r2 kernel memory map: physical = virtual, lower 4 GiB

boot.asm identity-maps O - 4 GiB with 2 MiB pages (P4[0] -> P3[0..3] -> P2). Everything is supervisor-only unless marked U. Heights are condensed; addresses are exact.

0x1_0000_0000 (4 G B)

MMIO
framebuffer, NIC BARs, APIC

(PCl hol e)
N RAM above 1 GiB, if any N
0x4000_0000 (1 G B)
N unused RAM N
+ RAM 8
User heap extension
RAM /8, e.g. 32 MiB at 256 MiB RAM
0xA000_000
N unused RAM N
0x3A00_000
usb.tar archive
/mnt/tar (about 19 MiB today)
0x2800_000
0x2400_000
Process frames
10 x 2 MiB
0x1000_000
User heap, 4 MiB o
uheap: P2[6], P2[7]
0xC00_000 -
VRAM window
0xA00_000
User stacks o
0x800_000
Process image window @
virtual only: P2[3] -> the running slot's frame
0x600_000
unused
0x372_000
Kernel image
.text .rodata .data .bss + boot_reserved
0x100_000
Low 1 MiB
BIOS, VGA 0xA0000 / 0xB8000
0x0

Linear framebuffer (graphics kernel; address from the Multiboot2 tag,
e.g. 0xFD0O_0000 in QEMU) and PCI device registers, e.g. the e1000 BAR.

P3[1..3] -> p2_high_tables: shared by all processes, supervisor only.

End of the P2 each process copies (P3[0]); the extension stays below here.

Added once, the first time the 4 MiB are full; starts past the archive if needed.
Must be usable RAM below 1 GiB; USER bits set in the kernel P2 and every
process's copy. 256 MiB at 2 GiB RAM. Syscalls accept it too.

Identity-mapped, supervisor only.

GRUB module, moved here when GRUB put it below 0x2400_000;
otherwise used where it lies (anywhere below 1 GiB).

Gap (end of fixed kernel regions, module.rs FIXED_END).

Physical frame of slot n at 0x1000_000 + n x 0x200_000 (slots 0-9).
Reached by ring 3 only through the 0x600_000 window.

Shared by all processes; syscalls 0x0a/0x0b/0x0f; blocks tagged by owner slot,
swept when the owner dies. Syscalls accept buffers here (user_buf_ok).

P2[5]: 64 KiB of VGA 0xA0000 at 0OxA00_000 via a P1, per process on syscall 0x14.

Slots 0-7: tops 0x8F0_000 down to 0x810_000, 128 KiB apart (8, 9 in the window above).

Every process sees its own code/data here (ELF load address).
Each process's P2 copy points P2[3] at its private frame below.

Rest of P2[1] and P2[2] (0x400_000 - OX5FF_FFF reserved).

Loaded by GRUB at 0x100_000; ends at 0x372_000 (about 2.4 MiB).
Page tables, kernel stacks, the /mnt/tmp RAM disk, boot stack and heap (page 2).

Real-mode leftovers; VGA RAM 0xA0000 (graphics) and 0xB8000 (text).
Section .dma for NIC buffers is linked into .data, not here.

rou2exOS (r2_main) memory map, from boot.asm, linker.ld, mem/pages.rs, mem/uheap.rs, fs/ustar/module.rs, fsimemdisk and the kernel_graphics release ELF, 2026-09-27.

eIEOOOEEDO

Firmware / legacy (low 1 MiB)

Kernel image and kernel data

Per-process (private 2 MiB frame, stacks)
Shared user heap (uheap)

User heap extension (grows on demand)

Boot module (tar archive)

Device / MMIO window

Unused RAM (identity-mapped, supervisor only)
Mapped USER + WRITE (ring 3 may use it)

Scale break: region drawn much shorter than it is
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Close-ups: the first 16 MiB (one P2 entry = 2 MiB) and the kernel image

Left: what each 2 MiB page is, in the kernel's table and in a process's copy. Right: the kernel image's sections from the kernel_graphics release ELF (kernel_text is within 1 KiB).

First 16 MiB
0x1000_000

~ (continued)

0xE00_000

~uheap region: 0xC00_000 - OxFFF_FFF,
one block chain, 8-byte headers.

0xC00_000

~ map_vram (syscall 0x14) replaces the huge page
with a P1 in that process's table.

0xA00_000

~ Slot n's stack top: 0x8F0_000 - n x 0x20_000.
argv is pushed here (SysV layout).

0x800_000

create_user_page_table(slot) points this entry at
~ 0x1000_000 + slot x 2 MiB.

0x600_000

P2[2] reserved
identity, unused

~ Unused, supervisor only.

0x400_000

~ End of .bss, .idt, boot stack,
kernel heap, boot P4 / P3_fb.

0x200_000

~ 0x000_000 - 0XOFF_FFF legacy / VGA,
kernel from 0x100_000.

0x0

Stacks of slots 8, 9 (tops 0x7F0_000, 0x7D0_000).

0x372_000
0x36F_070

0x35F_070

0x34F_070
0x34E_070

0x33D_2B9

0x2BD_2B8

0x26D_2B8
0x21D_000

0x19D_000
0x168_000
0x15E_350
0x158_C8B

0x100_030
0x100_000

Kernel image (0x100_000 - 0x372_000)

-~ Boot P4; P3 for P4[1] (framebuffer).
- 64 KiB linked-list heap (mem/heap.rs).
~ 64 KiB, until the scheduler runs.

~ Interrupt descriptor table.
~ boot.asm's p3_table, p2_table and
p2_high_tables at 0x340_000 - 0x345_FFF.

~ /mnt/tmp: a FAT12 volume formatted at boot,
gone at power-off (fs/memdisk).

~ Kernel stack per process slot:
syscalls and interrupts run on it.

~ More statics.

~ Per-process P4/P3/P2 (+ VRAM P1) tables,
3-4 per process, recycled on exit.

-~ Scheduler, filesystems, network stack.
~ Incl. the .dma NIC buffers.

-~ Constants.

-~ Code.

[] Kernelimage and kernel data

[] Per-process (private 2 MiB frame, stacks)

- Shared user heap (uheap)

[] Device / MMIO window

[ ] Unused RAM (identity-mapped, supervisor only)
@® Mapped USER + WRITE (ring 3 may use it)
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