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Modern Operating Systems: Principles and Implementation

Monolithic: a single piece of code serving all requests; high in coupling

IR R o] €=l g1l B Kkerenl is mostly responsible for IPCs; services are running in user-level; low in coupling; IPC can be the bottleneck

L__» . kernel only handles multiplexing resources (securely);
Exokernel: extra performance due to having hardware primitives
‘ o target heterogeneous hardware and many-core machines
LIV R s '€=t ¢ 1=l B replace shared-memory model with shared-nothing model (msg passing)
treat OS as a distributed system
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the evolution of OS organization and architecture



Linux kernel architecture
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Figure 1: An example exokemel-based system consisting of a thin
exokernel veneer that exports resources to library operating systems
through secure bindings. Each library operating system implements
its own system objects and policies. Applications link against stan-
dard libraries (e.g., WWW, POSIX, and TCP libraries for Web ap-
plications) or against specialized libraries (e.g., a distributed shared
memory library for parallel applications).
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Figure 1: The multikernel model.
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1. egos architecture

system apps user apps
Sys_proc sys_file ult cat
U-mode
sys_dir sys_shell Is
S-mode [ syscalls
grass layer
scheduler IPC syscalls
l earth
interfaces
interrupt timer mmu -
virtual
M-mode memory
tty UART disk
earth layer
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2. egos-2k+ (sifive e) booting process

1 - Simulate on QEMU-RISCV —--———----
2 cp build/release/earth.elf tools/gemu/gemu.elf
3 riscvé64-unknown-elf-objcopy --update-section
.image=tools/disk.img tools/gemu/gemu.elf
4 gemu-system-riscv32 -bios none -readconfig
tools/gemu/sifive-e31l.cfg -kernel tools/gemu/gemu.elf -nographic
5 CRITICAL] --=-=—==—=————— Booting -------------
6 g [SUCCESS] Finished initializing the tty device
7 INFO] Use direct mode and put the address of trap entry() to mtvec
8 SUCCESS] Finished initializing the CPU interrupts

[
[
[
[
9 [SUCCESS] Finished initializing the timer function
[
[
[

10 SUCCESS] Finished initializing the disk device

11 SUCCESS] Finished initializing the CPU memory management unit
12 INFO] Grass kernel file size: 0x00002708 bytes

13 - [INFO] Grass kernel memory size: 0x00002c90 bytes

14 CRITICAL] Enter the grass layer

15 INFO] Load kernel process #1: sys_proc
16 INFO] App file size: 0x0000133 yLes
17 INFO] App memory size: 0x00001740 bytes

18 L—u SUCCESS] Enter kernel process PROCESS
19 INFO] Load kernel process #2{ sys fiTe
20 INFO] App file size: 0x000027

[
[
[
[
[
[
21 [INFO] App memory size: 0x00002814 bytes
[
[
[
[
[
[

22 SUCCESS] Enter kernel process GPID FILE

23 INFO] sys proc receives: Finish_GPID FILE initialization
24 INFO] Load kernel process #3:

25 INFO] App file size: 0x00000fb4 DOYee

26 INFO] App memory size: 0x000013bc bytes

27 SUCCESS] Enter kernel process GPID DIR

28 INFO] sys_proc receives: Finish.GRID DIR initialization
29 INFO] Load kernel process #4: mb

30 [INFO] App file size: 0x000006e0 bytes

31 [INFO] App memory size: 0x000006e0 bytes

[CRITICAL] Welcome to the egos-2k+ shell!
é INFO] proc 5 finished after 0 yields, turnaround time: 0.00,
iesponse'ffﬁ€1 0.00, cputime: 0.00
2 /home/cs6640 %
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3. egos-2k+ (sifive e) memory layout II

HIGH MEM ADDR

——————— ot <=
| |
DTIM | free memory |
memory | (4MB - 16KB) |
(4MB) Am—mm e + <=
| earth interface |
| (128B) |
- + <=
| earth/grass stack |
| (~8KB)

|
N/NININININININININININY

INININININININININ/N/N/N

| app stack
| (6KB)

pr—— —
| system call args |
|_(1KB) |

app args

(1KB)

| read-only fs w/ |
| dirs & user app elfs |

| (2mB) |
S + <=

disk | grass elf and |

image | sys app elfs |

(4MB) | (1MB) |
S + <=

| (1mB) |
------- L R

boot | |

ROM | earth code |

(4mB) | |
_______ O

0x8040_0000
[FREE_MEM END]

0x8000_4000
[FREE_MEM_ START]

0x8000_3£80
[GRASS_STACK_TOP]

0x8000_2000

[APPS_STACK_TOP] é/

0x8000_0800

0x8000_0400
[SYSCALL_ARG]

0x8000_0000 15 —[
[APBS_ARG] —

0x20c0_0000 (c“3i)
0x20a0_0000

0x2090_0000

0x2080_0000

0x2040_0000
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------- S
| |

UARTO | |

(4KB) | |

| |

——————— Ry 3
——————— R

| |
\/NININININININININININY

ININININININININININININ
| |

app codet+data

I(
2

(16KB)

|

|

____________ +

| grass code+data |

| (1 MB) |
T +

| earth data |

| (1 MB) |

——————— TSNV SV ——
------- e
| |

o e +

| mtime (8B) |

CLINT H——m—— e +
(64KB) | |
o e +

| mtimecp (8B) |
oo em +

| |
o +

| msip (4B) |

——————— S

LOW MEM ADDR

<-

<-

0x1001_4000

0x1001_3000

0x0a00_0000
[ITIM END]

0x0820_4000

[APPS_ENTRY+APPS_SIZE]

0x0820_0000
[APPS ENTRY]

0x0810_0000
[GRASS_ENTRY]

0x0800_0000
[ITIM START]

0x0201_0000

0x0200_bff8

0x0200_4000

0x0200_0000




