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1.1 REER

AR = RFF N T EERAMERBR/NN flash F#28, FLLrIaEFEEX RGHI T KR XY
flash 5. AAEIREIE, BEWSREABREUREDAESA,

AXST4E TinaLinux RRLKHFINGE, NERIFRNERERHESS,

1.2 EHEE

ERTFEGTES: 28 T113s3 ThA.

WEFE: Tina V3.5 MEE4EERA,

1.3 X AR

&M TF TinaLinux FEMNERMEXEARAR.
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Tina E#HiEFEE S boot0. uboot. kernel. rootfs FiEg, BETFLRW, SN RERITHNER
WTRFAR:

*® 2-1: BRERTELR

Ri% Ky
boot0 < 100K
uboot < 1M
kernel >=3M, < 15M
rootfs >=4M

AT LLEE boot0. uboot. kernel. rootfs R~ EMAIEAREVe FFARRTHRBERRETEL
INRSTBEREISEREEE, thal rootfs #57 1M mlBERA S, X4F uboot Fix, MIAEEF M,

RFitt, BEFENLE kernel LU rootfs FIELET,

2.1 boot0 5!

EEI:_F boot0 'TE/J\) ﬂ:tmgﬁo

2.2 uboot 5!
uboot B {iIF tina/lichee/brandy*/u-boot*BR T, FTEBH FEMIPEHET BIK:

o 1824 uboot BBEXH, MIAAEEMNEE, uboot BRE XHiBE LT B3 Finclude/configs/${
CHIP}.hBX & configs/${CHIP} * defconfigo
o MIBRATER uboot T,

2.3 R%EE

BEXT Linux RIZEEIEERUWT LA
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o MIBRAAERRITIAE, WFSR. FTEN. FIRFINEE,

o MIBRAfERRIIRES,
o ERXRIZIRMRET,

o NIZESE (T113s3 HRIFRZIFRZIESRE) -

2.3.1 MIERF1ERRIINEE

TRAFIET —ERZED,

& 2-2: Ak R

BEETEER, FINMEBUNEEE (BRZRERYT) -

CONFIG option Description Def Small
CORE_SMALL tune some kernel data sizes N Y
NET SMALL tune some net-related data sizes N Y
KMALLOC ACCOUNTING turn on kmalloc accounting N Y *
AUDIT BOOTMEM print out all bootmem allocations N Y *
DEPRECATE INLINES cause compiler to emit info about inlines N Y *
PRINTK printk code and message data Y N
BUG allow elimination of BUG code Y N
ELF CORE allow disabling,of ELF core dumps Y N
PROC KCORE allow disabling of /proc/kcore Y N
AIO allowdisabling of async IO syscalls Y N
XATTR allow'disabling of xattr syscalls Y N
FILE LOCKING allow disabling of file locking syscalls Y N
DIRECTIO allow disabling of direct IO support Y N
MAX SWAPFILES SHIFT number of swapfiles 5 0
NR LDISCS number of tty line disciplines 16 2
MAX USER RT PRIO number of RT priority levels 100 5
KALLSYMS load all symbols for debugging/kksymoops Y N
SHMEM allow disabling of shmem filesystem Y N +
SWAP support for a swap segment Y N
SYSV IPC support for System V IPC Y N +
POSIX MQUEUE POSIX message queue support Y N +
SYSCTL allow disabling of sysctl support Y N +
LOG BUF SHIFT control size of kernel printk buffer 14 11
CC_OPTIMIZE FOR SIZE Use gcc -os to optimize for size Y Y
MODULES allow support for kernel loadable modules Y N +
KMOD automatic kernel module loading Y N
PCI allow support for PCI bus and devices Y Y -
XIP KERNEL allow support for kernel Execute-in-Place N N
BLK DEV LOOP support for loopback block device Y Y-
IOSCHED AS Include Anticipatory IO scheduler Y Y
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CONFIG option Description Def Small
IOSCHED DEADLINE Include Deadline IO scheduler Y N +
IOSCHED CFQ Include CFQ IO scheduler Y N +
IP_ PNP support for IP autoconfiguration Y N +
IP PNP DHCP support for IP autoconfiguration via DHCP Y N +
IDE support for IDE devices Y N +
SCSI support for SCSI devices Y N +
Hrp:

o 'y x - RINFALKNEHRIRER Y, ABHIEHERLUSER No
® "N +" - %ﬁ%?@%éﬁﬁ%gﬂéﬂlﬁﬁﬁﬁiﬁﬁﬁi No
o v - RRIHERE, ANRE N 2E—T.

2.3.2 MIFRAfERRYIEE]

FEBAZE, FRElNIZIRshtiEA#A T . BILAATT make kernel menuconfig, F&BERAEIHN
KK Ao

2.3.3 Ee AR

NIZRBER, BRENFEEERA, JEMEXIARTEERRURFTSHAN, ARHT
R ERIEET .

2.3.3.1 size TH

size ﬁ%ﬂ’ﬁ%ﬁ\]*ﬁ%ﬁ@ﬁ’\] text. data. bss %Eﬁﬁ"]jﬁd\o yum?i'"size vmlinux", BB

text data bss dec hex filename
5818117 1378944 168972 7366033 706591 vmlinux

2.3.3.2 ksize.py Bz

£ tina/lichee/linux-5.4/scripts BR FE—" ksize iz, sJLXIAZE R T built-in.o #
1THET, HIEBITHNASKREBRT#ITHR, ERtiR. MITERWOTAR:
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XXX@xxx:~/tina/lichee/linux-5.4$ ./scripts/ksize

Linux Kernel (vmlinux) total | text data bss
vmlinux 9403884 | 6664284 2482236 257364
drivers 3592850 | 3079263 417716 95871
net 1847651 | 1738679 68309 40663
fs 1317643 | 1271078 24055 22510
kernel 624683 | 509903 65823 48957
sound 489421 | 453897 30259 5265
lib 438875 | 430156 6418 2301
mm 367697 | 339419 26018 2260
crypto 201590 | 173607 18584 9399
block 154302 | 145789 6069 2444
arch/riscv 76482 | 25118 24524 26840
security 39493 | 37513 1920 60
ipc 33016 | 31226 1790 0
init 20222 | 11922 8176 124
certs 1202 | 1178 16 8
sum 9205127 | 8248748 699677 256702
delta 198757 | -1584464 1782559 662
drivers total | text data bss
drivers/built-in.a 3592850 | 3079263 417716 95871
drivers/video 609591 | 443517 121892 44182
drivers/usb 536603 | 463662 51249 21692
drivers/media 328722 | 271446 54350 2926
drivers/tty 196446 | 165943 19922 10581
drivers/mtd 182383 | 171037 8226 3120
drivers/base 181696 | 169126 11447 1123
drivers/mmc 161588 | 156627 4745 216
drivers/scsi 116639 | 105241 10732 666
drivers/clk 116554 | 82738 33740 76
drivers/hid 104678 | 96134 8464 80
drivers/net 86845 | 83547 3262 36
drivers/input 72865 | 69090 3548 227
drivers/pinctrl 712527 48352 22872 28
drivers/char 68430 | 61621 5657 1152
drivers/of 61556 | 57273 619 3664
drivers/regulator 60033 | 55577 3896 560
drivers/spi 58207 | 54422 3760 25
drivers/cpufreq 55287 | 51479 3720 88
drivers/i2c 53655 | 51989 1630 36
drivers/iommu 43846 | 42510 1232 104
drivers/gpio 43045 | 42137 900 8
drivers/crypto 37724 | 21351 16365 8
drivers/leds 33385 | 32480 881 24
drivers/rtc 24432 | 23430 928 74
drivers/pwm 23234 | 21954 1064 216
drivers/dma 22973 | 21507 1342 124
drivers/power 22262 | 14382 7176 704
drivers/bluetooth 22085 | 21186 498 401
drivers/opp 21708 | 21440 260 8
drivers/dma-buf 21474 | 20770 576 128
drivers/misc 19542 | 18270 1232 40
drivers/staging 17456 | 13695 801 2960
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drivers/nvmem 13541 | 12429 1112 0
drivers/virtio 13495 | 12742 753 0
drivers/cpuidle 11847 | 9855 1932 60
drivers/watchdog 11217 | 10550 633 34
drivers/rpmsg 9390 | 8414 972 4
drivers/reset 8574 | 8058 516 0
drivers/bus 8506 | 6758 1668 80
drivers/hwmon 7114 | 6854 260 0
drivers/clocksource 6086 | 5154 904 28
drivers/mfd 5454 | 5130 324 0
drivers/soc 4523 | 4039 112 372
drivers/irqchip 3392 | 2884 492 16
drivers/pci 131 | 131 0 0
sum 3579466 | 3066931 416664 95871
delta 13384 | 12332 1052 0
net total | text data bss
net/built-in.a 1847651 | 1738679 68309 40663
net/ipv4 434939 | 402244 20499 12196
net/core 363444 | 341957 16210 5277
net/ipvé 331413 | 306767 11586 13060
net/bluetooth 292219 | 289286 2712 221
net/wireless 202989 | 193930 6651 2408
net/netfilter 63608 | 57866 3176 2566
net/can 33114 | 31431 1571 112
net/packet 28414 | 27602 810 2
net/unix 27370 | 22377 880 4113
net/netlink 27065 | 25721 1316 28
net/*.o 16859 | 15858 529 472
net/sched 12285 | 11036 1249 0
net/rfkill 10110 | 8874 1028 208
net/ethernet 3822 | 3730 92 0
sum 1847651 | 1738679 68309 40663
delta 0 | 0 0 0
fs total | text data bss
fs/built-in.a 1317643 | 1271078 24055 22510
fs/*.o 392348 | 368941 6791 16616
fs/ext4d 303025 | 295047 7134 844
fs/ubifs 221876 | 221016 740 120
fs/proc 78413 | 77342 999 72
fs/overlayfs 63880 | 62119 1744 17
fs/fat 52900 | 52288 564 48
fs/jbd2 50771 | 48650 2001 120
fs/debugfs 26161 | 25913 228 20
fs/kernfs 23485 | 18979 394 4112
fs/squashfs 20737 | 20601 128 8
fs/configfs 20502 | 19698 780 24
fs/notify 16497 | 15144 868 485
fs/nls 14585 | 14353 232 0
fs/iomap 14526 | 14178 348 0
fs/sysfs 9087 | 8779 292 16
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fs/devpts 3925 | 3249 668 8
fs/ramfs 2643 | 2523 120 0
fs/exportfs 2282 | 2258 24 0
sum 1317643 | 1271078 24055 22510
delta 0 | 0 0 0
kernel total | text data bss
kernel/built-in.a 624683 | 509903 65823 48957
kernel/*.o 262962 | 224298 26543 12121
kernel/time 100055 | 78975 15364 5716
kernel/printk 55146 | 18429 8649 28068
kernel/sched 51083 | 43736 7147 200
kernel/rcu 45836 | 42303 3400 133
kernel/irq 40744 | 36488 2132 2124
kernel/locking 20821 | 20141 676 4
kernel/power 19949 | 17860 1560 529
kernel/bpf 16404 | 16228 140 36
kernel/dma 11683 | 11445 212 26
sum 624683 | 509903 65823 48957
delta 0 | 0 0 0
sound total | text data bss
sound/built-in.a 489421 | 453897 30259 5265
sound/soc 190667 | 179649 10174 844
sound/usb 178075 | 159017 18153 905
sound/core 120132 | 114716 1908 3508
sound/*.0 547 | 515 24 8
sum 489421 | 453897 30259 5265
delta 0 | 0 0 0
lib total” | text data bss
lib/built-in.a 438875 | 430156 6418 2301
lib/*.0 250335 | 243133 7009 193
lib/zstd 205846 | 205846 0 0
lib/crypto 34095 | 33583 512 0
lib/zlib_deflate 16526 | 14130 108 2288
lib/z1lib_inflate 11265 | 11265 0 0
lib/mpi 11230 | 11206 24 0
lib/xz 10117 | 10045 72 0
lib/1zo 3951 | 3951 0 0
lib/math 1646 | 1634 12 0
sum 545011 | 534793 7737 2481
delta -106136 | -104637 -1319 -180
crypto total | text data bss
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crypto/built-in.a 201590 | 173607 18584 9399
crypto/*.o 182630 | 155152 18104 9374
crypto/asymmetric_keys 18960 | 18455 480 25
sum 201590 | 173607 18584 9399
delta 0 | 0 0 0
block total | text data bss
block/built-in.a 154302 | 145789 6069 2444
block/*.0 146013 | 137532 6041 2440
block/partitions 8289 | 8257 28 4
sum 154302 | 145789 6069 2444
delta 0 | 0 0 0
arch/riscv total | text data bss
arch/riscv/built-in.a 76482 | 25118 24524 26840
arch/riscv/mm 45772 | 8380 12680 24712
arch/riscv/kernel 30710 | 16738 11844 2128
sum 76482 | 25118 24524 26840
delta 0| 0 0 0
security total | text data bss
security/built-in.a 39493 | 37513 1920 60
security/keys 34655 | 32751 1856 48
security/*.o 4838 | 4762 64 12
sum 39493 | 37513 1920 60
delta 0 | 0 0 0

A LA B MERB A R BIERAAITHE BTN, X AT EAR#HITHIER K.

2.3.3.3 nm %$

nm YA EFERZERPEZNFSHR T, WHARIT mm --size -r vmlinux | head -10", FJ{SE]:

0000000000004000 b _ log buf

0000000000003d50 d LCM_LTO80B21BA94 setting
0000000000003ccO® d lcm initialization setting
00000000000039cO R v412 dv_timings presets
00000000000039a2 T hidinput_connect
00000000000038d0 d lcm initialization setting
0000000000003888 d lcm initialization setting
0000000000003768 d lcm initialization setting
0000000000002fa8 t whitelist
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| 0000000000002178 d sunxi_ss_algs J

R, —HEZFIBYE, DFIRTFIAN FSRE F5R, HRFSEE:

b/B - FFE{iiF bss &,
t/T - ST text Ko
d/D - FS{UTF data E&.
r/R - fF S F rodata E.

MREERBHELREZESARA, ATEHITHIIER LK,

2.4 XHFRFEEE

STFXHRGRHEIRY, TEEREM. B F

o fl. BBFARENRNS. WEBXHE. SAINE. BAidEFRS
o . ERA/NRTHIKIBMARTHIKLI. fEA mbedtls &R openssl EF.
L] Eo ﬁﬁﬁéiﬁﬂgﬁgﬁgiio

2.4.1 MRS RS

EARRINRAIRENER T, —ENAREFSITTRXHEE R LAMER:

o ARXTH, L% tcpdump. mpstat. strace F,

o MEEMIX T B, Eb% Imbenchye sysstat. tiobench %%,

o TURXM., HEIXE. WEER. EEXHMMIEERE, XILMEZNHABEHERNTLE, R
BH—,

o XAEGERMENERRGE, Linux TEFZEGHEMUINENREE, TJLUERERLTE
g ER/ R EHBERIRATUEE L.

o FFEXMH, —ELFMIAUK Ul ZEFFSABEATIE, IREERE, LEZEMEF.

2.4.2 FERIEE

ATENHEEEER RS

o EARB/I C B
o HEREEREIRE,
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2.4.2.1 C ER%ERE

TRIIET Spi—E@8A C EMXEFE.
& 2-3: BA C ENMHEFIE

CE I8 K M= R

glibc  Distribution KX  BARE, ZFHHEZW cpu £ SHAZTEIK

uclibc Embedded /) AMANILIT, AIEEMSLT A%# libdb 5 libnss
bionic Android N 1T Android $FERYRIER T2 libthread db/libm
musl Embedded /) B\, BRERSHEE, B TR cpu arch

271 Tina 5 riscv AR ZHF glibe FF, [F4E Tina SDK INAEM C FEHIRRE,

2.4.2.2 MpERAFIBIE

BAXTRBENAEFER, FLrTEEEREEFAIKAE, B LLATTHIER.

g0 Tina FERME T —FHIBRAZE, $1T make menuconfig, FTHI0TIED:

Tina Configuration
Target Images -+4->
[*] downsize/the root filesystem'or initramfs

1A ZiE, 4B rootfs/initramfs Z gt EHA8E BRI EH TR,

B{RB]&# scripts/reduce-rootfs-sizelsh X, HFEERZE:

o M7 rootfs THIRZFRFEFFrk#fiEYE,
o OIT “NRRERFKEIE" FIR#NE, —BHi2)ATE, BEEeHAEREaE,
o RIEBLREHRER, MIFREEWAKFAVE,

(1 3588
k75 S — R PR

o HEIRSH/lib, /usr/lib THIE, HittBRFSE,
o WFEISMER dlopen MR, MR RES LR,

2.4.3 NAERSE strip

strip REENAEFSENFSESMFXER, AXED=ESA,
470 Tina B TRUAFFE T strip Ih8E, WR&HFR, BHEFBLUBRLDZESA.
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Tina Configuration
Global build settings --->
Binary stripping method (strip) --->

2.4.4 XHRGIESE

BEXHRGZIFES, BERTR. TR T ERAXA RS LR
& 2-4: BERANXHRHELE

FS 5/ E4% %5 &F

ext2 block device T RW  RIABTEBZ LB AT BE S BEUEER K

ext3 block device £ RW MRS ext3, HEAXHK RS, EERAIRTE
ext4 block device T RW [AEBIES ext2 M ext3, ¥ EBEMEIRES, 1=A1ERE
btrfs block device & RW EETFHE. BEMZERE

FAT block device T RW Windows, KHIFRRETIE, AR >4G Xt
NTFS block device & RW Windows, &F FAT @& Feust, HEXHERS
Cramfs NAND Flash & RO 2013 {£/, M Squashfs

Squashfs Raw Flash B RO [E4HEER, &AAI RS

UBIFS Raw Flash B RW E7F JEFS2, Linux3.7 Zf&

JFFS2 Raw Flash Z=] RW mount BHE{RIE, EEMEERLTF

YAFFS2 NAND Flash % RW | &BERESE, A17F Linux E4

Lai Tina 8 FELEE ARE squahfs. extd. jfss2 =MXH RS, EARH1T make menu-
config #H1Ti%#EE:

Tina Configuration
Target Images' --->
*** Root filesystem images ***
[ 1 ext4
[ ] jffs2
[*] squashfs --->

2 IHESEE lzop, gzip, x2 %, EEERSHRE Xz, B xz EERERE, EEFMEIHRE
E. EPREEEREESEDNNNEEEE,
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[1] https://elinux.org/Kernel Size Tuning Guide
[2] Karim Yaghmour. Building Embedded Linux Systems [M]
[3] Michael Opdenacker. Embedded Linux size reduction techniques

[4] https://tiny.wiki.kernel.org/

R
\‘\“’“‘ﬂe

WA © BSEERERHERAE. RE—TF

12



@LWIMIER
g MXHEER: WE

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
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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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