buffers ®RRi&#&E block device Frh ARERFDR, BIFEEEETHRIESE. UK
X RS TR metadata s,

e cached: Cache BEIEFIEEXHWNHIAER. NR— I XERBSHEXE, ZXH
AEENEI, AR EETE Cached #; Ltk4h, Cached X EE tmpfs FHISCHLL
& shmem %,

o 51T -/+ buffers/cache, S RN HE—1T used AERE buffers 5 cached WTF,
BMMen used - Mem buffers - Mem cached; NS FRRFE—1T free NEM L buffers 5 cached W
ﬁ, EDMem_free + Mem buffers + Mem cachedo %AE%E%E’\J%EE, buffers # cached BH&TE
AT RAMRNE,

o B=1T: swap, XD XHERAER. Tina =m ELER flash EFRAEFEMHESR, EEXHEER
8, M swap PXFEFREBSWINEMIRE, S flash HFaLiE, At tina E&HEIE swap
o
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[ ] tota].: ﬁﬁﬁj\z%’\j{d\o
e used: BEFANREIE K
o free: TR XK/

2.2.2 /proc/meminfo T 5

LPr_E free aa {52 RKIERM/proc/meminfo FH =,

tb30 D1-H A%, EXHITcat /proc/meminfofp SHILERINT:

root@TinalLinux:/# cat /proc/meminfo
MemTotal: 499872 kB
MemFree: 456332 kB
MemAvailable: 463236 kB
Buffers: 3940 kB
Cached: 8068 kB
SwapCached: 0 kB
Active: 9892 kB
Inactive: 4360 kB
Active(anon): 2256 kB
Inactive(anon): 24 kB
Active(file): 7636 kB
Inactive(file): 4336 kB
Unevictable: 0 kB
Mlocked: 0 kB
SwapTotal: 0 kB
SwapFree: 0 kB
Dirty: 0 kB
Writeback: 0 kB
AnonPages: 2292 kB
Mapped: 3384 kB
Shmem: 36 kB
KReclaimable: 5380 kB
Slab: 12948 kB
SReclaimable: 5380 kB
SUnreclaim: 7568 kB
KernelStack: 1040 kB
PageTables: 288 kB
NFS Unstable: 0 kB
Bounce: 0 kB
WritebackTmp: 0 kB
CommitLimit: 249936 kB
Committed_ AS: 63148 kB
VmallocTotal: 67108863 kB
VmallocUsed: 4284 kB
VmallocChunk: 0 kB
Percpu: 32 kB
CmaTotal: 8192 kB
CmaFree: 6212 kB
XA

e MemTotal. MemFree. Buffers. Cached. Shmem, Bl free ss%%—1T,
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e MemAuvailable: f£F MemFree, Active(file), Inactive(file), SReclaimable #1/proc/zoneinfo
Y low watermark RIBFEEEZITERFRY, B—M4E, HAEH. IBARMENERER
EEA AR,

e Active/Inactive: Active RneILFHANAE, EBEIRHILTARME; Inactive RnRITR/DE
BAMRTE, BEIWRNTERS. sI49 A Active/lnactive EZ2TNEXHER, FREXHT, FiE
5XHNNHAER, HEMNRE. MENXEEHETFTXHR, HRERER, XA
FoUEREE#EST, SZXNNMBETFERR, BEESEARXHII NI, NHEaIHE
®FE, REARER, MNREHE swap 22X, AAUBERREANIIXRESKX, WNEREE swap 7
X, MWREEBHFEAER,

e AnonPages: E& I,

e Mapped: KEHXHRITEIA/N, LLAIHZRE. ISE. mmap HXGEEBRITEZRNE
M,

e slab/SReclaimable/SUnreclaim: Wi% slab FRNKE, S&AEWKSFeIEIKREES .

e KernelStack: PI#Zi&A/)

e PageTables: TIZRAIA/NN (AFEEMthutEIF n¥IEtilt) , RESEERSZ, WRAGFEMRS
K,

e CommitLimit/Committed AS: overcommit B HEE/BELBBENARAEFEARN (RERESH

fid) o Overcommit & Linux —fAZFERIFIESRK, ATHEEZEANER, KIHIERIE
AEHEREEIE “yes”, MEEHNAEFEAT 2YERTE

e VmallocTotal/VmallocUsed/Vmalloc@hunk: vmalloc X i A/J\/vmalloc X {EFH K
/Nvmalloc XigiH e K 0] ABELS XA,

e CmaTotal/CmaFree: & CMA W7F/ZH CMA Wiz,

2.3 RERF

D1-H DRAM A/NAJ 512M; M free LB RALA LA LSAEFERE 499872KB=488M,
XEMSRE— MR REBATF (Reserved Memory) o

RERNERELAZTN—HOAEREERBIEFHALE, XBEDREFEEFLIHER, BF
SREBIIRI X,

iﬁ)\?_‘?%”é?, #l,"ﬁ'cat /sys/kernel/debug/memblock/reservedE_]'L)Lﬁg reserved memory ﬁﬁﬁ‘ﬁ%

Ao

%87 D1-H reserved memory EAE R T:

root@TinalLinux:/# cat /sys/kernel/debug/memblock/reserved
0: 0x0000000040000000..0x0000000040b1839b
1: 0x0000000041200000..0x000000004120000b
2: 0x0000000042000000..0x00000000420fffff
3: 0x000000005e500000. .0x000000005f3Fffff
4: Ox000000005f5af580..0x00000000593957f

IR © HiB2EREROBIRAR. RE—INF 5



@LW/MER

MHER: WE

O 00 N O U

10:

12:
13:
14:
15:
16:
17:
18:
19:
20:
21:
22:
23:
24:
25:
26:
27:
28:
29:
30:
31:
32:
33:
34:
35:
36:
37:
38:
39:
40:

0x000000005fef9bcO.
0x000000005ffbatoo.
0x000000005fc3100.
0x000000005Tfc3680.
0x000000005ffc3780.
0x000000005ffc37cO.
: 0x000000005ffc3800.
0x000000005ffc3840.
0x000000005ffc3e78.
0x000000005ffc3ea8.
0x000000005ffc3ed8.
0x000000005ffc3f08.
0x000000005ffc3f38.
0x000000005ffc3f68.
0x000000005ffc3198.
0x000000005ffc3fc8.
0x000000005fFfc3ff8.
0x000000005ffc4028.
0x000000005ffc4058.
0x000000005ffc4088.
0x000000005Tfc40b8.
0x000000005ffc40e8.
0x000000005ffc4118.
0x000000005ffc4148.
0x000000005ffc4178.
0x000000005ffc41a8.
0x000000005ffc41d8.
0x000000005ffc4208.
0x000000005ffc4238.
0x000000005ffc42684
0x000000005Tfc4298.
0x000000005Tfc42c8.
0x000000005Ffc42f8.
0x000000005ffc4328.
0x000000005ffc4358.
0x000000005fffefcO.

.0x000000005Ffb9fc7
.0x000000005Ffclfff
.0x000000005Ffc3678
.0x000000005Ffc376f
.0x000000005ffc3787
.0x000000005ffc37c3
.0x000000005ffc3807
.0x000000005ffc3e47
.0x000000005ffc3ea3
.0x000000005ffc3ed3
.0x000000005Ffc3f03
.0x000000005ffc3f32
.0x000000005ffc3f62
.0x000000005Ffc3f93
.0x000000005ffc3fc3
.0x000000005ffc3ff3
.0x000000005ffc4023
.0x000000005ffc4053
.0x000000005ffc4083
.0x000000005ffc40b3
.0x000000005Tfc40e3
.0x000000005ffc4113
.0x000000005ffc4143
.0x000000005Ffc4173
.0x000000005ffc41a3
.0x000000005ffc41d3
.0x000000005ffc4203
.0x000000005ffc4233
.0x000000005Ffc4266
.0x000000005Ffc4296
.0x000000005Ffc42c6
.0x000000005F fc4216
.0x000000005f fc4326
.0x000000005ffc4356
.0x000000005FFfefof
.0x000000005F ffffff

£MAW#Z cmdline fN_Ememblock=debug bootmem debug=12%, TERZBENES, =ITEN LR reserved
memory FHEE. ATFHRBEAREL, XERETRT.

Z9MITLL, YHa1 D1-H reserved memory TES S TILNERS :

e 0: 0x0000000040000000..0x0000000040b1839b, size:11360K

opensbi 18 2M, 0x0000000040000000-0x0000000040200000

H# 0x0000000040200000-0x0000000040b1839b NN LILEL. B, HEWNizEE
text, init, data, bss FUER, HM init ERZBEITERESWFR.

e 2: 0x0000000042000000..0x000000004 20fffff, size:1024K

DSP A7E (¥ 1M)
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e 3: 0x000000005e500000..0x000000005£3ffff, size:15360K

FrE struct page £M{&ERE K/, 0x000000005e500000-0x000000005ebfffff, £ 7M,
struct page Z5tARFARERYIE LAYTIM, HET D1-H EREE— 1 TIRIA/NA 4K,

CMA A7E 0x000000005ec00000-0x000000005£3fffff,  8M, £ cmdline Hi@id cma=gm
EEME. EMHRLHNIETR, CMA AES2BSNKFERSR, FRURGERUXE CMA RfF
B

e 4: 0x000000005f5af580..0x000000005f93957f, size:3624K
dlSp T%%W@o
e 5: 0x000000005fef9bc0..0x000000005£fb9fc7, size: 769K

FEZ vfs cache, B31F Dentry # Inode #Y hash table, FR&EISAE Dentry 1 Inode
TR, THEXEMN G RFERIGIRL

e 39: 0x000000005£fc4358..0x000000005fffef9f, size: 235K

FERMR dtb %A struct/device node EHAFT IR,

2.4 buffers & cached
free 5<% Z1T-/+ buffers/cache, PREMEE R buffers 5 cached REEETEZNANTE, S=bE
EHAEUILE,

Linux AMNE I0 HREE, RERATHREREFXGURTHIEEFRS, XFE buffers
cached A%F, HAFAREH, XERFIKEU, HARKSNAER.

Frld buffer 5 cache L EREEZFERTHNE, BFAHUEW, BFEENTHNAF.
B2HIEFrER buffer # cache &BRILAEIYYR, tbad:

o MMEEENMNHBEIFIRGEHREZEXH, LFEE buffers M cached TiE], XA AEER
o
e shared. tmpfs HEE7E cached T[EH,

WRAFRE © BseEREROERAE. RE—TNF 7
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2.5 REERNNE

2.5.1 HIZERNRNEF

MIB—MHEER T ERE?

B, MRXHRFEMBHENATRITXH. EE, SH buffer/cache 18X; HR, #HIEESE
ARZEETHEEGE ST EERS (A mm_struct FMAERRT, SEREE. BE
B BPERSEut=EER) 5 AR, RARSAHEZCIREEMAR (task struct) . AEHER
fF (mm_struct) FEME, BTERHE; IIh, HELTENNHNAZRE, SEEZMBNANRZE
FBEARRRSHAZREIAREE.

HNBRNHIZERNAE, EHRERF ZRARERNAE,
XTRPHENREER, PR/ BRARE:

e VSS: Virtual Set Size SEANEMNRE (BEHZESANRT)

e RSS: Resident Set Size SiRfERYNRERE (BEHEESABNRNT)

e PSS: Proportional Set Size XFRMERNMIEAE (bHlHEERZESBHNAE)
e USS: Unique Set Size #1212 EH SANYIERGE (RESHEELSBHIRNG)

—f%3kii: VSS = RSS >= PSS >= USS

fE£/proc/<PID>/smaps TV R B & T HIENE - TMAEFEMHENAITE, 887 PSS. RSS FHER.
FRr LAY /proc/<PID>/smaps T R E Y PSS/i#1TR I, BEInI&itHrE#HIZEA P = BFfERNA
=, BEfamSinE:

((grep *Pss /proc/[0-91*/smaps | awk '{total+=$2}; END {print total}' )

2.5.2 BERARNEF

B #1E, BRI TREMENRNEFER, TE2RITERFTRIMNE. AR RASFEARNE,
AREX D AR ZEERRNTFS NFERANT.

BRPZEMERMATE = Buffers + Cached + AnonPages.

RIZEBMATE = Slab + PageTable + KernelStack + CmaUsed + Vmalloc + Xo

Hep,

¢ CmaUsed = CmaTotal - CmaFree,

WRAFRE © BseEREROERAE. RE—TNF 8
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e Vmalloc &7~/proc/vmallocinfo Y vmalloc S EMNAE, B8 7T AZIEIRERMNRNTE. it

?Eiiﬁgrep vmalloc /proc/vmallocinfo | awk '{total+=$2}; END {print total}'co

° Xi@ﬁ?ggﬁﬁallocipages/gegfreeipageﬁﬁaﬂ"]mr, iX%BﬁW??EEéW)\%i‘I', E?Wﬁfﬁo

WA © BSEERERHERAE. RE—TF 9
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TERNE-LBANMRLEE TEEHE:

o REAREFMI,
o RIZERAREFML K,
o BR=REIERAREMLIK,

3.1 RERFRK

3.1.1 NIFSAFMK

NIZFF ST EERNARRESER. M A BB/ T /LA

1) XAFFERER, XHRR FAFZBTEE.

ERZIBE R, HITscripts/ksize vmlinux & MERBIRIEEEIBRENAITESo

2) XHARZIAIATIRE.
3) FF& CONFIG CC OPTIMIZE FOR SIZE %, ff8E-osfiZS%,
4) HIERNZSBAZTEANFTS,

PITom --size -r vmlinux, BJRAFIHFAERTS 4 AR,

3.1.2 DTB R#EMRK

Tina RZPRMHER DTS —RFHRLLREE, WTFRENAR, FERATRAS, AT
BUMIBR— L2 =,

WRIRFE © HRB2ERRRNHERAE. RE—TIMF 10
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3.1.3 opensbi FIEEREFMLK

7 opensbi MEBREFI K, AJEH AW REHEROAMFARITRL.

3.1.4 disp fMBRAEFEMKL

g disp FBRFEL K, WRABA uboot show logo JEEXIRATE, BFEEIEHE AW KA
EiEOARTABITH.

3.2 NIXERREMNK

B 2.5.2 /NTa%, RNZERNRAEERE Slab. PageTable. KernelStack. CmaUsed.
Vmalloc &,

3.3 Slab ftft
B8 Tina EAH5 SEEIARNE SLUB £HHE.

1) % slab §i#% COFNIG SLUB DEBUG 5 CONFIG SLABINFO.
2) ZIRAFERATNGEUNIERANRSH SLOB,

3.4 WIZIRRILAK

1) AEFN2EME, KBNS, SSAIENHL
2) BAZEREFEIRIZRE T,

3.5 AR ZEERREFRK

1) fEAE/N C &

2) £/ size ARIGRIFIET, LbW-0s, -mthumbZHo

3) ¥ tmpfs TAXHFFE flash L,

4) FERENNERNBERF. tbilfEA mbedtls, AR openssl,
5) RTFIFHEHRE, TIEBET/XANERERF.

WRIRFE © HRB2ERRRNHERAE. RE—TIMF 11
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6) BRWE— RS ERE U RNRSE,
7) £ dlopen RiTHIEhSENEFREER,
8) MILiERF IR,

R
\,\“"“ﬂe
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E{E =R

WRAXFAE © 2022 HKiBEERHRHBRAT. RE—TIF,

AN RNBEREERUERP, HEENEKELTRERRGERAT ( “2F ) HEHRZ
_t)J*y*lJo

AR E2SHREFRMRRIM =, RELTFEITFA, FARUMTAFFEEHL. £
fil. B ARVEBRAIEABTHBIHEE, BERSFUEMAPHERE,

(ot

LLWINER LLWINER LLWIMWER'
C 2*?4&\2".:\ *‘I’ *i C (=275

é)ﬂhﬁﬁéuﬂ&kﬁﬁm VBB EEMER. EAEERNTmPHRNEERS
*T’ Fﬂﬂ%ﬂ: ﬂ]ﬂ[ﬁﬁz%ﬂ'\, igﬁﬂﬁ%@ﬁﬁﬁkﬁﬁo

REFNA

BHEO~m. RSFFENZRESHKEEEREROEBRAE ( EE" ) 2EEENHIE
EFMFREILIR AXEPEARN2EHER D ™~ m. RS AFEAIRER A EFr LS fEBEERE
N EARIBIARRIRERFMMAERRA, HREREAXENERNR, ERBTREEH
FAYERITH (BEERRFINEE, 8, BRER) EMNAFER, £EMFARE,

ZISSU‘%H’E?JT@%?“ RESE BT mREARLEMRE, FAXEABTEREEN, 88X
B, BAFTEN. 2EREDNELAXEPREFEHNER, EHFTHERBTT2REHEIR, H
ﬁmzﬁﬁlﬁﬁﬁ?ﬁi#ﬁ% (BEEAFRTEHER. BN, BHHHRK) IRERILE=ZANNE
t, @EHAAT. AEPHFRERFRR. 58 MBINHF AR EARREERERIES &S,

AR UABRRE R R E B th 75 TR T 2 EERET AR~ N BRI R ER ™ mY
HiEd, AIRERERTE =ZFIINFFF BEBTRASEZANFANRBEXNIFA, TR
BUARRAZMAERRTREEZ S AR RZEMRR (TR . 2EFWEMRERNE=
BIFARAMEERRIE. BEFEERMX S,
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