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REREEBE D N=TMER:
o BAMEEMR

AT, RMEEEEKR, REEESTFERER, ABHESTEENER, BERLRN
B ER,

o THEDURK

TRIAMARZHNEAE, MRAE, SBORFLSABERF.
o &AL

SREFERIRE T, FEXMERFHITRIL,

FERARG SRIAFHERB .

2.1 DRAM X/
e

W £ DDR #EZfG, DRAM K/I\HEBLZHE,

uboot £1R#E DRAM IRGHIRHAYIEIFKEY DRAM BIA/)N, SAEMEER dts 8 memory T,
Linux Bohitf#T dts $XBX DRAM B A/

uboot F& log FEITED dram BIK/N. Ebd0 R329 5% uboot BElf=HBUWTF log:

([01.3001DRAM: 128 MiB )

#l,'?i’hexdump -C /sys/firmware/devicet ree/base/memory@40000000/reg‘@ﬂ1—l3%ﬁ¥ dram E’gﬁyﬁ\i{ﬂi.lk'—_jj(
o 30FE R329 BIFFrR, HEA 0x40000000 AiEgatil, 0x08000000 f dram B size,

root@TinalLinux:/# hexdump -C /sys/firmware/devicetree/base/memory@40000000/reg
00000000 00 00 00 00 40 00 0000 00 00 00 00 08 00 00 00 |....@......vv.nn
00000010
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2.2 REAFERIS

2.2.1 free :5%

#N Linux AP =E), 1T free S8 S ARG HAIRANRNFEAE R,

Ebgl R329 /%, FRHIT free snLRILERINT !

root@TinaLinux:/# free

total used free shared buffers cached
Mem: 110592 79960 30632 36 9172 22860
-/+ buffers/cache: 47928 62664
Swap: 0 0 0

free spL i EEUN T :

o F—17 ven, HAIRGAEFENEAER.

o total: Linux WA ZEHIATF. <

e used: RAEFEAHING,

o free: RAHKERNINT.

e shared: H£ERELK tmpfs. devimpfs Fi AR F. EERNFEER shmget.
shm open. mmap FZOLIENEZHZ,

¢ buffers: Buffers F&RRi&eE block device Fi i AMEER, BFEEEETHIEE. UK
X YRS TR metadata Fe

e cached: Cache BEGIEFAESXUNNHIAFERT. NR—IXEFRBSHEXE, ZXH
AREIZBIEY, BT DA ESTE Cached H; tb9h, Cached FIEEE tmpfs B HFLL
K shmem &,

e 1T -/+ buffers/cache; %S &R~ —1T used WEMZE buffers 5 cached ATF,
EﬂMemfused - Mem buffers - Mem cached, Dﬂ%i‘%a—'\%’—ﬁ free WZ?DUJ: buffers '—5 cached |7§|
ﬁ, EDMem_free + Mem buffers + Mem cachedo }‘AEFH*%’%E@%EE, buffers # cached BH&TE
BT AR,

o B=1T: swap, XD XMERE N Tina = LER flash fERNEERS, EEXHERRE
By, M swap PR SWMEMIEES, S flash HEHLTiE, E tina E&B I swap
X,

[ J tota].: ﬁﬁﬁj\z%’\j{d\o
e used: EFEANRII KK,
o freep TRV KK/,
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2.2.2 /proc/meminfo 1 m

-

KPR L free saLEERIERM/proc/meminfo e,

Hﬁyﬂ R329 75;: %ﬁ'\#ﬁ?cat /Proc/meminfo'ﬂéﬁ/v‘\ﬂgé%%yu—lzl

root@TinalLinux:/# cat /proc/meminfo
MemTotal: 110592 kB
MemFree: 30380 kB
MemAvailable: 62044 kB
Buffers: 9276 kB
Cached: 22872 kB
SwapCached: 0 kB
Active: 17580 kB
Inactive: 16336 kB
Active(anon): 1780 kB
Inactive(anon): 24 kB
Active(file): 15800 kB
Inactive(file): 16312 kB
Unevictable: 0 kB
Mlocked: 0 kB &
SwapTotal: 0 kB o
SwapFree: 0 kB ;;
Dirty: 0 kB <
Writeback: 0 kB
AnonPages: 1800 kB
Mapped: 3324 kB
Shmem: 36.KB
Slab: 13536 kB
SReclaimable: 4224 kB
SUnreclaim: 9312 kB
KernelStack: 1232 kB
PageTables: 200 kB
NFS Unstable: 0 kB
Bounce: 0 kB
WritebackTmp: 0 kB
Commithimit: 55296 kB
Committed AS: 29116 kB
VmallocTotal: 263061440 kB
VmallocUsed: 0 kB
VmallocChunk: 6>kB
CmaTotal: 24576 kB
CmaFree: 2684 kB
XA

e MemTotal. MemFree. Buffers. Cached. Shmem, B} free s8%%—1T,

e MemAuvailable: f£f MemFree, Active(file), Inactive(file), SReclaimable #l/proc/zoneinfo
Y low watermark RIBFEEZITERL, B—MHE, HAEH,. IBERITMMENEBRER
EE R ENRE,

o Active/Inactive: Active RERIEFEHANATF, EWHMERE; Inactive RIRRITIRIME
BHIRE, BEIBRERS. BIdi9 A Active/Inactive ER IS XH . FRiEXHmRR; ME
S5XHININAER, MHENAE. MENXHREFXEHR, HAEREHN, XBOHIKN
FRUBEEFIF#EEP, SZHNNMRETERN, BEE5EANXHXNIET, W#HZAIHE

WRAFRE © BsEERERNERAE. RE—TNF 4
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%EF, REFEN, WMREFSE swap DX, AIURERRITE
X, MReEEEERFF,

e AnonPages: E& I,

o Mapped: REIXABRITEIAR/N.
&,

e slab/SReclaimable/SUnreclaim: W% slab ERMNNE, B&0EWSARATEIURERD
e KernelStack: R#ZtkA/N

e PageTables: TIRMIA/N (AFREIMtUEIZ YIERIAL) , RESEHS, RAGFERS
1Ko

e CommitLimit/Committed AS: overcommit HWHE/ELHRIBEHNARNEKRN (FREESH
fd) o Overcommit & Linux —fREFEHEBELEAR, ITHEZEANER, KBLHIE
Wﬁﬂ"ﬁﬁ*%ﬁ@g "yeS ’ :b\EﬁlﬁEﬁWﬁjﬁ?:b\&r@fimﬁo

e VmallocTotal/VmallocUsed/VmallocChunk: vmalloc X i3 X /J\/vmalloc X 5 f& A
K/ vmalloc KRR AFTANESRXRA N XBOEMRERZLERET GFR
https://github. com/torvalds/llnux/commlt/a5ad88ceBC7fae7ddc7gee49a1 1a75aa837788e0) »

& CMA WF/Z=iN CMA 7. <

MHEER: WE

NERMP X, WREE swap 7

EEInHEZ=RTF. BEE. mmap X GFESIHEIZRF

e CmaTotal/CmaFree:

2.3 RERNF

R329 DRAM KAV 128M, M free S ERAA R ZAEEAFERE 110592KB=108M,
XEERINWNEFRE FHREAE (Reserved Memory) o

RERNEREBRRTH—
SREBI DX,

BRAFRBEXRBERHAE, XHOAFREFIBER, LR

)\? %Um, #l,'fj’cat /sys/kernel/debug/memblock/reservedjL,(*E reserved memory ﬁﬁﬁr
<>\/
/Ro

%A1 R329 reserved memory fEHBE RN T:

root@Tinalinux:/# cat /sys/kernel/debug/memblock/reserved

[

0:

H O VW00 NO UL WN =

0x0000000040080000.
0x00000000408a5000.
0x0000000041700000.
0x0000000041800000.
0x0000000045000000.
0x0000000046d86000.
0x0000000047129e00.
0x0000000047159e80.
0x0000000047f59f00.
0x0000000047184080.
0x0000000047184100.
0x0000000047185180.

.0x00000000408a3fff,
.0x00000000408a5fff,
.0x000000004171767f,
.0x00000000420FFfff,
.0x00000000467fffff,
.0x0000000046f85fff,
.0x0000000047f59e5f,
.0x0000000047f59edf,
.0x000000004718400f,
.0x0000000047 184087,
.0x0000000047184107,
.0x0000000047fff2e6,

size:
size:
size:
size:
size:
:2048K

size

size:
size:
size:
size:
size:
: 488K

size

8336K
4K

93K
9216K
24576K

192K
0K
168K
0K
0K
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A% cmdline f0_Ememblock=debug bootmem debug=1Z%#%, TERZBEI, SFTEN LR reserved
memory ﬁéﬂ“%:%\o EEEFW@Z&%, EEKE%TO

L3I, LaT R329 reserved memory EEE SN T/LNERS
e 0: 0x0000000040080000..0x00000000408a3fff, size:8336K

RIZAIDEL. BURE, 1¥4MEHE text, init, data, bss ME, HH init TRZEMTRRESH
R

e 1: 0x00000000408a5000..0x00000000408a5fff, size:4K

B&o

e 2: 0x0000000041700000..0x000000004171767f, size:93K S
DTB HBR%,

e 3: 0x0000000041800000..0x0000000042 Offfff, size:9216K

TEE A7E (4 8M, 8% SHM 2M, ATE 1M, OS 1M, TA 4M) ,

DSP H7F (£ 1M) .
e 4: 0x0000000045000000..0x000000004 6 7fffff, size:24576K

CMA W72, # 24M, 7f cmdline Hi@idcna-2anB B IR, EIAKESTIEH, CMA HESS
HENUERS (BARiET cma init reserved areas REEEM) , FRAURIZER UEZE
CMA AEH,

e 5: 0x0000000046d86000..0x0000000046{85fff, size:2048K

FiE struct page EM{ERE K\ struct page LK HEFERYIE_ ERITIM, HFT R329 £
FEE— AR 4K, EL2HE 128M / 4K = 32768 NI, i sizeof(struct page) B9
7 64B, FEiX—iRt 32768 * 64 = 2048 KB, *: aarch64 W% sizeof(struct page)
BI{EHN 64B, arm32 Wi% sizeof(struct page) FIEHN 32B,

e 6: 0x0000000047f29e00..0x0000000047£59e5f, size:192K

WRAFRE © BsEERERNERAE. RE—TNF 6
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FER vfs cache, B#E Dentry # Inode B hash table, FH&EITiFARIA Dentry # Inode
TR, IR B RZEBIATE,

e 8: 0x0000000047£59f00..0x0000000047f8400f, size:168K
FEZ per-cpu TEHAMKTE.
e 11: 0x0000000047£85180..0x0000000047fff2e6, size:488K

FERMR dtb £/ struct device node EM{AFTBERIRE,

2.4 buffers & cached

free a8 %5 Z1T-/+ buffers/cache, FREHIERRE buffers 5 cached Wﬁ%ﬁ/%\?:"fl‘ﬂp\]ﬁ, SEPR

LSS <
<

Linux ANE I0 HREE, RERATHREREFXGHULTHIESFAS, XF2E buffers
cached RfF, HAERER, XERFESWOUR, HIZSEHEER.

Frd buffer 5 cache &L EREEZFERTHNE, BATFALUEW, BFEENTHNAF.
EE2HIEFFEH buffer 1 cache #BaTLA[EI M ELaN:
o MNRBENMHEFEHRRIZEREZ EXH, MEE buffers M cached TiE], XE DA LER

o
e shared. tmpfs tBE &7 cached F[gH,

2.5 RAEENKTE

2.5.1 HIZERANNEF

I —HEER T LERE?

B, MRXHREMBHENATRITXM. EE, SH buffer/cache 18X; HR, #IEESE
BRZEETHEESACHNMITEES (A mm_struct EMEREKR, BSREKR. BIE
B, BPREStut=EER) 5 BR, RARSAHECIREEMAR (task struct) . AEHER
fF (mm struct) FEME, ATFERHE; I, HBETERNHNAZE, HHEMBNRZE
FBEARERSIFAZREAREE.

HANERNHEIZERNAE, EHRERF ZRARERNNE.

WRAFRE © BsEERERNERAE. RE—TNF 7
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XTRPHEENREER, SR EAR:

e VSS: Virtual Set Size FRANENNE (BEHZESANRNE)

e RSS: Resident Set Size EMERYIERNE (BEHZEESHBNRNTE)

e PSS: Proportional Set Size SKIMERNMIEANE (LbHIDEHZESBHNAR)
e USS: Unique Set Size #12IME SHANYIERNE (FEEH=ZESANAE)

—f§3iH: VSS >= RSS >= PSS >= USS

fE/proc/<PID>/smaps T R EE THIZENE— 1T AEFMFISZITE, 37T PSS, RSS FER.
PREAXS /proc/<PID>/smaps T3 R FFIE Y PSS #1TR M, BRI HAIE#EEERF =EFMERNRN
7, Bikm<uT:

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

2.5.2 BEARE ><®

)

BN, PREITREMENAFER, TERTERTRIUSEL WA RASERARTE,
B EY D MR ZEERREFESAIZERRNF.

RP = EfEANNTE = Buffers + Cached + AnonPages,
RIZERIATE = Slab + PageTable + KernelStack + CmaUsed + Vmalloc + Xo

He,

¢ CmaUsed = CmaTotal - CmaFree,

e Vmalloc &ir/proe/vmallocinfo F# vmalloc SEHINE, BT RZERERANATF, it

s S
Eﬁ?ijﬂgrep vmalloc </proc/vmallocinfo | awk '{total+=$2}; END {print total}'ec

o X RINEHEE T alloc pages/get_free pageNECHIANTE, XEFDABERANGIT, BTFARERF.

WRAFRE © BsEERERNERAE. RE—TNF 8
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TERNE-LBANMRLEE TEEHE:

o REAREFMI,
o RIZERAREFML K,
o BA=RERIERAREMLIK,

3.1 REREFML

3.1.1 NIEFSAFMK

NIZFF ST EERNARRESER. M A BB/ T /LA
1) XAFFERER, XHRR FAFZBTEE.

EW*Z*EE%, M?:Iscripts/ksize.py vmlinuxﬁ-/l\*ﬁﬂw’g'ﬁﬁg ﬁ%ﬁEE&E’\Jéﬁi‘IﬁEo

2) KHARIZIEATIEE,
3) FF/& CONFIG CC OPTIMIZE FOR SIZE %, fE8-0stiZ S5,
4) HIERZSRTEANGS.

PITom --size -r vmlinux, BJRAFIHFRABERTS S AR,

5) 33F cortex-A7 %843, AIMFFE CONFIG THUMB2 AVOID R ARM THM JUMP11 fl

CONFIG THUMB2 KERNEL,

(10 3588
FFE THUMB HEXEE, SHRIEENRK, RIFRKRIELRT SRR N R R#T

WRAFRE © BsEERERNERAE. RE—TNF
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3.1.2 DTB R#EMRHK

Tina RZFRMHER DTS —MRRLLBREE, WTFRENAR, FERATRAZS, AT
BIMIER—EET =

3.1.3 TEE RFLL

Tina F—&F 5, SEIAERE—L TEE RERNF. WXTFRHEHAEFRN, BEUREBEATHA
%N7F. TEE BRIMREECE S5b131.bin. optee-${CHIP}.binBECEM, FILENNEEIERSE
o

Eban R329 BAUIAECE T 8M A7F (SHM 2M,ATF 1M,0S 1M;TA 4M) , BEEXNTIFLELHEE
Fii, RFPERE ATF BiiE 7 ; WFAERA TA NRL2AR, RFEREB ATF 5 OS WAERM
ALY o

3.2 NIXERREMNK g\

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

3.3 Slab 1t
B Tina b ASHHRBAARNE SLUB HES.

1) %0 slab %R COFNIG-SLUB_DEBUG 5 CONFIG_SLABINFO.
2) ERERTIR/NIIBRARRSAR SLOB,

3.4 WIZAERILAK

1) AEFNELEPME, SERNE, SSETEIE
2) BAZEREFEIRIZRE T,

3.5 AR =ZEfERRNENLK

1) ERE/NE C

WRIRFE © HRB2ERZRNERAE. RE—TIMF 10
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2) M size LILRYSRIFIED, Lbil-0s, -mthumbZFo

3) ¥ tmpfs FTAXHFRFE flash L,

4) XF 64 fii CPU, AILUER 32 {ifY rootfss

5) FRE/IWENNAEF. LLiER mbedtls, MAZ openssl,
6) BSFIFHIEHE, LHIET/RANERER.

7) BRI RS ERE RS E.

8) A dlopen RITHIZIEENEZREHA,

9) MUIEFIRID,
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1%, FEREW, MRSEW, WAEEERE ARG,
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§/>
EHZN= R REVFENSESHELENERNERAD (125) ZAEBENELS
FMERMLER, AXRDHARNDS MR R, RS RN AT 7 R TR R e E
Ko ERAIEIAEIE SRS RMAREIRE, HIK RSB GER R R, E8ETRIBEM
FUGATH (REERRFIREBR, BaER) ERNTEE, 23RS,

¢2%¢ﬁﬁ%ﬁ RESE BT mREARLEMRE, FAXEABTEREEN, 88X
B, BAFTEN. 2EREDNELAXEPREFEHNER, EHFTHERBTT2REHEIR, H
ﬁm$2%ﬁk$ﬁ%(@EﬁTm$ﬁﬁm\ﬁﬁm FEREIHIR) BRERIEF=ZHFNAE
, @EHAAT. AEPHFRERFRR. 58 MEBINHF AR EARREERERIES &S,

AR UBRRE R RE A th 75 TR T 2 EERET AR N BRI R ER™ mAY
HiEd, AIRERERTE ZHIINFFFL BEBTRASZANFANRBEXNIFA TR
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