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™ admin: exam and final project
+/1. Device drivers

& 2. Mechanics of communication
O 3. An example: a tty dev

O 4. Communication configuratlons
J 5. Hints about Labé (SD card driver)
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Port 1/O Address Space

« Software and hardware architectures of x86 4 Ké, L
architecture support a separate address Port 65535 d
space called “I/O Address Space” OXFFFF

— Separate from memory space

» Access to this separate I/O space is
handled through a set of I/O instructions
— IN,OUT, INS, OUTS
* Access requires Ring0 privileges
— Access requirement does not apply to all
operating modes (like Real-Mode)

* The processor allows 64 KB+3 bytes to be
addressed within the I/O space

* Harkens back to a time when memory was
not so plentiful ™

* You may never see port I/O when analyzing — Port 4
high-level applications, but in systems _ port 3 °"9f°4
programming (and especially BIOS) you will 0x0003

see lots of port I/O Port 2

* One of the biggest impediments to Port 1
understanding what's going on in a BIOS 0x0001

Port O
0x0000

/0 Address Space

0x0002

Intel Programmer’s guide, Vol 1, 16.1



LoOoONOOUTEAWN

-‘M\Wuhm 25 ]

Cheng Tan, 0SI

0SI Week10: I/0 and device driver

1. An example of I/0 instructions:
Setting the cursor position

The code below is excerpted from Weensy0S's k-hardware.c. It
uses I/0 instructions to set a blinking cursor in the upper left of

the screen.

// console_show_cur (cpos)

//  Move the console cursor to position ‘cpos’, 4_
//  which should be between @ and 80 * 25. 30
void console_show_cursor(int cpos) {

if (cpos < @ || cpos > CONSOLE_ROWS * CONSOLE_COLUMNS) O
cpos = 0; *; D:

outb(0x3D4‘ 14) Commang 14 = upper byte of position
outb(0x3D5, cpos / 256); //

outb(@x3D4, 15); // Command I5 = lower byte of position
outb 0x3D5 cpos % 256); // «diwo—m
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2. Memory-mapped I/0
a. Here is a 32-bit PC’s physical memory map:

+ <~ OXFFFFFFFF (4GB)

32-bit |
memory mapped |
devices |

|

|
|
|
INININININININ/N/N/N

Unused |

INININININININ/NIN/N
| |
|

| |

| |
| |
| Extended Memory | T
| |
| |

e— -—= Sr0 T80~ ( 1MB)
[ BIOS ROM | h—
. + <— 0x000F0000 (960KB)
| 16-bit devices, |
| expansion ROMs |
t + <— 0x000C0000 (768KB)
L’| VGA Display |
+ <— 0x000A0000 (640KB)

| Low Memory |

0x00000000

<

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

+ <— depends on amount of RAM

i
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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);
O

This is an excerpt from lib.c; notice how it uses the address
""console":

*
prints a character to the console at the specified
cursor position in the specified color.

Question: what is going on in the check

if (c == '\n’)

?

Hint: ’\n’ is "C" for "newline" (the user pressed enEer%

*/ o' h
static void rinter* p, unsigned char c, int color) {

console_printerkx cp = (console_printerx) p; -
if (cp—>cursor >= console + CONSOLE_ROWS * CONSOLE_COLUMNS) {
cp—>cursor = console;

}
if (c = "\n") { §o

int pos = (cp->cursor — console) % 80;
for (; pos != 80; pos++) {
xcp—>cursor++ = ' ' | color;

}
} else { 7':

*kcp—>cursor++ = ¢ | color;

* X K X X ¥

@us u
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3. SPI basics

e SPI architecture Pu

Master

cev S

P Gurd

O=——

Slave

sb Card

| Memory |

SCLK o |
L

Memory

MISO

MOsI
[o[ilz[3]a]s]e]7] 4———[o]s]2[3]2]5]6]7]

e Command and response

—> $ine

cRC 1]

WY,
DI > 1] Index Argument
|

b5 HO31 |

i H0jp6 00 |

|\ |

DO

VCwrd oo
T

stﬁg;

e Single-block read

/ o[ Flags

In ldle State
ase Reset

llligal Command

Command CRC Error

Erase Sequense Error

Address Error

Parameter Error

D D17 ] cmd
Resp.
DO [J [_oatapacket ]
e Data packet
Data Packet
[pata Token] Data Block [cre ]
1byte 512 bytes 2 bytes
e Single-block write
2 thyte
ol
Dl ™ Tcmp2s ]| [_DataPacket |
|
Do cma L] Data [ 1Busy [

Resp!

e Data response
Data Response
[x[x[x[o] Staes [1]
010—
101—
110—

Resp!

Data accepted
Data rejected due to a CRC error
Data rejected due to a write error
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