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Current Issues and Trends of IP Based SoC Design
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Development cost

—e— Total costs without IP reuse
—=— Total costs with IP reuse
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World System-On-Chip Shipments(M Units) history and Forecast 1999-2004

Market Segment | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | CAGR
Communications | 1327 | 1810 | 2365 | 316 | 4240 @ 5757 3412%
Computer & EDP | 916 | 1063 | 1227 | 1599 | 1978 | 2357 |2080%
Transportation 361 | 389 | 490 | 579 | 664 | 739 |1541%
Consumer 518 | 705 | 1007 | 1510 | 2189 | 3104 4306%
Industrial 29 | 157 | 203 | 286 | 422 | 605 3621%
Mil-Aero 39 40 42 44 46 48 | 462%
Other 160 | 209 | 264 | B4 | 40 | 505 2591%
Total 349 | 4374 | 5588 | 7539 | 9%60 | 13115 |3052%

Source Cahners In-stat Group 2000
¥ 1. World-wide SoC market overview
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1999(%) = 2000(%) = Growi(%)
Microprocessor 200.2(40.7 1.5(35.0)] 206
Bus Interface 82.6(16.8) [129.2(18.7)] 56.4
DSP Core 72.(
SRAM 50.8
Data Transmission 19.4
Design Library 59.4
Networking 34.5
Analog&Mixed Signal 14.1(2.9)  23.8(3.4) 69.0
Nonvolatile Memory 2.1(04) = 6.4(0.9) 204.0
Others 84.6(17.2) 129.1(18.7) 52,6
Total 492.4(100) 689.9(100)  40.1

Data Source : Gartner Group Inc. 2001/5

¥ 2. World-wide IP market overview (2%: 80t US$)
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()= HBRE%)

Revenues = Growth Revenues ' Growth

IP Companies In 2000 R over 1999 IP Companies’ In 2000 R over 1999
(M) (%) (M) (%)

ARM 1142(166 290 | ARC Cores | 161(23) | 4852
MIPS Tech 916(133 8.1 Tality 129(19) 1203
Rambus 72.3(105 36.6 Nurlogic 120(17) 479
Mentor Graph — 34.1(49) 63 Tensilica 10315 1102
Synopsys 338(49) 395 | Virtual Silicon  82(12) 409
InSilicon 26.1(38) 348 LEDA Sys. 72010 942
Dsp Group 25.1(36) 21 Zoran 68(10) Mn7
Virage Logic 221(32) 794 Sarnoff 64(09) - 438
Artisan 208(30) 237 Virtual Gr. 62(09) 676
Parthus Tech.  196(28) = 2645  Others 1270(184) 518
TTP Com 1705) | 460 otal 6398100 401

P2 S 3 8 M
Direct contact to IP creators or

ARM, MIPS, Rambus, Insilicon, DSP Group,
developers

Parthus, -

Contact to CAD tool vendors Mentor Graphics, Synopsys

Contact to FPGA vendors Xilinx, Altera

Contact to design houses Many design houses

TSMC, UMC, Chartered, Samsung, Hynix,

Contact to foundry Dongbu, Anam, -

Contact to IP exchange centers D &R, VCX, IPTC, IP gateway, IP mall, SIPAC

H 3. Top 20 list of IP providers
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¥ 4. Ways to procure third party IPs.

A3Z+9] IPE sourcingdte] 5 HASdtaL
7o Zﬂlﬂi HAlS iHEnﬁb_—’ Atk o)
S7|3o] MEE|o]A
skl Qi "41—‘?—3%94 P %%71{%% S|UAZ 95
KR
=

ol g HHOoR = g 7|} 1P A

%5 AHE 53 SoC AFYS EAS Qs vge] 7]
T7F Stk

SR Yoll= ZFAo| Design and ReuseAl’} 19979

AYEd=d), IP S5 P & tool TS 49 wdl

It} 20021 @A 17000099 2] 3] 13541
sEEo] glow &7 oF 20079 P AY
matching®] ©]Fo] A it} AFEHME=9 Alba
projectoi| A] *Xlaoﬂt% P A 7138l VCX+& 19984
Lol ™=, 454 Yo rhdstar ek I
2oll= IPTC7} Eokal glom dintl= B g 74+
394E HXER dh= 1P gateway’} ZEotal L
del @A IP mallo] =7He] A@eow AYPEH] S
ek, fejvetolls S8 Adoew Ay v Ip

u
9‘&
ki
lﬂ 3o

hu

A4l SIPACO] 2001¥ e EFakal Q).
SIPACS $-2uhete] [P/SoC AFYe] XEe EA o7 &}
= P §5 A" 253} P AHE 9Ieh Adzxet

= O

Z 1P AARE AA W JRRF P 223E 28 g0
it @A SIPACOl:= 140709] 1P7} 5250

2 3} 9
glom 3FYUEA On-line AT ALl [P-EMSE
ot IP FAAH AHAE AlFsta Ut (9]



SoC Review

V. RE2

g
)

SoC @jﬁ]g HL}E;‘«] ]gg maﬂ} ;\]/\Eng A

1o o
Joi

o
I ok =
[e]
= ‘{N'
>

H
H
£49| star IP %T}ZPOH «10}04 —rEEIJ— AL

o, o5 WY &2 £YES VIS An Sl

_%
ot 1pef Al o]F o]
o] =L FF7F =L Sl
o] Basith, Soce] et d
% SITI®F IP9] DB} #-& AA® 2 AA W i
EHos AHAYE SIPAC 59 IP/SoC #H A71#e]
g-5o] i stk szl

References

olfH, 28T, HAAZ FA, H=A9F HH3} ALZ],
“IDEC :A] Alg]% 13" chapter 5, A|Z1O} ZgA
[2] A9l 8FAIE . “Wireless communication SoC,”
SITI review A7tS pp. 5-10, 2002,
[3] D. Chang, “IP mall — The business and challenges,
“Presentation of IP Japan 2002,
[4] Andy Travers, ‘Bring component alive,” VCX
Presentation of IP Japan 2002.
[5] TP center at www.xilinx.com
[6] IP Megastore at www.altera.com
[7] Inventra IP Core at www.mentor.com/inventra
[8] Synopsys IPDB at www.synopsys.com/products/
designware /ipdir/
[9] IP catalog 2002, SIPAC. The catalogue is also

available through www.sipac.org/ipems

Current Issues and Trends of IP Based SoC Design



SoC Review

SA1 X

—_

at2] (Radio Resource Management)

J|IE TC X OlsF

A8, 429, 1Y
EEEE B LTI PS PR EEE P
2 =RoIME A2 1 folH HEE Tyolo] YED|To] MBIAS 93t o)F T4l AA-0|M F2%
o] BZI51 Q= M X1l #(radio resource management) 7|1& 5% 3¢5 2okE SITIO|
M UFED = AFE FHOE AT,
. ME Al AlA”lo A= TheFst QoS (quahty of service)& &
ol EY AES 98 = 4= Alo] (CAC: call
T2 golg ALS matste] WEjultjo] AH|AS ¢a  admission control)/EFFA[O] (CC: congestion control),
n|g o] o]% Bl AAHA 7 2est Hue xs &4 HE Y (DCA: dynamic channel allocation), @l
T 9L BH HE 7|l B2y mueE 2oz =23 (handoff), A Ao (PC: power control), &
gEE o] & B4 #st 7]&e HEZR B} £ Ao} (RC: rate control), 3% 271EY (scheduling),
AsAb, Y T, e o]y 74x o] tholw A 7w FAl - wiHle] FEdE AlLECA Y slolHEE AAlE
Eg ZAEo] glon ZYoHE A27HA]| e o7t @ (hybrid scheduling), ARQ (automatic repeat
FeyEo] ok v, FA A #E (RRM: radio l"equest)EO] W FR5HA thRojAor & At FAE

resource management)S Z&dH= ZREF Hok: Af
Aoz FoFsk AAo|tt CDMA A9 o]F EAAA
Hof =l HgAo], AXE/AXEH WHEQX T2 SIR
(signal to interference ratio)?] Ao} W =HE 3| F
o, AE, M, a8la I 5o B4 AYE 884
o= st &5 2 459 HAHAS EEsT 1S-95
HrA)o] CDMA AlAH] &8 Ao A E AAE G50l
A 859 SHY A9 hAdS 74 Ao 58
#He)E Fa doHSS & 4 At

Packet Hlo|H HFo] F7b EHojd "IMT-2000 and
1l 4G (4th generation) ©|F =

il

©

_lZ*L {127

systems beyond', 1Z]

ojty. & 1°] YAE olF T4l WA
AR e 7SS AAISHIH
A2gle og A4 71€9 TDMA 4] (GSM: Global
Systems for Mobile, +824)1} CDMA 4! (cdmaOne,
o= /=2 e 3t FEEA 25 CDMA/TDMA/
FDMA®] Multi—carrier, &2 Frequency Hoppings
Ultra WidebandE QFsh= Feo H& wloz F&
HEHIFQ All-IP (F2 Full-IP)E AU = 9le A~
gog o&Htl E3F 100% coverage?} MW=L IZE X
HohAl= FARE 1&9] glo]BE 4E5h= Non—cellular

BRI AIAEE FEo]d FoR o SHrh

olef uh& s

sto o] o]FEAl

2G 2.5G 3G 4G
Cellular 1S-95 1XEV-DO 1XEV-DO
System GSM HSDPA WCDMA AlCVcVJ%Sé C?ggt
Non-cellular - - INFOSTATION
Traffic Circuit data Packet data Pa%‘&gg”d;ta Al Packet
cac, CAC/CC HCAg/EfC'P(D:/Céé HCAg/ng'Pg/CFeC
. ’ andaoftt, s anaortt, s
Radio Resource DCA, Handoff, PC/RC, i/ iid Scheduling, | Hybrid Scheduling,
Management issue Handoff, Scheduling, Load Sharing, Load Sharing,
PC ARQ ARQ ARQ

n S/77 SYSTEM $EHiH i 22

1. 0| St A|2Ho| Tatet FMAL

g

e

e



SoC Review

I P X 42| S J|

L 3 18] o2 5 et 11101, = Ael, 54 3
g 9, :H_SL‘_, A Ao, 2 Aol, 2 2AE,
st 39 Wek ARQ B 5 4 9ok R4 A9 wele]
e TY 1o A ek Qo] Eapsls] 57, $42e)
A2 B4, A B4 Teln pAdo e aEe AR

2 wol Fabom 24 b0 AAS Belshs HAo| et
So 25l A|2w 7)ol

RRM
-CAC/CC

-DCA

-Handoff
-PCRC
~Scheduling
~Load Sharing
-ARQ

Load
Control
Transmitter

QoS class 1

Feedback(SIR, FER, etc.)

Receiver

QoS class 2

}@ " cranel -

QoS class 3 /

Traffic

]
o
40
rx
>
10
i
L]
g
ik
~
1>

e

Il 8 X 22| Ol H IIE TF
2 Zode 712l SITeld 3" 79 We % 23E
THLR AR &2 71e9 olwrol dish A2lstirt.

2145 710 ola) A9l We a7k &
of Tt 31§ ol Toh ZoR o A Yol & & 48
244402 Aofstui 1Hel of8) §o] ATHEI CDMA
2Rl Fa oot Sk & 42 Aolol Ya A
5 42} ojRo] 2% 7|zl whet R 4 Q] (1Rl
243} doleavt BESIE A%, o akld /xR
4l Z*E%ﬂ MR £ 5 52 Aol ek A, 71
29 % aﬂ% 11 7919 STt el o]
a3t ﬁJrE}UIHOlEHl A Bag
Z_'

1:

O

3B Adpiston, 247 3%

AE
IANE ez Ad (pnonty)—

Sl 71HE §o )

i
do
e

2l Hlo|azAlo] jazMe] FHE U
A %LMVH 5 52 Ao} A Ao BEHel &
2 Ao] 714 AMlsch

s e okl Al e de) 4ol
S} The 7 ARES AE)oR of5E B v, A% 55E

A7) Sl E3tRE ot A2 H}:’F‘oizf—“ A& Rtk
71&8) Eekeld ails WA B2 F, AEE 7R weE o
Aol 7419l 3l= M= QW (hard handover)& Al ¥dl= OP’"
WA= o274 CDMA AlARoA = F 7] 7]A]=
= AlE) S32E FAE 4 Sl 715 AZE ?HEitﬂ
(Soft Handover)= A3ttt} AZE PEom= oHigf g2
oA tholmAlE Axto] s Al vHE B & Ffioll 7]ofgt
o] SEHRACH10L
[3lollA= A= o] Hagh Alg} FolA WCDMA AlZ2HoflA]
o FHES 9fFh A R4l cell search B5 #A&
ot om 53] inter—frequency WELIZA0 A==
compressed mode®|A19] AA3t TGL(transmission gap

length)S AAISFSAEE

CDMA A&FoflAe ofg=at 7|4 712] 82 #lold 52
2 Q8] pAlEE A At bl 34 sk, o
A S S5shaL 7k 888 e 5] s

|
N_{Ll

4l BT ALut AHRES 3] 98 HeAelrt Ba
394 NE) RIS A1) S AR
otz THE AMAEO THIo R UER}

w4& AP S8l 94 dge

QL
2
-d
2
ol

FIMIE Ane zdpc ool R4 Adeld olna,
TelAy, WWW 59| ThFe Aulart AgE Ao dEe
o} olefat QuIAEE Z7jo] ThE Fele] Auls a7 22

& 7PAAL Sl apdstel 22 AARE SAloldE ol A

=] AF of2E sEsHAR, Hadte] A £=F FAlsH

ofgk U2} ofojx|a el skl A%t o] M A
ol o= T WA Fe HUAES M SES A

Zol Zag Holmd 2 itk = AgR}e] An|A Fejo] u}
g LA sAEE vEsle] A4ES Aofgithd A 2}
s agHoR AT & Qlthdl 2AEYE AH|A 240l
gia] AAES oo Besly] o) Ast Aeal A
ANA, AEE S8 AAsK= 7|Holgt & 4= gtk dA) A

2M X1 2| (Radio Resource Management) 7|1£ T%5 & °I¢n



SoC Review

A9 B AT ABE AL Aol, B4 Aol WA 24
%, B Aol FAE swi omum Hrie A4S
E5k5 e ()2 Sol, Aol + H4aAel, Aol +
wﬂﬁa, AeAo] + BRI} ﬁf% B 710l kel

Al
)=
L gulgkol 7hA EA "l 92wy} LHlSE

Aolet, [STERIAE < J
L 1 R
¥l BAE BAFO=H

M 2aE AR en A
HES B S B8 o9l QR A Alojo w

@30 w3 sl B39 Edso
R ol el 509

[e]
o1 A}go] 7HsF DD AlElolA, Hulssls Edjulo] o)
do] w2 EAQ) A TS Ssiglon 14 Bzt 8

HE I O PSESERREE b
o 2Alof diat 24s} 7)Ee wdel 1

o A g T
Ankse AT,

A, el AL, ok THsE BAE AR S ol 5E
AL ARl AR ) ekee Fake A9lo] e
2 SPAA 7RI §%S Sfsstele AT 429 BE
welg Zushn gk olefet AN ASe A A
20 By 49 P FPHOR 7178 4 k. Eejglo]

1

Hol| Z%H hot spot?] T2l TS 94l UHELEMIJ—q.
D}Olﬂi Al =7 Fejo] Al Fejx Alzkek 2 Qle) [8
oA CDMA Systemof|A] %57 6H¢9} 7}o)Ake] geEz
& 220 g nja gy} 78 FulE AMSl= nlo|3 24
ZQlokiS o AlaEe 8REAE askelch Tl
Aoz 2dsto] vja 2} ul
o|a2Alo] Halyge fAlgtoan Eafgo] M} Algth A]
AAEHTh, ok 2o Fu}
$E FHoe 2T} nlo]a A PR AE IS

nefste] £ SR A4-B0] T HF ool vlojaz
B S BASGT A% AuEA ojEsd A

hot-spot Ulo|A2ALS =R AT A #2327} 7]29] Wt

m S/77 SYSTEM $EHiH i 22

A ) o)
(9]

oVgel §F 318 S uyn

) 8 e 9 ¢
449 9] 9 94716 T sl Mgl 25 8

g . >
b ANRORZN AAY Aol BE THeEs et

FEF A T4 A e S 7160 Fa BES 7]
bel chat e,

4
o

v
[m
i)
18
!
i)
ol
mO
£l
A
nlN
1o
o
olx
o

S Yol oFst 52 Edf
. e—mail, video streaming, voice)S Xl
Skt o] Alsaloldl Soll AHga 4 s et

)
3
=
%

P ek Alo] WGE At ST AH|A
glofA A-EEH CAC Yale)Ee

Ql 3G Aol FAgsith E]E downlink?} uplink®] E
g EAof w2 HHg CAC YarE|Ho] [ FET: wEkA
& AFaolAs AARE AuAek BIAARE Aul2of hofgt
87 QoSE WET o AL AARHRIAARE Arj2gE $-AHd
Hol, AJ2¢ 5/H=Q H’]

92l 7] A
wejnclo] AulA7} B

g Aof: AF7HA| HFE A olet HFZ HEAoof
= o] 514301 31-01,]. 7P7L F= 5/\] xJ_Q_/\]Q,]
&4 B4S 5 FH 8ol aHY EEF eFEo] W
=55 7]& FER heck‘jo“?jﬁ‘f—J ORI HeAof2 9}
7F AANBR 314 g7 AEA] A HRte] /E oF 9
3 Ald 2els 2 NFZ/HFEE Aol HEst= HEA
019} transfer functions -8 & hneanzahone B3l Aes
Ak, 2 Wsht HE w3l fel wet R A
Ao1e] step sizes A2A oz HISF] softdt FER (frame

error rate)?] FHE 7hsoH & ¢ =S daElES Agt




SoC Review

Gl

b2AZT Wk A SAB Al 9150 ALge gl
S S bustydt BAE 74 W ohe Ee we

T QoSE ATkt E3 Edn ST wew A184)
7 e Az diet 47 Agdo] ZRsE 2AEY T

Kl

=
Te AsoR etk oIS el WA 7129 AMEd o
oo Hue § QosEA B pAld Fot 7hsdt 2Ale
2 AR,

i=

ol

d

oL
tlo

<
X

=

o554 AJ2gl) F4 A Tels 5 A IS o]
A28 Aol A3 He AQke] BAlR ackd 4 ol
o}, ol AlkHo] 24 F2 AUHE 2Ath A2
Wd 43Hos shaddckn B g ded, o
o gefe] RIS SBalof she AAgoR WS 933 A
28 Felo] okt 741 A9l e 7140] 7Eef Kk, of
= o) AltfellAl ARg ol AJ| WAlS] Tt Sl ol
L olgoll 4 g Aolth 1 HAE, 4 11§ SHEgo]
of oft e AZY ALH Als AT el oz
B9 0T WES AT P4 B leld S
9IXZ AT 4 YT BE =22 Ao & Holt

§

References

[1] K. Kim, Y. Han, “Call Admission Control with
Thresholds for Multi-rate Traffic in CDMA Systems,”
Proceedings of VIC Spring 2000 (awarded as a Best
Paper in VTC).

(2] A, S, A3, ASTFE AET AlLFHA A
9] & A7 Q" Telecom. Review A] 8@ 6%, 1998.
(3] FAHE, tdyd, "2k “Performance Analysis of
a Compressed Mode in WCDMA/FDD,” JCCT 00,
Vol.2, pp. 705-710.
[4] &9, A4EE, A DS/CDMA o 5&4l AlAH]
o o] M2 #E]” Telecom. Review A 10H 43,
2000.

[5] Hoon Kim, Jayong Koo, Youngnam Han, Chankoo
Kang, “Forward Link Capacity Based on Interference
Characteristics in CDMA Systems,” VTC Fall 2000,
Vol.2, pp 592-596.

[6] Hoon Kim, Jayong Koo, Youngnam Han, Seung—
Chan Bang, “Outer Loop Power Control Effect on
Forward Link Capacity of CDMA Systems,” CIC’ 00.
[7] Jiwoong Lee, Youngnam Han, Dongseung Kwon,
“An Adpative Time Slot Allocation Strategy for W-
CDMA/TDD System,” VIC 2001 Spring, Vol.4, pp.
2009-2513.

[8] Jongin Kim, Youngnam Han, Jiwhan Ahn,
“Adaptive Traffic Control Scheme in Hierarchically
Structured CDMA Cellular Systems,” pp.2192-2196,
Proceedings of VTC Fall 2000, Boston.

[9] Cheolin Joh, Keunyoung Kim, Youngnam Han, "
Performance of a Microcell with Optimal Power
Allocation for Multiple Class Traffic for Multiple
Class Traffic in Hierarchically Structed Cellular
CDMA systems", VIC Spring 2001.

[10] A.J. Viterbi, A.M. Viterbi, K.S. Gilhousen, E.
Zehavi, “Soft Handoff Extends CDMA cell coverage
and Increases Reverse Link Capacity,” SAC, Vol.12,
Issue 8, Oct. 1994, pp. 1281-1288.

[11] Zhao Lui, M. El Zarki, “SIR-Based Call
Admission Control for DS-CDMA Cellular Systems,”
SAC, Vol.12, Issue 8, May.1994, pp. 638-644.

2M X1 2| (Radio Resource Management) 7|1£ T%5 & °I¢m



SoC R&D

Platform based design of Bluetooth
using AFH(adaptive frequency hopping)
algorithm(ll)
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2. Single tone desensitization
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=
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p7h Bl
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4 1 P22} Q)9 #2 o E2

£lz) = (lfz_l) H(l— 2z~ cosw, +z_2)

i=24 00

Q(z): (1+ z’l) 1_[(1—2[1 cos W, + z’z)

=13, p-1

(3.6)

0171*1 WikWa(e dWp1 @b Wadwa (- (wpetal 745k
i=1.2,p = P(2)2 Q(z)9] o] Hth 47| 7419

—ﬂrE’JrU]H W Yicg.p 5 LSPE HO3it}, 07|14 woe=0

o]l Wya=m 7} Hr},

183l LSPE 4] 3.7¢ sl Fupptioos wEkek 7

< Line Spectrum Frequency(LSF)2} &tt},

LSF(i)= cos™ 0w, )f. (3.7)
2
[ : Sampling frequency
P =W, XW,
- )q) } (3.8)
ik
A 3.8 ¢y LSPE Fubete Fhel LSFO| ¢

LSFe| £
2t A AE vEhd Zola T2 oA EAR
UebH Zolch, o714 wi LSFEHe nd @A ZeEde
Uebdith, 283 = ZE gy 2 WA LSFIAIE ke
A TaelA 2w ol TN ehdc,
o] /\NO o]_Q_a].o:] 31_,_]‘ e 7:1_4_ 040 2 olr,]_

Kk

i 1 2 3 4 5

1 093 0.84 0.76 0.68 0.61
2 0.89 0.75 0.63 0.54 0.46
3 092 0.80 0.70 0.60 0.51
4 092 0.82 0.73 0.64 0.56
5 0.95 0.88 0.81 0.74 0.67
6 0.94 0.85 0.77 0.69 0.62
7 093 0.83 0.75 0.66 0.58
8 0.91 0.81 0.72 0.64 0.56
9 0.87 0.73 0.64 0.55 048
10 0.82 0.66 0.57 0.50 044
I 3.1 : Inter-frame correlation coefficient table( Z)[6]
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G.723.1 fo AMR

PCM data

G723.1
Enceded
data LSP(G.723.1)

T2l 40

G.723.1 to AMR transcoding

LSPEEHU|EE 0] 83t G.723.1914 AMRZQ ATHE
3t e a9 413 Zrh G723.12 HEshE HEY
< YYo= ol G.723.1 BI3E AX AAHEH PCM
datat= modified AMR #33}7]9] Qlgoa Eo7iA H
o} 283l G.723.19] HIEQolA LSputetu|E o HeE
X = LSP transcoderg &3 AMR §353}7]¢] a3t
LSputetulE| & ¥3tElo] Modified AMR 2331719 ¢
goz Eo7HA Hi o] & 4L ¥ modified AMR
5317 = AMRE #5318 HEYGS vhEo] WA "t

Modified AMR Encoder

LSP(AMR)

121 4.2: Modified AMR encoder

Modified AMRY-33}7|= I3 4.29F 72t} Modified
AMRY-53}7|= LSP transcoderoA] ¥}= LSPu}e}u]E
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AEE A7) gie] 7]E9] AMR H3537]o] EAstd
LSPo] A3 BE Fdo] AAH A & 7t Ak
| Oframe | | 2frame |
G.723.1
LSP(G.723.1) LSP(G.723.1) LSP(G.723.1)
Interpolation Interpolation Interpolation
LSP(AMR) LSP(AMR) LSP(AMR)
ae | | | |
| 1frame | 2frame | 3frame |

2l 4.3: G.723.1 to AMR LSP linear interpolation

LSP transcoder+ 2 Z# o] thgt vwgaAS A
% linear interpolation®g2 113 4.3% Zro] 43351
E+=9 linear interpolation®] &AL ¢l o]d =g
Qo] upxju} BEH 9 (o frame)ol|l T == LSPEES ©]
|31t} o|AS £Aog S ohgu A}

Pci(j)=aPo(j)+bPu(j)
Pca(j)=cPai(j)+dPa(j)
Pcs(j)=ePai(j)+ fPx())

a,b,c,d,e.f: interpolation coefficients
Pai: LSP(G.723.1), Pci: LSP(AMR)
(1<j<10)
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Dat LSP(AMR)

G.723.1
A~ Encoded
data
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121 4.4: AMR to G.723.1 transcoding

AMROIA G.723.122] A%
G.723.1°4 AMRZ9] W&}
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Hook= I9 449
ofAAHE AMRE F33HH H
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LSP LSP LSP
High pass
Filter

G.723.1
Encoded
data

Formant
Perceptual
weighting

T2l 45: Modified G.723.1 encoder

Modified G.723.1538}7]= 18 4.59 7t} o= 7|Z
o] G.723.1 F23}7|ol|A LSpet ¥AE Fato] A|AE L
LSP interpolatoro] &JsjA wEo{X LSPAHR7}
formant perceptual weighting®] 4Zo=z o714 =
A% o 47h ek

| 1frame | 2frame | 3frame |
AMR | | |
(LSP AMR) (LSP AMR) G_SP(AMR)
Interpolation Interpolation
LSP(G.723.1) LSP(G.723.1)
G.723.1 | | |
| 1frame | 2frame |

2l 46: AMR to G.723.1 LSP linear interpolation

2] LSP transcoderl] &34l o]Fojx|&= 3z Yol
5t HEHHE 0]F0]X]= linear interpolation?}g 1
d 461 T2 BPog o]RofRA Hr} 442 ofefjet
2t

Pai(j)=aPci(j)+bPc())
Pa(j)=a’Pc(j)+b Pcs(j)
Pcs(j)=ePai(j)+fPa())

a,b,a’,b’ : interpolation coefficients
Pai: LSP(G.723.1), Pci: LSP(AMR)
(1<j<10) (=1,2,3)

AMR 1t G.723.1Zt2 E

A3 7o
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V. A|Eg|0oM

1. G.723.10{|A AMRZ2]| tHEt A

AMR LSP
4000
3500 [ ik T WA ——
}.3000 —lsp2
= 2500 Isp3
& 2000 :SF’g
s —lIsp
= 1500 —Isp6
1000 —lIsp7
500 i = | —Isp8
0 - Isp9
“EBRRBLEBRREE 2R 8o s L
_—— = = NN NN M T
Time / 160 sample frames
o=l original AMR LSP
Interpolated LSP
4000 —isp
3500 h —lsp2
3000 v Isp3
Z 2500 Whu A\\,;"tj e s da A Isp4
=
El 2000 Wwwn:\/j/ﬁ\ M) JWWW —Isp5
o S
8 et NN ] WKN\/W Isp6
= 1500 LA U v —lsp7
1000 —Isp8
0 sp

SP
linear interpolation % =
ol ot &
ATt

Pci(j)=0.5417Pao(j)+0.4583 Pui(j)
Pc(j)=0.8750Px1(j)+0.1250Pax(f)
Pc3(j)=0.2083Pai(j)+0.7917 Pas(j)
a,b,c,d,e,f : interpolation coefficients
Pai: LSP(G.723.1), Pci: LSP(AMR)
(1<;<10)

2. AMROIM G.723.12 st A| LSP

S/ SYSTEM 8% i

&T231 LSP
4000 p—r
— lap
A6 SR F I A S e s
anpn lspd
g z2e0n tap
a — l=pE
= 2000 et | — Lot
C1E0D tee [y
1000 — |=p8
B0 Lapt
0 i lspi 0
Tma 5 24) sampk famas
5.3: Original G.723.1 LSP
Imtarpn Btad LSP
000
B0 B P T S A T TLL L Lo S i i L] |[—— bpl

— hp?
Jonn b L mpd

2 2o [ R Rt B it

W!fr- 7 mw-r S

éeuuu . ! el g 0 AT e :::E
L 1B -+ — bt
1000 _:::
Ean B pld]

4
i
3
E

Tma

24) samp

12l 5.4: Estimated G.723.1 LSP

HEF Al daix} k= LSPak 19 537 Al AAR
linear interpolation®] 2Jsf] ¢ojzl ZHe 1
GehRT gtk oA Thed 2 4

S REEET

1>
1o
>
iy o
£
o
r>~
tlo

Pui(j)=0.9Pc1(j)+0.1Pc(j)
P2(j)=0.1Pc2(j)+0.9Pc(j)

Pu: LSP(G.723.1), Pe:: LSP(AMR)
(1<j<10) (i=12.3)

VI. 858/t

Tandem'™4]o 2J3t HIEYQ W2} Transcoding'd4] 9

HEY W3 A)9] AAEAEQF A AT A5

1. Complexity
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G.723.1 to AMR AMR to G.723.1
Transcoding Transcoding
T?fgg)m (buffering+ T(a[‘gggn (buffering +
Interpolation) interpolation)
MIPS 0.4 0.12(30%) 0.8 0.49(61%)

E 6.1: MIPS table (simulation with Pentium3 800Mhz )

6.1914 & 4= %ol G.723.1614] AMRES] EA
YA complexity”} ¢ 70% FrAsHYch HHZ AMR
A G.723.129 EWMATYA L ok 40%7}F]
complexityZ} 43Tt

=2 H W

2. Delay

G.723.1 oA AMRZE W3} A] Delay

D myp = 62.5 + Q)+ Byt Qyt s
D""p=57.5 + @y+Ps+0s

AMROJA G.723.182 W3} A] Delay

D™y = 62.5 + @t Bt Qi+
D""sa= 55 + Qg+ Pya+/fs

A: G723 B:AMR  D:delay

« : The pracessing fime af encader (3 : The precessing fime af decader

P : The processing time of transcoder

Algorithmic delay®} processing delay¥hs 2|3 of
G.723.1904 AMRZE® #3t A ¢k 5ms, AMRO|A
G.723.122] W3 A= oF Tmsg= AL,

VI 28

FYe FAUTE B £
(e}
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Si77. SYSTEM SEH s AT A

744 5kAL, v ARgAR2S] Aol Ald Bl
7d$-oll= 153.6kb/s, & 7d-%-°ll= 307.2kb/sO| L
1/29] g2 Ad o] Wt AHEATE &
2}l 7HAsEA), o]t 742 AREAR27t AREAFLOf H]E
Aoz g o] £2 S HHs Aot
s ZH2Ho] ARgAO| A time slote o= HOI

round robin®¢rY A Hot AEE&2

14'0

R, = 0.5 x (0.5 x 76.8 + 0.5 x 153.6)
= 57.6kb/s

R, = 0.5 x (0.5 x 153.6 + 0.5 x 307.2)
= 115.2kb/s

ol uhelel, Altjxo® AY A7t £ AH8RelA A
g2 gt St Ad et EAG geAg @ 7

=
9 059 FBE AMHIAS S Wr] A9 BT A5
S
R, = 0.25 x (153.6 + 0.5 x 76.8 + 0.5 x 153.6)
= 67.2kb/s
R, = 0.25 x (307.2 + 0.5 x 153.6 + 0.5 x 307.2)
= 134.4kb/s

B AFEAHL200A FUE WIERE AH|AE SHA|TE Thedh
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AHET Y2 - DRC/REL

A AgstE L 1xEV-DO A]AHEl
oA AF&EE= proportionally fair 2A=Ho] 3tk
Qualcommol|A A|oFE 1xEV-DOAIAH Q] &HlgF 3
+ dolg AdE 1.667Tmsit4 9
multiplexed¥]o] ¢t} <& Ad 2= 19 13

.,

L = L
Ue YuEFeE=

Power

User 2
Rate=307.2 kbps

IDLE

Pilot Bursts

Time
User 1
Rate=614.4 kbps

User 3
Rate=1.228 Mbps

.

1XEV-DO A|AEIO| =dtsk XD 7=

P

Access terminal(AT)— Alad] 2HE =4ste] A
7H53t 482 DRC(Data Rate Control) E2 E3|

A~
o

access pomt(AP)oﬂ A3t AP o] ARE o]83dto]
;Hz%a]- ATE /ﬁ_gj@ 1]0]51 x@ x{eﬂ oz x{/\
SHA| Elr,

IxEV-DO A|28S AP7F ¢A3t dEoz Hdfste= ut

Hell g gHgol wek AEshe %
&2 Y BARZ YrolA glon 7k ©A &
ol Akd Aled F5HE ATZRE APl
DRCell 93 ZAEct 2+ AT+ W slotPbth
DRCE R34, 1%2] PER(Packet Error Rate)2 T
stes dlojE &5 ZAATT E3F 1xEV-DOA| AR
A& Buk oplch Ad dAERE dgsts slotre ¥
gttt o]& Qofshd ® 1 ¥} i3l

i
H

pilot= £

23t

Class ?;tt: C/1 Slots Packgt Code Efzt:
id (Kbps) (dB) size(bits) | rate (bits)
1 384 |-12.5 16 1024 1/5 205
2 76.8 | -9.5 8 1024 1/5 205
3 153.6 | -6.5 4 1024 1/5 205
4 3072 | -4.0 2 1024 1/5 205
by 6144 | -1.0 1 1024 1/3 341
6 921.6 1.3 2 3072 1/3 1024
7 12288 | 3.0 1 2048 1/3 683
8 18432 | 7.2 1 3072 1/3 1024
9 24577 1 9.0 1 4096 1/3 1365

1. 1XEV-DO A|AHIQ| H|O|E M&
1xEV-DOS} Z2 TDMEA S 7 AE ALg2
schedulerg T8 & i} 7P 1dsh AAlEs Heke

Y
2 round robin HF} max CIRERMNS &

2 ot

= T M.
Round robin®ere a4 o0& ATO|A dlo|E& 435}
= dloteld] o] fairness® 13t B 4 glovt

FA AQd A"E 1A &%) wi&ol throughput &
Hojl Al 4o ‘?3““6'}‘3]' olof &l max C/I¥eHE 713
7R ARl A Aesls upoko

2 A2H ﬁzﬂ 2o A throughput2 2 =
gtz B 4= gloy APY 7k Ald A7l £2

ARG AFol| 7]
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proportional fairness®<rS
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7V 2 AREAIA ElolHE %
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Si71 SYSTEM SEHis % Ff

Qi (t) = Qreq

k(L +1) = k(1) step _size, Q,(1)> 0,y Y

{ki (t+1)=k;(t)xstep _size,
7|4 step_size % o ]EP olggh Wk 7]&
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® 71X el : Al FAo]
tier7td % 37702] 7X=e s, 2 AxRe
1XEV-DO Al2E3 2& Hr) 441 Hee $Eo

omni antennas 714 3

® 0|53 w1 N9 olo] #E HER F4 Mol
vt of o) YR B9 4=

+ [3km/h,100km/h]
HeoA s FESIH olF W A [0, 3607 ¢
AN 5 FEITE FHH DAHE o= olF HF
= A AAE HoluA §& Al WA gor
A A9 FAE whd ole=o WEs (0,360
Aol s FESHA TEAIA FAH Ao HFAE H
ojubA] Xelm== gt of2dt AlEd|o]

9| 1S-95A1 58504 S AofA
LIEE o)lFTg tE oA F4 Az s

5 mUe AubHel o$3 o]5e I wd

® C1AA Be(Effective CI with Max CI Cap) : &
) CN ZFS base-band pulse shaping waveform,
noise floor, ADC quantization error, adjacent
carrier interference®| 93 ©F7]¥:= inter—chip
inteference©l| 2J3f| Agtet, webs] o3}k o] CI
He Axkeitt

1
O D
1
(C /[)eﬁ"ective = 1 (6)
Y ta
(C / 1 )calculated

2. Al=g[0]44 mf2tolE]

s HaE A% AlEdloldolA DRCRYFZ kDRCR
Yot A sso2 AAH vetvlE s & 29 Lt

Parameter Explanation/Assumption
M Jayout Hexagonal grid, 3° tier
- ow
o o o flan
sz | 05T £E nS 2%
22 Olz= £ [3km/h, 100km/h]
Ols= &g [0, 360]
Path loss model L =286 + 3blogq,
(9] BRI meter)
= Shadowing Lognormal £
2t Fading Jakes' model
A7k A 05
o, 50
Slot size 167 ms
Window size 1000 slots
Orthogonal factor 0.06
Chip rate 1.2288Mcps
Background noise(N,) 12288 x 10"
Max C/I 14dB

E 2. A[Z30|M metolH

il gRtellA kgh e wetnlEe & 33 o] HF

ek,
Parameter Explanation
k; dynamic range [0.125, 8]
k; step size 3dB

ki grel AAL JfA wekoA a3t RS nHtt, &
°of dynamic rangeg FA &S A$ 0 &2 Fatofe] gt
o & WRikstA "ok, kg Hof HAagke AAlEl o

S mAA] gkon] o Haghe] zto|7h S A
Heh & AlEdoldoMe k gte WS 1xEV-DO Al
2o AEeo FHighol 38.4kpbs, kol
2457 6kpbs, 123l FHo| 9] H|7} 640|102 kgho]
H %= 647} EAIE A5k

AR QT QoS I 49} Zo] A}

A=K} Class 27 QoS
High performance 153.6kbps
Low performance 38.4kbps

FH

4. AEXHE 27 QoS

DA 3! MHIA0A QoSE TP AAEF IP k]



AlEH o] Aol Al high performances 7-8k= AHS-A}
L oigoz ggstgon o Agdd HHAL low
performances {138l= Ao R 7}ASIYT],

3. AlE2o]¥ Zx}

Ao A g th59 F 7HAE Hlaskes gt}

¥ throughput : AFEARS] Hal A58
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throughput= AA| -2 Hlo]E|2} AJ7ke] H|E 72
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o M
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Distribution of DRC (N=12)
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3 01 = KDRC/R
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RSN o \%@% @“6\
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— Streaming (streaming multimedia)

— Interactive (web browsing, network games)

— Background classes (background download of emails)
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A MCUQ F% architecturex= RISC(Reduced
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B Instruction®] Zo|7} 1A= o]
7HA = 314 Efo] Qltt,

B Ioad/Store instruction?¢] memory®] accessZ 4=
Art.

B t}5=9] general purpose registers ARE-3HCH

B Pipeline execution®] 7Fs3}c},

B Instruction®] $=8¢] 1 clock cycle®] dojdtrt,

(single—cycle execution)

Qlal, format®= H

59 7M gol AHgEE MCU= ARMARY] ARMI}
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a9 1& PowerPC9 instruction 739 ¢|2 RISCE
TAE instructionZ o] Zt1 TAE formatlE o]F
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Add |
reg—reg

Add | | constant |
reg—immediate

6 24
Jump | Op |

constant [ o]

12! 1, PowerPC instruction

MCUE A4S uf 188l= parameters 57H] A==
A 7F ok A WA= MCUY “operation clock
speed’2 71829l MCUQ £EE & 47} Utk + W
A+ “word size’= MCU7} YHA o2 o 2 bite
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2 95 main memory® accessdl’] YT A|IHE =
o 71 St}
RISCY] ¥UHFA Q] machine architecture= 19 2%} Z+

I instruction®] T+X+= 19 39} AT},

Input 1

Input 2

1 l

General

Purpose ALU

Registers

Output

12 2, RISC architecture

Operand
#1 (Reg)

Operand
#2 (Memory)

Operand

OP code #3 (Memory)

12 3. RISCY| instruction L&

OP code+ instruction® operations YEFHH,
operand+ 4k L3t data®] A&t A4 AIHE A
e o] A5 YEhd

Instruction® A operand® A& YEM+ addresse=
o]2)7}4] mode”} It E 2% addressE HAISH= HF
He HolEr

Meode Example Meaning When used

Register ADD R4,R3 REG[R4] ¢ REG[RA]+ When a valus is in a register
REG[R3]

Tramediate ADD R4#3 REG[R4] < REG[R4]+3 | For constants

Displacement | LOAD R4, 100(K1) REG{R4] < Accessing local variables
MEM[100+REG[R1]]

Register LOAD B4Rl REG[R4] < Accessing using a pointer or a

deferred MEM[REG[R1]] computed address

or indirect
Indexed

LOAD B3, (R1+R2) REG[R3] ¢ MEM[REGIR1] | Sometimes useful in aray

+REG[R2]] addressing - Rl = base of array,

R2 = index amount

Direct or LOAD R1, (1001) REG[R1] < MEM[1001] Sometimes veeful for acces sing

absolute static data; address constant
may need to be large

Memory LOAD BRI, @R3) REG[R1] — TER3 is the address of a pointer

indirect MEM[MEM[EEG[R3]]] . then mode yields *p
o memory
deferred

Antoincrement | LOAD R1, (R2)+

REG[R1] —
MEM[REG[E2]],
REG[R2] < REG[R2] +4d

Useful for stepping through
arrays within a loop. RZ points
to start of array, each reference
increments R2 by size of an

clement, d

Antodecrement | LOAD R1, (R2)- REG[R1] <
MEM[REG[E2]],

REG[R2] « REG[R2] - d

Same use as autoincrement.
Autodecrement/increment can
also act as pushipop to

implement a stack

Sealed LOAD R1, 100®2)[R3] | REGR] <

MEM[100+REG[R2H+

Used to index arrays. May be

applied to any indexzed

¥ 2. Addressing modes with examples, meaning
and usage[1]

RISC+ pipeline execution®] 7}s3}ch. pipeline©|&t

7HA GAR AEste] thaeg]
instructions FAlO 3T 4= s o= ol
durA o2 5T pipelines ARESHH, ZF @A the
I} gt

B Instruction fetch cycle(F)

instruction®] 3 2

B Instruction decode/register fetch cycle(D)
B Execution cycle (E)

B Memory access cycle(M)

B Write—back cycle (W)

I3 4= 597 pipeline®] Y-S NdH oz e}
et

L

T2l 4. Pipeline process

AR Ao 2 59 instructionS & 5 clock cycleo]| &=
YA, pipelines AME3EFY] 1 clock cycleol 3l
instruction®] 480 FRHES & 71 ok 19 4904
Ao Aol M F WA= A9 instructiond} datas
memory°l Al access3oF FHch. 015 7HsHAl a7 18]
A MCU+% instruction®} data® cacheE FEol=
Harvard architecture® AHE3Ith 1¥ 5+ Harvard

architectures HOJFiL QIT},
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12 5. Harvard architecture
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BN
i

a9 62 7|12 AL 584 pipeline RISC MCU9] +

Zo?

12! 6. Basic architecture of 5 stage pipeline RISC
2. MCU9| advanced topics

18 AE MCUQ 7122l Ao thsfjr A3l

o, 2 ol MCUQ A% AL 5 31% eIas:

of tsiA drgsiAlct.

A HA= “Forwarding” 7| 2.2 data hazardE <"}

7] §Jgt Woltt, Data hazarde= €10 instruction©]
22 registers AFESlLAl T uf Yot}

ADD R1, R2, R3 (REGIR1] « REG[R2]+ REG[R3]

ADD R4, R1, RS (REG[R4] « REG[R1]+ REG[R5]

919] o AleflA 2¥A Riel= R2+R39 A7t Q7=
4], 294 instruction®] R1& TRE 3= A|FoA R1
o] R2+R39 A7t ARE A xotr] wiZo] AxH 2
Wb zed a7t ok olE WAIE] flsiA Riol ¥st
A7t AAE w714 pipelines APA7|A] & 5
UAEE, o= 459 Asks HAeER Oy T3 &
forwarding 7|'& AHESo] 59 AsE s
Qltt. forwarding®l|st execution @AY AIE S
instruction execution™A|®] JZHOo 2 A3 = =

she ol

I~

A5
=
o
7}

a2 7. Forwarding?| 7H'E

= A= “Super scalar’ 7|Ho|th, UHFAQl pipeline>

/71 SYSTEM $EHis A%

scalari4lolg} al,
3 & =7} Sk

o= ol dl}9] instructionTh
SFATF super scalare= SHHO| 27

g £ QL "HHog =HE

0]A+9] instructions Y 4 Q=

pipelineZ|§olgt & 4= Qlok, I9 82 2 way super

scalar pipeline2 YEMHIL )

S 1 o B

)
)

12l 8. 2—way super scalar pipeline

Super scalar pipelineZ 1 clock®] ©49] instruction
S 8 = AN, $HHo| =3 E = instruction AR
o] dependency’} £A5tA| fofof ity EFE o]H
memory2] accessE Y3t stallely branchol &3t stall
of 2AsjA pipelines Y AlZ|A X ¢ o w2 A
O] Fu7t e

ANl WA= cached] Aot} Cacher MCU9 speed?]
HlajA AtfH o2 =7 main memory2}2] accessOllAl
LFE Eol9s 4dst] YallA MCUL main memory
Atolof| 2|5tz w2 A& memorys 'TeiTt E 32
levelo] WE memory?] &1} access timesS A&gH
AOZ cachew register2tt =23l main memoryX Ct}
W2, register2th 1880|311 main memory®Th A
gaFole o 22y} 9},

Level 1 2 3
Name Register Cache Main memory
Typical size (1KB (4vB (4GB
Tychnology CMOS or BICMOS CMOS SRAM CMOS DRAM
(On-chip) (On-chip or OFF-chip) (Off-chip)
Access time(ns) 25 310 80-400
Bandwidth(MB/s) 4,000-32000 800-5000 400-2000

E 3. Levelof 2 MIYoix|2| Hlw
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1% 9= cache® °|8% | dlE HojFi Qi)

MCU

DATA Y DATA

CPU Cache
Main Memory

ADDR

2 9. Cache2 main memory2| &7

Cache= address& A¥dh= TAGY AA| data7} A%
&= fast memory, A% address®t @A Q4%
addressE H]1d}= comparator® TFAETCH TAGR}
fast memory®| F-xo webA 37HA] typel= FAE
27} Qlt}. 37FA] cache®] typed tha-} Ath.

B Direct mapped cache
B Set associative cache

B Fully associative cache

2-way set—associative cacheS d& 5¢] A9zt

993

E

97

547

sa%| 200

5477

(b)

Main
memor

9 %3 7479

300

(c)
12 10. 2-way set-associative cache?| 0o

a7 109 (ay= 3478719 data(100)0] ©]v] cached]
ARE o] Q= A thA] 3478 A7} aE wfo] Al
£ 2retA verfiar Qlek 18 109 (b ()] AdH
oA 5478HA7F 29 4% 34789 data7} A7 o
A= seti} T2 setoll 54789 data(200)S AAsl= A
S yehdh 28 109 (o) 2709 seto] ASl=
& T4T8NA7E 87E A FHIol H&ET Ho] Qe
5478 A2 HZEEI 3478 A Y& 74789
data(300)2.2 tx|3k= ArElE yeRfa ot o] o
TAGO] W& v,

ot e o 2 branch strategyol allAl 7R8I ch.
Branch® %12l instruction®] 8 =% 27 ukzt
A "ol instruction®® jumpe 3doF & FH7F A4
o Q= instruction®]th. 1% 112 branch®] 7] 7

2 tpehict,

100

oM,

101

102 Branch 120

Status Register

103

104

if Stauts Register =0
(go to 120)
else

(go to 103)
120

2 11, Branch?| 7|2 744

Branch® %=7& #93t7] a4 pipelineol A
instruction decode TAZ}A] aiE|ojof i}, wlzhAl

Principles of SoC (Il)
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fetch® #1217} jump¥ instruction
ol 29 129 Zo
TS instructions 2Ju]7} ¢l&= instruction®Z T3}

ofof gt

2 instructions
< fetch® A7 2AT 4+

PC update
C e = o X

No meaning instruction

Branch(102)

Target(120)

12 12, Branch penalty

Branch instructione ZA] program%olA 15~30%%
AA] 8k7] wl=o] 29 129 -2 branch penalty©l]l <]
A Ht 20%8 =9 instruction'dH|7F dojutA Hr,

o] penaltyg =°|7] Y84 branch history bitE ©]
€3t branch predictionZ]®Ho] ARgEct 18 132

branch history bitS YEFHATE “Predict Taken’& %7
o] zojojAl jumpE sttt ojAtel= Aot o] AL

thgo] HE =)z,
“Predict Not Taken”2 70| AHAlo]oJA jump7} ¥
U] &3 A45EH oS instructions 423 O]-Ei 3= o

jump¥ instruction©]
o 7]043}3 ot} Predictionol oW ¢
[e]

=
jumpst 1nstruct10n-4 address& W=7 3= 4=

of gk, o5 YA cacheo FR w7

BTB(Branch Target Buffer)S AR&-3ich,

Taken

Predict Not Taken Predict
Taken Taken Taken
00 01
/ —
Taken Not Taken
¥
Predict Taken Predict
Not Taken Not Taken Not Taken
" 10

Not Taken

12 13, Branch history bits@| transition

m Si71 SYSTEM SEHis % Ff

lll. Bus architecture
1. Bus9| 7|2 714

Bus® MCU®Q} Tt}
device 5)5 943%= communication channels 2]u|
gt SR E wire2 ©|Fo1A flon =22l 9
njo| A= master?} slaveAlo]of signal(E+= data) A4
of ™3t protocolx Juldttt. Masterst YHbygo=Z
MCUE 9u|stH, o]= bus? ARgo] FEHd o9&
3l= Aot} Slave= masterd Hhfz¢l 97 o]
Bus® BE 52ZFS master’} FA7F ol 7|&H
s &9, master”} slaveolA] dataE ¢
Zojtt,

A AFEEE A9 BME bust shared communication
channel2 FAHH, ol oJ# 7§19 master?} slave’}
9] busE ©]839] communications SHh= 2Ju|o|
ot o8 708 master®] bus AREE FASE] 915t

“arbiter” 7} BR5}ct 13 14= shared communication

device(memory, input/output

“read’ =

channel®] o & HojEr,
Request
Master #1 J Master #2 J Master #3 *l
ﬁ Ai
I T T [ 4
Grant 1
13 2 Arbiter
’ Communicatior Channel(BUS)
Slave #1 Slave #2 Slave #3

12! 14, Shared communication channel

a7 149 UERSEe] masters busE AMESH] $3)Al
arbitero] request® 1L, arbiter= TFE master’} bus
£ ARESHL A dod 5]15} master®| 7| bus ARHE 3
7Fe YEtY = grantE FoishA "ot

Bus® 7|& 3894+ address bus® data bus Z1E|iL
control bus®]t}. Address bus+ master’} Q23 dl=
dataZ} EA|8H= addressE 3k line°|™, data bus
= AA| data’} A$E+E line°]th. Control bust data
AEo] THAE control signale Z4$3F= lineo|t}.
Address®} control bust masteroll A slave2FF H45

= ko A0k data buse read?} writeE FA] 3
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of 3}7] wjiEo] F ol AY read data®t write data
busE FEal E=th 1™ 159 (a), ) ()= bus?
&2} procedures 7HshA Agstal Qo

Addr : 0xC0010000
Master #1 Master #2 Master #3 Control : Read
1 1
Slave #1 Slave #2 Slave #3
(a)
Master #1 Master #2 Master #3
0xC0010000 is my ] I I
address !!
| have to prepare l Sommraicatior-SermeHBt8) l
data for Master!! i i f
L 3
Slave #1 Slave #2 Slave #3
(b)
Slave#1 outputs the Master #1 Master #2 Master #3
data
Master#1 can read the I
data Communicatior Channel(BUS)
Slave #1 Slave #2 Slave #3

(c)

12! 15, Bus architecture?| basic procedure

Bus architectured] typel IA 27X =2 EF7} =}
= memory2t 1/0 deviceZt e busE AMESH=
common memory-1/0 bus®]W, TFE b= memory2}
I/0 deviceZ} AZ T2 busE AMESl= independent
I/O buso|tl, YHFE OS2 memorye] H|3| 1/O device2]
4£%7F g3 memoryZt 7HY RIHEHA MCU%
communicatione 3FEE memory?} 1/O device’} &
busE AMESHA =W, memory2}] communication®] <=
15 HA =l webA, independent /O bus’} F2
ARG-EI T},

1% 162 independent I/O bus® +Z2E HojFr},
Memory?} AZA% busE system busZal 349, I/0
device?t 2% busE peripheral busgtil Ftc},
System bus®} peripheral bus+ bridges E3o}o] A2

Hr

MCU
Y I/Q
o Device
T
System bus Bridge (= ;_E
M o
¢ 110
v ! Device
Main memory T
12l 16. Independent 1/0O bus
¥ 4+ system bus®} peripheral bus® E4S HwgH
Zlolth, SHAITE WEEA] o yehd EAS A= o=
ct.

Required speed
Synchronization

Pipeline

Burst transfer

No. of masters
Arbitration
Transaction separate
(Read/Write line2Z)
HEE 27 T

error report

System bus
100MHZO | A4

Synchronous

Support
Support

L~ =3 7ts
Necessary

Separated

Support

Peripheral bus
20MHzO| LA
Asynchronous
(or synchronous)
Not support
Not support
17H(Bridge)
Not necessary
Separated

or Multiplexed
Not support

E 4. System bus® peripheral bus?| H|x

2. AHB

AMBA busi= ARMALOIA] AIQFgE bus 7+ ©]th. AMBA
bust % 37} bus typex Z+=T}. System bus® AHB
9} ASBZ A|oFs}H | peripheral bus® APBE A|¢tstc},
o] HolAli= AHBe| tialjA dAgshH I1.38eA= APB
of taiAl Age Aot} oL AAIE W& 215 =

gt

AMBAE AMg3dle Ag

et

Z o]

49l system?] F+x= 19 173
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Processor

UART
APB

l Keypad ‘ l 1/0 device ‘

External AHB or ASB

Memory
Inerface

on—chip
memory

12 17, Typical AMBA system[2]

AHB= pipeline transfers AFESFH, burst transfers
A Y5}aL, single clock edge operations A3ttt E
3}, AHBE read data bus®} write data busE 2|3}
i
71242 signalg< Tt 2
B HADDR[31:0] : 32 bit system address bus
B HRDATA[31:0] : 32 bit Read data bus
(from slave to master)
B HRESP[1:0] : the transfer response (the status of
a transfer : OKAY, ERROR, RETRY and SPLIT)
B HREADY : high when slave is ready to send data,
low when slave is not ready to send data.
B HWDATA[31:0] : 32 bit write data bus
(from master to slave)
B HWRITE : indicates write transfer
(high : write, low :
B HBUSREQx :

arbiter which indicates that the bus maser

read)

a signal from master x to the bus

requires the bus.

B HGRANTx : this signal indicates that bus master
x is currently the highest priority master, so the
master can access the bus.

I% 182 AHBO| master®} slave7te] AZ2& Uehya

Qlom, 19 19+ write operation®] W3t & A& H

o711 9iet.

HADDR[31:0]
HRDATA[30:0]
HRESP[1:0]
HREADY
HWDATA[31:0]
HWRITE

HBUSREQ1

( HGRANT1 (
HCLK ‘

Yy

Master#1 Slave

To Arbiter

2 18. AHBQ| signal ¢

m Si71 SYSTEM SEHis % Ff

Address Data
| phase 0 phase X

HCLK ‘
P » X
HWDATA (

HRESP

HWRITE 7J L

HADDR

2 19. AHB write operation?| o

3. APB

APB+ AMBA buss peripheral bus® @33t AHB
of uJsf 7heksl LZ9} protocol ZFil JCH, burst
transferS A YsFA| &al, arbitration®] {io] sL+e
master?t X QEct 12|31, transferd] 2iE EH=
response signal®] £A5}A] &kl power?d] ARE £9|
7] 9314 ZF 1ine?] transitions 2|43} 3Tk,

APB2| 7|22l signal&2 that Zth,

B PADDRI31:0] : APB address bus

B PRDATA[31:0] : the read data bus is driven by
the selected slave during read cycle (up to 32 —
bits)

B PWDATA[31:0] : the write data bus is driven by
the peripheral bus bridge during write cycles
(up to 32-bits)

B PWRITE : when HIGH this signal indicates
a write access and when LOW a read access.

B PSELx : this signal indicates that the slave
device is selected.

B PENABLE : the enable signal is used to indicate

the second cycle of an APB transfer.

20> APBOA9] master®} slaveAlo]€] signal ¢
HolZw 138 218 APB read operation®] w3l
HojFEr),

£ Wy
Uy e o
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PADDR[31:0]
PRDATA[31:0]
PWDATA[31:0]

PWRITE
PSEL 1
PENABLE

.l ]

12 20. APB9| signal 9Z

Master _| Slave#1

PCLK

PADDR X A

PWRITE _—I

PSELx _J I_
PENABLE —L
PRDATA DATA(A)

12l 21. APB read operation2| 0f

I 21904 & 4 9%9] APBx U transfer 877}
S wW7tA] address?t dataE ALEAIAA] transitione
Z| a3ttt o]& Qe power £2HE Y 471 Tt

Iv. 822

ol¥ TofAE SoCY platform components =04l 7}
& SAlol Eli= MCUS} busoll tialA Awataict.
MCUE 7]E g3} data forwarding®]Y cache,
branch process?2 MCU2 A%< T4 A1Z 4
71sE el AEstal, Busol a4l buse
Mzt ARMAROIA A|QFsh= AMBA busE &
bus®] F2te] gt Agskeict.

SoC platform® F8 components =°|| operating
system¥} standard interfaceo]| {HHEH FEL C}S &
o Al&sto] Agict

o)
AR
712

=9
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