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Micro-controller

Memory Internals

Other Hardware-specific Chips
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Processor Memory Bus I/Hs‘t
Memor
B;'{.R T —ZEEJ'E:E—EJ E/‘] %ﬁ'@%ﬁgl\ ) ﬂﬁg ‘ | = Address + ani\:lcflfer

Other Devices Data B Hard
A5 B TFiERIIEHRTE cs,:t:;?.;i
Controller

Interrupt Request

o LIEZZDARMM A IVISI0)F 728

Registers

(port 0x20) Memory Mapped
Region: 0x8f008020

> U 1 BREY (Port-Mapped) 1/0

A 1ZIST (Memory-Mapped) I/0
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Port range
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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 predecessors, dealing with keyboards and mice.

0x0070-0x0071

The CMOS and RTC registers

0x0080-0x008F

The DMA (Page registers)

0x0092

The location of the fast A20 gate register

Ox00AO0-0x00A1

The second PIC

1. PS/2 mouse port 6. SPDIF coaxial digital audio port
0x00CO0-0x00DF | The second DMA controller, often used for soundblasters 2. PS/2 keyboard port 7. Ethemet ports
3. Parallel pont 8. USB ports
Ox00E9 Home of the Port E9 Hack. Used on some emulators to directly send text to the hosts' console. 4. Senal port 9. 1/8-inch minkack audio ports
5. IEEE 1394a port 10. SPDIF optical digital audio port

0x0170-0x0177

The secondary ATA harddisk controller.

Ox01FO0-Ox01F7

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.

Ox03F0-0x03F7

Floppy disk controller

Ox03F8-0x03FF

First serial port


https://wiki.osdev.org/I/O_Ports

e EeetES TEFM
) Sc

5 hool o ﬂnw[ﬁ'gent Software and Engineering ‘ ‘ I

AN FBREY

o NFEMETI/O:
> G E R FFeSME R AEFET A

> BEHIFFSE DB — T — R AR

> A TS ENTFFE, RIFAFIRL—T1oadiE< (1XEX) Sistoreig<
(B) 1xithilt

 FREIEEIEload/storetE R IEMEIREMA B EFES



BEEMHS TIEF e ‘ ‘ I

g School of Intelligent Software and Engineering

o NTFIREIAT/IVONETR!

> LEal FERIAIF

- FT— RtestiX M addresstY{EE K ET7EEcache
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Loop: test memory _mapped 10 _arddress
1z ready
goto loop

ready:
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> B[JProgrammed I/O
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TESRIZE B SRR < ?

« HEERNTF1hI0] (Direct Memory Access, DMA) 1&l

> 2ni= a3 1A el NE LS 2 RN BR

> BREHIRERFNER 28 < [BfZHzHEIR

1. BMEESUESbuffer (AEEE(EHEIE)

CPU EsemrmEmRE
5. DMAFIEAETRIMIZE Blbuffer 2 [B]1% %
6. ERIFFEIELEH, rasiethBEXICPU S SRR -
bus

3. HAEITHIZEYIIn{CDMAIZH 23
Disk 4. HEERIRH23EDMASHI B E R ENIE
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> RAMTENAZASAREREAHICPU
- “EH[]"tazmEmemcpy(fCPU: DMA
- “BT"ARBERNERERZNCPU: GPU
- RZEFHEECHEENIED R (bR )
- /OBEAIMBEREPRRSH (CPU) FIMRIS IR !
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o XF— %Qﬂz’l_ﬂm'ﬂ (HF3%EEH) , MBEIN AE—FrIME%E (view ray) |,
HEIGEFEMNMEENAO R, AEM iA_ﬁ)ﬁl)ﬁﬁﬁ‘ﬁﬁ?’i%ﬁ FPESZ 6% (shadow
ray) , SKEIZPIA=BVERE,

> WRI\EBTERAE (B3R, KEFAERTERS. #18) =E)3ER

8 Light Source

View Ray

Scene Object




BEEMHS TIEF e ‘ ‘ I

= ) =
Raytracing |oJz2
o WTF—"1Jt%EROER (HT3EER) , FEEENETMERZEAIUATINTE!

for all pixels (i,j) in 1mage:
From camera eye point,
calculate ray point and direction 1n 3d space
11 ray Intersecks object:
calculate lighting at closest object point
stole colop of (i,7)
Assemble into i1mage file

Superquadric Cylinders, exponent 0.1, yellow glass balls, Barr, 1981
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o JFMNENAEBI, AFIBERENHC: A[]+B[]-> C[]

e ZECPULITE

float *C = malloc(N * sizeof(float)):
for (int 1. = 0" 1 = N= 11%)

Clil = Alil + Blil;
return C;

o TR, Bl IR B Z & IZRmERFITINER, AMEIHNYIEZOEEIR
! BEZH%iz RECPURNER!




- EeERHFS T2k
0 ! fngi 'g ‘ ‘ I

GPUMBRIR A

e On the GPU:

> (HAGPULAEAEA. B, CoEEAF) CIEMXR ——B1TZER/MIT—1T (L) INERIE

- e AR E
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_ C[i] <- Ali] + BIi]

- B 5 A 12000052 | A1008 K A] ARJAY 32 $5221,184 7 %% 4= !
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e RIFIRMNGPURNITREF2=ECUDA (i—1THRIXEERM)

s BRENXKRE (B %ZE0HX T EFRIEE)

(il

~ global void

cudaAddVectorsKernel(float * a, float * b, float * c) {
unsigned int 1index = blockldx.x * blockDim.x + threadldx.X;
c[index] = a[index] + b[index];

i


https://docs.nvidia.com/cuda/parallel-thread-execution/index.html
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/01d cudaAddVectors( float* a, float* b, float* c, size){

unsigned int threadsPerBlock = 512;

unsigned int blocks = ceil(size/float(threadsPerBlock));
float * dev a;

float * dev b;
cudaAddVectorsKernel<<<blocks, threadsPerBlock>>>

float * dev c; (dev _a, dev b, dev c);
cudaMalloc((void **) &dev a, size* (float));
cudaMemcpy(dev _a, a, size* (float), cudaMemcpyHostToDevice);
cudaMemcpy(c, dev c, size* (float), cudaMemcpyDeviceToHost);
cudaMalloc((void **) &dev b, size*® (float));
cudaMemcpy(dev b, b, size* (float), cudaMemcpyHostToDevice);

cudaFree(dev _a);
cudaFree(dev b);
cudaFree(dev c);

cudaMalloc((void **) &dev c, size* (float)); }
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- BRIERZRIET — 0 BHEMHIE 8
— - W fte . Posix API [open, read, write, close, etc] g Rt
> BMfEEAZA SR E N ET{ERR AL .
File System o
e g
s PERERATFERESTEHEN Glirieric Blbck | dvar E
N N - Specific Block Interface [protocol-specific read, write] GEJ
g WIJ;ZD, Y1¢:§éﬁ,ﬂ’9§&fmﬂu‘_‘ﬁ%f§i§'§ﬂ Device Driver [SCS', ATA, etc] X
o B /0 1ZFNBERZIXFZIRENFEF (device drivers)H

> 70%H) Linux U2 IRER=NER, BAEXRSARNIRE, 8TxEaAE! (1530 51TR{CHE! )

- SR IREIE R R AR R TSR

- XEHTHRENKNER IR DARFER, FIAEAEES
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- PEEmS: ERKERNERRZRIHE

- LU —HAMER. BBIxEHANEAR, W open(). close(). read(). write(). ioctl()

- XEAZI XTI
£

S ERGEENIGE M /O B, FEERIATRIREIISM (FSMSEH1/0)

- TEES IR REBIREST
- RIS T B

- AR /O BlESER, FIREMRERIRARAYZAE
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t /0O I/O complete, input data available or
s output completed
user land :

system call return from system call
kernel

kernel 1/0
subsystem can already place data in
satisfy 1/O return values or

request? in process space

send request to device driver, block
process if appropriate

device driver

process request, issue commands to
controller, configure controller to block
until interrupt

determine which 1/O completed, indicate
state changes to I/O subsystem

interrupt handler I

receive interrupt, store data in device-
driver buffer if input, signal to unblock
device driver

device controller I

execute command, monitor device I/O complete, generate interrupt
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Address 0x3F6 = 0x80 (0000 ): R=reset, E=0 means "enable interrupt”

c ITHTSIRBEREN

Command Block Registers:

Address Ox1F@ = Data Port
Address 0x1F1 = Error o — NETHF1EZE
Address Ox1F2 = Sector Count
Address 0x1F3 = LBA low byte : . A
Address 0x1F4 = LBA mid byte + {E£Fx86 in/outfg<
Address Ox1F5 = LBA hi byte
Address 0x1:6 — TOP4LBA: B=LBA, D=drive o ENNEFFZEARNENIIE{ERE
Address 0x1F7 = Command/status
Status Register (Address Ox1F7): 76543210 « Ox3F6R]AS AR

BUSY READY FAULT SEEK DRQ CORR IDDEX ERROR

» OXTFOR—TEUER FX

Error Register (Address 0x1F1): (check when Status ERROR==1) 76543210
BBK UNC MC IDNF MCR ABRT TONF AMNF
BBK = Bad Block e OX1IF7TE2EIRE ANPSHIHES
UNC = Uncorrectable data error MC = Media Changed
IDNF = ID mark Not Found
MCR = Media Change Requested ABRT
TONF = Track @ Not Found
AMNF = Address Mark Not Found

Command aborted o 10K T Z BUSAEN !
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static int ide wait ready() {
while (((int r

]
’

}

1nb(@ctf7) )y & FDE BSY) || i & TBE DRDY))

static void ide start_request(struct buf *xb) {

ide_wait_ready();
outb(0x3f6, 0):
outb{@x1ft2, 1):
outb(0x1f3, b->sector & Oxff);
outb(0x1f4, (b—>sector >> 8) & Oxff
outb(@x1f5, (b->sector >> 16) & Oxf
outb(0x1f6, 0xed | ((b—>dev&l)<<4)
if(b—>flags & B_DIRTY){
outb(0x1f7, IDE CMD WRITE);
outs1(0x1f0, b->data, 512/4);
} else {
outb(0x1f7, IDE CMD READ);
h

i
f)
|

((b—>sector>>24)&0x0T) ) :

Ox1f7/ = command
status

Ox3f6 = control
register

0x1f3-0x1f6 = disk
address (Logical
Block Addressing)

Ox1f0 = data
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void ide rw(struct buf xb) {

acquire(&ide_lock);

for (struct buf sxxpp = &ide_queue; *xpp; pp=&(*kpp)->gnext)

r // walk queue

xpp =i b // add request to end

if (ide queue =='b) [/ if q 1s empty
ide_start_request(b); // send req to disk

while ((b->flags & (B_VALID|B_DIRTY)) != B_VALID)
sleep(b, &ide_lock); // wait for completion

} rellease taide lock); e Queue new requests

VOlds%iﬁEinEﬁ)*é; * |Interrupt handler

acquire(&ide_lock);

if (!(b->flags & B_DIRTY) && ide_wait ready(1l) >= 0)
ins1(0x1f@, b->data, 512/4); // if READ: get data

b—>flags |= B_VALID;

b—>flags & B _DIRTY;

wakeup(b); // wake waiting process

if ((ide_queue = b—>qgnext) != 0) // start next request
ide_start_request(ide_queue); // (if one exists)

release(&ide lock);
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Hard Disk Drives (HDDs) use spinning disks (platters)
to magnetically store information.

Actuator

7 A i 2 ( |
% R ?ﬁ\ ” Spindle
’(/ e~
\ ‘ //é
o e
360 ,'/////,/ Read/Write heads

Connections
Platters (disks)

Logic board \
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fggsk(Head): EENAY @1 R AN 12417

5 NI gl 27
= . B0t WK F AR R L
i (Track) f8 X (block/Sector): —fix512F / s 4

— M BEXES 2R FiRE
BE—CEHBEXAETEHE

(Arm assembly)

s-1 0 /

\J.

|
“-’

—_——
Pt

- fK

£ 5 (Platter)

MM (Cylinder) :
AEZxE CEBMEE
WiE R 5| —AHinE

2 H (Surface)

o
s54H(Spindle): /

4200-15000 RPM
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« WHEEWNTEREXML:

Rotates this way

» ZAI: Bizmul = (ORzEes, XE, HE, BX)

- IIFE: BiEIRMUE ( Logical Block Address, LBA)
- S5 %ihtik0. . N-1
« WK FBmNEE SRvtiLE
»~ F1E (seek)

» 127 (settle)

il

1& SRR K

) Fax

s FEEXLMEELT

> NEFRAEIR (rotational latency)

« IEEVEANBEX

> (R 5T |E]

Disk access time: Seek time + rotation time + Transfer time
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HAES

o TEETHIR)AT(E]: TI/O — Lgeek + Tmtation + Ttmnsfer

51 Zetmnsfer

» MBRWIRE: Rj,)p=

10

o 1Elhi= I{Efaz{E%100 MBEIE

> 1. =4 ms (average seek)

- 1

rotation = 2 MS (average rotation)

> Tt =O.83

ransfer

» R, =100 MB/0.806 s = 124 MB/s

Capacity
RPM
Average Seek

Max Transfer
Platters

Cache
Connects via

Cheetah 15K.5
300 GB

15,000

4 ms

125 MB/s

4

16 MB

SCSI

Barracuda
1TB

7,200

9 ms

105 MB/s
4

16/32 MB
SATA
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« [R%3I1BM PC 360 KBEX&EF (30 =f58Y) FAEPEIE WD 3000 HLFS f& &89

WA B S 4N
parameter IBM 360-KB floppy disk | WD 3000 HLFS hard disk
Number of cylinders 40 36,481
Tracks per cylinder 2 255
Sectors per track 9 63 (avg)
Sectors per disk 720 586,072,368
Bytes per sector 512 512
Disk capacity 360 KB 300 GB
Seek time (adjacent cylinders) 6 msec 0.7 msec
Seek time (average case) 77 msec 4.2 msec
Rotation time 200 msec 6 msec
Time to transfer 1 sector 22 msec 1.4 usec
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« WE{RTZ (Track Skew) @ MR{RTEISHL B 0
B8 10 SR B BE 65 I B AL FER I 132X

> M= HEY)IREI S —1MdER, B
B2 HEENBEFE NI

> MRIRBRXFNRS, AR HRZ0)
B N —"1H0E, BFRFREY N —"12E
Rz iem 5 (8L
—B7r ge1xE)
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e ZXiF (Multi-Zoned) EEZIRGHES
INERREE EEANER BB E ZNEKX

» WEBMAHARZ XY, 817X
%Et—ﬁﬁ&mm

> BT XEREFEMERNEXZEE]

» MNHESITEERIU (RNSREHE
JL{E] 2574 )

17

16 15
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. B (MEENR)  —)\EROAE (83 16 MB) , AT EMEMME
9 N =D N A= SOES €

- EHEEE, SIS LR,

> GAN, BB ARE: JBUEERAZEZN (5, write back) 5§
BIELRE NEER (EE, write through) ZAHIAS A

> R XEMERIZER
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b KRR

» T I/O ARG, BRIFRFZSRERERTEER /O INFHEAE 1F
A

e EXN—2H 1/0 18K, MEBIEEREFSNEXLEIEKARE F—TAEM 1S
Ko

H.

- Bitn: BUESOEERS/IMOEEER), MMsRICHEE /0 Fiis
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FCFS

 mia RN IAETTEITTARSS (FCFS)

Requests queue = 16, 12, 34, 9, 36, 1

Initial
position \

BiziEKE

Cylinder

Time

Iﬂ

TsL R HETEIZIN S5 +4 + 22 + 25 + 27 + 35 =118 M8

s IR
« IFKZBIHN Y

gl 2B EIE K .

- &N R TRERRYI

TR

SFERKITE

- BRI E PIREERE R DRIBENL R,

HT 1],



Shortest Seek Time First(SSTF)

Rotates this way

)
;“’-«,,. , \\A’E School qf

o IRRLE|INFHET 1/0 1EXREATY, {fLoAc4b
I8 iz B RIS K,

g -UNIASSELN]1ETP

> RIxEEEXUBEEANE L, MK
RAEIETER 35 (HHE) , AEBL
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Shortest Positioning Time First (SPTF)
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» Flash Memory “[A{F”

> Floating gate 8978 BB/ EE 3L 1-bit (5 EHIENE

Control Gate Oxide Layer
Oxide Layer

Floating Gate
Gate

Source Drain Source Drain

Silicon Substrate Silicon Substrate Electrons

‘\MOS-FET} \Flash Memory}

{Write operation) {Erase operation)

A voltage applied to the control gate A woltage appbad to the sicon substrate
causes a tunnel current to flow through releases the electrons accumulated at
the onde layer. thereby wyectng electrons the floating gate

into the floating gate
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Logical Block (4 KiB, overwrittable)

Storage-device view at operating systems:
A series of blocks

Flash Translation Layer
Address translation (out-of-place write)

Garbage collection

Lifetime management (Wear-leveling)
Reliability management (ECC, data refresh)

I/O scheculing
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