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o HFEFER: 15N EH32ML & F4%. 7
LETRASF % (CPSR, Current Program Status

Register) .
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while loops
while (/C) {|S}

loop: U B test
Test C loop:
BNE endw g
test:
S
Test C
= loop endw:

endw:
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for loops
£or (k;}{fﬂ;'A ) {{S}} for (i=0; i<10; i++)

{ a[1]:=0; }

C
BNE endfor

loop:

S

A
B loop

endfor:
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o ARMZLE B =% /KL (ARMOSE B L & /K & S5 #4))
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=R A
s Computer performance depends on:
— Processor performance

— Memory system performance

Memory Interface

CLK CLK
| |
4 N MemWrite )(WE )ZA
Processor Adc.jress Memory ReadData
WriteData
\_ J
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P (data block) : HHEAEEKBR/NET ~HEEFR Ncache

Iine;

EIEZFT (cache hit) : #IERKIBIEESEEFT;
EIRZFAMF (cache miss) : #FERMEIEAEFERTFH .
T/E4E (working set) : CPUZE—BYBTIE] N R FIVE B B udR & .
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/// Main Memory \\\

Speed

-_-gZigi%a%F !! Z?%%%E%?%E //r Virtual Memory \\\
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'YX X
'YXX
o000
——a —_a - o0
(=] Q ®
BT TR AT BN
Address
11 gon. [ Famer ik
) memjuUx
1141110106 mem[OxFF__F4] Memory = Tag TE ggq %%Set
1111440000 |/ memfexFF.FO] | Address smm— n .
11..11101100 mem[OXEF.. EC] FEFFFE E 4
11...11101000 mem[0xFF._. .
1 100100 mm{ﬁw Cache fields for address OxXFFFFFFE4
11...11100000 mem[OxFF...E0] | “}( When mapping to the cache
. . \,
. . '
00...00100100 mem[0x00...24] i
00...00100000 mem[0x00..20] Set Number
00...00011100 mem[0x00..1C] 7 (ImM)
00...00011000 mem[0x00...18] 6 (110)
00...00010100 mem[0x00...14] \ L 5(101)
00..00010000 |  mem[0x00.10] f "\ \ : - | 4(100)
00...00001100 mem[0x00...0C] 3 (011)
00...00001000 mem[0x00...08] o 2 (010)
0o..00000100 | wmemield 081 0N @ = = = = 1(001)
00...00000000 mem[0x00...00] 0 (000)

230 \Ward Main Memorv 23 Word Cache
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Address
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Set 6
Set 5 8-entry X
get"r (1+27+32)-bit
et3
- Set 2 SN
Set'1
Set 0
' (07 32
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Hit Data
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o HERfRtLIRBRIER R, FIABNEREFrREZFM
7 (BUR - Zd7 ) KINE

o WP E BRI

BE (write through) 4 FXREBEIEE R [F B L

R RIEE A A EFHI. PR IRIE | RIEEF
MEFR—BE, HP AP EFER.

05 (write back) : REERKRE =S NEES
Frf et ﬁ%’ﬁ%fﬁ (F|FHdirty bit &AW .
X AP R] DAY FR 1% B 0% Y T R S A7 2 BT R
BEHITRZ REH8RIE.
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vahd tag
ii |':|:'| Fﬁ' ﬁ valid
EIEEF
REVFRIC valid tag
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tag
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Wtk 2 45 AFRIE IR _ %
EMWmEY, CTEERT, hit
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o000
o000
o000
o000
» » . S o0
] — ()
H A BR B IR 22 A7
Byte
Memory Tag Set Offset
00
Address Way 1 Way 0
28 2 | | |
V Tag Data V Tag Data
.>
28 32 28 32
| I
Hit, Hit, | o At
Tsz
Hit Data



o000
Y XX
o000
237 > N o0
Cache(Z[B] #H3<14:) o
Block Byte
Memory Tag Set Offset Offset
addrass 1100"].100 1| 11 00
800000 9 C
Cache fields for address 0x8000009C
Block Byte )
Memory —Tad__ Set Offset Offset when mapping to the cache
Yy 00
Address , ;
A27 A2
V Tag Data
al Set 1
Set0
I e 32 Jaz 7 A p o
4&\ = —~ = S /
A32
Hit Data

Direct mapped cache with two sets and a four-word block size
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o B¥IKNE: EEEREF “W” HFEBAFREIEAT,
f%%%@ﬁﬁmﬁﬁwﬁﬁﬁﬁ%ﬂm@%ﬁi

o E BN NEAERHORIS I, RS BIEERNT MM
— WL, B R itk R
o MBS EMRBIESTF TR A Z HARNE:

o FENLE#H (Random) : TEZH PN L4 AHBX = 3 2247+ FE L
W ANEIERE S 050 T FBSRE. B
i 2R A X B

o HiTE/DERERE (Least Recently Used, LRU)“Y 48
PN B A B i B SR A P B /DA F I BEE B
E: R E. . BEERK.

o FNSEHIERE (First In First Out, FIFO) : ! Trade off
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o xm NAFRITENRGENGF BRI SERBREY
BB MR . ERERN
%@?mﬁ E AR E S T Another
FEBINF (— P EESEE RN PR
AR , WStk B e
ﬁ%%?ﬁﬁﬁ%}&%&%ﬁ W ) @ - ..
W, BN F <
IR E e £, EF
BN BEATEIE AL

— from wikipedia

B Sk (virtual addressing) 38 5 H b5 B
Huhk F S HEAE




AN 5 CachekL o

Cache Virtual Memory Virtual Address

302928 ..14 1312 11109 .. 210
Block Page VPN Page Offset
Block Size Page Size {19
C Translation ) 1o

Block Offset |Page Offset {15

: PPN Page Offset
Miss Page Fault 26 2524 1. 1342 11 109 .. 210
Tag Virtual Page Number Fhigsicsl Sdopess

Physical memory acts as cache for virtual memory
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o ThEEIIA AT A LR R EIEH 1
HuhER Y st 2 6] AT B page ,
o PFPEA N FHR T IE - e

o B SRR M RNTT
LR AN

RC IR HLEE+ KN memory
o I SCRFBUM. R/MESE 20

H A DX 3
o BN FUAARA: KRBk
T BBk 3 7y BOPS 28 B J
IERESL .
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seggg){’(g& se/address

logical address

EZ & segment lower bound
EZ E#& segment upper bound

physical address
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o HINMIL %% (1/0 Devices) : EH1

i 3ER F e (ELaniEIkzEss) .
o E5CPUNEMBE R FiE

o WIRFFS:

o REFFHR

FiFemalER
ERY, WATAE
AR B HY.
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B BN IR, MHRIRS
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ARM P 7FBRET1/O

o SEXHOB £ Hutl:
DEVIEQU  0x1000
o BLHREH Ay AL
_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




FAES HESI0O®R % s

o HCIESH EXFEH—NEZER, kiR T2
= HubL.( BT D R FR T R B0V & F bt .

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

dev_status = peek(DEV1); /*Zi&&&EFfias*/

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

poke(DEV1, 8); I AR



o TEEHORIEF i M W& mELR T,

o WHTMICPUIR, FEZ

HRSE A — TR AE

o BT IIOBIREAFF AR HANOREREST

PR R e Ee i -Cpolling.).



TTZIOZRIE (1) e

read | pata | Write

#tdefine. OUT_CHAR  0x1000 |/
#define /OUT/-STATUS 0x1001 |
char *mystring ="Hello world.”
char *current_char;
current_char = mystring; Write | owa | read
while (*current_char 1= "\O"){ —
poke(OUT_CHAR,*current_char);
poke(OUT_STATUS, 1);

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

}

Set |status| ReSet |
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CFI/OgmHE(2)- N Wrkr Fr A\ ->Fai

#define IN_DATA 0x1000 ReSet staue| Set
#define . IN_STATUS 0x1001

#define / OQUT_DATA 0x1100
#define OUT/STATUS 0x1101
while (TRUE) {

read Data )Nrite

Read Operation

Sei Status ‘R_eSe_t
— o

poke(IN STATUS,0): Writspoua | re2d
/* write */

poke(OUT_DATA, achar): whil e(peek(IN_g-‘i- :?FCJS): Z1)

poke(OUT_STATUS, 1); _ ‘
while (peek(OUT_STATUS) I= g)c:xchar = (char)peek(IN_DATA,

}
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o RABNOMMEIEHE:
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FEMNG .
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1T AR TER] (1) A BRI >S5 | <

BN IRER FIEF

void input_handler() { main() {
achar = peek(INDATA);  While (TRUE) {

gotchar = TRUE; if (gotchar) {

poke(IN_STATUS,0); poke(OUT_DATA, achar);
} poke(OUT_STATUS, 1);

While(
peek(OUT_S8STATUS)!=0);
gotchar = FALSE;
Y /end if

}//end while

}
FEIRIEAEEREFHENERER, BERNMARRBILIEEFH
ARRIE.

void output_handler() {
}
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T AL YEA (2) -2

#Hdefine 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;




HT AL B TE A (2) -3

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;



ALY (2) -4

Hdefine IN DATA  0x1000
#define 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):




-

Hdefine OUT _DATA

1

TALE

il

#l (2) -5

#define OUT /STATUS 0x1101
void output_handlen() {
if(lempty_buffer())

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

O0x1100



CPURITh#E o

o BEB vs. IIE
o IRRBHETMNAANREHEFE, IHRREFERNRAE
o REEJHFEIRNIEE ke E B,
o —RINFEAEANBEEBIEMIEHFENTEIR, KA 0% ER

X7
e CMOS VLSITIFERTHE A
P total — P dynamic +P static P dynamic= }‘CVDDZf

AP EE R, AR, Vot BEE, CHRIEIEA
o FNAINFE: HIEREMYIM (INENEG V) #)
o FFAINFE: IWH, Ipp N Psiatic = IppVpp




CPUKITh#E

e Estimate the power consumption of a
wireless handheld computer
Vop =12V
C=20nF
f=1GHz
I, = 20 mA




CPUKITh#E

e Estimate the power consumption of a
wireless handheld computer

o Vpp=12V
e C=20nF
o f=1GHz
o I, =20 mA

= 14(20 nF)(1.2 V)2(1 GHz) + (20 mA)(1.2 V)
= (14.4 + 0.024) W= 14.4 W



FENLFfiEes (RAM)

o TEALFEMESE (RAM) T DIB3EME,
=L Y
o FAFENLAEEES  (SRAM) :
o FIAFENLAEA (DRAM),

o [F]Z

sk AT PLIgAE

INEBEREAF RS -
BEER TEF R

A FEH AT 25 (Synchronous DRAM) , f&
- HDRAMRBIEHE (s F

T B R:

)

bitline

wordline

stored + |+
bit = 1 g

1

bitline

wordline T

stored
bit=0 g

DRAM cell

wordline

stored
bitline b|[t bitline

J_[Z]*J_

SRAM cell




=+

B2 (bandwidth)
R EAEARRER, BABBRARTERETH

Z A ;
B
Tk 2%
CPUZKER
R EF 5K
RGN FBR 4 B8 O B0 3 oA —[H]

DR SRS S, NG — A RITEAET
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Y

i1
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1A [F] B B
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SRSE E T

o UIAEHALIEE NI

o FFNMIEIIE Video frame:
320 x 240 x 3 =230,400 bytes.

Transfer in 1/30 sec=='0.033 sec per frame.

o RIXfEHITEE 1 byte/usec (ZFHrT1MHz)

0.23 sec per frame.

Too slow.
o P5-75 TH A LA iRy i B
RS SHIRE: BIRE4AFT, 25 E[%£20.058s.
R BRI SRZR. 2MHz, %R % Z£0.029S.

LAl

LAl



ISES X )

e T:/#bus cycles.
e P: time/bus cycle.

e Total time for'transfer:

o t=TP.

e D: data payload
length.

e O1+ O2 =overhead O.

01 02

7S

Tbasic(N) = (D+O)N/ W



RSB B

e T:/#bus cycles.
e P: time/bus cycle.

e Total time for transfer:
o t=TP.

e D: data payload
length.

e O1+ O2 =overhead O.

v

Thurst(N) = (BD+O)*(N/BW)



K (aspect ratio) | &

[ R NES R — MR, SRR EEENKE
b TR A, SEFESIMMELDIMM.

U, e o
@/7@ O T—
16 M
8-bit che kb
iﬂzﬂtiﬁﬂeﬁa ﬁﬁf%#ﬁ?%
m 20“

64 M

<>

1 4 8
ZH16M X A0 A S & 32M X 16 A A28, FEJLA ?
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o SAIERAUTCIR HARXS M

AR RAR

o BN IrtR R R 3x8=24bit (4. 4. ¥
5 TR A S BRI IRV |

o — 24/

° —/\32/

o NiR%E, RHERY

E AR RS 12

PFHERREE LR, FEa

5) o

VIR ? Two/choice
o BIAEHIRTANET

B

R

|(Exw)/W]

W B AL BE

WATEfl 4L B8

— N TBRER.
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7 DE 2

o ¥ LASOMI/FP i) B 7E B R AL 51 320X 240 I AL A, iy
T oK 26120005 /%)
o WRIMH:

o HZE:
W%HT%DF%%MHZ CEE10-80)., TEE2FY, D=1, 0=3.
= (1+3)612,000/2 = 1,224,000 cycles = 1.224 sec.

baS|c

o Fhfss:
REREERB=4, %E{H4bit (W=0.5) / D=1,.0=4,
&b 52 10MHz.
Tmem = (4*1+4)612,000/(4*0.5) = 2,448,000 cycles =
0.2448 sec.
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o NIEG (reactive system) : WM AN
HRIRS
AR %N\ AE Bl Bl
&A1 RS LR
o HIRMESHRRIE RN RESPLLFEIXERES
Z Rl B E 1T N AR AL
Moore#/l: FiH R H 48RS H E
Mealy#l: % H AR T LEPRSHEA
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o Bl Toe, — M1 B AL 22 A 1 8
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- = T R
1dl
AN A S TN Ruessent e

) RNJE/- RRZE
wrzer |ER AR/ A5 o2 i
RN LW%EE>%*ﬁNL

RIF R4 ORI ZEW/
BEGARE [ helted | RBRRAHEHBEE




\ ‘j(*
'H(‘m‘ )-[‘ (3> Inputs: seat, belt, timer

#define IDLE 0 Outputs: buzzer

#define SEATED 1
#define BELTED 2
#define BUZZER 3
switch (state) {
case IDLE: if (seat) { state(=.SEATED; timer_on = TRUE; }
break;
case SEATED: if (belt) state = BELTED;
else if (timer) state = BUZZER;
break;
case BELTED: if (!seat) state = IDLE;
else if (belt) state = SEATED;
break;
case BUZZER: if (belt) state = BELTED;
else if (Iseat) state = IDLE;
break;



2 5 1B 3E T

o COFGHEHEMEIEN—IITER, BN

il Y 4

o A CDFGHE FiFh3py:
¥ %€ 5 . (Decision node)

R

$IEH T A (data flow node): BIF—ABERE

AEAE AR BE I

2




CDFG/R~#

if (cond4) bb1(); T
else bb2(); P10

bb3(); i
switch (test1) { 0
case c1: bb4(); break; *

: . . bb3()
case c2: bb5(); break;

case c3: bb6(); break;

) c1/< test1 >\C3
' c2

bb4() bb5() bb6()

o~



4

3V 5. EEMAES

Vhp

Compiler

MG 13 B 2% 7

»

o TLIwANIE e e o 12 AL B L

H

O

RERI R JLD:

Assembler

Linker

s
ZEE

g ||



o hiEE N HH:
o HRANER TR A S5IR Bl AR
o fEBRSHARIINE

o WM NFSHAREESSEE, HRIPAKEBH
ORI PER

o ik EL AR M E A B 4 BT A [F FICPU (Machine
dependent)

o ZYFIREME R EEITIR (stack) RKfL#
o AESHWA DUBT FESRESE
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5 R

o RIEA b

o LRAHE BB bR
o TFENHX

o B AT

o T fFexsTHC

o
o 1HAEFE




%ﬁfiﬁﬁ’ffﬁ(Expression simplificaction)

o RIAA LRI A FHLSS IR B A R -
o FHMREEN
a*b + a*c = a*(b+¢c),, /rECEE 3BRIEMI 1L 2R E

o HEBH (constantsfolding) :

8+1 =9

for (i=0; i<8+1; i++) for (i=0;i<NOPS+1; i++)
o THEILTH:

a*2 = a<<1

66



%&&ﬁﬁﬁji,lgﬁ?mead code elimination) | °

o ALY
#define DEBUG 0
if (DEBUG) dbg(p1); 0

o T DLIE 2 W W 43T /

# BN dbgiD):
/ l A\

o HETHMNIL RS IFAR
SIAH.



[ T2 A ik (procedure inlining)

AR R E T AL LA RS, T RLERERE
%3%?%1%}3}2 BT .
int foo(a,b,c){returna +b - c;}
z = foo(w,Xx,y);

=

z=w+x+y;

o EEMAHIENKEEW L, A A -

R B2 40 #% DU A] REiE ilicache R, IR 1&TE L HIAE
BUHE

RIS E, BRI AT

(=
=l




a3 2 ¥ (Loop transformations)

o TENERAEFRISFIIRRIIR RS, (HEE S
I REWTEE R

o HRZIMWIMEA LA S EIF:
T K LHAT P&

BB R AR TERE



N

AT

“(Loop unrolling)

o WHEIHITH, EAUELNRA, i

for (i=0; i<4; i++)
afi] = bfi] * c[i]

=

for (i=0; i<2; i++) { a[0] = b[0] *c[O];
a[i*2] = b[i*2] * c[i*2]; a[1] = b[1]* c[1];
afi*2+1] = b[i*2+1] * c[i*2+1]; a[2] = b[2] * c[2];

}

a[3] = b[3] * c[3];
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'/f)a "%J h"—?ﬁ:}’ﬁ@(Loop fusion and distribution)

o TG IR N ZNEI & IF—
for (i=0;i<Ny/i++)ali] = b[i] * 5;
for (j=0; j<N; j++) wii}= cjj}- d[i;
= for (i=0; i<N; i++) {
a[i] = b[i] * 5; wli] = cfi] * d[i];
}

o MBI R — NMEA T IERZ

71



TEIA - H(Loop tiling) 2
o R MMERIFT L — RIIRERA, BT BERH
HHRIA5 R, M cacheltRe

forltr=041 ¢ N; 4 +) for (i=0;i<N;i+=2)
for (j=0; j<N;j++) for(j=0;j<N;j+=2)

Code clil=ali,j] #blil; for (ii=1; ii < min(i + 2 ,N); i++)
for (JJ =j; jj<min(j+ 2,N); j++)
cliil=alii,jjl * bliil;

[0,0——1[0,2)—[0O,N - 11|  |10,01— (&1 |} 10,21% ... [O,N - 1]

[l,O]L[l,Z]?[l,N—l] [l,O]il'-[l,l] 1,20 N ,N-1]
Access e - — = -
pattern |[2,0]=——[2,2]—[2,N - 1] [2,0]—=[2,1] | 412,2] { AN Y
in — &~
aarray |[3,01—[32—»(3N-11| [B01==3,1| 321  [3N-1]

-
72

Before After



¥ 4H1E 75 (Array padding) i

S EGhR

RACITT

AR B AE e %

17T AT Jay SRR SR AP R

a[0,0]

a[0,1] | a[0,2]

a[0,0]

a[1,0]

a[1,1] | a[1,2]

al0,1} | a[0,2]

a|1,0]

before

a|l,1]|a]l,2]

after
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F a7 Bc(Register allocation)

o Hi:

o BT AFo3T
o RIEAEALFAL ay A

ORAT RN AE B

= i i 2

o WHIALE CHFHFAHHMIEEH)D fEFF4 LR
A PA e/ ML BT 75 ) B A7 A A

o FH—"1H7

SE A BR8] R U

74



0oeo

0ces
e AR lifetime graph | ¢
w=atb;

—_ y S B -- ——————————————————
X=C+* W, t=2 S A N ——
y=o+d /b — -

d ]
e
y - b
| | | >
| S o e T S o LT T 1 2 3 fime

R IR A B AN BORAT ST
RN, KBEANTEES
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0000
i
RNy e :

a 0 LDR 1O, [p_a]
E % LDR r1, [p_b]
W ADD r3, r0, r1
¥ F}: STR r3, [p_w]
LDR 12, [p_C]
ADD r0;12, r3

A eE, R S/ROPX
HEEERTANELE | LDRIO, [p_d]
' ADD 3,2, 10

STRr3, [p_Y]
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7 EMEgeiiL

o TEARAMAHIE

L EZNR,

i A0 BB I ST R TE)

o EAHIEIAAALLON:

RiE#ZE (code motion)

A TEA G 14 FIEE,

i

782 B4 % (induction-variable-elimination)
SRR IR (strength reduction (x*2 -> x<<1))



ALY 3

for<(i=0; i<N*M; i++)

H(Code motion)

21i] =&} /bl POV

Y ]

il

z{i] 7 a1} £ b[1];

1=1+1;
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o HIAR =R -

UE%/E%?% I}ifl%(induction variable elimination) e

~ TR EHIME: loop index.

for (1=0;4<Nj.1++)

for (j=0; j<M;

z[1,)] = b[LJ;

J+%)
zbinduct = i*M + j;
*(zptr # zbinduct) = *(bptr + zbinduct);

o AN ARE
R -3 13

ERTTH LM+, R R

for (i=0; i<N; i++)

for (j=0; j<M;

j*+)

*(zptr + zbinduct) = *(bptr + zbinduct),
zbinduct ++; 79



oy

5505
£y

S x*2;

I EB &R

_HI7(Strength reduction)

()




FFERBRIERS
‘o,

Fl/

Application

< L
- Y 4

Real-time OS N —N //

Derever Derver Q"‘""""|

Growth of markot!

Reduced development periad!
Concentrated manpower and
resources!

An operating system (OS) is system
software that manages computer
nardware and software resources and
provides common services for computer
programs. All computer programs,
excluding firmware, require an operating
system to function. ----- From Wikipedia

BIERS (0S) LTI ENEHFK

HHVRFH AT ENRE PR ARSI R
G, B ENER AEREEA

) HEREBIERG S BEIBIT
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FFERBRIERS

Fl/

..qulwa_refmarket

Application I/" "“f it W\
ot ‘ I[l:alnuuum IE JL(
—t |

Real-time OS
r Dxrtwer |

S
Reduced development period!

Concentrated manpower and
resources!

_-;\. ™/

Il?.‘ | B Driver llf,.f

Purchsss |

- | '_F_,.-"I
_q(\'\-\_l-':!"._ II."II =

e,
Growth of markot!

In computing, a process is
an of a that
is being executed. It contains the
program code and its current
activity. Depending on the
S (OS), a process may be made
up of multiple that
execute instructions :

----- From Wikipedia

FEitHET, HERLEASITHTHEIE
FPR—A 2B, EREEPIREARS
HIE3l. MREHRMERS (08, 1
BERE ] DL 2 IFATIAT IR @ IPUIT &
AR

o HIEMME X | HHIHATIRFRIRE
® BAERGNIRML 1 HERRR DI HHAT HIHLH) 2



FFERTE EDIRTS 3

gets data
gets and CPU
CP

préémpted  Nneeds
data

4o

. gets data

needs data ]

BLeh £ DERBRAEB I — VIR ER TR, FFAMEFRE
PAT EFEEBT T, ERE VA RENRE
FF RSSO RERRIBIT R REENAGES 5EF AR
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#ASEH (Cyclostatic) /B74r (TDMA)
i W

P

o FTHIIAHIARE: HFEA TUI‘HHEI’JHTIEW#V\]
217

o CPURH|H =R AZIN 8] Fr &= A T8 AR
BRI [R] 52




#ASEH (Cyclostatic) /B74r (TDMA)
i W

P

o FTHIIAHIARE: HFEA TUI‘HHEI’JHTIEW#V\]
217

o CPURH|H =R AZIN 8] Fr &= A T8 AR
BRI [R] 52




000
[ X X N
BT AR (1) 3%

AR St 92 1| 33 A R AT
o MHIHLAUSCHLT A AR = FHIFE
o H I ELHISEIN T AR A 1ETEIR
o BAEEHISNMHENPUTER, DLRIERPAT
while (TRUE) {
pl10);
p2();
h
while JESLH 75 5

2
A




Y ECA 8 IF] 8 2R )t void pall() {
FEEHERIE N R A p10);

o 1% FH & i 28 R I% 4R p2();
ZWIPAT }

FE I SE I




—h

B1T

it

LY
3
4

S HEFE(3)

o H— I ERBIRELII—
JEK BT A R

o BMEFHH HCHIE

f 8% : AIRECA R H]

7€ I 2% SCHF

void pA(){ /* rate A */
pl10):;
p30);

h

vord.B(){ /* rate B */
p2();
p40);
p30);

h

e ET S

LIS R RS



AT A A VEREFE (4)
int p2count = 0;
o FEHEMFTHEIRRITRE  oid pall)

i} 2% p10);

o [NAYFHATH B A if (p2count >=2) {
B L R Z p20);

o SR 2L o 26 3 2 Rypount=0;

LERRGE, BIETTH else ;2count++;

SEPLATREAEHE B 44, & p30);
] B S MR |

SR SR ST R




TS

= 2% R

DT 73 B B AT 5 15 -

o FFAIL: BAHPITE

o FAEMIEL: FEIITIREFIMIGEKL

FEF

2545 B TR (RMS)

2. 5

(L TRIPRSTAR,

R S A

= A4y,

& (EDF)



( X X J
0000
o000
( X X
A WA » 9.7y 2N S - — | 2N D :.
L—ERFE R 1 (BRE)
P1 1 4
P2 2 £
P3 3 12
P2 ZES i
[p1] [pi] (1] i 4
i | | | | | | > time
0 2 4 6 8 10 12
=09
P2 P2 i
P1] P1] P1] [P1] -4
] | | | | | , > time
0 p) 4 6 8 10 12

CPUFIHZ. 1/4+2/6+3/12 =10/12 =83.33%



(YY)
'YX X
'YXX
S5t
EDF A E~H]-Stepl (BHEE) 5
)t\_
P1 1 3 20X
P2 1 4 151k
P3 2 5 127K
E—IE
r2 P2 P2 P2) P2 P2
T B/ VB, B B
T 1T T 1 T T.T1T T T T T T T T T~ r =1_1 11 ~ume
0 3 6 9 12 15 18 21
Min(3,4,5)
r.| T T T T T T T T T T T T T T T 1T 1 1 171 *time
0 3 6 9 12 15 18 21

WMRAEFENZ], A3 Edeadline—#, WRES EERITHIRSE
ROHEE, WIZRSHAT ZHTERE: B NEP1 P2 P3RIHAT LB



EDFifE~fl-Step2 (BFRE) |°
)

N .

P1 1 3 207Kk

P2 1 4 157K

P3 2 5 121K

m __--:_-_-_-_-_-: ............. l { il P

P2 P2; P2 2 P2 P2

W P P Pt P TP, PL PL
T T T T T T 1T T T T T T T T T=~a1 1 =1 71 171 *tme
0 3 6 9 12 15 18 21
Min(3,4)

P2

! —T T T T T T T T T T T T T T T 1 1 1 171 *time
0 3 6 9 12 15 18 21

WMRAEFENZ], A3 Edeadline—#, WRES EERITHIRSE
ROHEE, WIZRSHAT ZHTERE: B NEP1 P2 P3RIHAT LB



o000
Y
eeoo
000
) S - e “ ) -y :.
EDF A E~5]-Step3 (BHEE)
)[\_
P1 1 3 20k
P2 1 4 15%
P3 2 5 129k
B—m (g, @
= P2 B2~ WS - N P2
P P Pt Pt P PL PL PL
T T T T T T T T T T T T T T~ 1 =117 1771 *tlme
0 3 6 9 12 15 18 21
Min(3)
P3
P2
|.| T T T T T T T T T T T T T T 1T 1 1 17 11 *time
0 3 6 9 12 15 18 21

WMRAEFENZ], A3 Edeadline—#, WRES EERITHIRSE
ROHEE, WIZRSHAT ZHTERE: B NEP1 P2 P3RIHAT LB



o000
Y
eeoo
000
N > = A e :.
EDF A E~5]-Stepd (BHEE)
)I\A
P1 1 3 20k
P2 1 4 15%
P3 2 5 129k
= — 2)/ L P3|
e P2 (7S ) R P2
M B—r P P TP PL PL
T T T T T 1 T T T T T T T T 1 =117 1771 *>lme
0 3 6 12 15 18 21
Min(2,3)
P2
!! T T T T T T T T T | — 1 1 1 > time
6 9 12 15 18 21

ﬁDE%%E§§HT7U Z NN it deadline— ¢, WRAF IEERITHIRTE
BoERE, MR EHAT HETHEE; B NFEP1 P2 P3RBATIR G



YY)
0000
e0oo
33t

EDF A E~H]-StepS (BHRE) | °©
)[\_
P1 1 3 20k
P2 1 4 15%
P3 2 5 127K
| ', B R
I 2 &2 - W B2 P2
P Pge—p1 Pt P P PL PL
T T T T T 1 T T T T T T T T~J T =117 171 *>tme
0 3 6 9 12 15 18 21
Min(2,4)
P2
!! T !! | T T T ] | — 1 1 1 > time
0 12 15 18 21

ﬁDE%%E§§HT7U ﬁ;/\ﬂfﬁfdeadhne—‘ﬁﬁ NMRAE IEAEPATRIARSE
BoERE, MR EHAT HETHEE; B NFEP1 P2 P3RBATIR G



(YY)
o000
eeoo
e
) -y “ = -y A 4
EDF i 7~ 1-Step6 (B E)
)Z\A
°] 1 3 20%
P2 1 4 157K
P3 2 5 129Kk
Pt PL  PL
—T=J T =1 T 7.1 > lme
15 18 21
T 1 > time

15 = 18 @ 21
IMBERNZ, £ #ERdeadline—F, WEAESEEIITHRS
BOdERE, NIk AT Jai3EE; BN#%P1 P2 P3RIBATILLCINF



T456.4 EDFif,
J

S N A WN =D

-
”~

B2

P1 1 3
P2

P3 2 5
P1P2P3 3 4 5 P1
P2 P3 3 4 P2
P3 3 P3
P1 P3 3 2 P3
P1 P2 2 4 P1

P2 P3 3 5 P2
P1 P3 3 4 P1

1-X
1-X
1-1

1-X
2-X
2-X
3-X

B AN, MPIHAT20IX (
deadline: 3,6,9,12%) , P2#4T15
X (deadline: 4,8,124%) , P3#4T
12¢/X (deadline: 5,10,15,20%) .

1-XRR B VRIAT, XRARTEMo

| 7.

7 P3 3 P3 2-1
8 P2/ P3 4 2 P3 2-X
9 P1 P2 3 .73 P1 4-X
10 P2 P3 2 & P2, 3-X
11 P3 4 P3 3-1
12 P1 P2P3]3 4 3 P3 3-X
13 P1 P2 2 3 P1 5-X

MRAEFERZ], £V deadline—F, WRES EEIITHIFRE
, MIARSEPAT Z TR &P P2 P3RIHAT LB




T456.4 EDFif,
P,

y @ YN

14
15
16
17
18
19
20
21
22
23
24
25
26

P2
P1 P3
P2 P3
P3
P1 P3
P1
P2 P3
P1 P3
P3
P3
P1 P2
P2 P3
P3

1

P WA WD

N W A W

P2 4-X
P1 6-X
P2 5-X
P3/4-1
P3~4-X
P1 7-X
P2 6-X
P1 8-X
P3 5-1
P3 5-X
P1 9-X
P2 7-X
P3 6-1

3es
®
27 Pl P3 3 P3 6-X
28 P1 P2 2 P1 10-X
29 P2 P2 8-X
30 P1 P3 3 P1 11-X
31 P3 P3 7-1
32 P2, P3 P3 7-X
33 PI P2 3 P1 12-X
34
35
36
37
38
39




T4516.3 RMSiE

5

A N A W N = o

P1
P2
P3

V| .

P1 P2 P3
P2 P3
P2 P3
P3

P1 P3
P3

P2 P3

12

P1
P2
P2
P3
P1
P3
P2

A

*
(dea

S EHAON12, MP1PATIIR

dline: 4,8,12) , P2#472

X (deadline: 6,12) , P3#H1T1
X (deadline: 12) ., 1-X

RRNBUVRPAT, XERTE o
/N
7 P2, P3 P2 2-X
8 P1(P3 P1 3-X
9 P3 P3- 1-X
10
1
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