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Micro-controller

Memory Internals

Other Hardware-specific Chips
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Micro-controller

Memory Internals

Other Hardware-specific Chips
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Processor Memory Bus l ’Lt
Memor
Device

Bus
Bl% T _éﬂﬂﬁg E/\J %’ﬁ%ﬁgl\ 9 ﬂﬁg A | = Address + Controller

Other Devices Data B Hard
85 AT ERITIZEHAE cs,:t:;?.;i
Controller

Interrupt Request

o LIEZZAMM A IVISI0F 748

Registers

(port 0x20) Memory Mapped
Region: 0x8f008020

> i OB S (Port-Mapped) 1/0

A 1Z 5T (Memory-Mapped) I/0
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Port range

1 B B ium 151 3R

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
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Loop: test memory _mapped 10 _arddress
1z ready
goto loop

ready:
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» HHCPURIZHI:
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> B[JProgrammed I/O

- BEEIAEZENIN/outslload/storefEHiE N FD

- R BHEERE, ZTkiE

- JHRES BURA/NALCHIrAEZREE (R TE8HENIn/outifZE— 1M 5<)

- 9N, CPU=—E#ZIRZinterrupt, IREZE
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A E#EANTF1h51a) (Direct Memory Access, DMA) 1Z5l

> 212 wllE3 A Il N E LS e FIAN PR

> BREHREARFNER 28 Z B HzHEIR

1. WMEESWER buffer (RFEEEHMEUE)

CPU  EsemrmER RS
5. DMAFIEA TR MIZE Blbuffer 2 [B]{% %
6. EEIFFEMIELER rasierh B EAICPU DA CPUmemorybus  [IMemON
bus

3. HAEITHIZEYIIRCDMAILH 23
Disk 4. W HIZIEDMARR S ZHMEMENE
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o ZHI, EA1XFCPUMITIEERZEEACPU
> RAMTEINAZASAREREAHRICPU
- “EH[]"tazEmEmemcpy(fICPU: DMA
- “BI'I"ATRHBAMERERFICPU: GPU
- RZRFHEECHEELESH (EEWEE)
- /OEEAUEREFREA (CPU) MBI FRIZIM!
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« HEEEHENULE (Domain Specific Language)
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» Bk (Graphic Processing Unit)
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Raytracing [o] @5

. Slj‘?—/\ﬁ‘ﬁ%%x_i’tmtﬂ (HTF34EH2) , MBEILAL—FeIME% (view ray) |,
HEAEFENMEZENAIM R, AEMNX T AESEAS—KPARZ 52 (shadow
ray) , KA SBVERE,

> WRBEIEAE (B3R, KEFAIERTERS. #f18) =iE)EER

8 Light Source

View Ray

Scene Object
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o WTF—"1JikEIRINER (FHTF3%ER) , FEEENEBMMERZEAIUATINTE!

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 IR PENHMNE I, AFIBERZENEC: A[] + B[] -> C[]

+ fECPULIHE

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

Clil = Alil + Blil;
return C;

» SR, FITAIUNAZEIERIERATINE, AMEXINEZLOEER
1! BEZHZIE AE2CPURER!
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e On the GPU:

>~ (EGPULANEEA. B. CoEAF) BIER”——8BTEIERIT—T (BJL1T) INERE

- R T ARRIRIE:

- WFpiazzizrmai (R5]) -

_ C[i] <- Ali] + BIi]

- B R EhAZ920000 N 452 | A1008x K AJ PARJHY 3235221,184 1 2% 4= !
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« BREXZRE (B %ZE0HX TR L)

fri}

~ 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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« BIERFBIET — 1D BINEMHEIE 8
-+ o e =i N Posix API [open, read, write, close, etc] g Rt
> BfEEAZAES R E N ET{ERRIA! .
File System o
e e e g
» PERIERTERESBDEZEN Glirieric Blbck | dvar E
L - Specific Block Interface [protocol-specific read, write] GEJ
> 1&“9”9 X'ft:/%é}z‘ﬁﬂg ggflj_lbgmﬁ___ﬁﬁﬂ.;léﬂ Device Driver [SCS', ATA, etc] X
« B 1/0 IxFHIRBEANZIZFIRENFEF (device drivers)H

> 70%HY Linux U2 IRE RNz, BAEXRZSARNIRE, 8T rEaAE! (1530 51TR{CHE! )

BRI R AR IR B TSR

i
i
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- XRHTARENEER AIERRIDBARFER, AINEAEES
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- EHES: ERAAMNEREAZDAE

« IREBEWENIEFBE T NMERTD

- S —AinER. BIgEAER, % open(). close(). read(). write(). ioctl()

. XERRSRE RSO

- EEESISEENIEEMN /0 BIE, TEESILERARERISN @SMES/0)

- RS (RIS

- FREG AR5 M —IR5M

- AR /O BlESER, FIRE=MREZIRARRYZAE
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request I/O
user land :

system call
kernel

ke[)nel It/Om can already
subsyste satisfy 1/0
request?

send request to device driver, block
process if appropriate

device driver

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

interrupt handler

device controller

execute command, monitor device

I/O complete, input data available or
output completed

return from system call

place data in
return values or
in process space

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

|

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

|

I/O complete, generate interrupt



e BRRMS TEF M
&/ school of ntelligent Software and Engineering HI

M ZIEENHEFI(xv6 FETLAR)

Address 0x3F6 = 0x80 (0000 ): R=reset, E=0 means "enable interrupt”

s ITHTSIRBRERY

Command Block Registers:

Address Ox1F@ = Data Port .
Address 0x1F1 = Error o — NETHF1xZ:
Address Ox1F2 = Sector Count
Address Ox1F3 = LBA low byte 3 . 5 A
Address 0x1F4 = LBA mid byte + {E£Fx86 in/outfg<
Address Ox1F5 = LBA hi byte
Address 0x1:6 — TOP4LBA: B=LBA, D=drive o ENEFEREHEHINENNIEIERE
Address 0x1F7 = Command/status
Status Register (Address Ox1F7): 76543210 « Ox3F6R]AS A AR

BUSY READY FAULT SEEK DRQ CORR IDDEX ERROR

o« OX1FOR— T EUIBE X

Error Register (Address 0x1F1): (check when Status ERROR==1) 76543210
BBK UNC MC IDNF MCR ABRT TONF AMNF
BBK = Bad Block o OX1F72{RE N SHIHE A
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 11013 Z BUIABEN !
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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);



9 School qf ﬂnwﬂigent Sofrware and Engineering

BEEMHS TIEF e ‘ ‘ I




BeEM S TiE= M “I

a”«h u‘; School’ of ﬂnt‘e[ﬁ’gent Scﬁware and Engineering

o WEUEMIEMEFAESEIR. MRSV RN E LM arEERR L,

Hard Disk Drives (HDDs) use spinning disks (platters)
to magnetically store information.

Actuator

= . - ) Spindle

Read/Write heads
Connections
Platters (disks)

Logic board \
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gk (Head): ZENAY @81 R &N 12517

SPYN:NBE:ROReFEL 7377
3 3) ENY 7T f Ha hE £
h4iE (Track) B X (block/Sector): —f&512F WSS IF A IR R A T -
— 1 EXMIES 2R FIRE (A == V)
AL 2AEXAFISRE rm assembly

s-1 0 /

\J.

|
“-’

—_——
Pt

- fK

& /5 (Platter)

M| (Cylinder) :
AEFRE LEBHEE
WaE RS R —HiE

2 (Surface)

o
s54H(Spindle): /

4200-15000 RPM




| BEERHSIREYR
¥ School qf ﬂnw[ﬁ’gent Soﬁ'ware and Engineering

« WHEEWNTE REXHIL:

Rotates this way

- ZHI: BEEiur = (GRspgs, FME, WE, BX)
- IIFE: BiEIRME ( Logical Block Address, LBA)
- Ze%ihiik0. . N-1
« WSR2 mE|E SRVtiLE
» F1E (seek)

» F2E (settle)

c

]l

3& SRV SK

o FoBEXBIEEK T
» JEFRIEIR (rotational latency)

° ﬁﬂy/g)\iﬁ X

> (R 5T |E]

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

° ﬁ?ﬁiﬁ |\ET-| 18] TI/O — Lseek + Tmtation T Ttmnsfer

51 Zetmnsfer

» MBRWIRE: Rj)p=

10

o 1Elhi= I {Efazi{E%m100 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 S=f50Y) FAEFEIE WD 3000 HLFS 18£ /Y

W RS
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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hid 2

o W1B{m%2 (Track Skew) : MH{RTEISHX
Fig 8 1D SR AT BETS 1F i 4 b 1 IR =7 152 BX

>
X

> M—THGEY)HRE »—1MdER,
& HEN B EFTE X

> NRRBRXFNRES, WASHEBN)
B =108, BFRFERY F—12E
R shede 2k iem 5 (&L
— B 7 ge1E)

=

\

13
12
C

10

Rotates this way

N

14M1 2
“Q3 )
Qe ¢
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AR

o ZXiF (Multi-Zoned) EEZIREHzS
NS E LN EE E S E X

» WAEBHHLBZ X, 817 XigE
%Et—ﬁﬁ&mm

- RS R EEN R X SIERE

» MCHMESITIZERIU (NBREE
JL{e]25%4))

16 15

17
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IITl T

e %7 (HEZYX) : —2/)NF=RNEFE (8216 MB) , FHTFEMIEE
EENEL 5 A\ BIRE BRI EE

- REBRN, SREKHHE LHFTEHK.

> AN, BMMEARE: SATEHRMAZEFN (5@, write back) B¢
NEEFREANMER (ES, write through) ZTHHIAB A

> SRR RYIZAENR L
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(L —
N
Vol /==

« T /O BAT, BRIERAHREREREHER VO INFHEAE 7EA,

« EXN—H /O EX, WMEIARRREFSNEXEITGRARE F—TEER ™5
Ko

> Bin: BUEEERSIMOEEKZR), MMsRICHEE /0 Fiis
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Cylinder

Time

FCFS

» B RN AAETTEITAkSS (FCFS) , Blias

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

Initial
position \

BRI 7 A IBRE R IE K .

WMLBHEEIZEH S5 +4 + 22 + 25 + 27 + 35 =118 N iE

= | 1]

0 Dl

. ERZEATY
. R FIRR I TRBROIR S

TR

- BB FIREEE CRIBEL R, SERKISTE

I 18],
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Shortest Seek Time First(SSTF)

Rotates this way

o 1RELEINFHES 1/0 3EKBATY, A5T4b
IRt ERIIEK,

B UNGASSELN]E1R

> RixFEEAUEEANEL, MK
RAEIETER 35 (HE]) , ARBL
IEIEK 6 (FMER)




Shortest Seek Time First(SSTF)
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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




aes BEEHES IT12Z7
of Intelligent Software a ngi | ‘ ‘ I

&) schiool of ntelligent Software and Engineering
- - A E ﬁ
XTHY o) &

» Copy-on-write EXE&E |HIWEUELATE!
> logic block #7Z& &, physical block f{kZATFE T ENiE
- BRI EFRRE BEF ALY — LR MIPRIEIE 2 /A “F T B/~ T A

» REMIVCEFEHERER0)-



e LS TiEFbe
¥ School qf ﬂnw[ﬁ'gent Software and Engineering ‘ ‘ I

TR Y m

o+ BRIERGIRIHFAHRIZAREIEI/O

> Zfhdriversil@ N 7 MG —Y3E O

> BT VOMEEITCPU (BAMER) WM, driversiiZiRTEzR!
- TEE

> FAEAISSD

> ZEBMRR



BEEMHS TIEF e ‘ ‘ I

) School of nrelligent Software and Engineering
\ Y \:q \S

« [OSTEP] 536, 37, 38, 44%&

|
=
=/
) )
=
==

¢ n \ \ LTI 4 |
i = AN L NN [ {\i
| | nnnAnARnAn| fjj annn m ﬂ_l —aHi:HxHi 4




