i\ U LS U 2R

25 I

lIxx@ustc.edu.cn




e FE EE
R

b (B

R N FU AL B 2517

18 FH Ab PR A4 2R 25 1
— CISC

— RISC

RN TAC B 25

/0 ZA4;

_ IZIIEEF[

— DMA




Stanford STARMAC Project

) Low Level
Car_li?nl;: Fiber Control Processor
ubing Robostix

Fiberglass High Level
Honeycomb Control Processor
Plastic Tube Stargate SBC
Straps or PC/104

GPS

Superstar | Brushi
: rushless
Sonic Ranger DC Motors
SRF08 Axi 2208/26
Inertial Measurement .
: Electronic
Unit (IMU) Speed
3DMG-X1 Battery Cnr?trnller
Lithium Phoenix 25
LIDAR Stereo Vision Folymer
Hokuyo Videre Systems
URG-04LX Small Vision System




JUhe#E K3%: STARMAC architect

LIDAR RS232 :ﬁ;
URG-04LX 115 kbps
i danees b Fcri0s usg 2. | WIFi
Pentium M
Stereo Cam | Ejrewire 168 RAM, 1.86Hz [EETmn Bﬁﬂiﬂﬂ+
Videre STOC RS232 Est. & control
30 fps 320x240 £30 5ope
GPS UART / :
Superstar |l 19.2 kbps / Stargate 1.0 \:ii
ki uarT| | Hq_p B RAM, 400VH; | el 802.11b
. .| 64MB RAM, 400MH ;
IMU e UART. Supervisor, GPS © | Toombs5 | <5 mps
UART

3DMG-X1 Robostix SRR pror PP PP T T T F Y LT Erpa AR
76 or 100 Hz 115 kbps “- Atmega128
— Low level control
Ranger 12c r. PPM
SRF08 400 kbps tﬂnaing 100 Hz

13 Hz Altitude
R,f— iy g2 Beacon ESC & Motors
5 - Tracker/DTS :
Tl
10-50 Hz Altitude A:,";f;ﬁ S Phoenix-25, Axi 2208/26




Typical Architecture for RTS

= _ AU RSESMR A, (HEALHE BN RS/ RATER
= Peripheral Bus
=
2
=
w DEBUG Port
5 Non-volatile memory Custom Devices
* EFROM, FLASH, DISK -
IE = Hylzrid " . :-.Pﬁéi
Microprocessor - PAL
* 4 8 16, 22, 4 bit bus
- CISLC, RISC, DEP ] Standard Devices
= Integrated peripherals Volatile Memory . 110 Ports
'] 1 ;
Eebug.Tegt AL * DRAM, SRAM —8—| . Peripheral Contrallers
= Caches « Hvhricl
. ; whri
= Pipeline
= Multiprocessing Systams
- p { 0 -
* Ethemat
L - RS-2232
- 5T 5]
= Centronics
System Clocks « Propristary
=RTC circuitry
Software = System clocks
* Application Coeds = Intagrated in u
« Driver Code § BIOS = Imported/Exportad Microprocessor Bus
* Real Time Cperating System * Custam
* User Intarface - Pl
= Communications Protocol Stacks = WME
= 2, G4+ Assembly Language = PC-102
s Lagacy Code
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~ Microprocessor types by application

» General-purpose Microprocessor
— Desktop applications: X86. PowerPC

— Server applications
o B2 T2 :Powerl, Power2, Power3, Power4
o BEFERESL 4 :RS64, RS64-11, RS64-III

« Embedded Microprocessor:

—focused on particular application area
* Microprocessors: Media, Graphic, Network and Communication
* Microcontrollers
« Digital Signal Processors (DSP)
« System on Chips(SoC)

« Of todays microprocessors
—95% go into embedded applications
—50% of revenue stems from embedded systems

lIxx@ustc.edu.cn 6/87
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1 3 5= BHY Over 6012 )7 in 2003

2 CEAR/RFFHEPPC

3 Microchip Technology 9, nnn:;

4 NECH T iboed %

5 3¢ Kix 2 8,000

6 R £ 5,000(

7 Atmel = 4,000

8 E._—/‘-% 3, 0007

9 B SHR(NXP) poal| |

10 BiE)- FAARM ¢~ - g n——;

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

SH3/SH4 1%

B 4-Bi+ @ gRit+ M 1gBit [ 32-hit+

By SEMICO

ARN?
ARNO 15%

ARN11
Cortex-NOSK N3
Cortex-ASERAS

nie

ARM 71% 0X 5% 10% 15% 20% 25% 30% 35% 405 45% 50%
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~ Microchip PICH#. /i #l

o HIRY8HTEAFTHL: PIC12C5XXX / 16C5X &%)
— AT EERIRRE, IMEEIK, AREENHRKFE, EERNNHE&;
— PIC12C5XX: tHF 5 —AN85] MK A7 5 F il
e 5127F7HTROM. 25717 RAM., —BAERT 2% —RHEIAZ. SHRI/0Z
o« Riff: BEFRZE KB, BEN3~670/1 .
— AR R R RS ) A — e L N AR AR R A m Ty, B st R .
o HRUBHIEAFHL: PIC12C6XX/PIC16CXXX £ %
— JEAERE SRR RIS, SRR
. HOINT PWTThRE, 154 ML FI200ns, A /D, WIBE2PROMYIEAF 4SS, XU

BT AE, 12CHISPIHEL, S E 7@ (UART) , BERLH K LS. LCDIREN %,
FHEM8~68/H;

— ATHTE. B BRSO g E A
— PIC16C74: 405|. 24: 4K ROM. 192FiRAM. 8I4A/D. 3/8hH7 g i} 52,
2NCCPARHL, =/ANEATH . AN T ES 1140 H RS 331M/0 .

o ERUBAIEFHL: PIC17CXXZFIPIC17CXX

— EEAEFBERRGITRI RS0, 0 ARy, 5 Ak
160ns, 1E4r A=

— TR PRI R, ISk ER] F SR
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« General rules (with exceptions):

. Designed for efficiency (vs. ease of programming)

. Huge variety of processors (resulting from 1.)

. Harvard architecture

. Heterogeneous register sets

. Limited instruction-level parallelism or VLIW ISA

. Different operation modes (saturating arithmetic, fixed
point)

/. Specialised microcontroller & DSP instructions (bit-
reversal, multiply/accumulate, bit-field addressing, modulo
addressing)

8. Multiple memory banks

9. No “fat” (MMU, caches, memory protection, target buffers,
complex pipeline logic, ...)

 These features have to be known to the compiler!

OO WN -
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CSRLETEE” AR 5 H T R

Iy N iy nna‘:AZ—‘/r I:Ja:»% /dﬁ& E‘nn
2N = N — ™
— R A T A B 2% AN S5 [A] T8 A B 25
Controller Datapath Controller Datapath Controller Datapath
Control Register Control Registers Cont.rol index
] g i lagic
logic and file logic and | |— I i total
State | State L+ Custom | State n
register [ — register ALU > reoicter
I I < General ) I I A g S
IR]| [PC ~ALU_~ IR| [PC
A A
Data Data
v v memory memory
Program Data Program
memory memory memory
Assembly code Assembly code
for: for:
total = 0 total =0
fori=1to ... fori=lto ...
General-purpose (“software”) Application-specific Single-purpose (“hardware”)
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Using FPGAField Programmable Gate A

Logic Block ~ Switeh Block  wire Segment

900
i
]
—_ ® 8
0l :
= U
= 700 Al
e .- rr_,J
- y & |
2 - = P - —pati -
< 3 S I
& e . - - i e | F7
5 500 g = T = T [ 8k
= e - A< __-'i = po= E
i e o e o-8--- 8z e
k S .‘I# -: }
| L]
: - -
3 300 - 7=
Pl T = =_— — &
/( \\\ = b | e
o) e s
//:f OII\O . o ";..il 2
e f / I ‘ ,'—- e~ =]
s = 100 .
J oQO °' ®
i

2000 2002 2004 2006 2008 2010 2012 2014 2016

T
o
'
[
Al
~
/
\

I Programmable Yﬂar
N Wire Switch
Segment

 Modern FPGA chips allow dynamic partial reconfiguration (DPR)

— to reconfigure an FPGA area containing about 25% of the total resources in less than 3ms.
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MPSoC Era

SoC Era

2005

EmmssEsEEEELlAET AR AR ETEE AT R TR ET A E R e

1995

BEEEES SIS EEESE FASESEES IS SRS EEE SRR RN

A

ASIC Era

Multiple-Processor
SoC

Dualltripple-
Processor SoC

Single-Processor
SoC

ASIC
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4 N 4 ™
RISC User Defined
Microprocessor Logic
- y
N\

Re-Configurable

Logic
J/

&
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DSP v.s. DSP 1?

 Digital Signal Processing

— Mathematical manipulation of digitally represented
signals

 Digital Signal Processor

— Microprocessors designed to perform Digital Signal
Processing
« Real-time performance
« Short time-to-market
« Upgradable solutions

— Move Hardware Design (ASIC) to Software Design
(Programming)

— Offer the key to SOC integration

lIxx@ustc.edu.cn 15/87



- DSP%if): ASP

Processor Components

Data Path
Processing
Unit

3

Interconnect
Processing
Unit

Instruction

Processing
Unit

3

Memory

Management
Unit
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Controller Datapath
Control Registers
logic and
State |
register m>
I I NALU
IR PC
T \ 4 Data
Program MEMory
Memory
Lggembly code
for:
total =0
fori=1to ...
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- Characteristics of DSP’s

« CISC & RISC

* Harvard
— One program fetch and multiple data R/W in each instruction cycle

* Multiple busses with restricted connectivity
* High I/O-rate

* Irregular register sets of different sizes

« Special purpose registers

« Special registers for zero-overhead loops

* Multiply-add-accumulate in one instruction
— Single cycle multiply-accumulate (MAC)

* Fixed-point operations

* Hardware supported addressing modes
— Register indirect addressing with post-increment
— Bit-reversal addressing for FFT

— Modulo addressing for hardware circular buffers
lIxx@ustc.edu.cn 17/87



~ DSPHIFFIRTE S

sum-of-products operation for one data 15 executed in two oyeles.
General multiply procezsing also s executed i three cycles
uzing a high-speed hardware multiplier

Al
40~-70
b bie bR kLG 0
Al 6l Flx)=>"C(n)#* R
! 'E-f
H
il - )]
2040
40
a0
The high-speed Z0
Hardware multiplier 9
&
10
b ¥ k4T . 2 1
EIIII ———————— T D | | e
B2 bits in ML8G%T CECHCD  CECHCU  WISCAED  H1GC/ 30 n5e

ifith ot ifith LSRR
mukltiplier multiplier



DSP R DI o i

P=P

dyn

“l

"’Psc +Plk — O'SCLVDDzAf +]chDDA+]lkVDD

 Power Management —
— Gated clock /2\ \ Lg I
— Power off un-used parts <,“ //)
— Reduce clock rate of idle parts - J

 Variable Instruction Length

« Compressed Instruction

* Full-Custom Data Path Layout

* Technology and Voltage Scaling
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TI TMS320C55x: % mazk

Data Read buses BB, CB, DB (3x16)
Data Read Addrass buses BAB, CAR, DAB

Plﬂiﬁl Address bus PAB (24)
€55x™ DSP Core.

Prog.
Read b
| A

LT3

 Prog Address Gen |
Samhis Ragisters
Program Fiow
.HL““ Protectiorn Lina

Data Write Iﬂﬁl}ﬁﬁ FE E:ﬂﬁ!



#:TDSPH]Cellphone

Analog Baseband

Microphone

B

Speaker
Amplifiar

| Display |||—I

PA Guntml]

_J

|

~J

AR M
Confrol

u_—_ Supply Voltage
a Supervisor
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- MPSoCs

 Homogeneous MPSoCs

» Heterogeneous MPSoCs
— asymmetric multi-core architectuarmemm
— single-ISA heterogeneous architecture

« ARM big.LITTLE A-# 45
— Cortex-A15: 1.8GHzF i lU#%MPCore, =itgE
— Cortex-A7: 1.2GHzE M VUtZ%MPCore, TigE
— [Fl— N R AR e A A 3 2 (R o4& U ik
- ;%/I\E%ii%% EACTEAS, AT DA ) 5 iy 1 K

Introducing the ARM Cortex-A50 Series
Cortex-A57:
Higl

envelope

hest performance in



 EILRSLE

o L. iEME LM (von Neumann arch)

- RGHM: ALU, Controller, Memory,
Input, Output
- TR 4R 2 R TBLE 5] — A i 45 1) A 5] 4 38
DrE, CPUMIL [A]-— 2% i 2k 1 ] 72 - A A 0
P 3 35 4 R ) B 2 A R
- Z?ﬁ%%%F?(store@ program) : i%F?Eléiﬁzﬂé
AL, A LASHHE — RS
o ISR R 454 (Harvard architecture)
- R 58 RS, EATEE AR y
1) S 2 K7 1] L Hd
C HAEIB R R IR S, RIS
%%ﬁ%m,ﬁﬂﬁ&%ﬁﬁﬁ%%¢@mﬁ%,
TIES o
o FEUIT—FA A R AT LT B F— 464
- YA FNEE v CLE AN A e o
« WIPICHIFEP¥R 1440, T &84

REFP S A
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WP EEISA

« CISC

— Intel#fE HEMCS-48. MCS-51(1980). MCS-96 &4l

« 201 28804F AL 1 I23EE Intel LA & R4 11 2 48051 N %
T2 3R] %K
— WWAMTEL. PHILIPS. ANALOG DEVICES. DALLAS%:,
— XU A P MCS-51 RYIMFEA = dh, Rt UL 5
MCS-51454 KRG BE I A Lo

- BiH; BRRREE AN S, IR, T

[/\/

« RISC

— Microchip/\IPIC 2%, Zilogt1Z86 % %1]. Atmelft]
ATI0S %%, Bh[E = A F[FIKS57C R 54475l

— BIFH: $E O R B SN S
« VLIW
— TI DSPAL# 3%
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2ot B 5HALCISC

de =
* HXA:
— (ARSI, BE LR R R IR L LD e — M55 BT
14 4%
— WoRfES ThRe, WECDIE T iR EUR B mIs T IE A H BY
« FFRL:

— WA AAEE, 8K, BIEHRZn /b
— ST AE R 2R, B ERO TR A, WAk E AR
— FHBACIE . FESEA AR (EAREERIRE)
— RYFEHITSZILCISCHE ZNLES I [ AR S
o HHIRGE LME T — NS R RS 4R AR
— RIS RS S E s S AHUCHED, R 2 13 A B 150 T4 T
— CPI> 5, 84 E S, CPLEK
— PRI SRS ()T T, S AN U
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8051 H 7 #l,

- 8fiCPU
— 1114484, KT NRFZIES
— 29N L %4748
— WHEEAEL T hE )RR
— 4kbytes &7 /7 fiti 45 (ROM)
— 128bytes ) 77 i 75 (RAM)
— 5 TE, 2ot gk
o FHAHNEET. FAS E AT E S A — A R AT R
— 2Rl gmfE e b EEs (1647)
— 32%I/010% (4*8bitsf:I1(PO. P1. P28(P3))
— AW T HATIEAE
HMTFROM: &P A7 s -1k 2% [7]64kB
ANTRAM: B3 171t 25 - 1 2% 6] 64kB
XA B $HAOPInDIP 3 2
B —+5\/ 5 H,
TAEMIZ N2~12MHz
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B0S1 FERstdy

EF}'#ﬁﬁ% AE T |[ERNTEEE

PRl St G0 =

=

LY A e
a5l + Hij'i-'t
E?EJ

AT l
.ll_i'-
ki i Hr’ 1'-.-" "’ "’

I A B 32

WA . IO, COMm

-
)
[
Tii}

o KT (Princeton)4h 4 .
— s SRR e o9 —
o &M (Harvard)4h#)——8051
— RPN 2 B A7 4% o I 27/87
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AL FR 4

FOo.0—F0. T Fz2. 0—F2. T
T L
Yees— iBiE0IEzheg| [(EiE 2 JEzhes
BET ’[ it fEdt o
Tegg -2-—i #ﬁm% Rl - L EFROM CJ_I FFFFH A
| H BE0E| [EEoEehe] | R S
|t g ¢ b
i I[ ACC H ]:[
5 | 1 THF1 1ot B
i ST 1T oo TMEZ 114 as
ALY chif, 170 =
! FSW ERT a5 i85
Pff;‘{_:_ ERTH | f8% i it IFTR
Ei = 155B4E| TR [~
FET =L H
iﬁiﬁéiﬁi‘?%ﬂ B ]:[3 G
[ s BiE i [1BE 3 Weahaml
H'TLLJP'H_‘}E{HE"" HHHH - e
.0—F1.T F2. 0—F2. T

MCS-515E4HE B




- X86F5 4 1%\

a. JE EIP + displacement
4 4 8

JE Condition Displacement

b. CALL
8 32

CALL Offset

c. MOV EBX, [EDI + 45]

6 1 1 8 8
MoV  |d|w pog}’g‘yte Displacement
d.PUSH ESI
5 3
PUSH Reg

e. ADD EAX, #6765
4 3 1 32

ADD | Reg |w Immediate

f. TEST EDX, #42
7 1 8

32

TEST w Postbyte

Immediate

lIxx@ustc.edu.cn
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O07E: :
007F: Cb XCH A,@Fll]

Example

0080: c9 XCH AR1
(805 1 ) 0081: 08 INC RO
0082: CA XCH AR2
0083: Ch ®CH A, @RD
0084: CA XCH AR2
0085: 08 INC RO
0086: F6 MOV @R0,A
0087: fBFF MOV R3.#FF
0089: 1147 ACALL DDAZ
008B: DOED POP ACC
t clt FC Source
15 2 0334 MOV SCON#52
0 > 030 mov Teomess M ML
11 2 0340 MOY TCON 369
-9 2 0343 MOV TH1#F3 wgg B, 00D 6 T L L T T LT
; e v R e i rean i waan —
- : 034 MoV RI#IF (R$E4) B Rt ) (HATHS)
-4 2 034C  LCALL ?PRINTF1 LRg >
-2 2 0079 MOV ROSP

DN N ING 5P
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 CISCIf%

LS

82 AN g

- “80720” Hlip

- FIRIEA A R T4
KB RTE 4 Iz ZEA N
B, A&ETVLSILZE

~ TR 1) 24058 P 3R v (R A7

2356 B LLCPUIE5-104%)

CISCTE 2 KR KA —,

B AN [A] (R A S

- PATRIR TR S5

K 5E Ko
I 5 e AE

- ARITF KRR L HIFATHEOR

B L) e 73 e

— AR RIRLE AR 1, RS
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CRILE E R L

45

WafRIER

0 SBUHIES

ERIEN
RSN
fib

(™

=

i FH 48 2 il FI AR

43%

23%

15%

13%

2%

1%
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i e e Adiress
] ¥ ¥
. System | i
Integer CPU Floating Cy trol | Instruction Data
— Core Paint Unit ontro : Cache Cache
Processor ] e
.| ~ . "IIIStIuL'tDHS Data“ i
CPU Core : | Frogram Instriction Resister Fil !
¥ + ¥ : : Counter Decode egister File :
. Instruction Data ] : . - '*l?}'“' :
| Instruction Cache Cache Data Bus : ' ¥ ¥ ¥ ¥ ¥ ¥ '
Bus ¥ ¥ ! : Evanch Tux Data &ddr Tilux N :
¥ 1 1 1
: : [
Bus Interface I g SRRRCEEEETEEE frmmm e
: Unit E Ilemory hlanagement
| I________________________' (Wirtual to Physical address translation)
Multiplexed
Address Data Bus

FEWTe &% RERERTES (EHEES. INE. LS ME#EE4) . /NCPT:
CPUtime=IC * CPI * CC IC—HEfrh4a44l CPI—R&IROPATAMIE  CC—mieh A 1
K245 AL IE D6 ] B AR AT 95 4 & 1T K

BRI EME, KEnta4nl E— DML B 58, CPI=1

K2 RA5-S MK L, A FRERAE [F]— I [0 N Al 04T 2 2645 %, TPCO 1

K%K (Load) /f#4if (Store) &5, Gi—f(FtEasvilal 73, R L¥FLoadMStorets
PTG A ERIE, HRTG BN a1

KRIE a7 A28 M EE, ALUR 5378 U &R .

K R IHZZAF (cache) &5, FFHE TGl 4514
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- MIPSH54H% =

e 1004444

B A
E[/Q‘\’

32/

* ?El*/?\*%ﬁ ﬁ{/i?)Z{E
— R-type: arithmetic instruction
— |-type: data transfer

— J-type: branch instruction(conditional & unconditional)

R-type

I-type

J-type

u]

op(6 bits) | rs(5 bits) | rt(5 bits) | rd(5 bits) | shamt(5 bits) | funct(6 bits)
op(6 bits) | rs(5 bits) | rt(5 bits) addr/immediate(16 bits)

op(6 bits) | rs(5 bits) | rt(5 bits) addr(16 bits)

op(6 bits) addr(26 bits)

lIxx@ustc.edu.cn
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MIPS -3k 5 =

A ar ik R-type .
o FhlF-Hk: I-type

3. Base addressing

2. Regi n
op r rt rd L. funct Registers
A}
— . L L [ Register
e W/ H |
» e 1 DR
M

R | op | rs | rt | Address
FHF -3k
Register

(EERESS Sl

MMMMMM

(pseudodirect EALARN

—261¢ﬁ/fﬁﬂﬁh}:/§@2h,a ddddddd e

opl

|
| 1
poes |
addressing) | T K
|

] U= E i —— N —
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RISC CPU Example (ARM)

Px 00008110
0:80808114
0x000808118
Px0080811c
000808120
0x 00008124
0000808128
0x0080812c
000808130
000008134
000008138
Px0080813c
000008140
0x 00008144
0000808148

mou
add
add
cmp
ble
mou
mou
bl

mou
add

1dr
mouy

1dr

G, i1

ra,r6,r6,151 #1

Fo,ra, 11

FG,r18

Bx8114 ; {shell sort + B8x14)
F1,r6

Fe,#3

__rt_sdiv

FG,rA

8,16, 11

Bx817/c ; {shell sort + Bx7cC)
Fe,[r5,r8,151 #2]

Fih,r8

Bx8154 ; {shell sort + Bx54)
FA,[r5,r¥,151 #2]
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- KR HA

/.—A
N PRAT
Wash 11213145678 112131456 7]|38
Non-pipelined Pipelined
TDry 123745678 123745678
I I I N N N N N NN NN SO (R N I B I I I N N O B >
r +r +r tr r + + 1t 1t 1t 1+ 1+ 1 1T 712 — 1 1 T T 1 >
non-pipelined dish cleaning Time pipelined dish cleaning  Time

o VKRR S MR AT RN, BTN
MKEH] “2%” B “B” .
- — 2R ULK G B B B IR TR 2R IR RS, B “UKIRBE” o
— AR BaETEE R
o AT BT AR AN 1A R B A
- N, VAR TR B D BEBCKE BN UK SRR, o5& it 7K 2
1) FH 2 B B
- B THRC BT B TA] — ROy — D HLas B3 Ceyele)
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Pipelining of Instructions

» RISC processors aim to execute one instruction per
clock cycles

« RISC processors break the complete fetched, decode and
execution process 1nto several stages.

* At any one time there will be an instruction at each stage,
so for a five stage pipeline there will be five instructions
in flight.

L e A e e

Cyele Cizle = Gzl 2 Cirzle 4 Ciole 3
| : Instruction Fach A: ALL Operation W Wite Results

R: Read Decode M: Access Memony
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A\ 2

WA F ARS

~ U

[F/ID

PC

—xc X

RS
Fri

—>{| IR

DdN

IR[rs]
IR[rt]

MEM/WB. TR

ID/EX EX/MEM MEM/WB
= Nz
> % [
Q =07 |2
o
M)
U
> A X
9 > > N
2 OEE A e | 5] @
M S v IS I U
U P - (il A% o X
X 4
>/
> B z F
gil=
o
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A |

S

Lrf2]3]4]s5]e6l72]8]o]io]u]izfiz]ia]

41 kFI,L(DI,t(CO,kFO,kEI,QVq; i o
mf-z; “&M%Elwm T N R T
Be3l | il ELVG ||
we4| || HFI,;(DIH@%Q..‘EI.M I
mes| || U Lelocqlrolelwgl || 1 |
Be6) | 1 'le...co..fo.uﬁw& Lol
w7y L K—H‘QIPI'EQW ' %Efné"% ! |
B8l 1 ] EELESEGLEL NG |
Beol 1 1 ELRLIEQIEGLEL NG
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- K& E L Cstall)

LOAD

w41

w42

« 54 (bubble) :
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c4 |, G5 6 , €1, c8

S
|
E

MEM 1 REG

DdN
I
4

c1 C2 o
1

1

:

MEM REG ALU| -,
V I

1

1

:

1

MEM REG |

B I
Ela] =107
=19 1CI=F1

MEM 1 REG

E = oy
X[
ER-

MEM

—

Lmly

1 |

1 |

1 1

1

1 1
: 1 : 1 !
1 1 | 1 !
' ' | MEM | 1| REG | | |
 [Treg |1 Jaw] . . :
: : : : : |
| 1 1 | 1 :
: : ' : : -
: * : @ I I I
| 1 |
1 1 1
LYY :
1 |
1 |
: REG | |
1 1 T

1
1
1
1
1
1
1
1
1
MEM |
1

| REG
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data hazard(RAW)

Time (in clock cycles) -
Value of CC 1 CC 2 CC3 CC 4 CC 5 CCeé6 CC7 CC 8 CC9

register $2: 10 10 10 10 10/-20 20 20 —20 —20

Program
execution
order

(in instructions)

sub $2, $1, $3 g

and $12, 32, $5

or $13, $6, §2

add $14, $2, $2

sw $15, 100($2)

He?g}
]
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~ forwarding 7] JH i ' RAW

Time (in clock cycles) >

CC1 CC2 CC3 CC4 CC5 CCo6 CC7 CC8 CCH9
Value of register $2 : 10 10 10 10 10/-20 -20 -20 -20 -20
Value of EXXMEM : X X X -20 X X X X X
Value of MEM/WB : X X X X -20 X X X X
Program
execution order
(in instructions) ]
sub $2, $1,$3 | IM Reg| | DM (—{¢|— Reg “ ’
’ —FHI
and $12, $2, $5 IM H FHReg|| DM~ H{Reg
— [
or $13, $6, $2 IM H FHRea[ ] j— DM HReg
| 1 J==I
add $14, $2, $2 IM < FdReg | DM {Reg
1 =P

sw $15, 100($2) IM H HHReg | DM Reg
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73 SCAH IR
o WRIESIR—KKMHEHREIES
— BIFE 435 te 220045 R I GE7T MR R 0), AR
HE T 4484 215 4 4(not taken)id &15 4 15(taken).
 Vit/KZkflush
o PUHLEIR?
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- Cache miss

\)

& ik

»
»

7K 2 stall

Imm16 ] _@
= ALU result 32
- R M ¥
0
; 32 _
—p q: ') : o r—
I-Cache c 2 BusA 2 o D-Cache ©
= RA L 3 - L
Instruction fmp| = S i) BusB 5 L % Adess 32 S
e w Fm—
Address L = ” Data_out =
RW g Y e 0 a Data_in
= BusW 1N =t
Lo ‘ 3) - 39 A
fa .-"32 o o« b 5
"o <} S
Rd "1‘) Lo Lo
clk —11 | - i
| ] |
-
w 8 o
e E g 4
- o . . -
B E I-Cache miss or D-Cache miss E of |8
= Q " . T} E
N E causes pipeline to stall s & P
— Q 2] — 1 [y
m iy = m o 0
v y

Interface to L2 Cache or Main Memory




5755

= A5
PARLIE

—

(i

hr. CPUYNMIEEE (1/O, timer, &) , T

FH: CPUAED

(i

FE (UifF S, mHD , [P

Transfer of Control via Interrupts )i f2

Ui E=

W7 A DRUERRE A O PP 12 |

SHIFER

: W7
SHEFF

<

-4

i
[Mermupt —
occurs here 4]

M

User progmam Lmterrup hamdler

:

L -
- L
* .
) |
.
™
- 46




/)luﬂ@)ﬁq ] 5 6 AL P

IRIERFFRIBFYE, T2 R R “4HHHS
- Elzgl andiﬁétH
o FEBRT TENXON: TR TR SR APIT !
 |n]
— k. Z2MHKE, Z2%ES, Z2MRE (KK, CC4)
— ®EREN 51847 IIDLTF%‘T AR CHED
o SR EKART, A KB RERE

Time (in clock eycles) . BiLh1 1 O
ng am CC1 cCc2 CC4 CCbH CCés CC7 CcCc8 CcCco —
1 2 3 4 5 16 !
( lFCt ns) o ! ' !
har 2, 20(81) -I-’ oM e e/ AR AYERYAYRY
A j( / -/ \ _' ‘_71 ‘14/3
IR ]
and $4. 52, $5 ea | ") I 1w $1.x3(50) uds < i > T >t > s
HiE. G [ M 2 diS1358I Crl e D€ Ly
J
add $9, 54, 52 ! “
EadE L |
sit $1, $6, $7




UKL R AR ()

o IRUFFE/FHINITIE, FF2E “Famg” el “Haiigs”
— qifkand PG, R T BRI — KIS AT, TR
1!
o |n)l
— JFERA T ERE ISR AT TR RGUIRES (EED
o Id FELEMEME A 7%, TH G RIR-typets &% & 1 Ofr &
— BTN KR B E I T R E RS

> !

Time (in clock cycles)
Program cC1 CC2 CC3 CC4 CC5 CC6 CC7 ccs cCc9

£
N
2
w
=L A
A
&
[ ]
1 ="
1

or $8, 52, $6

add $9, 54, 2

slt $1, $6, $7




- CARRE A S

FOVF CE N GLKER T 18 2 PAT 55 4 R PT P i Ak 2
— TR FIFIRL B —FUK B ERAERE, #ORTE VR 496 SN

K 2%
— Wi A HEATR KR IS8 4 B AL )
/fjﬁ,“\. 6%44: tlﬁiﬁﬁ% (g:je[”tfon1 ; cc1 : ‘ccz : cca i cc4 | cCs Eccs ce7

AL ki
— SR B R 2
— AIRE REUET
— i FADD R1, R2; (R1)+(R2)->R1, ﬁn%ﬁtaﬂmtﬂ‘?
—i+1: FMUL R3, R1; (R3)X(R1)->R3, LRFHAT!
— HLLEATIKE, BT, (HL BRI
— JEE. SRAWEX
— FEFRAME:
— PR RS | S04 VLB, (ERE AN B HE B - I 20 B 10 1 7 A5 Ak

Iw $2, 200($0)

lw $3, 300(50)



\'_'—__-E yara E'Jlmf\ﬂ \
AR B RE

» Case 1: KAELFEPISIES 2 (F 1#T)
— B A H BT TRSE EPAT R, fE—R 1A B3,
» Case 2: RATHFZBLGHE), W2 HA 0L :
— T Z TR 2 # A A HOR S
— TE 848 (BFEHEIITES) KA BT THLAS BRAS

Time (in clock cycles)

Pr CC3 CcCc4 CC5 CC6 CC7 cCs cCco
execution
order _ _
(in instructions) -
ez [RH M o M o
L A 7
- N U=
] M)

I

[P &
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- BBUTAERRE SALE: MIPSHIS

o RFFUKETIFEEFCE TR 0 (MED

o FLHAV/K B R e sk i s (flush IF/ID/EX)

o AT RALTI NN R R A 5D

o R EEGRE, NEHcauseMEPC, JERITA mMKE,

5] 55 PCAH fllfetchEx
Inst. T Data N
FCO Mem-n- Win M Mem W
& N lllegal N N rdarees A
| Opcode Overflow =i
PC Address
Exceptions [ B
: E‘ g ¢ | |Cause
D - o
N A X L
/ - = EPC
D E »
N Y Al Asynchronous N

Interrupts



R IK EE R

MemtoReg
.

Forwarding
unit

Branch
L:
IF.Flush ID.Flush EX.Flush
( Hazard \
detection |
' ? k unit v
> M ID/EX KMW
40000040 —f U — |
X > WB I :
/ 0 —»| r EX/MEM
I | M | M
Control ; . M v WB MEM/WB
— 0 —»| —
IF/ID B bl EX L Cause M W
v >+ = s - e —
+ 3 Except g
o PC z
4 Shift - ALUSrc g
left 2 Read
Re"?'d data 1
register 1 Dat
Instruction c Read mer?u?r
. memory 2 register 2 y
o .
—I > Registers
PC »|Address ‘g Write Address
Read £ register  Reaaq Read| ||
data[> | write  data2 wrie 02
data data
t |
16 Sign 3\2 MemRead
\e\xnjy \
Instruction [25—21] RegDst
Instruction [20—-16]
Instruction [20—-16] M
Instruction [15—11] R u
X I

xcZ

op(E2MEsY [ r(5 bits)

rt(5 bits) | rd(5 Bie@{ERamies bits)

funct(c bits)

52



JL

A

LPHL A L #%

T & 1

IF ID EXWR

T

IF ID EXWR

‘llllllilllill}"llllll]llllll}
01 2 3 4 5 6 7 8 910111213 0 1 2 3 4 5 6 7 8 9 1011 12 13
(a) WK (b) HEREMK
CIEL ] 1 ]

IF ID EXWR

Y .

IF ID EXWR

Y
0

Il 'l a 'l L L 2 [l il i | L I} i i i L L L L Il 'l 1 i i}
1 2 3 4 5 6 7 8 9 10 11 12 13 0 1 2 3 4 5 6 7 8 9 1011 12 13
(c) HHKR (d) EKELSF
lIxx@ustc.edu.cn
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TMS320C64x: VLIW

[ ]
SDRAM or C6204 Digital Signal Processor
sBsRam | ‘ »
33 1 Program
SRAM it e | AccessiCache Internal Frogram Memory
External Memory [ v Controller GAK
ROM/FLASH Interface (EMIF) | [*T* —
“ i
¥ C62x CPU {DSP Core)
I Timar 0 + Instruction Fetch Control
I Timer 1 i > g Instruction Dispateh Registers
. Control
) _ Multichannal Instruction Decode Logi
Framing Chips: Bufferad Serial o4 > ogic
HA00, MVIP, uitered serial Ly Data Path A Data Path B
' Port 0 Test
SCSA'.H' E1 A Ragister Fila B Ragister Fila In-Circuit
ACHT Devicas, Multichannel |, | . e ™ 1 N
5P| Davices Buffered Serial = » o~ F 3 -~ F 3 F 5 F 3 F F 3 Emulation
C | i if— P rt 1 =l w w L 4 L J w k2 w w
odecs 0
L1] .51 |.m1 D1 | .D2 |.m2 sz | Lz || nterrupt Lef e
g Control
@ + L 3
=L
= ¥ ¥
I Interrupt i > * e
Solector . Paripheral Control Bus - - =
< $ > Data E E Intarnal Data
4 I Access [g > Memory
Synchronous —p DMA Controller > [T
FIFOs 32 ]  4-chwith ; >
lm - Expansion Throughput Power-
Bus (XB) Down
. L i
HOST CONNECTION 32-Bit PLL ogle Boot Configuration
Master /Slava ix1, x4}
TIPCI2040 -
Power PC
68 3xx

60



- TMS320C64x: H4fiim i

Hﬂqigierﬁ.ﬂ-ﬁ.ﬂ-“l Register B0-B31
X ik [ ] N ik X ak I ' B ] N ik I I 8 [ 7 X ik
1% 7%
21 52 DODLS LDL D 31 52| oL D 81 52 D51 52 82 31D 52 31 DLD| |S2 51 DODLSL SLOLD 52 =i
L1 S1 M1 D1 02 W2 52 L2
L0 =t | =k =TiD LD1a LOZa ET20 ded | e [0
lload data) [slore dala) (load data) (iaad data) ‘slora gala) lload data)
32 M=35E bl 32 MSBs 32 LSBs 32 LSBs 32 MSEs b 32 MS5E
5T1a DA DA2 STZ23
‘ghare dalka) ' r \ i5ore data)
i i aodress (3ddrass ]
12 LSEs : ' ! 37 LSBs

MELTFEESERREIEH, DR G ME— e A ML K Dy RE FR T
L5 SETENFEARZHEIEEF T (ALUD

Two general-purpose register files (A and B) 64 X 32bit

Two load-from-memory paths (LD1 and LD2) 64bit

Two store-to-memory paths (ST1 and ST2) 64bit

Two register file cross paths (1X and 2X)

Two data address paths (DA1 and DA2)



ISA: A Minimalist Perspectivel-.

* ISA design decisions must take into
account:

— technology

— machine organization

— programming languages

— compiler technology

— operating systems
o B/ NSRS e R A ) i 2
» B/NHIISATT ZIE LR TE 27
i W I W




OISC: the one instruction set computer{-+,
« LLRMZRZ—

— SBN#54: substract and branch if negative
« URISC/A % : the ultimate reduced instruction set computer

— MOVeiEEI‘/?"\:
« TTAMKZ
« OISCHITL
— i AR L T
o FEFF A 75 B HI AL
o Akt IF RS TE K
— RiE
o HAh “¥547 #n] g4 Wi
- BEREH P EE X TEASE
o BEIRETEH THEAE (MIEASIP)
— {RII#E
« MH: MARAFES




Transport triggered architectute.

 uses only the MOVE instruction
— originally called a "move machine”
o FEFP ELFT I A0 B 2% PN 350 1) A5 el 28
— 1% Hmemory-mapped ALUZE %
o THEHRAE AR R AR S 5 R
— ] Dy BE HR. G B A o 11 55 B84 -k & Dh e ot se G B
— Bk#%: Hmemory-mapped PC5E %
— & T L IASIP
o FTFE N MAXQIHdE ] 23
— &S HRIR A B 5




- TTARHL R 254

Function Unit

Fort

Register File

Bus

Socket

FLI
FLz

Control Unit

GICL:
GCL

Connection




it s
SRAM: —bit RZ) T ENIEIEE, L5 EERR,
DRAM: —bit KRAFE N EE N — 1, TR
SDRAM: 5 CPUMNEK[E]P, IL=—Naeh R,
FLASHAZfif#%: BEE A SRAMEE S BRI T MR, X EH
ROMAEWT L J5 18 B E R BIFF . I TFLASHA = EF G B A
o, WM RREE S, HiE ARE T DRAM,
- NORFE ARFlash
o YA I B S LR R L A 2 B b AL B
o T HTORTE L B R T U P AT T R A 1
- BEER IR A, ANE T2l B8 A7 fig A AT A7 7Y N
- NAND#; RF1lash
o AP AR PR IR b, FLBR R 1] ENORSE AR e — 77 24
o HlE. MR R LU S H R A% T T LT
o WHRSN, A (bit cost) M, ATEUFARE AL B A K A BT &
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- CREFE

Process 1 Process 2
Local variables on Local variables on
Stack 1 Stack 2
E— —
Static variables

e« Ctr-C, Ctr-V?



R AT AR RS
Cache#IWrite Buffer$ 5 R G A7t s U5 7] 14 BE

MMU SZ#F R/ B B G, W R B E RA N E BT 2

MMU 57§ Hh ik 5% 6 70 32 FlCache F N 25 35 B4 75 o 8T
— WH ERIRENLE, O I e s AN E
— ARMIJMMUARICache it U8 0 FEHL N AF8 e,  ATE =y sEist P g

MMU

Address

w W Data

(RIW)




- AR AT

Virtual Address

;T‘

/—“—»

—1
—

Virtual Address
Process 1

| Virtual Page Number | Page Offset

Page Table

r Page Table Entry-

Physical Address

J

Page Table Page Table
for Process 1 for Process 2
Q Q

/ \

Physical Memory

4’[ Physical Page Number ] Page Offset

Virtual Address
Process 2




PN A B2 SE RS

e A HE AL e AT T PR M R LR

— WMRTH RN 4AKB, N0 R 1147 2 mfs =, F1267LA
EREM TS,
» MMUsE A T30 e 40 UL g =5 e 5 B PP ER I UL, SRR DU
fFe = U5 ) P T B IE R R EZ AL o
— F—ANTERIPTE)&FELL N E R
o ARRZBHHARKYIE I s
o PyRESHIAI (R G LLE?)
« ARbrE: BARNERAZHEGAN

« MMU control bits (e.g., cacheable and bufferable bits)
31 12 11 6 5 32 0

MMU

control bits [PNysical Page Number (PPN)| Access Control | Status |[MMU

31 12 11 0
Virtual Page Number Page Offset

Virtual
Address

A 4

Translation
24 12 11 v 0

Physical
Address

Physical Page #| Page Offset 64/111




EFA-MMU: e

« TLB, Translation Lookaside Buffers

— [EIER Sy 713 (PageTab, translation table)

o Zr. U RIS N I EREE, AR, SARREEA, L,
o HCPUXS— R hk 3F 47 47 BBt

— B RTLBER DA & MW B #2545 B

— R EEER, N&Ftranslation table (RN
Translation Table Walk, TTW) .

-2 TTWEHRE G, B&E3PME R RAZTLB.
INJEARHETLBER 0 B ik AT 132 5
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IPhone




101 24 dmik 77 =X

ik

Address Decoder

CPU

L3M

cam

*Hasay

CLK

| _%7,
N MemWrite ﬁ_‘-*_u’E
Address

WriteData

Processor

CLK

0o
/O [HT ReadData

en| | Device 1
N, 000 X

10

 —
/O

en| | Device 2
N




Issue read
» command to
/O module

Read status
of /O
module

Write word
into memory

MNext instruction

(a) Programmed VO

CPU—=T1/O

/O —CPU

Error
condition

/O—CPU

CPU— Memory

Issue read

command to

/O module

Read status

of /O
module

Write word
into memory

Yes

Next instruction

CPU—1/O Issue read CPU —DMA
Do something  |block command Do something
= ®else to /O module f ~ 7 else

— — Interrupt — — Interrupt
VO—CPU DMA —CPU

P Next instruction

condition (c) Direct Memory Access
/O—=CPU
CPU— Memory

No Interrupts

Use of Interrupts

1/0-to-memory transfer through processor

Programmed /O

Interrupt-driven /O

Direct VO-to-memory transfer

Direct memory access (DMA)

(b) Interrupt-Driven /O




Processor lnterrum@
PR :
IACK

/ - ) NN * Device

( \e




o

1
2.
3

W1 22 48 75 Al 11 [r] 7

an e 4 5 HH TR

H B 22 S IS, e B Iz ) Iy
T B SR A AL

A AEFEER FOVE AT 2 W R A B i
ﬁm 82 A ARG B 2 A T IBriE K

W RP 5K E

-

T 95 R BN I Bk

-

1 A PR A S A B ] AR 3 7

T il
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_ Interrupt and DMA Breakpoinfs_

Time

Instruction Cycle

Processor | Processor | Processor | Processor | Processor | Processor
Cycle Cycle Cycle Cycle Cycle Cycle
Fetch Decode Fetch Execute Store Process

Instruction | Instruction | Operand | Instruction Result Interrupt

A A
DMA Interrupt
Breakpoints Breakpoint



8086

FHPRTH =

DosFe

sosaFe =

Bt i 5572

hErEEIE

(SETH s ISRIEZEZ5 14
] 1 INTHANDLE PROC FAR
J T INTHAND:
N ——  SERanIEEt —— PUSH AX
——  2ERISFIEST  —— PUSH BX
PUSH CX
|  MSEisiERt —
i oloH| %%EE# —
oocH|[ $%%3E%F%E_$ ] POP CX
oosH | El%ﬁi-%ﬁ%ﬁ% ] POP BX
e ¥%£E%+ _ |
o B[S POP AX ]
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- DMACH¢

I

o AN

I

o [N

A7 5N

175117

. MRS A

o A

T

» Btk
s TR

« MBZEMIX

il 1/0

8086

2%
= hEE

i

HOLD

HLDA

2 i &
(2) RiB&ifk i

P

Kpenantse

&Nt

(6) ATFIESIRAREE B &

RpeE g
N

>
=
=

y O <:> /O ¥

1 (7) EOMFEEE

. . (1) EBEOHEZRE, K
(5) DMA%*@EUWH{I DMAE

N

v

(9) 8086 [E] L HIA

%

DMA
2l 3%

(4) DMAZE Il 2890 H bl 3 Hi il 8 2%
(8) W B LiEK



e

i 1H 5

DR
MfE
i
I Status Control
i
i Length
LhA Engine “ : » Buffer pomter
*Fetch BD !
* update BD !
¥ M ove data hetween system i
and FIFO ;
* Generate mtermupt to core :
i
i
. Status Control (W)
Letuath
BudFer pomder

Bx Tx

MAC

FHY

System memory

=

RS

MPC85xx \\

DR AL

First ED

Last BDx

PR Controller

Diata
huffer

TSEL - PCT Contreller
@ I /)
LG B PCIié,ﬂE
(o N
Main
Processor
memory
System bus

Disk/DMA DMA

controller controller
Disk Disk Network

Interface

~L



APP’s two types of |/O Paradig

Synchronous O
Thresd Thread Thread Thread
garts /O vaits for 10O exits vait processes
operation completion state 1o
User - mode -/ r-'/ -’f -"'f »
thread)
Ta Ti T2 T3
- E & - =
Kerrel - mode » .
(process) % R
1O garts 11O ends, thread signaled
Asynchronous | 1O
Thresd . T';:a'f » Thread Thread
garts /O [:,u 2 5 . o intermupts processes
operation prossa job 14O
B ﬂng,her job J .
Uzer -mode » > o . >
thread)
To Ti Tz T3
- - - - -
Kerrel - mode . .
(process) ® 1
11O starts 1O ends, thread signaled

Application programs
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o RLMMVI/KERALBEAS M BE RAEM F B R A
R L 2

o MILPAN A i N F2 A B2, 43 A A W e
i 8] jitter ) 7= A i ] N e F

lIxx@ustc.edu.cn 77111



lIxx@ustc.edu.cn

78/111



