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e Processor accesses I/O devices just like
memory (like keyboards, monitors, printers)

e Each I/O device assigned one or more
address

e \When that address is detected, data
read/written to 1/O device instead of memory

e A portion of the address space dedicated to
/O devices
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o & X0 Hhk:
DEV1 EQU 0x1000
o HWHF AU
_DR r1 #DEV1 ; set up device addrs
DR rO,[rl] . read DEVI1

DR rO,#8 ; set up value(8) to write
STRrO,[rl] ; write value(8) to device
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o ECIEFH EXNEH—NZER, EaRlREm T A
EHubE. B DMFE R R R EBNOW & FI bt .

int peek(char *location) { return *location; }
#define DEV1 0x1000

dev_status = peek(DEV1); /*Zi&& s>/

void poke(char *location, char newval) {
(*location) = newval; }

poke(DEV1, 8): I AR
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ReSEEt Status Set
—r— Reg
read | pata | Write

Reg [T

Read Operation

Set [status R_e_Set
— 1| Reg

Write | pata | Fead
—D Reg >

Write Operation

1/O




1/0#:/E(Read from 1/0):

ReSet
—

CPU

poke(IN_STATUS,0):;

read

Status
Reg

Set
e

Data

Reg

Write
<

Read Operation

Set [status R_e_Set
=T Reg [*]
Write | pata | read
—D Reg >

Write Operation

1/O




221025 8 (1) i i

#define OUT_CHAR 0x1000 /
#define OUT_STATUS 0x1001
char *mystring = “"Hello world.”
char *current_char; |
current_char = mystring: Write | oata | read
while (*current_char 1= '\0') { e
poke(OUT_CHAR, *current_char):;
poke(OUT_STATUS, 1);

while (peek(OUT_STATUS) |= 0);
current_char++,

}

Set |status| ReSet |
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#define IN_DATA Ox1000
#define IN_STATUS 0x1001
#H#define OUT_DATA 0x1100
#define OUT_STATUS 0x1101
whlle (TRUE) {

read | pata | Write

Read Operation

Sei Status ‘R_eSe_t
— o

Write | pata | Fead
> Reg >

Write Operation

poke(OUT_DATA, achar); While(peek(IN_STATUS)==1)
poke(OUT_STATUS,1); { achar = (char)peek(IN_DATA):}
while (peek(OUT_STATUS) |= 0);

}
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void input_handler() { main() {
achar = peek(IN_DATA). while (TRUE) {
gotchar = TRUE: if (gotchar) {
poke(IN_STATUS,0): poke(OUT_DATA, achar);
} poke(OUT_STATUS, 1);
While(
void output_handler() { peek(OUT_STATUS)I=0)
} gotchar = FALSE;
}
}
}

FEIREAEEREFHENERER, BERNMARRBILIEREFH
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#define BUF_SIZE 8
char io_buf[BUF_SIZE];
int buf_head = 0, buf_tail = O;
int error = O;
bool empty_buffer() {retun buf_head == buf_tail:}
bool full_buffer() {
return (buf_tail+1)%BUF_SIZE == buf_head;}
int  nchars(X
if(buf_tail>=buf_head) return buf_tail-buf_head;
else return BUF_SIZE + buf_tail - buf_head;
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void add_char(char achar) {
io_buf[buf_tail++] = achar;
if(buf_tail == BUF_SIZE)
buf_tail = O;

}

char remove_char() {
char achar;
achar = io_buf[buf_head++];
if(buf_head == BUF_SIZE)
buf head = O;
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#define IN_DATA 0x1000
Hdefine IN_STATUS 0x1001
void input_handler() {
char achar;
if (full_buffer()) error = 1;  /*H§E>/
else { achar = peek(IN_DATA):;
add_char(achar);

}
poke(IN_STATUS,0):

if (nchars == 1 && peek(OUT_STATUS)==0)
{ poke(OUT_DATA, remove_char()):

boke(OUT _STATUS,1):
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Hdefine OUT_DATA

1
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#define OUT_STATUS 0x1101
void output_handler() {
if(lempty_buffer())

poke(OUT_DATA, remove_char()):
poke(OUT_STATUS, 1);

O0x1100



A1
SHA
i
FFALEE
, BiA
R
A5
E b
Saa
FoiA.

Hh W A B Y

.foreground

|||||||1

%l (2) -6

:input

<-__I_I__---_I-___---___---__

:output

:queue

Zs

H

-




T W A '
o EHMIHEEFT, M —NFHEBEHENGHLA
RAEERIME, I HEEFBIEEERFS RATRE KR
RHIME -
for (i =0;i < M; i++){

ylil = b[i]:

for (j = 0. j <N, j++){

\ ylil = ylil + A[i, jT*x[j]

o FARAIMIEER, WHICRFTFFoEBEKE IEMH
WE R, IR ST HNF T aEARRI#E
AR, FEAEETR.
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Figure 7.62 Datapath supporting overflow and undefined instruction exceptions
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@VvVDDA ...
SUP L
8051 NRST-| SU"%;P;'%&ON T o0
VDDA ! POR/ PDR }—- Rst % ®
VSSA
P1.0 ] 1 . 40 |1 vGCe VD> it APB2
P1.1 ] 2 39 | P0.0 (ADO) i =
P1.2 ] 3 38 |1 P0.1 (AD1)
P1.3 | 4 37 | P0.2 (AD2) Patso<=  epioa K>
P1.4 36 P0.3 (AD3 — —r
P1.5 g 35 [ PO.4 Eﬂu[}d; e
P1.6 7 34 P0.5 (ADS5) Pcnsnu_’.ﬁ
P1.7 ] 8 33 || P0.6 (ADS) Pn[zmq_pq—p
RST 9 32 FO.7 {AD?} 4 Channels -
; 3 compl. channels %
(RXD) P3.0 10 31 EA/NPP ETR and BKIN S
(TXD) P3.1 | 11 30 | | ALE/PROG (Josimiso. @??
(INTD) P3.2 O] 12 29 |1 PSEN Byl !
(INT1) P3.3 [ 13 28 [0 P2.7 (A15) SmarCard as AF ] USARTT |
(TO) P3.4 14 27 P2.6 (A14) @VDDA @
<
(T1) P3.5 ] 15 26 |1 P2.5 (A13) e Len—r
(WR) P3.6 | 16 25 |1 P2.4 (A12) :,‘;‘IQ:J_<;;> _
(RD) P3.7 | 17 24 |1 P2.3 (A11) 12bit ADC2 | IF |<——>>
XTAL2 | 18 23 | P2.2 (A10) J
XTAL1 ] 19 22 P2.1 (AD) |""""‘F”5E“"5"r
GND ] 20 21 | P2.0 (AB) —

1 Ta =40 °C tn #1058 °C {innctinon tamnaratun

External interrupt/event controller (EXTI)
The external interrupt/event controller consists of 19 edge detector lines used to
generate interrupt/event requests. Each line can be independently configured to select
the trigger event (rising edge, falling edge, both) and can be masked independently. A
pending register maintains the status of the interrupt requests. The EXTI can detect an
external line with a pulse width shorter than the Internal APB2 clock period. Up to 51
GPIOs can be connected to the 16 external interrupt lines.
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o ARMT7ZFFPR PR EY 1) o My .
PuE i lriER (FIQ) :FIQftEZ = TIRQ
HilriER (IRQ)
o TN ERIE T IRFENAKEHLE, MOHLHEF 4G
o ARM7 N H Wi P IR :
{RA7AH B PCAE A& IR Bl (PC->LR);
¥ CPSRIEE B H M EFREFFE (SPSR) ;
& H|CPSRH 4212 3% T H B (if Thumb then ARM)
5 | PCFE [A] AH N 5 H Wy W] B
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ARMMK E BB XNT @ F 45
FATEL | BrraRE I FAR IR S bR R B R A7 A
| T AR mae | o &mm | owmm | e | kx| o el
RO(al) RO
R1(a2) R1
R2(a3) R2
R3(ad) R3
R4(v1) R4
R5(v2) RS
. R6(v3) R6
47 B2 R7(v4) R7
%g;r R8(v5) RS T
R9(SB,v6) R9 R9_fiq
R10(SL,v7) R10 R10_fiq
R11(FP,v8) R11 R11_fiq
R12(IP) R12 R12 _fig
R13(SP) R13 R13_svc | R13_abt | R13_und [ R13_irq | R13_fiq
R14(LR) R14 R14_sve | R14 _abt | R14 und | R14_irq | R14_fiq
R15(PC) R15
A 2 CPSR CPSR
A7 85 SPSR G SPSR_abt | SPSR_abt | SPSR_und | SPSR_irq | SPSR_fig

-BHSNISANFFRT, FILASTAGE R FI R R B R RTS T4 5
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user program
A

/
Interrupt latency

Interrupt

user program

cpu context savedI |

\Interru pt

}_l
interrup'N

cpu context restored
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response

o MM HWTHIEINE N (worst case) #EIR:

P RR A

120 AN E K

B % 201 AR SE RS w62

=AML B YRR T
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o PINAHIRZEN P WAL EUIRTS
o BINFOSIL2TISPP AN, RIFHILATE 2.
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o ®mZ20TABIRTHIHITEL

Table 7.2. Instruction cycle bus times
Instruction Cycles I"Stl;:'lgtm" Data bus Comment
|Data Op Hl HlS HlI HNormaI case ‘
|Data Op Hz H15+11 \|21 HWith register controlled shift ‘
|LDR Hi HIS HiN HNormaI case, not loading PC ‘
LDR 2 1S5+11 IN+11 Not Ioad]qg PC and following instruction uses loaded word (1 cycle
load-use interlock)
LDR 3 15471 IN+21 Loaded byte, halfu:\rord, or unaligned word used by following instruction
(2 cycle load-use interlock)
[LDR |5 [25+21+1N [[IN+41  |PC is destination register |
ISTR 1 1S [ [all cases |
LDM 2 15+11 1S+11 Loading 1 Register, not the PC
LDM n 15+(n-1)I IN+(n- Loading n registers, n > 1, not loading the PC
25+1N+ IN+{n- : . . .
e 115441 Loading n registers including the PC, n > 0
STM 2 1S+11 IN+1I Storing 1 Register
STM n 1S+(n-1)1I i;\!;(n_ Storing n registers, n > 1
|SWP HZ H18+1I HZN HNormaI case ‘
|SWP H3 H15+2I H2N+ 1I HLoaded byte used by following instruction ‘




%2 (supervisor mode)

o EXMIARGAE HIINHEBEEREFREI. A
BB RN ERARESF 2 HEE AETH.

o 1 LIE R CPURMLHIE

EHIER HEE SR

AR RN FIREIE. MMU

o IRZDSPETAEDS (ﬁﬁaﬂz&ﬁMMU)

o ARM EjﬁCPUﬁ,)\&; 7

% B PC~N0x08;
SWIZH & — 1 E%

=
l

SHITE<S: SWI CODE_1

\

P 12447 3 B #

PATSWIZHT, CPSRHABRFREIRFEFRETH
75 (saved program status register, SPSR)




%% (exception)

o W &N ER AT LURLH B HIEER .

(Bl FAERRED

o H¥W, W LURRHE S W —FrA/k.
o —KIFU FREBEE FEEXIMARHEMER .

oﬁ WIREBERER, HA—NERETREEESAR—IF
. BERMRAELR B HCPUKREIRE .

o FEMNH P 1R E T E NS E

Edag

Rt ¥ — M.

HHRESEY HEREHLE I BARRS AT

SOV YR




% H (exception)

B KA b E A R, B R # %
g1 R 0X 00000000 1 (&)

RENIES | REXL 0X 00000004 6
WAERNT | SR 0X 00000008 6
WEHIE | Rk 0X 0000000C 5
Mk |k 0X 00000010 2
)BT TRQ rh 0X 00000018 4
BRAWFIQ | el 0X 0000001C 3

[m£3% Vector Table



BBk (trap)

o [&Bt (trap) , BFRNIAF W (software
interrupt) , 2—MEXFERERSHIES
o [EBHERIBE FHERENES.

o ARNUSH{FHIBTIRAL T SWIFES . X1 RHE
CPUBANERS. — A RESUEERE KB IE IR
BIX KR




S 17 (Reset)

o HNRESETESHHAIRET (—ARIMEBENALS B FERYZE(LAN
SRNEEEMERESNERITNZES) ARMUERS

HFIEERNITRIES

o EfifF, BRPCHICPSR, FREFHFHIHELAHE

o YnRESETIESHRTNEHE T, HHERITL TR

@ HIM[4:0]12 /9b10011 (BIBER) ;
EICPSRAMIFIF (fEREPUTFNIRAET) ;
SEZECPSRAPHYTYL;

EHIPC M itk OX00FFIEIIT T —553E 4 ;
HENARMARES, REHIT;



it FE2S (co-processor)

o UMEHLAS: HIRSRIAMBIMINIIEE R IT,
o N XFIFMEELE, WITERS ARG T NIMEEL AR
((R73=R =S (S TR

o HCPULEKA H-EIRAIE N TR hAbE 254
LIRS FEBE, 7EMEBEF R 7E FE CPUR AT

o ARMIE RS2 XFF16 MM b E4s, H Ejéﬁ?ﬁn
2 7% R LSS .

F R AR 54
DEGE.

LY 880N RETE T A4 FRR
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o ftE vs. THE
o IR RIBHETIEHNREEERIEFR, WRREFENIE
o EEHAERANIEE LR EEHMIHAm.

° ;Eﬁ?}ﬁﬂﬁ?@ﬁﬁglﬁﬁ%ﬂﬁJ$°‘éﬁB@fﬁﬁ, R b ZE

e CMOS VLSIZhFERIiHHE 23K
P total =P dynamic + P static P dynamic= }‘CVDDZf
PR, R, VpftEdk, CRIEESA
o FETHE: HIEFEMYIEH PARFT RHYIH)
o FHAINFE: IWH, Ipp KN Psiatic = IppVpp
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e Estimate the power consumption of a
wireless handheld computer
Vop =12V
C=20nF
f=1GHz
Ip = 20 mA
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e Estimate the power consumption of a wireless
handheld computer
o Vpp=12V
e C=20nF
o f=1GHz
o Iy, =20 mA

= 14(20 NF)(1.2 V)2(1 GHz) + (20 mA)(1.2 V)
= (14.4 + 0.024) W = 14.4 W
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o [FALfLeH,
o WEE%KJ:?? (BRI R FRN A L REEIRFR)
o HITIEHIRZEHE LI HAT A FEERTIFRHETT

o NMFH4CPUSEEE HIEW T LAVE ER it 88 YR .
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t
E= I( Voo oot + CV 2 0o f2)dr
0

Total Power
Dissipation

A
[ N

t | g !
Static Power Dynamic Power ICVE 3
DD [
.{[ Vool eardlt Dissipation Dissipation : /e
Minimize I,.,, by: hca I Minimize L, by:
switch e ; :
o Lower operating voltage o Lower o'pere'ltmg VOlt‘iige
; , — o Less switching capacitance
o Fewer leaking transistors '°| o Less switching activity
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o FAE{IEfHFE L IR
o LUESFi%IE

o IEIT

alwaysié (pose

if (EN}
Q <= D;

clock gating

Compile with EN —ﬂj
1
insertion cik =L

T2 264K
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dga CLE)
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IRBESRIPAT A T Z I D)6
o LHHRCPUTEEE HIRHTT

—

- DAV BR it 55 F
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3 o
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—p

Pull Down
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.
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SLEEP' —]

* OUTPUT



