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Abstract

In recent years, the structure of operating systems becomes larger and more compli-
cated because operating systems have taken various demands. In such a situation,
learning operating systems which have huge souce codes like Linux is very difficult.
Then, we ported OS/161 that is a small-scale operationg system for the ARM pro-
cessor. As a result, I found out that the porting operating system is a very efficient
method to learn about operating system. In embedded systems, response times and
real time is impoertant elements. So, I implemented a Copy-on-Write mechanism for
improving the performance. As a result, Copy-on-Write is very effective to improve
the performance, and I found that the overhead is only 1.39% in worst case.
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2.1 ARM
2.1.1 ARMOO

ARMOO00O00O000000000000O0 ARM(Advanced RISC Machine)
000000000000 CPUOOODOOOOOOO0O000O0O0O0O0O0O0O0O ARM
O0000O0OD0O0ODO0O0OOO0OOARMODO1983000 19850000000 Acorn
Computers 0 0 0 00 00O RISC(Reduced Instruction Set Computer) 0000000
O0000000OOobOO0bO0obOoboobooooOooooOOo pCOb00DbOOODOOn
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2.1.2 0OO0OO

ARMOuwerJ 00000000 COOOOOOCDODO210000000userd0O
gbooboobooboboboobooboobobooboobbobobooboon
oboobooboboobobo213000000b000000000Db1600000
gbooobob200000000000000400b000

O 21l:werd00000O00OO0OO0OO



gooogooo

oboogbooobo 000 1500000000000 0000 r120000000
obobooooooobor, ri4, r150 30000000000 0ODO0O0OOODO
gobobobobooob

e r13: sp(stack pointer) OO0 0000000000000 OO0OOOOOOOO
goooboo

e r14: Ir(link register) 00 D 000000000000 ODOOOOOOOOOO
gooo

e 1r15: pe(program counter) D000 0000000000000 O00OOO0OOO
oooodooooooooonod

gbobobobo
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2.1.3 Current Program Status Register
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00 2.20000cpsr OO flags, status, extension, control0 40000000000
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0 2.2: Program status register
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ooo 00 00 OO0o0odo
Abort abt yes 10111
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cpsr O spsr(saved program status register) 0000000000000 0000O0O
0000000000000 000 spsr000 cpsr0 00000
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2.1.5 Memory Management Unit
goooooad

ARMO MMUOOOOODOOODOOOOOOOOOOOOODOO200000
goooooool1gboo Liooogobooboo2000 200000000000

L1i00000000 master UODOO00OO00OO0ODO sectiond 00000 0OOOOO
ooLgoobobob L20dogooboboooooooobobooooo
00 1IMBOOOOOOOOOOOOOOO PTE(Page Table Entry) DO0OOL10O0O
OO0000D4GBOOODOOOOO 1IMBOOODOOODOOODOOOO409600
PTEOUODOO

00 000 |00O00 (KB) | 000000 (KB) | PTEO O
Master /section L1 16 1024 4096
Fine L2 4 1,4000 64 1024
Coarse L2 1 4000 64 256

023 MMUOOOOOOOOOOOOOO
ULoobobobobob400000000000
e JOUODOUODUOD —1MBODODO
e Fine L2O00ODOUODOD — 10240 00000000O0O00O0O0OOODO
e Coarse 120000000 —2560000000000000000
e Fault - 0000000OODOO

31 2019

1211 98

543 210
i 1]t 1

31 1098 543 210
C(msepxgehlﬂc‘ Basc address ‘0|Domm‘n‘1|sado‘1‘

31 1211 98 543 210
Finc page tible ‘ Base addross ‘m|pmm‘1|s341‘1‘

31 210
| ol

O 2.5: L1 page table entries

MMUO PTECODO 2000000000000000 (0 25000)0

oboodd PTED IMBOOOODOUODODOOODODOOOOobbOOoOooDoDbOoOo
0120000 PTEODDOO 120000000000000000D0O0OOO

Coarse PTEO Fine PTEO L20000000000CC0C0O0O0OOO0OL200000
000000 i1KBO4KBOODOOOooOooooooooooooo

Fault PTECOOOOCOOOOOOOOODOODOOOOOOOOOO Prefetch Abort
000 Data Abort 0 O0DO0OCOOO0000O0ODOOCOOOOOODOCODOOOOO
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Loo0dooDoD00o0oO0DooOoDoOo0O cCcPh000OD2000000CP150
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bbb oobobooboooboboooboob 2boooog
godod 2260000

51 M 15 a
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L200000000000400000000000
o Large Page — 64dKBO O O[O

e Small Page - 4KBO O OO

e Tiny Page — 1IKBO OO O

e Fault Page - 0000000000
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31 121110 9 87 65432190
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— u [ T2 BRA
31 210
Pageﬁmlt‘ 30 m
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MMUO PTEOOO 2000000000000000O(0 2.7000)

Large PTEOODOO0OD0OO0 64KBOODOODODOOOOOOODOOODODOODOO
gobooboooboooooobobooo4000064KBO 4000000 16KB
goooobooobooobooboobobooboon

Small PTEOOODOOOOO 16KBOOOOODODOOOOODODOOOLarge PTE
gobodboooooobouooooobooboobob40b004KBO 400
o000 1KBOODOOooooooouooooooboooboboboboo

Tiny PTEODOOUOOOOD 1IKBOUOOOOOOOODOOODOOOOOODODOoOO
gooobooboooboobooboooboob 1obooooboo
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goobooooooooooMMUODODODOODOODOObOOOOooooooOOg TLB
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2.1.6 0000
00000000 ARMOOO0OO0O00000O0O0ODOO0O00000O0O00000000
1. cpsr'0000D000 spsr?0000
2. pcf0 000000 KOOOO
3.cpsr 0 1000°0FO00D%0 000000000
4. pc0000D0O0O0O0ODODOOO

ARM OO 0000 Reset, Undefined Instruction, Software Interrupt(0 O SWI),
Prefetch Abort, Data Abort, Interrupt Request(d O IRQ), Fast Interrupt Request (O
0OFIQO700000000000000O0DODOOOOOOOODODO

Reset 00000000000 O00OReset 0000000 OOOOOOOOOODOO
Reset 00D DO OD0O0O0O0OOOOOODOOODODOOOOODODONO cpsr0 I0OO
OFOOODO 100000 ResetdOOOOooooonO

Data Abort 0O ODODODOOOOO MMUOOOOOOOOOOOOOOOGOO
O0000000User 0000000000 OOOOOOOOOOOOODODODOOO
gddboooboooooudodobooobooouooooboooooouoooa
gdo0odoooooooo0odooooooooooooooooooooon
00010000 100000 AbortDOO0O0DOOODOOO

IRQUDOODDODOO0O0OD0OD0OO0ODOO0D00O0DO000O0O000IRQO2000000
0000000 0000IRQO FIQO Data Abort 000 O0O0OODOODOOOO0O
00000000000 0000 (cause) DO00O0ODOO0OOOOOOOOOOODOODO
0000000000Odcepsr0 I0D0O0OD0 1000 IRQODOODOOOOOODOOIOO
00100000 IRQLOOODOOODDOO0

FIQUOOODODODOOODODOOO0OODOOO0OO0OOO00DO00rFIQUOOOoOoDaon
O00D000D00FIQO Data Abort 0D O0ODOODODOODOODODIRQODOO
0000000000000 00000000D0Ocpsrd FOOOO 1000 FIQO
000000 o00DO Io0bOO0 FOOOO 10D0DOO00 FIQODOOOOODODOO

Prefetch Abort 00 0000000000000 DODOOOOOOO0O0O0OOOOO
dooooooooooooobooooooooooooooooboooooooon
00000000000 00000000000000 10000 100000 Abort
gooooooooad

Sowtware Interrupt 0 SWIO O OOOOOOOOODODOOOODOOOOOOODO
0000000000000 bOO00bOO0IobobOo10b0o00n0n0d Supervisor O O
goooooogad

Leurrent program status register
Zsaved program status register
3progmm counter

4link register

Sepsr 00 7000

Sepsr 00 6000
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0o ooo oOoooOo 1000 roOooOod
Reset 1 SVC 1 1
Data Abort 2 ABT 1 0
FIQ 3 FIQ 1 1
IRQ 4 IRQ 1 0
Prefetch Abort 5 ABT 1 0
SWI 6 SVC 1 0
Undefined Instruction 6 UND 1 0

024 00000000000000000000000O0O

Undefined Instruction D ARMOOOOOO0Thumb 0000000000000
000000 D0Ddoo0oodo0oododooooooooDooooooogooon
0000000000 0DARMOOODDODOODOOODOOODOOOODOOOOO
0000000000000 D0OO0O00O00O000 Undefined Instruction0 000000
00010000 100000 Undefined0000O0OO0O0OOO

0000 UserD0O0O0D0O0OO0O0 IRQUODDOODODOOODOOODDOO 2100000

O 2.10: IRQOOOOOO

gobooboobbooboobobooboobboobbo 2400000

gboogoooo

ooooOooOo0ooO0ooOooOooonD ARMOODOOOODOODOOOOOD
gooobooobooboobboobooboobooobobobboboboon
0x00000000 - OxO000001lc DO ODOOODOOOOOOODOODOO MMUDOODO
00000000000 0000D0O0O000D oxfftoooo - oxfiftoolc0 000000
gboooboobooboobooob 250000

goooobooobooobbooobooobboobobooobboooobDbo
godg

b <address> bOOOUO0O0O0O <address>00000000OOOOOOOOOO b
goooo 32MBOOOO0ooOogg

ldr pc, [pc, #offset | ldr 00000000 pe00000000000O0000O
offset 000 +£0-4KBOOOODOOO0O0O0O0O00OO0O0O00O000O dr000
00 4KBOOOOOOOOO0OO0OO0OOOOOOO

Tlebit 00D D00O00D0DO0
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oo 0oooo 0ooo (0o)

Reset 0x00000000  0Oxfff0000
Undefined Instruction 0x00000004 0xffff0004
SWI 0x00000008  0OxfTff0008
Prefetch Abort 0x0000000c  0xfFff000c
Data Abort 0x00000010  0xfFff0010
ooad 0x00000014  0xfIff0014
IRQ 0x00000018  Oxffff0018
FIQ 0x0000001c Oxffff001c

0250000000

mov pc, #immediate mov 0 O 0O 0O 0 immediate 0 pc O 0O 0O 0 O O O immediate
ooo8hitdOOOOoODOOoOoooooooooooooa

gbobobooobooboobboobobobboobooboobooooooong
0000000000 FIQUDOODOODODOODOOO FIQDOODOODODOODODO
gooooo

0x00000000: 1ldr pc, [pc, #reset]
0x00000004: 1dr pc, [pc, #undef]
0x00000008: 1dr pc, [pc, #swil
0x0000000c: 1ldr pc, [pc, #pabt]
0x00000010: 1ldr pc, [pc, #dabt]
0x00000014: 1dr pc, [pc, #none]
0x00000018: 1ldr pc, [pc, #irql
0x0000001c: sub 1lr, 1r, #4

stmdb  sp!, {r0-r3}

bl fiq_isr

ldmdb  sp!, {r0-r3}

movs pc, 1r
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2.2 MIPS
2.2.1 MIPSOO

MIPS O O Microprocessor without Interlocked Pipline Stages 0 0 0O 0O 0 1981 O
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