(52072 Coo2): Jfochae 1€: T/p, maﬁbe disks

Whue we ane

- P]'IOCQJ?DZ)

i %fg C(:t '24;(‘;4 CZ;“Z»:‘ID)?;Z /) X:ﬁ—c?m?ék Cmechomism)
xfcheJalfvg ('poh‘r.g)
What i lgc('? Evef\&z‘hiy else on Yoo compaten
L7 UNIX Phi[OLopb»: eve;waﬂ\iv?%é s a _)1_’|'|e
Bo hook at how files } the ,ei/eyjm twonk-

TQ)AY: W)E ?n}m/aoe I)C’bﬂeew P)?ﬁam& (quvmfﬁ On j on Yhone (ID ”@Jle,s)
A I b DGVI‘Ceb

(A8 au]/un nujun Nfwn Need mechartsme pon fan Things
(mmeniczhion Tre key bein
; = LLC ﬂ:l @ Key board - 1771:?36& %07
& || Core Core Fa_a_
C Pl g
PCI-E | PCE
O H: ( 9, @ r\,oh}ttah'o‘d/ Dponbell
o Keyhoand
K1} P =
= 7
A k@ﬁ I cPU
beiyy poebed
ST
MIC Keceived doba” CPU

oven The nehwek

Communichon ot



) Z/O iml'mri\w/Pomh (D) Internupls
® Mo (@ Bilvg

LE N ]
Ifp [ort —f¢ *
Tf\ u}'w outb (@]-./b\‘? 1); // send ‘count = 1' as an ATA argument
- w 0 outb (0x1F3, src_sect); // send ‘src_sect‘, the sector number
outb (0x1F4, src_sect >> 8);
outb (0x1F5, src_sect >> 16);
0 outb (0x1F6, (src_sect >> 24) | 0xE0);
Iﬂ 0 outb (0x1F7, 0x20); // send the command: 0x20 = read sectors
Port range Summary

0x0000-0x001F | The first legacy DMA controller, often used for transfers to floppies.

0x0020-0x0021 | The first Programmable Interrupt Controller

0x0022-0x0023 | Access to the Model-Specific Registers of Cyrix processors.

0x0040-0x0047 | The PIT (Programmable Interval Timer)

0x0060-0x0064 | The "8042" PS/2 Controller or its p dealing with and mice. </- T He O’dm da‘ M
0x0070-0x0071 | The CMOS and RTC registers - ﬂ % /
0x0080-0x008F | The DMA (Page registers)

by
L]
0x0092 The location of the fast A20 gate register : * b’ [ + ll A +: l l%
0x00A0-0x00A1 | The second PIC ’ I

0x00C0-0x00DF | The second DMA controller, often used for soundblasters

0x00E9 Home of the Port E9 Hack. Used on some emulators to directly send text to the hosts' console.
0x0170-0x0177 | The secondary ATA harddisk controller. l b

0x01F0-0x01F7 | The primary ATA harddisk controller.

0x0278-0x027A | Parallel port

0x02F8-0x02FF | Second serial port

0x03B0-0x03DF | The range used for the IBM VGA, its direct predecessors, as well as any modern video card in legacy mode.

0x03F0-0x03F7 | Floppy disk controller

0x03F8-0x03FF |First serial port
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a. Here is a 32-bit PC’s physical memory map: 8383?323_33382:; E;zigéegAM
00020000-000fffff : Reserved
b + <- OxFFFFFFFF (4GB) 000a0000-000dffff : PCI Bus 0000:00
32-bit 00070000-000FFfff : System ROM
memory mapped 00100000-09€01Fff : System RAM
devices 09e02000-09Tfffff : Reserved
0a000000-0alfffff : System RAM
INININININININININTN 02200000-0220dfff : ACPI Non-volatile Storage
0220e000-0affffff System RAM
ININININININININ/NSN 0b000000-0bO1Ffff : Reserved
0b020000-c7ddOfff : System RAM
Unused c7dd1000-c7e2dfff : Reserved
c7e2e000-cb123fff : System RAM
ettt + <- depends on amount of RAM cb124000-cb4a3fff : Reserved

ch484000- cb4o7fff : MSFT0101:00
cb484000-cb487fff : MSFT0101:00
Extended Memory cb488000-cb48bfff : MSFT0101:00
cbh488000- cb4obfff : MSFT0101:00
cb4a4000-cb507fff : ACPI Tables

e + <— 0x00100000 (1MB) cb508000—cccO6fff ACPI Non-volatile Storage
| BIOS ROM | ccc@7000-cdbfefff : Reserved
e + <— 0xO000F0000 (960KB) cdbff@e0-ceffffff : System RAM

. : cf000000-cfffffff : Reserved

iip};;t;lgiv;gl\edi’ d0000000—-fec2ffff : PCI Bus 0000:00

R + <— 0x000C0000 (768KB) d0000000— elffffff : PCI Bus 0000:2b
I VGA Display | d0oeo0eoo-dfffffff : 0000:2b:00.0
e + <— 0x000A0000 (640KB) €0000000-e1ffffff : 0000:2b:00.0

0000000—F7FFffff : PCI ECAM 0000 [bus 80-7f]
0000000—F7FffFf : pnp 00:00
fb0000e0-fcofffff : PCI Bus 0000:2b
b00000O—TbTffFFf : 0000:2b:00.0
Sttt + <= 0x00000000 b@0000O—TbFffFFf : nvidia
£c000000-FCO7F T : 0000:2b:00.0
£C080000-TCO83TFT : 0000:2b:00. 1
£C080000—CO83TFf : ICH HD audio
£C200000-fc5FFFFf : PCI Bus 0000:02
£C200000—fc4fffff : PCI Bus 0000:03
C200000—fc2fffff : PCI Bus @000:2a

£c200000-fc20ffff : 0000:2a:00.0
l th £c200000-fc20ffff : r8169
O @ 0d< {b uP #b} W oM. en £210000-fc213Fff : 0000:2a:00.0
£C300000-fc3Fffff : PCI Bus 0000:05
s Gt ?
l\nu)‘o pnoc / iomem\

fc300000-fc303fff : 0000 05:00.0

link/shared. 1
2:PROVIDE (

(cpos < @ || cpos >= CONSOLE_ROWS * CONSOLE_COLUMNS) {
cpos = 0;
¥

cp.cursor = console + cpos;

void console_putc(printer* p, unsigned char c, int color) {
console_printer p = (cmnsole_printer*) p;
(cp—>cursor >= console + CONSOLE_ROWS * CONSOLE_COLUMNS) A
cp—>cursor = console;

(c == "\n") {
int pos = (cp—>cursor - console) % 80;
(; pos !'= 80; pos++) {
*cp->cursor++ = ' ' | color;
+
{

*cp->cursor++ = ¢ | color;
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1 CS 202, Fall 2023 73
2 Handout 9 (Class 17) 74
3 75 // boot_readseg(dst, src_sect, filesz, memsz)
4 1. Example use of I/O instructions: boot loader % // Load an ELF segment at virtual address ‘dst‘ from the IDE disk’s sector
5 w // ‘src_sect'. Copies ‘filesz‘ bytes into memory at ‘dst‘ from sectors
6 Below is the WeensyOS boot loader B // ‘src_sect' and up, then clears memory in the range
7 7 // ‘[dst+filesz, dst+memsz) ‘.
8 It may be helpful to understand the overall picture 80 static void boot_readseg(uintptr_t ptr, uint32_t src_sect,
9 81 size_t filesz, size_t memsz) {
10 This code demonstrates I/0, specifically with the disk: the 82 uintptr_t end_ptr = ptr + filesz;
11 bootloader reads in the kernel from the disk. 83 memsz += ptr;
12 84
13 See the functions boot_waitdisk () and boot_readsect (). Compare to Figures 36 85 // round down to sector boundary
.5 86 ptr &= ~(SECTORSIZE - 1);
14 and 36.6 in OSTEP. 87
15 88 // read sectors
16 /* boot.c */ 89 for (; ptr < end_ptr; ptr += SECTORSIZE, ++src_sect) ({
17 #include "x86-64.h" 90 boot_readsect (ptr, src_sect);
18 #include "elf.h" 91 }
19 92
20 // boot.c 93 // clear bss segment
a1 // 94 for (; end_ptr < memsz; ++end_ptr) {
2 // WeensyOS boot loader. Loads the kernel at address 0x40000 from 95 *(uint8_t*) end_ptr = 0;
23 // the first IDE hard disk. % }
u // 97 }
s // A BOOT LOADER is a tiny program that loads an operating system into 98
6 // memory. It has to be tiny because it can contain no more than 510 bytes 99
21 // of instructions: it is stored in the disk’s first 512-byte sector. 100 // boot_waitdisk
8 // 01 // Wait for the disk to be ready.
29 // When the CPU boots it loads the BIOS into memory and executes it. The 102 static void boot_waitdisk (void) {
0 // BIOS intializes devices and CPU state, reads the first 512-byte sector of 103 // Wait until the ATA status register says ready (0x40 is on)
31 // the boot device (hard drive) into memory at address 0x7C00, and jumps to 104 // & not busy (0x80 is off)
2 // that address. 105 while ((inb(0x1F7) & 0xCO) != 0x40) {
3 // 106 /* do nothing */
3 // The boot loader is contained in bootstart.S and boot.c. Control starts 107 }
s // in bootstart.S, which initializes the CPU and sets up a stack, then 108}
% // transfers here. This code reads in the kernel image and calls the 109
7 // kernel. 110
8 // 11 // boot_readsect (dst, src_sect)
9 // The main kernel is stored as an ELF executable image starting in the u2 // Read disk sector number ‘src_sect' into address ‘dst‘.
w0 // disk’s sector 1. 13 static void boot_readsect (uintptr_t dst, uint32_t src_sect) {
41 114 // programmed I/O for "read sector"
42 #define SECTORSIZE 512 115 boot_waitdisk () ;
43 #define ELFHDR ((elf_header*) 0x10000) // scratch space 116 outb (0x1F2, 1); // send ‘count = 1' as an ATA argument
14 117 outb (0x1F3, src_sect); // send ‘src_sect‘, the sector number
45 void boot (void) __attribute__ ((noreturn)); 118 outb (0x1F4, src_sect >> 8);
46 static void boot_readsect (uintptr_t dst, uint32_t src_sect); 119 outb (0x1F5, src_sect >> 16);
47 static void boot_readseg(uintptr_t dst, uint32_t src_sect, 120 outb (0x1F6, (src_sect >> 24) | 0xEO0) ;
48 size_t filesz, size_t memsz); 121 outb (0x1F7, 0x20); // send the command: 0x20 = read sectors
49 122
so // boot 123 // then move the data into memory
51 // Load the kernel and jump to it. 124 boot_waitdisk();
52 void boot (void) { 125 insl (0x1F0, (void*) dst, SECTORSIZE/4); // read 128 words from the disk
53 // read 1lst page off disk (should include programs as well as header) 126}
54 // and check validity 127
55 boot_readseg ((uintptr_t) ELFHDR, 1, PAGESIZE, PAGESIZE); 128
56 while (ELFHDR->e_magic != ELF_MAGIC) {
57 /* do nothing */
58 }
59
60 // load each program segment
61 elf program* ph = (elf_program*) ((uint8_t*) ELFHDR + ELFHDR->e_phoff);
62 elf program* eph = ph + ELFHDR->e_phnum;
63 for (; ph < eph; ++ph) {
64 boot_readseg (ph->p_va, ph->p_offset / SECTORSIZE + 1,
65 ph->p_filesz, ph->p_memsz);
66 }
67
68 // jump to the kernel
69 typedef void (*kernel_entry_t) (void) __attribute__ ((noreturn));
70 kernel_entry_t kernel_entry = (kernel_entry_t) ELFHDR->e_entry;
71 kernel_entry();
7}
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2.

yYs

Two more examples of I/O instructions
(a) Reading keyboard input
The code below is an excerpt from WeensyOS’s k-hardware.c

This reads a character typed at the keyboard (which shows up on the
"keyboard data port" (kEYBOARD_DATAREG)) .

/* Excerpt from WeensyOS x86-64.h */
// Keyboard programmed I/O

#define KEYBOARD_STATUSREG 0x64
#define KEYBOARD_STATUS_READY 0x01
#define KEYBOARD_DATAREG 0x60

int keyboard_readc (void) {
static uint8_t modifiers;
static uint8_t last_escape;

if ((inb (KEYBOARD_STATUSREG) & KEYBOARD_STATUS_READY) == 0) {
return -1;

}

uint8_t data = inb (KEYBOARD_DATAREG) ;

uint8_t escape = last_escape;
last_escape = 0;
if (data == O0xE0) { // mode shift
last_escape = 0x80;
return 0;
} else if (data & 0x80) { // key release: matters only for modifier ke
int ch = keymap[ (data & 0x7F) \ escape];
if (ch >= KEY_SHIFT && ch < KEY_CAPSLOCK) {
modifiers &= ~(1 << (ch - KEY_SHIFT));

}
return 0;

}
int ch = (unsigned char) keymap[data \ escape];

if (ch >= "a’ && ch <= "z") {
if (modifiers & MOD_CONTROL) {

ch -= 0x60;
} else if (! (modifiers & MOD_SHIFT) != ! (modifiers & MOD_CAPSLOCK))
ch —= 0x20;

}
} else if (ch >= KEY_CAPSLOCK) {
modifiers *= 1 << (ch - KEY_SHIFT);

ch = 0;

} else if (ch >= KEY_SHIFT) {
modifiers |= 1 << (ch - KEY_SHIFT);
ch = 0;

} else if (ch >= CKEY(0) && ch <= CKEY(21)) {

ch = complex_keymap[ch — CKEY(0)] .map[modifiers & 31];
} else if (ch < 0x80 && (modifiers & MOD_CONTROL)) {

ch = 0;

return ch;
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(b) Setting the cursor position

The code below is also excerpted from WeensyOS’s k-hardware.c. It
uses I/0 instructions to set a blinking cursor somewhere on a 25 x 80
screen.

// console_show_cursor (cpos)

// Move the console cursor to position ‘cpos‘, which should be between 0

// and 80 * 25.

void console_show_cursor (int cpos) {

if (cpos < 0 [| cpos > CONSOLE_ROWS * CONSOLE_COLUMNS) {
cpos = 0;
}
outb (0x3D4, 14); // Command 14 = upper byte of position
outb (0x3D5, cpos / 256);
outb (0x3D4, 15); // Command 15 = lower byte of position

outb (0x3D5, cpos % 256);
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3.

Memory-mapped I/0

a. Here is a 32-bit PC’s physical memory map:
+ + <- OxFFFFFFFF (4GB)
32-bit

memory mapped

devices

INININ/NINININ/N/N/N
ININ/N/NINININ/N/NN

Unused

+ + <- depends on amount of RAM

Extended Memory

o + <- 0x00100000 (1MB)
BIOS ROM |
+ <- 0x000F0000 (960KB)

16-bit devices,
expansion ROMs

0x000C0000 (768KB)

+—+
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

+—+

A
]

<- 0x000A0000 (640KB)

b + <= 0x00000000

[Credit to Frans Kaashoek, Robert Morris, and Nickolai Zeldovich for
this picture]

b. Loads and stores to the device memory "go to hardware".

An example is in the console printing code from WeensyOS. Here is an
excerpt from link/shared.ld:

/* Compare the address below to the map above. */
PROVIDE (console = 0xB8000);

/*
* prints a character to the console at the specified
* cursor position in the specified color.
* Question: what is going on in the check
* if (¢ == '\n’)
* 2
* Hint: ’\n’ is "C" for "newline" (the user pressed enter).
*
st

atic void console_putc (printer* p, unsigned char c, int color) {
console_printer* cp = (console_printer*) p;
if (cp->cursor >= console + CONSOLE_ROWS * CONSOLE_COLUMNS) {
cp->cursor = console;

}
if (c == '\n’) {
int pos = (cp->cursor - console) % 80;
for (; pos != 80; pos++) {
*cp->cursor++ = ' ' | color;
}
} else {
*cp->cursor++ = ¢ | color;

}
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