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Abstract: This paper describes the history of microkernel-based operating systems, and
the structure and main functions of L4. It also discusses the pros and cons of microkernel
systems and their prospect of actual deployments in the industry.
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1. Introduction

N ¥ (microkernel) HAE & — AN AR, XANZE DAL HFERYHAE T . —
WA, A& BHAUE T Hansen [Han70] A1 Wulf [Wul74]. {H&7EX— %3 L2
28 NE R AL B EAEE RS T .

HH R #4E R G40 K 2 B /& Monolithic Kernel, = E 23N EERS - G
Scheduling ) , File system (RS , Networking (4% , Device driver
(RAISFET) , Memory management (f7fif& #) | Paging (fFfif i H) —
AN TS, —HBBAAE 2N HEERS, 0 UNIX, Linux, A
Windows & K#S/& monolithic kernel #1E R4, (HREAE #RE RGALFFHOR B 3¢
(ARAERGE RN A — M E 74T C FRIF IR W) , A XLEhe
HBTBAE N AZ F A T e B VT 3

A% & —5 Monolithic Kernel A & FEEE . &1 H 240 A% 46 2 5/,
AR BB H N . BEAE LU, WAZH AU T Address Space
Support (Hihk=% 1] 52 #F) , IPC (Inter-Process Communication, HEFE[A]1H W), F
Scheduling CHEZ) , HABDIREBLHAICN F RIS AT o 0 T AR UG, ARATTRN—
A P RERE I TE X o EATTS SLA R P bR 2 TR) ) aE E i TPC AT .
)T, A S TR AR I T B — N 2R E R G IR
fEfh /2 Mach [Mac85]. Mach J& HA7 198 78 ()R W BEME I K% (CMUD it
CMU J& kARt Em s, oS HR A KRR 726 RS a0 Thr. 6
HADEILI R EAUE Z A ZE R, CMU g2 —. B Mach 4F,
CMU 1) 5 —FE B SRS i E LR AT BE ) CMM (Capability Maturity
Model) #2284, |73 F T PRI SR AR A vl v ENLVR AT K e ). AR BN RE I 4K
P mATAE R R Tk, 1B CMM-5 S RS PR BB A w1 — - 2 B
1

e AP SN P o7 S 1 3 1N N W AR Z R



o SUFRFEIMBIEAL L

o /NN Y TR HS4Ed, bug ¥/, KREAE Windows [NIEHLIRZ
SE device drivers &I . G ERICABAT IS B N K%, ABATTH Y bugs 1R AT fE
AN 1 AR s

o VFZHBIELN bugs I HEE AL, NS T debug. AT LREIMHS AN
18 kernel debug & 7 4E H K& W FH 1 . W file system, memory
management, 1 device drivers BCA—NMMALIERE, A UX & & Al
kernel engineers ) H 7117 2 .

T ER 5, AR 2 AR GUN GIFR AT ) 5T 4 22 A8 FH A A% IR & B T4
R4, 2 Microsoft WA FTah{E, fE¥il Windows NT I, AbA/T4% UI (User
Interface) M. Windows kernel H¥&NNE T K., Hbr] A H microkernel HIHATHE
B, R4 Microsoft & i — 2B AEN o (@& X — IR R gitvd T F K,
JA A — AN Performance (Well, BB ZMW A PERE) o Microsoft 7E
Windows NT JGZERRAH, XA K )Z ULEl T Windows kernel. XA LG AETH
BHAFFEAD W £E Java WITFGHRAT, HTHFZ C/ICHRAMILA, REAN
I E SRR C/CHBCA S —RWiEIE S . HES2ASRIWERARE, Hh—AE
LR R AL Java B2 IK performance ¥ J5 T C )7, A IREE V261
INAZER

F—ARIIT N AL IRAE R MITERE, G Mach 7E/4, 184 K& monolithic kernel #1F
ARG PR ZHN R EME SRR 2 T o Microkernel 455 I 94T Ak it 5
WAL T2, AR IR

(1SR4 D0 Y AWES Vi () 7 S U1/ QNG SN S DR < P2 TN RN B T T
WIZ ARG REZ IR IN, 48 R BE 22 T ARARAS A AE A IR 2 8, 1M vt S BN
Rixko NUEMHAR AL AATBCUEIFSLEL T ILAME e 5 AN IR R 4L
BATHEEATIRN S —AUL N RS [Bar03, Eng9s, Lie93A]. A —AURAE M
A& L4 [Lie93A, Lie93B, Lie95, Lie96].

L4 tHEE[E ) GMD ¥#it. GMD & [ [H 55 BB AR, A4 TR
I B8 AR T (ARSI STRE ) 51, GMD e RIBEnl . S1EE —ild T1E
LU GMD ST D1 ER A extremely smart) o L4 R G145 AR BE0E T /& Jochen
Liedtke [Kar05]. Mt A7 GMD ZJ5, &A1 IBM [#) T.J. Watson Research
Center, J& /% A% [E Univ. of Karlsruhe #:4E RS J7 0 K IE##% (full professor) .
TR E RS RGN NERFIE, 508 [ () 1 B A E 4 56 [ IR 1 % ZEAEVE 24
WAt B E, D REERA WA IEHdR. Prof. Liedtke C 2001 4Fid
tH, EALGIEN L4 EEREH KT . sk, Z2MET TAREAEGE L4 R
g O LA RIS BT R [SAGO3, Tew01].

ASCLLJE IR 73 K 73 B ik N A% R GE ) performance bottleneck JTfE, LA L4 Wik
B IRIX — M. TN % RGBS WA A RS, SERIERkE? LI L4 AR
(R — AN % RS AT S 2 3EE 3



2. MABRRAK R ASEXEE?

BT L% (Message Passing) IPC HLHE M AN RGMFEARF L —. XK
TS H TR R RETE, Bk, 224k, UL M. 1PC 1TkRE
PR PEWMN A RGETERER KB 3, D4R 2 HR g IR 22 B AR (0 ik
ST LA TPC, —MRSSIER, — A Ei KRR,

HEARE IPC HLEIELE C 2 KEM T2 Mt FHL RS, EEIRZ IPC SEILITE
REJFANKLS . W4 CPU PEREANH EARFEANA], —A IPC KR 2 50 £ 500 pso £
NP2 RAZEREE ), WAL IPC PEREI S, FrblE R, WHE
it TPC AN AL —AMRAF B B, E6 L H G H 27 R S A AR AR R
B

Linux Kernel 45 A Linus Torvalds 7E 2000 /1 — Bt 4£Es) (Sorry, &
di) o, WAGR TR AWM AL 4 TG EEE Z R B RE N TR, 1FE R
EARIELL X B . W EE A, good for you.

“Message passing as the fundamental operation of the operating system is just an exercise

in computer science masturbation. It may feel good, but you don't actually get anything
DONE. Nobody has ever shown that it made sense in the real world.”

HI T IPC X RN ARG EE, JEBeih N AR AE 2 1 R A7 0 e
AELif. N RS IPC YEREAWTE =, HE] 90 FFACHIELFAS] T 1. Mach
3 11 TPC Sl PERE KLY SE 115 ps (7F 486-DX 50 Hlag ), HBRMAZ RSt K5
k. MEVFZI IR, 100 ps AT RS TPC (WA FE, X
B DG (B A, ERFEREEE & F, —4 UNIX REUIH A A A
20 ps, BRI R L 10 i

F AN ARG HARALE IPC TERE B BRRL, IX2 3 EUBAT R AR A J5t
o X5 AN Z R G PERE AT R W], ARG BRI R AR A L - AR
e, shbos e, ANV R BRI - Fi R A2, Hit 2D
AT RIVEAIFARFAE R BATE . [Lie96] P43t Figure 1, Wik A K aEff: A

2.1 us, enter/exit kernel
I— L

System

Call

18us

2.1 us, enter/exit kernel
| uts, min addr-space switch
‘ | — 6 u1s, max addr-space switch
I]gycte . 115 s

Figure 1. IPC #EH} 4> #7
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Jser A ¥ o
; DR W TR P A T e
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— 5 X ST B R SR A 1 Monolithic
Kernel — 2520 @ ¥ bk . AR
{ | SRR R AT RS, ]
SRAFR A B, (L BLAR S B
Figure 2. FIVCH DL 155 B4t i ot 7 fk. B, Mach 3 A 140

MNRGAH, AR ES 300K F.
XA AKAE, N RGP R R . 58 AN IZ R E R BIX
—n) i, AT R G AL P IR I A ORS T, N PE R K P e . L4
HSZRE 7RG, AUSEHA 12K 1. RN K/ B4 L4 1Lt
FEARVET, A DLERKEEE AT AE [Lie9s] Ik 2% L4 (K3E4E N4 .

3. L4 BALH

L4 jEil1 GMD T 1995 fE¥ilh, BRI ANIEARTHRNE: 1D kR st m
SR PE AL AL AUS AT BEAR B e/, 2) PN AZ SEIUAS 5 Ik TRE RS54, e
AP . BRI AT LGS B RGBT, (HEAR S 2 A RN, N
NEGE R FPERE, BRSO AU AR TR 454 o

L4 PWIZSCHRE =R S S HhhEZs ), Z6FE, A IPC. fib RURME 7 ARG,
AT 12K FAiE. 7 486-DX50 Hlas b, —ANHUlbZ i) IPC, 8 75Kk
3, RS ps. WERSHOR 512745, FUHEE 18 us. Mach 3 NI [ £E
H 115 s (8 F745) Ml 172 ps (512 F7).

NHIRATKE L4 BTS2 B s e IPC . JEREEAR (1) — AN A ) 82 Bl 75
BLPSEAN [R] G 2 (0] K 2 B RS fR He g P O i 45 DL P bk
] A > AZHLEEZAR R > B P HbEE AR B F P B B DUPRIR,  BRh K 2 Hid
VEZR S8 () bl 2 8] 43 WO ASE 28 5 FH P T B 1) FRy sk 23 TR)on b N A% k=3 1a), - A% 28 1A
M A B P bl 8] &N AN [E e ANE ), B LS 5 DL i
W N RIEAT, 40 Figure 2 R

X IR EHEEE VIRl BERERTAR R, W5 TLB A1 Cache miss FEIT & H K. W%
ParT LAt s8] A HEEF A B P asE) B, R KK s IPC PERE. (HANH
JE IR RN (] Sk — R LA M . LA IR R0 I N
HE w5 PR IR 10 H I bk R e g B — ANl % ) ( Communication
Window) , X—& HAFAET PAZHUIE A 0] . ARG WAZAE S A P A Hihb 2S5 [a) 4%
NEEWE DAL B . W1 Figure 3 Fix, X—&HETHNZIA, HHF
B, HHMHF B, aJLLUiH,



LU BRI AL AN, LA ERH]

( 1 T VR 208 AR BR K N L 1
: Ae, Wlan, BRIk, i
yser A J f¥ (Lazy Scheduling) , & 1Fa%
\ T R, WSS TLB Miss
e : H L. AXAHIER, WHZEW
user B "\ [Lie95].
Figure 3. L4 [{{ B AL 0 2 4. Conclusion

WMARBEERZCH = THENK
Jepi s, ERMARGMMEREA AR, PrURE RN IS a2 w iz 4, (=
EHRTZN T IS Tk, RN R4, W L4, Exokernel, 7&
PERE LITG T ECORSEME, FrCA2E R I, TR AL DG SO B T & 5. 0l
PAZAE) 2 A, BUAE 48 Monolithic Kernel #:7E R 48, AR SeAE H TG A B i
Ho (B, BAOE NS, flln, MARRS, LIRS FEEN AR
L AT RS
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HBABEUNIXERT WS4 : Neutrino vs. RTCore

QNX/Neutrino vs. FSMLab/RTCore Comparison
—Microkernel vs. Real-time Extension
Huailin Chen, November, 2004
RXEE :
XREHE20045F10, 11 AEREN — X TNeutrinof W& SRTCoreFEHK R tb
R, NEEEHRKRTIH,. ATHAENXR , TESEBERPXT., BRELIR. XE
FEMNEREH , Rt FERE  NEFEEESRYPNTBEME S ERER,
MEFET , QNX , FSMLABRZ [ T ZEEt, BEAINATRE T, BHEmMS , B
MAHERERBARER, AMAREEBCHERYE., XFEZEXGRN IS , KRR
REMER , EXHAR#ITESR , BREMFH. FA—MRERFER NN ARSH,
FREGRIT RS X BE R N ARE TEHHNER,
0. Architecture
-Neutrino ( www.gnx.com ) is a micro-kernel. It can exist alone without any
dependent packages. For being a micro-kernel, like CMU’s Mach, Andrew
T. 's Amoeba as well as Minix and L4, these following components must be
provided: Process/Thread Management; Memory Management; Exception
Handling; Message-Passing Interface.
-RTCore (www.fsmlabs.com ) is designed to provide better real-time
services for traditional time-sharing based monolithic operating system,
alleviating the pains of kernel non-preemption and non-deterministic
interrupt latency.
-RTAI/Adeos ( www.rtai.org ) provides similar technology as RTLinux does.
—RTAI supports x86, PPC, ARM and MIPS
—-RTAI is FREE and Open Source
- With latest Linux 2.6 addition, the kernel preemption patchis officially on.
Linux can support better performance towards hard real-time requirements.
However, Linux is yet able to be claimed as a real real-time operating
system.
- With RTCore or RTAI, it does provide less interrupt latency, for instance,
5us per RTCore technology claims.
—-RTCore is a real-time extension/patch for Linux initially and is ported to
BSD community recent years. It is not a micro-kernel from both conceptual
and technical viewpoint.
—-RTCore is a loadable kernel module(LKM) for Linux kernel. It's a part of
Linux kernel codes/package after being installed.
—-RTCore itself is not able to exist if without the “"Secondary OS” .
—-RTCore itself does NOT provide enough, if not at all, memory management,
a message-passing interface. It relies on the BSD/Linux kernel to provide


http://www.qnx.com/
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http://www.qnx.com/
http://www.fsmlabs.com/
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so. In other words, from system architecture viewpoint, RTCore/RTAI
technology is “tightly coupled” with BSD/Linux kernel.

1. Performance

—-Neutrino claims the support of real-time computing with micro-kernel
preemption, flexible share memory mechanism and high performance
message passing. From benchmark data released from QNX Inc, neutrino’s
context switch and interrupt latency all range within micro-seconds. Note
that, usually we believe message-passing model is very time-cost when
compared to system call interface with a tradtional monolithic OS model, for
example, Linux/BSD

—-Neutrino provides system scope real-time scheduling based on process/
thread priorities. A system could provide fine-granularity real-time services
to a wide range of real-time computing applications

—-RTCore, adding codes into Linux/BSD kernel scheduler as well as interrupt
handler parts, can provide very good real-time response to both interrupt
handing and real-time task processing applications.

—-RTCore does not provide real-time services to the Liux/BSD normal
applications. Iff (If and ONLY if) there exists real-time RTCore threads,
RTCore scheduler will never transfers the CPU to Linux/BSD user level
processes/threads. This coarse granularity real-time computing model does
introduce starvations into a realtime system. For example, a real-time
application(BGP Daemon) may have to reside in Linux/BSD user level side.
2. Programming Model

—Neutrino supports full POSIX 1, POSIX 1.B, POSIX 1.C and a native
message-passing mechanism/interface. It provides a very good and
consistent programming model.

—-Neutrino does not seamlessly support gcc tool-chain programming
environment, but qcc, which is built on top of gcc.

—Applications on top of Neutrino are exactly same as what we did when
under a UNIX machine. Unix developers should be very easy to migrate
into QNX/Neutrino world. However, writing device drivers for Neutrino is an
exception. The Resource Manager Concepts and mechanisms are new to lots
of people from Linux/BSD side.)

—RTCore support POSIX PE51, only providing a very basic set of real-time
primitives, compared to Neutrino. Please note that RTCore programming
API is not POSIX API compatible; its API is more POSIX-like. RTCore threads
MUST not able to call a BSD/Linux part block mode primitives or system
calls (when RTCore threads run in user mode.). Therefore, any POSIX library
Linux/BSD provides are not able to be used directly by RTCore real-time
applications.

—-RTCore, as a LKM module within Linux/BSD, supports gcc tool-chain
seamlessly.

—-Applications of RTCore either need developers able to have Linux/BSD
kernel-programming (when write in-kernel RTCore threads) skills. Also,



developers should be very clearly aware of the limitations of PSDD-based
RTCore threads, for example, no block based Unix system calls.

3. Memory Management/Protection

—Neutrino provides process-based memory management protection.
-RTCore, if without PSDD support, does not provide any memory
management/protection. Please note that RTCore, from its nature, actually
is not designed to provide any memory protection. The reason is that RTCore
is not an RTOS or a Micro-Kernel. It is a patch for BSD and Linux scheduler
and interrupts handler to achieve better scheduling performance. RTCore
itself is not able to sustain to support any applications/threads, but must
rely on BSD/Linux memory management/protection.

-RTCore, with PSDD support, is able to support having an RTCore threads
running in user level privileged mode and moreover under a BSD/Linux
process context. This does provide good memory protection for RTCore
threads, even though not naturally.

-RTCore, with PSDD support, does provide memory protection while still
without any memory management. The reason is: RTCore threads could
not be viewed by BSD/Linux side schedulert. Or we say, RTCore threads
should not call any block mode Unix system call interfaces including
memory management part, for instance, malloc/brk. Any page fault will
bring RTCore threads halt. This strict requirement makes RTCore PSDD
threads programming sort of tricky. For instance, Any PSDD RTCore
threads/applications will HAVE TO pre-allocate all physical memory in
advance, not able to take advantage of the Linux/BSD Paging based memory
management. This behavior of RTCore, under some cases, may introduce
system resources/memory allocation unfair or system starving.

4. Portability and Legacy Support

—-Neutrino POSIX based codes have good portability.

- QNX, the operating system built on top of Neutrino is lack of third party
application/codes support, compared to Linux/BSD even though QNX claims
that most of BSD and Linux codes are able to be ported on top of it very
easily. One of the big reasons is: QNX is not open source based. This is a
hurt to the adoption of Neutrino micro-kernel compared to the L4 and Mach
micro-kernels.

—-RTCore based applications provide normal portability.

—-RTCore applications have some good advantages over QNX/Neutrino even
though QNX claims that its full POSIX based. BSD and Linux communities
have huge of third party applications, while QNX side is lack of open source
community support.

5. Summary

This section is left blank intentionally
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e fEHAHY - B0 - AT MIPS NEYFUHS ] LIAEMIP IIURIMIPS IVEYSARRES [iR{T -

TNHEE S HA T geedm a5 > AAHEE H5 S FICPURYZEIN -

-mcpu=cpu type

Assume the defaults for the machine type cpu type when scheduling instructions. The choices for
cpu type are ‘r2000', 'r3000', 'r4000', "r4400', "r4600’,

and ‘r6000'. While picking a specific cpu type will schedule things appropriately for that particular
chip, the compiler will not generate any code that does

not meet level 1 of the MIPS ISA (instruction set architecture) without the “-mips2' or "-mips3'
switches being used.

-mipsl1

Issue instructions from level 1 of the MIPS ISA. This is the default. "r3000' is the default cpu type at
this ISA level.

-mips2

Issue instructions from level 2 of the MIPS ISA (branch likely, square root instructions). ‘r6000' is
the default cpu type at this ISA level.

-mips3

Issue instructions from level 3 of the MIPS ISA (64 bit instructions). ‘r4000' is the default cpu type
at this ISA level. This option does not change the sizes of any of the C data types.

EEARELI  WTF RS » FAIN1ZEFMIPS NS -mips3 - FHEEREHY
FER500071R10000H7, 57 RA0007 ZE {67 5 -

NGRS
*MIPST5S/E32{ K > BIFE{E64(ILAYCPU I o 2N T Bl Bk 45 - BB A #E ) -

EE4l ¢ J(TARGET) ; JAL (TARGET) ° JAIJALAYOPERCODEZ6(17 » F| NAY26 I {F Bk EE
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T e
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BEHU64117 YMIPSYCPU COREIZFTAEI2EA T -

SR[XX] :

1 : MIPS IV INSTRUCTION SET USABLE

0 : MIPS IV INSTRUCTION SET UNUSABLE

SR[KX]

SR[SX]

SR[UX] :

0 : CPUTAE/E3RfUEZT
1 1 CPULEfE64IL I

—MRIME  WRIRBEMLE —PMIPSIZ L322 - FRESE Bz {51590 -

HELUEEA TS IR —EIRRUKARITEC R Rl SRR AR » fEXHE > 3K
TR T o WHEA— PRI SEME - ZI0E—PZER S NNOP) - MIfifE
FCPURYUK A ZHHRAYILIT — D IHUPRE_FETCH){G5 < » B2 PPNOPH DUy
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ARG - FEAEEAER] S (USERMODE) N A[ LU < (A ZAKERNEL [ 748
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MIPS{A 2 45321 T 32 "GPR(GENERAL PURPOSE REGISTER) ° X322 NZ 7280V A K
2

REGISTER NAME USAGE

$0 $zero ‘' &= 0(constant value 0)

$2-$3 $v0-$v1 K% 1E F#X 0] {E (values for results and expression evaluation)
$4-$7 $a0-$a3 LEE 24 (arguments)

$8-815 $t0-$t7 BT I (Y (A FH 1Y)

$16-$23 $s0-$s7 (RIFHIEIIRA > FEZESAVE/RESTOREMY)(saved)
$24-$25 $t8-$t9 ET I (Y (A FHHY)

$28 $gp £ J5$5% (Global Pointer)

$29 $sp HEFL TS 5T (Stack Pointer)

$30 $fp [ffiF5%T (Frame Pointer)

(pEMAGmIFEEFEAR EAHT » MEE— S8R <)
$31 $ra X [0 i ik (Return address)

W —CPURYEHF s L EVIEM AR IR EHEAY - SARAWCHES LB AT ERLD
Ngaikes=hH o BXTHERIERTIZ O NEF TN B AUFEE -

— Rt > fRiET objdump -d ] DUBELNE 25 Fas A -
NHETEE TR A R TR EEE

~/ vi Hello.c

"Hello.c" [New file]

/* Example to illustrate mips register convention
* -Author: Huailin Chen

*11/29/2001

*/

int addFunc(int,int);

int subFunc(int);

void main()

{



y=2;
z = addFunc(x,y);
}

int addFunc(int x,int y)
{
int valuel = 5;

int value2;

value2 = subFunc(valuel);

return (x+y+value2);

int subFunc(int value)

{

return value--;

}

FHEE—CIER - mainQREETE ] — MIDAR T4 o LI PREE S s 2 a4
BSHY -

~/huailinchen:74> /bin/mips-elf-gcc -¢ Hello.o Hello.c -mips3 -mcpu=r4000 -mgp32 -mfp32 -O1

~/huailinchen:75> /bin/mips64-elf-objdump -d Hello.o
Hello.o: file format elf32-bigmips
Disassembly of section .text:

/* main Function */

0000000000000000 :

/*create a stack frame by moving the stack pointer 8
*bytes down and meantime update the sp value

*/

0: 27bdfff8 addiu $sp,$sp,-8

/* Save the return address to the current sp position.*/
4: afbf0000 sw $ra,0($sp)



8: 0c000000 jal 0

/* nop is for the delay slot */

¢: 00000000 nop

/* Fill the argument a0 with the value 1 */

10: 24040001 1i $a0,1

/* Jump the addFunc */

14: 0c00000a jal 28

/* NOTE HERE: Why we fill the second argument
*behind the addFunc function call?

* This is all about the "-O1" compilation optimization.
* With mips architecture, the instruction after jump
* will also be fetched into the pipline and get

* executed. Therefore, we can promise that the

* second argument will be filled with the value of

* integer 2.

*/

18: 24050002 li $al1,2

/*Load the return address from the stack pointer

* Note here that the result v0 contains the result of
* addFunc function call

*/

1c: 8tbf0000 Iw $ra,0($sp)

/* Return */

20: 03e00008 jr $ra

/* Restore the stack frame */

24: 27bd0008 addiu $sp,$sp,8

/* addFunc Function */

0000000000000028 :

/* Create a stack frame by allocating 16 bytes or 4

* words size

*/

28: 27bdfff0 addiu $sp,$sp,-16

/* Save the return address into the stack with 8 bytes
* offset. Please note that compiler does not save the
* ra to 0($sp).

*Think of why, in contrast of the previous PowerPC
* EABI convention

*/



2c: afbf0008 sw $ra,8($sp)

/* We save the s1 reg. value into the stack

* because we will use s1 in this function

* Note that the 4,5,6,7($sp) positions will then
* be occupied by this 32 bits size register

*/

30: afb10004 sw $s1,4($sp)

/* Withe same reason, save s0 reg. */

34: afb00000 sw $s0,0($sp)

/* Retrieve the argument 0 into s0 reg. */

38: 0080802d move $50,$a0

/* Retrieve the argument 1 into s1 reg. */

3c: 00a0882d move $s1,8al

/* Call the subFunc with a0 with 5 */

40: 0c000019 jal 64

/* In the delay slot, we load the 5 into argument a0 reg
*for subFunc call.

*/

44: 24040005 li $a0,5

/* s0 = s0+s1; note that s0 and s1 holds the values of
* X,y, respectively

*/

48: 02118021 addu $s0,$s0,$s1

/* v0 = s0+v0; v0 holds the return results of subFunc
*call; And we let v0 hold the final results

*/

4c¢: 02021021 addu $v0,$s0,5v0

/*Retrieve the ra value from stack */

50: 8fbf0008 Iw $ra,8($sp)

/*!!!!restore the sl reg. value */

54: 8fh10004 Iw $s1,4($Ssp)

/*111! restore the s0 reg. value */

58: 8th00000 Iw $s0,0($Ssp)

/* Return back to main func */

5¢: 03¢00008 jr $ra

/* Update/restore the stack pointer/frame */
60: 27bd0010 addiu $sp,$sp,16

/* subFunc Function */



0000000000000064 :

/* return back to addFunc function */

64: 03e00008 jr $ra

/* Taking advantage of the mips delay slot, filling the
* result reg v0 by simply assigning the v0 as the value
*of a(. This is a bug from my c source

* codes--""value--". I should write my codes

* like "'--value", instead.

68: 0080102d move $v0,$a0

T IRER N OIS RIS EE - —E R R IESS I (T2 B sOfIs1.Z Bt
IR > AEFERE - BAEX T & main UL Hs0RsT ©

ST TR0 T <O (AL > JeiFEs A T “delay slot" SKIUTTHREL LTI T
IS AR SREYZE— D nop 5 CAEANE - JEF YIS -
N T EEEE RS S AE - NHEER ERDA— A -

*E G —MZ O JHE context switch(VFIFERT - FoA 135 ZSAVE/RESTORESt0-$t71 ? 4158 »
N7

E— M P T AR IR © 4 7ESESAVE/RESTORESH0-$E715 2 A15LE + -2, 2

4. MMUF A7

Xj‘?MIPSE@MMU?FD7FENJE’J NFEE > REFRIETEIE A FEx86E Power PCHY L5
‘iﬁg;ﬁ%MIPs CPU Hy— MEEZAVRF S EHR )

* MIPS {7-fif A& 24554

XHEFHNTTEMIPS64H L5 » 1 a3 las -

MIPSSHF i 2% (8] X1 47 /94 K B--kuseg, kseg0,ksegl and kseg2.

O0xFFFF FFFF



mapped kseg2

0xC000 0000

unmapped uncached ksegl
0xA000 0000

unmapped cached kseg0
0x8000 0000

2G kuseg

0x0000 0000

YT bt ggAs > i EEACELL L ¢
* L TT-H (Power On)YIS {2 » = kseg0 and ksegl & 0] DIFFEETAY -

*kseg0 512M(From 0x8000 0000 to 0xA000 0000) E 137 4 fiL 45 BBt 51477 2H PN ££0x0000 0000 to
0x2000 0000, I H & 221745 7T )=/ (cache-enabled )

*ksegl 512M(From 0xA000 0000 to 0xC000 0000) B $37 4 T 24 L 5+ 21773 A £70x0000 0000 t0
0x2000 0000 - F{ H 22 FE25{¥1 (non cachable) -

DA B 7R S TR R T MIPSHY IR AR 7 B E AR B @ 2 REEN  MOAEES
I ¢ ksegl’H R HAMCPURY LA T = -

*{EIFE AT (POWER ON) | (2 2)Hfi-from 0x0000 0000 to 0x8000 0000 2 1] LI{EHIAY » 7
FEIMMU TLBY4A{EZ 5 F LA -

*[E] Y5 AL 0xC000 0000 ZI[0xFFFF 000017 12 R B[ {FEL Y -

*MIPSHYCPUZ{TH 3 A&--User Mode ( Fif27& ) ; Supervisor Mode (EHEA ) FllKernel
Mode (fZ008) ° BHRME @ 8 ATE TSR OES - #FRg—RimsEt A
FIFH X NCPURTIRE -

THEEEEAIIEE B -

x{EAFAT  CPUAET H A A7 Hikuseg ik -
xCPUMIBI T E S EIZ LS T 7 Hkseg0 » kseglfIkseg2 /2= [H]
SHACPU—AE » MIPS CPUE 7 TLB SR I hE B Ll st il -

T HE%Z1EMIPSHIASID(Address Space Identifier). 2] 22 [ = » ASID S5 2L —#EF i —1
FEAL—NTLB HYEHRE (KEY) o #a)igin - il bk AR5 2 A REmE—

f4E—TLBHY - —f&IME » IERZEIRE LT F - — PDASIDAYEESLHLE— MHMNAY
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WF—PEALEFRE RGO > B IMESEA B CH4GEDIZE ] > {HEHHCHIASID -
#ITASID > CPUH] LA 53 AN BA EIFE R AL I TLBIH 52 75 il 8 T A [RIFV R (E 2 GEHY
PFEEESS -

NTMMUHJRARE T B2 18 T MMURY — Lo B B8 R SE R

MIPS{A Z 458 EE K T — MU i System Control Coprocessor (CPO)HJES (4 - CPOGLETATE
WYMMU$ZER2S o 7ECPOH > fR T TLBSE H B4 > YTRMS5200 > 485,96 NTLBS: H) » b
et — 2V S 7 e te G 1 E A G RIEHIMMURY T /) ©

BN CPOPEH 7 AR — M — 27855 - MIPSHREHITRATS S HH CPOSEFTHE
fF -

mfc0 reg. CP0_REG
mtcl reg. CP0_REG

W EA PR SRTE S SR IE— 1 GPREFFE3 IV EIRE LS — P CPOZFFEs » MIMIAFHE
HIMMUEY B 1 -

N A ST H L S TLBAHSRHY CPOTZE ] ZF (74

Index Register

X Efrase HRIEETLBA HIY » L TTLBIEE R - B4 - MIPS R5000£Z(i
T48/NTLBYY » FrLlindex 5 (FasHY (E/ZMOEI47 » Hia)i5 1 » R TLBE R TN —
KA - X— 25 HAHICPU MMU TLB 35 A[EHY ©

EntryLo0, EntryLol

XA a7 e R E —1NTLB XS i (even) N1 Zy (odd)Y/JEH (Physical) [T [ HIAE ©

—EETENE EntryL00% BIRLTLBIIE > EntryLoUZ25 & 4( TLB I EI{EFHHY - &
NIMMUZAR =5 R - ERFAREED -
Entry Hi

Entry HiZ5 (7237 LVPN2 > B— MTLBHYELHEE 3 « JERHTZE © ASID HYETEAEX



HYUES -
Page Mask

MIPS TLBF& i 0] 25 K/ N TLBHI EBRLET o — N1 A 7] DA

H4K > 16K > 64K ° 256K > 1M > 4ME16M ° XFHE[ 25T A /N ( PAGE SIZE ) f2{it T 1R 471
SEEME BRI AR RFE I o W AZNAE > —MERNXAIELE @ A iFKR
ST - BN ZRFMERE MIEENZE - X— SR BE N EELSG E R~ —
FEHY o W22 POSIX 1.bHY HHIFTTE © B HOSIHEETRHT— N ENIELE © Page On
Demand ° XY KZR AR AT EN HFH o MARARFEEEFTEELRFEBEHIRTZA]
PO FTEIFEHITECE - DR AR BT A A THESE ©

Ea NS FRsbR TN — MR R Z SN AR E D WHHYE Y - Hrpafs
e G ZEFENE -

T H B BRI MIPSHYJTLB ©

FEMIPSTE » #[IR5000 > JTLBAYE & F-Joint TLB. {1 2.5 BIE ? 5t & TLBS H M TLBEf52
FEFETLBRESHY © HHYCPURTE S TLBRIAYTLBS: H /& 73 FFY

2 ZAMIPS(R5000)5f 52 A P~/ INYY > 3 HFHFE S TLBRIEHETLB » {HEA/IMR/N » £
N T TR PERE, M 2 & 2 B AR

T ITEMMU TLBHICPU 227% ( Cache) %52 % »

EEHIE - MIPS » 5 K255 CPU » HYLevel 1 Cache#: /2% Virtually Indexed and Physically
Tagged. 712X MILH] > OSH T EAEF IR UIHAIHE L ERR T - T 20E ?

R LT

PEARY— M EDI A AdAr - E R AP ER L addrel
PHAEBH— Rk Addrl > EXT AV E addre2;

FEHANZ] » HFZAFEZ{TH » 7+ HAddr1fELevel 1 CACHEH -

XIS - OSH T — P MU - BT EB - HFEATE ABEIRIRGE -
AT EEHEBIE — ML 2Rt Addr 13T —NMFHL
XHHECPUS R IR HIEATE 17 FH HYAddr1Jaddr1 X [0] 25 CPUNE, ?
IENE R - A=Y -



FRE -
LB UIHUN - OSZIFIIEBHIASIDECPIDIE AASIDZ {725 » 1EICE * XSTLBAYT
7] > (ASID + VPN)A 2 ME—Hf E TLBSE H A& -

FyFMIPSHYZE{E & M2 Virtually Indexed, Physically tagged.F7 L) > (T-fa#hEATI/ ] > CPUHS
SZMMURYTLBH{TE I » I EREFE N AL o X3tk B4 R SRS CPU SR
I EHESR S - .

SEEFEIN - CPUSIEREIDMMALE S F A% A « A5 > ML JIEFR EMMUZ 2%
ARV LS R - RAYEAETAGH, I BT » FATJA BEW—1> ¢ Cache Hit (2%
Fard)

AL > A RREIL LA RN A M FERIE S HY SR -

5. MIPS S AT A EE

AT — P CPUF LR ft— P SE ZHY S H A TP WA BRI « — PRI 22 - AHREZRSE - WL
B NN FFERE ARG > B SRR R DT )P RRTN © XAEH
BB ERE RGN A E I [RIHT ER IR B RN -

P IR R UNIXSE (L T — 5= 201 A (System Call) » 24018 A HSCE — B EH A
B -

PREATREE A ¢ (2 CPUSEHR (it = 5 Ml R i A BEE 2 HHAYE ¢

xWANFRIEERRVE o {540 > TLB Fault > Cache ErrorZ55 -

<Pt — BB SR o] DUE A R & R BOR  BIICPOE fFEs o (EH & TRV
TEARREVIIFICPO o CPUZHLT & AR L ASHY 5 A T UG — DI ] DAL iy it T —
EECPUN SR E -

< PABHANESFIPA B Rl > 0 > B5F8f > B[ 15 (WatehDog ) H5% o

T HEEIIEMIPS 2 WA SA T =5 A

HFMIPSHY S FE A LLANSE 2] © N IANE ST MIPS R70001Y 4514
B EMIPS 5. IA T i EE AR ¢ MIPS{R 2 S50 R I B S i B B PRI © XA

2 EZBIE ? THEEE M“See MIPS Run”—F 1 fJ##3% © “In a precise-exception CPU, on any
exception we get pointed at one instruction(the exception victim). All instructions preceding the




exception victim in execution sequence are complete; any work done on the victim and on any
subsequent instructions (BNN NOTE: pipeline effects) has no side effects that the software need
worry about. The software that handles exceptions can ignore all the timing effects of the CPU's

implementations”

FHEREEESARGE SR - EEAXDNRE ZAN— U BTN S5 BRI A BIRCR -
HEREXNHE ZEN—UHEITN (BEdpiXid5<) HAar A EmeeR -

NWHARZEIFRIME - WREFEEE D ZGH I System Call) - HEEFIC(E
MIPSEL £ syseal X S5 15 CHYMMHE R AE TEPCEH e » Hra) il - fEMIPSH > {RFRZEAE
iR B 2 F BRIV EPCEAT 3 I (HEPC<——-EPCH+4 = FUFIXAE » (R4 AE M A G018 A
IEREER[A] -

THETTIS— FMIPSHY =5 /51 5] & 3% (Exception/Interrupt Vector)

MIPS {55/ F i m 2R (e RMIPSIETTHE32 I HEET)
Reset, NMI : 0x8000 0000

TLB Refill : 0x8000 0000

Cache Error 0xA000 00100

HAM S5 R © 0x8000 0180
HE L MIPSHA[ SR X Sy FIAA R — N2 U 2 HR] 2 R o] DUE Ay I 9040 T -

L RFEPCIRED B AT (WP Irey) f5SHIHAE -

2. CPULAIZA > FFHEE IR - CGBIISRIEXLIFYAL © )

3. XfCausear(Fas i (H - MIMFER> o] LA — D EAEI 2555 il - %E— 1 TLB
Miss /T [HIFY 5 » BadVaddreZi {7 a5t 2 (¢ FEN I {E - MIMTIEEESHNRERESE -

4. CPUTHEM A R BRI A LFEREES > MITCPUERHE A S H AR -

5. NS IR[E] -

MMIPS HIFE SR - MHWTR[E YRS Ceret o 245 CHIYTIRE H LR
EiangSRIEXLIiIEE (FFoilt) - HHCPURYHRHI [ N EPCE (FastE (A AL -

FEERAFMIPS 1 T AABRZERI - FRENSSRINS ZF A HIERIEXLAL 78 5T T
SRIE]: FISKFF BRI F il - At EFE R - 2428 » AIRSRIEXLIMZ B L

i) TEfAEER © EXLAIERLIECPUSR T AR SRR H A& - MITTRMFTA
T > M Z G A A =S TS VA (RIE) T/ -



KO0 and K1 1755

XN BT e e R E LT OERNE L & > NMAFEEFEH—SLANGFETE - 13258
WA ERIYTE > 0] DUE BlgeedmiF 23 INABIAR = FX P N2978s © HLa)is

it KOFIKLE S FREIHY

TEE XA N FasdyaHE - ZIEFE /NG © Bl > BIESE PRTAE R ER > 25000
BESTE RN - M ARG T LR E R WA o XM > BEZEDEEKORIKIH fr
PRI E TAE -

EHRENEEE AMIPSHYATE (723 o NZ ({5 F.set noat/= K= [ gk a3 AL ©
Jit7K £k (Pipeline) F19 i

HEAIE - MIPSTE—RISCEA AR « L2 {ERUKE I > [FINAE TS
L HBNFRAEAR[FI I B (stage)_E.

MIPS/ABZE R FISPAUK AR -
IF RD ALU MEM WB
Mo En] - F— el AR - CPURIKIZ A {TThandle ? &5 2 XAEHY -

“On an interrupt in a typical MIPS CPU, the last instruction to be completed before interrupt
processing starts will be the one that has just finished its MEM stage when the interrupt is detected.
The exception victim will be the one that has just finished its ALU stage...”

Yof B AR AR R X AR ¢ CPU ERIESERGIN SR E T MEMRKRIVIES o 2R RF R I
F& (exception victim ) TE{IZ{E /S HABSE(following)f5-<5 I « BLEEHIE © A AL 14 1K
(Interrupt) , I ANE5% (Exception) . {FMIPSHH » X EH I RIHY

NHE T4 L E 2SR (Status Register » JRASEFFER) S 55 AT A RAVL -

* SRIEXL]
Exception Level; set by the processor when any exception other than Reset, Soft Reset, NMI, or

Cache Error exception are taken. 0: normal 1: exception

HEXLAZENLRS -
- tRTE AR RRY - HAE  XINSRIELENE M T AL TATAR T 857 i
T e



- TLB Refill = i 5= {5 Fl General Exception Vector[f[j N2 &4 HJTLB Refill Vector.

- MR HREERE  EPCRASHHE - X— S BIFREE - WREFERER
W BAEREAHGREFUEEXLAL o HIRZISLIRFEPCHE - S5/MEEERY - MIPSH [
A Exception/Interruptflsf » R IZZFSRIUX],SRIKX]|Z/SR[SX]AY{H - SRIEXL]V1E zHY
FFCPU mode’ Tl TIEAZLMET T « X—HZIERE -

* SRIERL]

Error Level; set by the processor when Reset, Soft Reset, NMI, or Cache Error exception are taken.
0: normal 1: error

MERLIEE(LN -

- HTHEE I -

- TR [FIERET{E Y Z ErrorEPCi A ZEPC  FRZIRE TR XX 5] -

- Kuseg/iIxkuseg #2 I\ /Z R H WL (Mapped) N1 H 2% (7 (Un-Cached ) - ] DLXCAEHR

fig » MIPS CPU R ATEXMNZA B — e+ S (real mode)** » B DIANFTEZTLBAYILES -
L B RE(E F kuseg ik 22 [A] -

* SR[IE]
Interrupt Enable 0: disable interrupts 1: enable interrupts ° i51C{F :
\USRIEXL]EVSR[ERL]ESETH » SR[IEJSE: LA -

* Exception/Interrupt{f.55:2% -

Reset (highest priority)

Soft Reset

Nonmaskable Interrupt (NMI)

Address error --Instruction fetch

TLB refill--Instruction fetch

TLB invalid--Instruction fetch

Cache error --Instruction fetch

Bus error --Instruction fetch

Watch - Instruction Fetch

Integer overflow, Trap, System Call, Breakpoint, Reserved Instruction, Coprocessor Unus-able, or
Floating-Point Exception Address error--Data access
TLB refill --Data access

TLB invalid --Data access

TLB modified--Data write

Cache error --Data access

Watch - Data access



Virtual Coherency - Data access
Bus error -- Data access

Interrupt (lowest priority)

PR - FTBRVILe RS - SAEENA] o FR 2 e i B > CPURF=
7R BRI (SR A - AISRCPU H HIE AAETLB refillABR A FIRE S - 32X > HE T
#4% (Bus Error) {55 » CPUNSHEY » 28 FEXKHVAE T - EPCHYEA SHE
B o WIREXLAE A THE ARG -

FHHHRE

FEAIERLT > HEAERESTET > R G00] DRSS H A Y 5 B i -
XA E RN R

*EADERRFE - JWITERECPURANIZ LA - ZAE/EFRSRIEXLL MM SZFFEPCE 17
ST MM SCRAREIAE -

* EPC FISRAV{E

EPCHISRFF (Fase M M EHY » E— S E ML AN > CPUREFEI=
R EA Ty FasHyRIE » AL WT 2R R EREN RS © EZERFEPCHISRE
ety -

*SRIELE—MREZNWICKAHERESRY - EEEN > SESURN— 5
FEMRE BN - B EE ARJR » EEAD > B eretiX[HI - FUEITEPCHI(H  fEIEZ
Al > —E B LR U] T ifdisable interrupt. 743 )] > EPCHREME s -

NHE RS TR ERE O
/% FHUSREY X Fi{E*/

mfc0 t0,CO[SR]
[fi—1-delay slot}5< */

nop
[+ SEFRESRIE] » 530l */
li t1,~SRJ[IE]

and t0,t0,t1

mtc0 t0,CO[SR]



nop

r* w] DL e HI R E EPCHYE*/
1d t1,R_EPC(sp)

mtc0 t1,CO[EPC]

nop

Ihu k1, /* BE EHT Ul - BRI R B ARk L %/
or t0,t0,k1

I* MHTSSRIEXLIE AT - ERETZ H AN EIERR - —EZHE - W2 P pIiE 2 e R
FUERR EXL o RAHYIE - BIARESRFRERE - Vit FEIEEEESEHEE - I
H » fEBFEXLZ R > $fl J—E Z 5 CPURETN R N AZ LS » #/

ori t0,t0,SR[EXL]

r*—Y)EkeE - VE R RS A EXLE (7 */

mtc0 t0,CO[SR]

nop

ori t0,t0,SR[IE]

I* BHNIE */

ori t0,t0,SR[IMASK?7 |

mtc0 t0,CO[SR |

nop

¥ E CPUFE L, */

ori t0, t0,SR[USERMODE]

mtc0, t0, CO[SR |

eret
Feret iINTEXLIEE « fTDIZDER - WIERIRAEAERE P s T CPURYRES, » — & B2
e FEFRFHEEEXLALS - PRE CPUBNIE R » B P R (R LA FiBfT -



MIPS CPU 1k RZERJMEIAR, Linux/MIPS N 1%
CF)

il SKARHT

THHE . P EREEBETH SR

www.tektalk.cn www.ict.ac.cn

3% Linux/MIPSHZ O34T
LEE R
* CPU Fj}: http://www.mips.com

* BT ¢ AR R
* B RANRATPCIFIL, T .

2B 5TR

* http://oss.sgi.com/linux , ftp://0ss.sgi.com

* http://www.mips.com

* mailing lists:

linux-mips@oss.sgi.com

debian-mips@o0ss.sgi.com

* kernel cvs


http://www.tektalk.cn/
http://www.tektalk.cn/
http://www.ict.ac.cn/
http://www.ict.ac.cn/
http://www.mips.com
http://oss.sgi.com/linux
ftp://oss.sgi.com
http://www.mips.com
/export/hdc3/borgletdata/dirs/0.prince.server.writely.2612525438/logs.0.prince.server.writely.2612525438/tmp/1207159693422-0/mailto:linux-mips@oss.sgi.com
/export/hdc3/borgletdata/dirs/0.prince.server.writely.2612525438/logs.0.prince.server.writely.2612525438/tmp/1207159693422-0/mailto:debian-mips@oss.sgi.com

sgi:
cvs -d :pserver:cvs@oss.sgi.com:/cvs login
(Only needed the first time you use anonymous CV'S, the password is "cvs")
cvs -d :pserver:cvs@oss.sgi.com:/cvs co linux
54 hsourceforge.nettl 55— MARZA > P Usgifty Rl A 520,
* P
* "Mips R4000 Microprocessor User's Manual",by Joe Heinrich
* "See Mips Run",by Dominic Sweetman
* "See Mips Run"(H73ZHk ) www.xtrj.org/smr.htm
* Jun Sun's mips porting guide: http://linux.junsun.net/porting-howto/
* XY 4% F5EE: http://www.ltc.com/~brad/mips/mips-cross-toolchain.html

* Debian Mips port: http://www.debian.org/ports/mips
* 2 BN FERT G http:/www xtrj.org

3. mips kernel—Ff% 744

(NHE—E B ET2.4. 809 NZ)
BN PRIRMENZ S chis TR AR B B mips WL A (T2 2 48

JIFE i, mips kernel \ Z Gt &l (2 Fr (35 {Elbios, FTAES#AE eprom, flash 1) 153 1% ]
ZJei(head.S), @4/ b NIZ %, 1 FHinit_arch®)46{ERE(FF- S HHRAVAED.

init_arch(setup.c) & 4 I MI{E FHHYCPU (@ MIPS CPURYCPOE i 27 725 PRID)
H (i TS S M1 — e CPUS AL AN TLB A/ NS AR5 F prom_initfi—LEEE
ZHWIAIE. prom_initZ MR ARAYEEAAH 5.

{EFHMIPS CPUHYF-& Z U144, FTLLK S Earch/mips AT A LB EITR ZHY T H 3%,
T HIER N EE RS & X B 5 24 2 m] DI R — B EAR
IEEHY Z G, H o R 2 iR EfE — 2 ARy BT 2 BB R(EE ] — EL T AFIh).
XL H ey FEAE S5
L et ER T B — BB (S R S RS G Y 24 ol YL AL i
NI AN 3 AT 3 A B R B RS (E B AR O GEE 22—
{7 B 58 LI AN E)) BA T (58 A 1, R pmonfEAE A fR S R T RAYSZRE .2
2. J&fE T, B P W S5 g A A T BT 3R N B
3. peiFZAAREHS. LHpeilfit B2 (YIRS, UK pei i & #Y 117,10/ Mem


http://www.xtrj.org/smr.htm
http://linux.junsun.net/porting-howto/
http://www.ltc.com/~brad/mips/mips-cross-toolchain.html
http://www.debian.org/ports/mips
http://www.xtrj.org

2z [m] Y 73 HC
4. He R e YRR B DL S I e

X O R B X SRR P S MR HIX86-R [B] Z A FEH EN G AR A T L
* item MIPSA X8O TRARAENIBE (R RECL IE AL/ LB
A—ERNNENMTRZERAX RGN E L IR LI ARPCH, A T
BIOS/E F[E— &/ 77, 5k 7] LAEE FHTR 2 A [RIHY EARAICPU.

MIPS 11y'bios"#; F 5 pmonA{lyamon, A& T BUR RS HY R A -
TR &M B EIFDHRERIPC BIOSTRA—4, EA TS A R O T,
B LK BRI S 2, LUK ZEDEBUGHY i 1 S T (H T BE AR AR SZFF AR A
B AL, 72— R B A e A L DI RE.

* PCIRA A AL 22 R], S 255 [ .
FEx861,IOZE [A] L [ JHYF5 <13 0], T PCIA F Y A A7 22 [RI IV ER P 4
2E B2 [F] Y, H st 2 1t AECPUG SR B N A MUHERE O 4 H 1 fEPCTI 7
BRI R N 2 PCI s R B b 35 A e 1 E Y PCHF i i, CPU H]
H EIHY P 5 (BT T

IMAEMIPS g RA —1% 17, 10—fieZmemory mapHy,mapFI]If B 5t far it 244
& T MPCHE & HY k22 (R FICPURT ILAY 73 PN 7 bk 2% (B AR AR — 1
(bus address & physical address).fff L mips kernelfyiob/outb, DL 5z
bus to virt/virt to bus,phys to virt/virt to phys,ioremapZ£ it
B/ N0 PR X BB IR I [A] 2 = X S (RS2 [ Y 1 EA.

PCIfC B ZE (RIS IE 22 [ B B A B A AR P B A — Y.
Ry = 25—#2 LIRYBIOS, WiZ 42 32 H CMPCIik & YRR, 22 [R] 73 i,
aRliay

* T 2L
PCH R frZEfillas Jo e A 8259, JG K& apic, [f cpufly T AA 386 7 51T 5
WA R AN
mips CPURY TP AABE 5 AU EDE LR R 20 HE B ERyiEfl sl t /U T
B TIR, B2 R R S F RS S E B R T



YRS, MIPS CPURY H it A B 7 AT T RISCHYRF i3 A S 25 i R E
TE 1. dmietaediles Peft fr a2 1, dispatch Hh 21 22X — B0 77 R SRARDR AL,
RFEELINIIEA NAE B —EBEE RS — I (LR LR R kx86 L
Fi#controller/handler H52).

* e
MIPS 2 HURIFIRISCEE 4], B HfFi# B L Tt BB L Sex 86X L s/ 1525
B0, Bt Z R E R, cache | & & T AR GAE o700y, B 21y
CPUMI EM A HEFX —E IR E &R A 5 S BB AYAUS T 24 Einclude/
asm-mipsFlarch/mips/mm/H & 5.
* HE.
LB [E] LA R, rdk DL _EAYMIPS CPU#E Hcount/compare Z-{F 25, 555 ) LiH countiE f[,
F[MIcomparefH i & A= B #f H r, 2X 0] DR SR ER i 2 e 2 oR i AE 1R 2+
H O EE B a] i A BRI 2 B T A E T .

init_archf5/Eloadmmu,¢J4A{Ecache/tlb XS Earch/mips/mmEL 5 A A gEZ: (7],
1Fcachefiltlb” FiiCPU/E 2. TAEAY?
TEx86 A LA, ITMIPS A {H B HIHHEZE [ RERAY, 775 L AR [EIHY XK,
A P AYEHEAE CPU B AV 28 & A — Y, R W _E BB CPU M Ebfc00000
Faa B AL R R tib A F cache, fi ACPURE T{F[fl A & cachefItlb 2 (2.
R 2R XA R R REAY, A LCPUIR R EL 46 # Tloadmmu. [RMIPS CPU
L AT LIS B X . FEARIMNERllcache K/ N, FedAH R Y cache/tlb
flushif 12, 74— Eememcpy/memset 5 Y 5 5 S L. X BIARS 5 (I B YRR,
BR A E b cache ER AN 1] B, B IRAE R X B R IE IR AT A VTHA T & 5t
FHECPUHcache LA{EHEFRcachen] #i.

MMUEIEfE, 2G5k B LS £llinit/main.c  Hstart_kernel {R{FIE?
Rt HE 2L start kernel 55 5&—16, X |8 %l]arch/mips/kernel/setup.c, & FH
setup_arch, 2 X [A]f g 58 _EH Y- EEHRATHIA1E T .

FEMHRIIEIIAE5E L e, mips WAZRIH &P 8N B K T B H
AV (RIS B SR A VE 2 JREHAE e vl RE IR far #ix 8 6FY T R S 14 (1O 1, 5 )
fycache—E M AETR, B RO {EF) IMT-ARE EREEMIPS T L1E.

B, e ELFE(H BRI NIZ I ENAEMIPS T~ TR IR %, E A A EH Hintel



eeprol100,AMD pcnet32 ,Tulip. 3comy-RE- G Ak ARgE . BN H T vga bios

HYIR] L ARV B8 BB . LAY 2R AR 2 x86M5Hy, B A 1 & i & —Hirom, B A
&7Hvga bios, PCHYBIOSHY ¥R LI AE H A I EN TANEM S EZ T ENLIWIEAE
ERAEAERFAE R LT (EE). Mvga bios H AT —f% Efor x86,
NEEEFEEmips CPU_Liz{T.1 A X ARG HE FH 8 FHERIEE VB,
RH— BN E] DS A DEEE R N 2R ik 2w i SR S X
F& N S REH BT vaa biosHVAL 1T B WA LAY B -~ Amatrox.

PR Z St a] e H B B P AZ A F T R R (R 75 15 ], unsigned/signed
F) A REE AL AT — SR 2 G (x£5?).

xF-linux-mips AR [A] 80, £E sgiffymailing listf 22 55 12 (] LA 75 S 3R E
fig e AN ERAR TR A %, 7] DA SEmontivistafy il 55 . http://www.mvista.com.

4. mipsHy 5 A

REEES

mips CPURY S5 AA BRI SRR /D, X H /2 RISCHYFF 55 FIx86 A S AHLL,

B S R —1E:

* BERAR T ST B R LS = CPUNN N = 5 2 fE TR BRI RS T 7R Sk i E
SRR EN SR AR 2 — S E R 2, CPURE B R 0 — 2 R
HYAATE AT,

* B R TSR B RSB0 248 L E I SR es N A 8D 52 i i
TR RIT.

AR AR TR RAR 2, T AR R TR R R 23 MR R IR WA,
2 kernel=ZHH

* INFRRE R L B2 27
traps_init(arch/mips/kernel/traps.c,setup arch” f5start kernel E )

/* Copy the generic exception handler code to it's final destination. */
memcpy((void *)(KSEGO + 0x80), &except vecl generic, 0x80);
memcpy((void *)(KSEGO + 0x100), &except vec2 generic, 0x80);



memcpy((void *)(KSEGO + 0x180), &except vec3 generic, 0x80);
flush_icache range(KSEGO + 0x80, KSEGO + 0x200);

/*

* Setup default vectors

*/

for(1=0;1<=31;1++)

set_except_vector(i, handle reserved);

e O 7N

except_vec3 generic(head.S) (& 7 TLB refill{5[4 MNE[ X1 ALD):

/* General exception vector R4000 version. */

NESTED(except vec3 r4000, 0, sp)

.set  noat

mfcO0 k1, CP_CAUSE

andi k1, k1, 0x7¢c /* McauseZ{Fas L FHE S */

li  kO0,31<<2 beq kI, kO, handle vced /* 5 Fvced IAEE 7 */

li kO, 14><<2  beq kl, k0, handle vcei /* {15 F-vcei, AAFH 7 */

¥ XA fE Mlcache 5= Y, cache T 0]/, A BE FEAE X cached i B AR */
la kO, exception handlers /* By H| F 5 AAHIE P35 */

addu k0,k0,k1 1w kO, (kO) /*ZAFHpRE*/

nop jr kO  /E{TREAHRE

nop

AN A FRRR P e 2 A0el 946 LAY IE?

{Ftraps_initH, KZFE 2 EFset_exception_vector(i,handler) X FEHI(CHD,

SR X SRR AT 2, AR F souce insigh Z ZEHYZRPE A H{~handler, 7E1%
P& ZE 1,22 E 2% Ahandle rihandle tlbl... 2RFE 2 AR B—/)\trick,
Aitex86 W AAEE A yhandler fURSIG? &1 /2 H 75 A2 B

entry.S

#define BUILD HANDLER(exception,handler,clear,verbose)
.align 5;
NESTED(handle ##exception, PT _SIZE, sp);
.set  noat;

SAVE_ALL; /* ({715, U HutR (4000 BE)*/
__ BUILD clear ##clear(exception); /*5= 2%/



.set at;

__ BUILD ##verbose(exception);
jal do ##handler; /*F-E*/
move a0, sp;
ret_from_exception; /*[B]Z*/

nop;

END(handle ##exception) /%A i AN FER R/
BUILD HANDLER(adel,ade,ade,silent) /* #4 */
BUILD HANDLER(ades,ade,ade,silent) /*#5 */
BUILD HANDLER(ibe,ibe,cli,verbose) /* #6 */
BUILD HANDLER(dbe,dbe,cli,silent) /*#T */
BUILD HANDLER (bp,bp,sti,silent) /%9 */

INEIBZE N2, X Y — e 7 2R EBEHY, 52 SAVE ALL(include/asm/stackframe.h),
S AN S L TR, X BB IR /N O X S RO B A S F A R D T
AAVERS AN T, NEIRATREIMEF R (E 2 — PR S E).

entry. S5 FIBUILD_HANDLER 4= % K AA TR pri85, R B2 F B AR
WA WM B, A arch/mips/algor/p6032/kernel/ HH (FRAE N %)

HEHNT p6032IRQ.SZX M e S, B I E X T — 1 p6032IRQHY pRET, B 17151

LSl eI, 8 FH AR N Y H e i 2R A B A, T AE [5] H S5HYirg.c->init_IRQ

HifE Fiset_except_vector(0,p6032IRQ)EELZR (AT A By Ml 5 [ & 575 0,74

cause 2725 T B BAR PR IA).

NS AP S D
p6032IRQ.s

algor p6032(E+& HHYH &) T M 2 AR 1
MIPS IRQ Source

* 0 Software (ignored)
* 1 Software (ignored)
* 2 bonito interrupt (hw0)
* 3 18259A interrupt (hwl)
* 4 Hardware (ignored)
* 5 Debug Switch

6

Hardware (ignored)



* 7 R4k timer (what we use)

text

.set noreorder

.set  noat

.align 5

NESTED(p6032IRQ, PT_SIZE, sp)

SAVE ALL /* {£{F 317, U HiHE#L (f usermode -> kernel mode)*/
CLI  /* Seritfr,mipsg 2647 A5E (b0 i o W, CLIF A status AH A7
HIJTE20 R
Move to kernel mode and disable interrupts.
Set cp0 enable bit as sign that we're running
on the kernel stack */
#define CLI
mfcO t0,CPO_STATUS;
li  t1,STO CUO|Ox1f;
or t0,tl;
xori t0,0x1f;
mtcO0 t0,CPO_STATUS

.set at

mfcO0 s0, CP0_CAUSE
/* get irq mask, 37 il N < cause B {E 255 >
URRIS H i & 4=
¥ B MIPS CPUR X 738~ HR T, H s A 5
PCHM S L1 E [ &5, Bt A2 R
HIRRSEE B s ATE fir Hh i
*/

* R AT RERY TR R A/

/* First we check for r4k counter/timer IRQ. */
andi a0, sO, CAUSEF IP7

beq a0, zero, If



andi a0, sO, CAUSEF IP3  # delay slot, check 8259 interrupt
/* Wheee, a timer interrupt. */

li a0, 63

jal  do IRQ

move al, sp

j  ret from irq

nop # delay slot

I: beqz a0,1f
andi a0, sO, CAUSEF P2

/* Wheee, 18259A interrupt. */

/* p6032H {55 F 82593 AAFl— tbpe stylefl 1% 25 */

jal  i8259A irqdispatch  /* 1 82592 g8y th T 43 R CRD */
move a0, sp # delay slot

j  ret from irq

nop # delay slot

1:  beq a0, zero, If
andi a0, sO, CAUSEF IP5

/* Wheee, bonito interrupt. */

/* bonitoZ60324RAYILHT, EFE AL T — > ifrizdilas/
jal  bonito_irqdispatch

move a0, sp # delay slot

j  ret from irq

nop # delay slot

1:  beqz a0,1f

nop

/* Wheee, a debug interrupt. */
jal  p6032 debug interrupt
move a0, sp # delay slot



j  ret from irq
nop # delay slot

I:
/* Here by mistake? This is possible, what can happen
* 1s that by the time we take the exception the IRQ
* pin goes low, so just leave if this is the case.
*/
j  ret from irq
nop
END(p6032IRQ)

irq.cEB LRSI

p6032 i A PUk:

begin {enumerate}
item timer 1 [T, EEJH A FH
item debug 7 {7, B fE AT

item 825901 Hf7, 825947 | 23 (TG ZAFH
item bonito 1 7 FbonitofZ& | 25 {Ci% A

end {enumerate}

/* now mips kernel is using the same abstraction as x86 kernel,
that is, all irq in the system are described in an struct
array: irq_desc[]. Each item of a specific item records
all the information about this irq,including status,action,
and the controller that handle it etc. Below is the controller

structure for bonito irgs,we can easily guess its functionality
from its names.*/

hw_irq_controller bonito_irq controller = {
"bonito_irq",

bonito_irq_startup,



bonito irq shutdown,

bonito _irq enable,

bonito _irq disable,

bonito_irq ack,

bonito_irq end,

NULL /* no affinity stuff for UP */
¥

void

bonito_irq init(u32 irq_base)

{
extern irq_desc tirq desc[];
u32 i;

for (i= irq_base; i< P6032INT END; i++) {
irq_desc[i].status = IRQ DISABLED;
irq_desc[i].action = NULL;
irq_desc[i].depth = 1;
irq_desc[i].handler = &bonito_irq controller;

bonito _irq base = irq_base;

/* i elaa b Az D RIESHELE R Eirg_desc[J44H
EHIEE N TT RN RN — o, 10 5 1% s WAy P2 e A AA B g B IS S
RTEXEEE] D2 W X861 Ty AT/

void _ init init IRQ(void)
{

Bonito;

/*
* Mask out all interrupt by writing "1" to all bit position in

* the interrupt reset reg.



*/
BONITO INTEDGE = BONITO ICU SYSTEMERR | BONITO ICU MASTERERR
| BONITO ICU RETRYERR | BONITO ICU MBOXES;
BONITO INTPOL = (1 << (P6032INT UARTI-16))
| (1 << (P6032INT_ISANMI-16))
| (1 << (P6032INT ISAIRQ-16))
| (1 << (P6032INT_UARTO-16));

BONITO INTSTEER = 0;
BONITO INTENCLR = ~0;

/* 1nit all controllers */
init_generic_irq();

init 18259 irqgs();
bonito_irq init(16);

BONITO INTSTEER |=1 << (P6032INT ISAIRQ-16);
BONITO INTENSET =1 << (P6032INT ISAIRQ-16);

/* hook up the first-level interrupt handler */
set_except_vector(0, p6032IRQ);

/*p6032IR Q% P — - bonito 1 i f5 18 FE 32X 1*/
asmlinkage void

bonito_irqdispatch(struct pt_regs *regs)

{

Bonito;

int irq;
unsigned long int_status;

inti;



/* Get pending sources, masked by current enables */
/* BEZTR e ? M EARE Fas i/
int_status = BONITO_INTISR & BONITO INTEN & ~(1 << (P6032INT_ISAIRQ-16))

9

/* Scan all pending interrupt bits and execute appropriate actions */
for (i=0; i<32 && int_status; i++) {
if (int_status & 1<<i) {
irq=1+ 16; /* 0-15 assigned to 8259int,16-48 bonito*/
/* Clear bit to optimise loop exit */
int_status &= ~(1<<i);
do TRQ(irq,regs);

return;

825972l zs Ay AU IS EL A FAI L.

5 B — S AV FHirg{C i {F arch/mips/kernel/irq.c arch/mips/kernel/i8259.c

JEZ,p6032_E— iy AR
LAME A H e, i AL Hr A cpu 75 [BAT_E (mips CPUF 2> rriie 5 ()5 [RE 5+
2. cpuH Bk £]0x80000 180 I -1, A L1 AR fEcausear {7 a5 & R AL E i
RAER P E AT Ip6032IRQ
3. p6032IRQR{F_E T 3R 7 o i1, 2 o b % 2 2 AH L A e el 25
4. TP ZE R A S it — A B AR TP S il LA R A N A
it ZATH do irq

BUAEL A AP 5 %A [ X Mrirg_desc(],controller,actionf {CHH, [ 152 {52
AJREEEE.



"N A fEinclude/asm-mips/stackframe.h

WETE— N A REWEE L

(RIS BISR 21, B E BSOS E B DU AR .00 R B N A R BT E S AR
S M)

/*
—EERT FAIA

—.mipsi_4i 5 MYE (ER A b, A 1A E,032,n32), 32/ MB B ds g — I E
B, 7 R MR 53

T T 54 FHR
0 IR0 HBRERGIRT HSRA M
1 at Rzl dmea i
23 vovl  ECR[EHE
4-7 a0-a3  FiISkJ L EEISEL
8-15 t0-t7 I, AR A DA PR
24-25 t8,t9  [E I
16-23 s0-s7  EifFen L&, TR eI IR
IANEAER T ATRE DIOR & R 20E
26,27 kOkl  PREAZE S5 AAFR ek &L )
28 gp global pointer; ] T i (I & M e EFF ST &
29 sp stack pointer
30 s8/fp  FINFFem LR, T2 0 LA E fiframe pointer
31 ra AR[a| Ak

(R X T as A XRI(FR 7 05), KX OTHY HAYEN T A [F RIS s A A hS
BS

. r4k MIPS CPUH 15 H A S VI Br 7 2 (X Lo 25 17 25 EH PMA B g3 cp OFZE i, A SO L HY
FEUTR) A:
1.status IR ES1{Fes
31 2827262524 16 15 876 5432 1 0

| cu0-3|RP|FR|RE| Diag Status| IM7-IM0 |KX|SX|UX/KSU|ERL|EXLIIE]



H.KSU,ERL,EXL,IEfi7 {F3X B R B 3.
KSU: f&5Ar 00 -kernel 01--Supervisor 10--User
ERL: error level,0->normal, 1->error
EXL: exception level,0->normal,1->exception, =& & 4 EEXLEH A& 1
IE: interrupt Enable, 0 -> disable interrupt,1->enable interrupt
(IMAZ AT LLA] F-enbale/disable A il ERL|[EXL=1 {15 i BENT )
ZG T AAIIE S EHKS U ERL EXL L E :
User mode: KSU = 10 && EXL=0 && ERL=0
Supervisor mode(never used): KSU=01 && EXL=0 && ERL=0
Kernel mode: KSU=00 || EXL=1 || ERL=1
2.cause T rrs
3130292827 16 15 876 210

BDIO|CE| 0  |IP7-IPO |0Exccode |O |

SR A B causetfl H AN E
Horr:
BDIE BT A AR 3 15 T2 3/t delay slot
CE% 4 coprocessor unusable =5 Hsf i coprocessordg=-(mipsH4->cp)
IP: interrupt pending, 1->pending,0->no interrupt, CPUZ 61> it
5 TR, 0 PN TR A R T (S = PR 1)
Exc code: =5 A A RS ME T 0, A2 S8 1 S, ..
3.EPC
o —H = EPCH &
. SEHFE IS Mk (virtual)
or. if T fEdelay sloth5< % 248, 1Z 555 RIS M F5 S YL
WMEXL=1f A ES R EEPC
4 FFEREH =AY
context,BadVaddr,Xcontext, ECC,CacheErr,ErrorEPC
IDNER =N

— R AR AR R A s AR APREXLE IR E R,
AFRKSUPRFFZ LA BB T 5L E s IA B 52 JE PR 2 — L OrfF N A LU CPUIRZS



*/

/* SAVE_ALL {R{FHATA IR (78, 735 LNER 73, 5 (A [F] R R K e A/
M ORFATE 728, spEARIPT_R UZatZF 785 Ept_regs &Y fmis &
set xxxEiLgE R, & IR s 2 2, A B2, B RE
*/

#define SAVE_AT \
.set  push; \
.set noat; \
sw  $1,PT _RI(sp); \
.set  pop

M ERAFII A a, Uchi o By e (F T IRABR M IRFOMILEER)
Al LUE Emthi(Hhi & FasiV )55 A LRI OR 7 X2 R
KSR T, mhifYEE R — e — A RE SR AR T — (A5 St
VI = SEREHE 0, XM N IET RIS < e LU S
RN HE A 1A BT

*/

#define SAVE_ TEMP \
mfhi vl; \
sw  $8, PT_R8(sp); \
sw  $9, PT _R9(sp); \
sw  vl, PT HI(sp); \
mflo vl; \
sw  $10,PT R10(sp); \
sw  $11, PT_R11(sp);
sw vl, PT _LO(sp); \
sw  $12, PT_R12(sp); \
sw  $13, PT RI13(sp); \
sw  $14, PT_R14(sp); \
sw  $15, PT RI15(sp); \
sw  $24, PT_R24(sp)

/* s0-s8 */

#define SAVE_STATIC \



sw  $16, PT_R16(sp);
sw  $17,PT _R17(sp);
sw  $18, PT_R18(sp);
sw  $19, PT R19(sp);
sw  $20, PT_R20(sp);
sw  $21, PT _R2I1(sp);
sw  $22, PT _R22(sp);
sw  $23, PT R23(sp);
sw  $30, PT_R30(sp)

= = = = = = =

#define  str2(x) #x
#define  str(x) _ str2(x)

/*ok, NI XA TR L fg*/
#define save static_function(symbol) \
_asm__ ( \
".globl\t" #symbol "\n\t" \
".align\t2\n\t" \
"type\t" #symbol ", @function\n\t" \
".ent\t" #symbol ", 0\n" \
#symbol":\n\t" \
" frame\t$29, 0, $31\n\t" \
"sw\t$16,"  str(PT_R16)"($29)\t\t\t# save static_function\n\t" \
"sw\t$17,"  str(PT_R17)"($29)\n\t" \
"sw\t$18,"  str(PT_R18)"($29)\n\t"
"sw\t$19,"  str(PT _R19)"($29)\n\t"
"sw\t$20,"  str(PT_R20)"($29)\n\t"
"sw\t$21,"  str(PT _R21)"($29)\n\t"
"swit$22,"  str(PT _R22)"($29)\n\t"
"swi\t$23,"  str(PT_R23)"($29)\n\t"
"sw\t$30,"  str(PT_R30)"($29)\n\t"
".end\t" #symbol "\n\t" \
".size\t" #symbol",. - " #symbol)

= = = = —



/* Used in declaration of save static functions. */

#define static_unused static __ attribute  ((unused))

LU B — B R R A e (R, T >4 B e AL ™/

/* save_static_function7z &— 1~ NZREAVARPE, TE X T — ML 4R k&L frFs0-s8
AR R B SR B, R — ey — B 7
{Farch/mips/kernel/signal.ctf 75

save_static_function(sys_rt sigsuspend);

static_unused int

_sys_rt_sigsuspend(struct pt_regs regs)

{

sigset t *unewset, saveset, newset;
size t sigsetsize;

X B Fsave_static_functionig \ T sys_rt_sigsuspend,[ffj <[ 215
T Fsys_rt_sigsuspendfid, B Or{F5¢s0-s8)=, BEE #L I ] _sys_rt_sigsuspend!
B GRS %R A B

80108cc8 <sys rt_sigsuspend>:

80108cc8:  afb00058 sw  $s0,88($sp)

80108ccc:  afb1005¢ sw  $s1,92($sp)

80108cd0:  afb20060 sw  $52,96($sp)

80108cd4: afb30064 sw  $s3,100($sp)

80108cd8: afb40068 sw  $s4,104(S$sp)

80108cdc:  afb5006¢ sw  $s5,108($sp)

80108ce0:  afb60070 sw  $s6,112($sp)

80108ce4:  afb70074 sw  $s7,116($sp)

80108ce8:  afbe0090 sw  $s8,144($sp)

80108cec < sys rt_sigsuspend>:

80108cec:  27bdffc8 addiu  $sp,$sp,-56

80108cf0:  8fa80064 lw  $t0,100($sp)
80108cf4: 24030010 i $vl,16

80108cf8:  afbf0034 sw  $ra,52($sp)

80108cfc: afb00030 sw  $s0,48($sp) ---> notice



80108d00: afa40038 sw  $a0,56($sp)
80108d04:  afa5003c sw  $al,60(8$sp)
80108d08: afa60040 sw  $a2,64($sp)

F%l[save static functiondyith /555 44A:
signal.c:save static_function(sys_sigsuspend);
signal.c:save_static_function(sys_rt_sigsuspend);
syscall.c:save_static_function(sys_fork);
syscall.c:save_static_function(sys_clone);

B IR1E0-s8UNERAE I A2 I 21 g i a Akt = TR/ IE BRI (A _E T HYs0),

AL IS M EHEVE?E B i Z [afe il R4 e:

(B & DU NN A2 IHEN, 7T RE 58 2 1EH)

JeFE FsyscallfyRAM syscallttr Emipsiy— 5= 5 5 =5 8. ERFA T
TS E 2 U T, (E4Ehandle_sysFfIEFIBUILD_HANDLERZ: 5, [ /2 1E
scall_023.SH17E M, RN E A HFFIR 2 A,

1.5 E L T SAVE_SOME, 3 & (1 Fat, t* s * 5257 25, [ Hysyscall

& FE N FAE 18 A 89, R G2 Iy A A Pl o] DA A= B DA — R 1R 2wt ) DA

PRIEAR S EEIE T (at, *AIERNZ E LTS IES W SR ERE).

XFET] DU = A S R AR

2. B SRIF 22 R T A (U S 5, 22 500E)
AR L AT AR T TR Es S e W EmEm LN o 2082
Y sigsuspendfeiit, B RHE L AF NAZ PIEIR SR E SR ESHK T Z o EHiE
JelE B HARAE S A AT, (B 5 A AR ol s A 2 B E Y AR 723
(sigeontext), SR I INFZ AR HHHYpt_regs 256 3R1GHY, AT AN AZ A R s * 27 {7 25
CRIFElpt_regsH . T-fork R 5L, M2 T 385 & viork iy 223K . (vork i, F- 42
A N TR BIFI 52 2 Z N, R, E copy-on-write# )& A | S HHFZHEL
— B F[F A F{EH R PR (execE  Fexit)).fork Z2 48 1# F {5 Fret_from_fork
iR [a], H o8 FAE TRESTORE_ALL AND RET(entry.S), 53t & s*.

XEAH—MRE ZRELAYH T fEscall_o32.SHlentry. SH75 LM eREGL gw) 2 [F] 44
Ay, dlrestore_all,sig return¥E. A hiscall 032.SH1 2 i £ 032(old 32bit)i &
LN Z G A AT, i] LR G frA7s™*, M entry. SHUR 38 FH Y, PR/ IR E P i F- A7 2
scall_032.SH 5 —EbE5 5 7R AR EAR S T T ans* LEIT E g & Fret_from_syscall



iR R A S 032_ret_from_syscal iR[a] T, Fi& A7 Rt iR IR & 1Y 27 (7 23k B
AA].scall_032.SH—EfE iR AHE 3 Fret from_syscalliK[0], £ FH M5 S8 * 21778
B 2 5 i TR

F T T — ARG AL EE IR FH O N R S F e IR IR E AR, DU
N TR TE S FSHY25 . N G {12 BEsave_static_function: /) | 4 ¢
SOZFIF 2R HARER.
AR A I(E
sys_rt_sigsuspend()
0.

save_static;

}
=AM, EE,

Nasty degree - 3 days of tracking.

The symptom was pthread cannot be created. In the end the caller will

get a BUS error.

What exactly happened has to do with how registers are saved. Below
attached is the beginning part of sys_sigsuspend() function. It is easy
to see that s0 is saved into stack frame AFTER its modified. Next time

when process returns to userland, the sO reg will be wrong!
So the bug is either

1) that we need to save s0 register in SAVE_SOME and not save it in

save_static; or that

2) we fix compiler so that it does not use s0 register in that case (it

does the same thing for sys rt sigsuspend)

I am sure Ralf will have something to say about it. :-) In any case, |
attached a patch for 1) fix.



sys_sigsuspend(struct pt_regs regs)

{
8008e280: 27bdffcO addiu  $sp,$sp,-64
8008e284: afb00030 sw  $s0,48($sp)

sigset t *uset, saveset, newset;

save static(&regs);
8008e288: 27b00040 addiu $s0,$sp,64 /* save staticHf
SOELELHER*/
8008e28¢c: afbf003¢c sw  $ra,60($sp)
8008¢290: afb20038 sw  $s2,56($sp)
8008e294: afb10034 sw  $s1,52($sp)
8008e298: afa40040 sw  $a0,64(Ssp)
8008e29¢: afa50044 sw  $al,68($sp)
8008e2a0: afa60048 sw  $a2,72($sp)
8008e2a4: afa7004c sw  $a3,76($sp)
8008¢2a8: ae100058 sw  $s0,88($s0)
8008e2ac: aell005c sw  $51,92($s0)

#ifdef CONFIG_SMP

# define GET SAVED SP \
mfcO kO, CP0_CONTEXT; \
lui kI, %hi(kernelsp); \
srl kO, kO, 23; \
sl kO, k0, 2; \
addu ki1, kO; \
lw ki1, %lo(kernelsp)(k1);

#else
# define GET SAVED SP \
/*S2Fr_ERLZEk] = kernelsp, kernelsp{r{F M AT 2 NIZIRFEET */

lui kI, %hi(kernelsp); \
lw ki, %lo(kernelsp)(k1);
#endif



P HIMT S AT TS, R B AR THsp
CRIFA(F25--5 $a0-23:4-7 1K [E{Ev0-v1:2-3,25,28,3 1 DL I —ELZe I 2517 25,
*/

#define SAVE_SOME \
.set push; \
.set reorder; \
mfc0 kO, CPO_STATUS; \
sll kO, 3; /* extract cu0 bit */\
.set noreorder; \
bltz kO, 8f; \
move k1, sp; \
.set reorder; \

/* Called from user mode, new stack. */ \

GET SAVED SP \
8: \

move kO, sp; \

subu sp, k1, PT_SIZE; \

sw kO, PT_R29(sp); \

sw  $3, PT _R3(sp); \

sw  $0, PT_RO(sp); \

mfcO vl, CP0O_STATUS; \

sw  $2, PT _R2(sp); \

sw  vl, PT_STATUS(sp); \

sw  $4, PT _R4(sp); \

mfcO0 vl1, CPO_CAUSE; \

sw  $5,PT_R5(sp); \

sw vl, PT_CAUSE(sp); \

sw  $6, PT _R6(sp); \

mfc0 vl, CPO_EPC; \

sw  $7,PT _R7(sp); \

sw  vl, PT_EPC(sp);

sw  $25, PT _R25(sp);
sw  $28, PT _R28(sp);
sw  $31, PT R31(sp);

- - - -



ori
Xori

.set

$28, sp, Ox1ffT;
$28, Ox11ft;

pop

#define SAVE_ALL
SAVE _SOME;
SAVE_AT;
SAVE _TEMP;
SAVE _STATIC

#define RESTORE AT

.set
.set
Iw

.set

push;

noat;

$1, PT_RI(sp);
pop;

#define RESTORE _TEMP

Iw
Iw
Iw
mtlo
Iw
Iw
Iw
mthi
Iw
Iw
Iw
Iw

Iw

$24, PT_LO(sp);
$8, PT _RS8(sp);
$9, PT _R9(sp);
$24;
$24, PT_HI(sp);
$10,PT_R10(sp);
$11, PT_R11(sp);
$24;
$12, PT_R12(sp);
$13, PT_R13(sp);
$14, PT_R14(sp);
$15, PT_R15(sp);
$24, PT_R24(sp)

#define RESTORE STATIC

Iw
Iw
Iw

Iw

$16, PT_R16(sp);
$17, PT_R17(sp);
$18, PT_R18(sp);
$19, PT_R19(sp);

— = =

— = =



lw  $20, PT_R20(sp);
lw  $21, PT_R21(sp);
lw  $22, PT_R22(sp);
lw  $23, PT _R23(sp);
Iw  $30, PT_R30(sp)

— = =

#if defined(CONFIG _CPU_R3000) || defined(CONFIG CPU TX39XX)

#define RESTORE _SOME \
.set push; \
.set reorder; \
mfcO t0, CPO STATUS; \
.set  pop; \
ori t0, Ox1f; \
xori t0, Ox1f; \
mtcO t0, CPO_STATUS; \
li vl 0xff00; \
and t0, vl; \
Ilw  v0, PT_STATUS(sp); \
nor vl, $0, vl; \
and vO0, vl; \
or vO0,t0; \
mtcO v0, CPO_STATUS; \
lw  $31, PT R3I(sp); \
lw  $28, PT R28(sp); \
lw  $25, PT _R25(sp); \
lw  $7, PT R7(sp);
lw  $6, PT R6(sp);
lw  $5, PT R5(sp);
lw  $4, PT R4(sp);
lw  $3, PT R3(sp);
lw  $2, PT_R2(sp)

— = = =

#define RESTORE _SP_AND RET \
.set push; \

.set noreorder; \



Ilw kO, PT_EPC(sp); \

Iw  sp, PT _R29(sp); \
jr - kO; \
rfe; \

ANANANAN

* S AR [l AR R RS E P A R AR R =M N AZ S SO FH R S 2 E Y FE R
WERRATFE TR AP SIESAN NS ET R Z 2R,
NZMEHETHPS TAREBEIRESMEEHEE
3000 LA Fij {5 Frfe(restore from exception)f5<, X g < flstatus {725
RSO ] =5 & AR FTEY IR ORI BE (AR89 — 1/ INEAR) (B A B e FR AT TR — 1>
R R AR AT — Mk e FE 2 Y delay slotHjiirte.[R 7 delay slotiy$5 <
B TE B 52 N status T IRE T
MIPS I11(r4000) 24 _EHIFESEMBEGIN T eretf5 S R5e pEEA TAE: EEER
status ZF 7 e I EXLA FH Bk B Ellepcts E ML E.

*/

.set  pop
#else

#define RESTORE _SOME \
.set push; \
.set reorder; \
mfcO t0, CPO_STATUS; \
.set  pop; \
ori t0, Ox1f; \
xori t0, 0x1f; \
mtcO0 t0, CPO_STATUS; \
li  vl, 0xff00; \
and t0, vl; \
lw  v0, PT_STATUS(sp); \
nor vl, $0, vl; \
and V0, vl; \
or 0, t0; \
mtcO0  v0, CPO_STATUS; \



lw  vl, PT_EPC(sp);
mtcO vl, CPO_EPC;
lw  $31,PT R31(sp);
lw  $28, PT _R28(sp);
lw  $25,PT _R25(sp);
lw  $7, PT_R7(sp);
lw  $6, PT_R6(sp);
lw  $5, PT_R5(sp);
lw  $4, PT _R4(sp);
lw  $3, PT _R3(sp);
lw  $2, PT_R2(sp)

#define RESTORE _SP_AND RET
lw  sp, PT _R29(sp);
.set  mips3;
eret; \

.set  mips0O

#endif

#define RESTORE SP
lw  sp, PT _R29(sp);

#define RESTORE_ALL
RESTORE_SOME;
RESTORE_AT;
RESTORE_TEMP;
RESTORE_STATIC;
RESTORE_SP

#define RESTORE_ ALL AND RET
RESTORE SOME;
RESTORE _AT;
RESTORE_TEMP;
RESTORE STATIC;
RESTORE SP AND RET

— = = =

_—

_—



/*
* Move to kernel mode and disable interrupts.
* Set cp0 enable bit as sign that we're running on the kernel stack
*/
#define CLI \
mfcO t0,CPO_STATUS; \
li  t1,STO CUO|0x1f; \
or tO,tl; \
xori  t0,0x1f; \
mtcO0 t0,CPO_STATUS

/*
* Move to kernel mode and enable interrupts.
* Set cp0 enable bit as sign that we're running on the kernel stack
*/
#define STI \
mfc0 t0,CPO_STATUS; \
li  t1,STO CUO|0x1f; \
or tO,tl; \
xori  t0,0xle; \
mtcO0 t0,CPO_STATUS

/*
* Just move to kernel mode and leave interrupts as they are.
* Set cp0 enable bit as sign that we're running on the kernel stack
*/
#define KMODE \
mfc0 t0,CPO_STATUS; \
li  t1,STO_CUO|Oxle; \
or tO,tl; \
xori  t0,0x1e; \
mtcO0 t0,CPO_STATUS

#endif /* ASM _STACKFRAME H */



NENZEZEEE ) godson CPURY T[] FJ AT T PRIFTHRERS AL S A7 73 Hrlinux-mips
mmuSEHAY—EE D o WIFESTIENTFIREN o ham S EEIEE N EN
RPEEZEA B NEBANA S
Bl R Y, ZH HMIPS CPURtbZ R (A E B HY cache A 2 1B IHHY, B AKHY
Z eI i
(for sgi-cvs kernel 2.4.17)
1. mmu context
cpuI 8fizasid>K X 73 tIbZR I FfT JE (I HAR (B Z #2561~ E 2. 75?
linux SEIRHY AR E B 2, 525614, TLBAE ATt figg R 7[5 — A AV asid
A Az, N—HAVFA R VLS 55— I IR bRl
ASID switch
include/asm/mmu_context.h:
asid_cache:
8bit physical asid + software extension, the software extension bits
are used as a version; this records the newest asid allocated,while
process->mm->context records its own version.
get new_mmu_context:
asid_cache++, if increasement lead to change of software extension part
then flush icache & tlb to avoid conflicting with old versions.
asid_cache = 0 reserved to represent no valid mmu context case,so the
first asid_cache version start from 0x100.
switch_ mm:
if asid version of new process differs from current process',get a new
context for it.( it's safe even if it gets same 8bit asid as previous
because this process' tlb entries must have been flushed at the time
of version increasement)
set entryhi,install pgd
activate mm:

get new asid,set to entryhi,install pgd.

2. pte bits
TERAYNBEMTLBFRINR 21
entrylo[01]:

313029 653210



| | PFN | C [DIVIG]

r4k pte:
31 12111098765 3210

| PFN | C [D|V|G|B[M|A[W|R|P|

C: cache attr.
D: Dirty

V: valid

G: global

B: R4K BUG
M: Modified
A: Accessed
W: Write

R: Read

P: Present

(last six bits implemented in software)

godson entrylo:
bit 30 is used as execution protect bit E,only bit25-6 are used
as PFN.

instruction fetch from a page has E cleared lead to address error

exception.
godson pte:
31 12111098765 3210
| PFN | C |D|VIGIE|M|A|W|R|P|

E: software implementation of execute protection.Page is executable when
E is set,non-executable otherwise.(Notice,it is different from hardware

bit 30 in entrylo)

3. actions dealing with pte

pte_page: get page struct from its pte value



pte {none,present,read,write,dirty,young}: get pte status,use software bits

pte_wrprotect: &= ~( PAGE _WRITE | PAGE SILENT WRITE)

pte rdprotect: &= ~( PAGE READ | PAGE SILENT READ)

pte_mkclean: &= ~( PAGE _MODIFIED | PAGE SILENT WRITE)

pte_mkold: &=~( PAGE_ACCESSED | PAGE SILENT READ)

pte mkwrite: |= PAGE WRITE && if ( PAGE_MODIFIED) = PAGE SILENT WRITE
pte_ mkread: |= PAGE READ && if ( PAGE _ACCESSED) |= PAGE _SILENT READ
pte_mkdirty: = PAGE MODIFIED && if ( PAGE WRITE) = PAGE SILENT WRITE
pte_mkyoung: |= PAGE ACCESSED && if ( PAGE READ) |= PAGE_SILENT READ
pgprot_noncached: (&~CACHE MASK) | ( CACHE UNCACHED)

mk_pte(page,prot): (unsigned long) ( page - memmap ) << PAGE SHIFT | prot

mk pte phys(physpage,prot): physpage | prot

pte_modify(pte,prot): ( pte & PAGE CHG MASK ) | newprot

page pte {prot}: unused?

set_pte: *ptep = pteval

pte clear: set pte(ptep,  pte(0));

ptep_get and clear

pte alloc/free

4. exceptions
tlb refill exception(0x80000000):
(1) get badvaddr,pgd
(2) pte table ptr = badvaddr>>22 <2 + pgd ,
(3) get context,offset = context >> 1 & Oxff8 (bit 21-13 + three zero),
(4) load offset(pte table ptr) and offset+4(pte table ptr),
*(5) right shift 6 bits,write to entrylo[01],
(6) tlbwr
tlb modified exception(handle mod):
(1) load pte,
*(2)if PAGE_WRITE set,set ACCESSED | MODIFIED | VALID | DIRTY,
reload tlb,tlbwi
else DO_FAULT(1)
tlb load exception(handle tlbl):



(1) load pte
(2) if PAGE PRESENT && PAGE READ, set ACCESSED | VALID
else DO_FAULT(0)
tlb store exception(handle tlbs):
(1) load pte
*(2)if PAGE PRESENT && PAGE WRITE,set ACCESSED | MODIFIED | VALID |
DIRTY
else DO_FAULT(1)

items marked with * need modification.

5. protection_map
all PXXX map to page copy? Although vm_flags will at last make pte writeable

as needed,but will this be inefficient? it seems that alpha is not doing so.

mm setup/tear down:
on fork,copy mm:
allocate_ mm,
memcpy(new,old)
slow path
mm_init-->pgd_alloc-->pgd _init-->all point to invalid_pte
-->copy kseg pgds from init mm
fast path: what's the content of pgd?
--> point to invalid_pte too,see clear page tables
dup _mmap->copy_page range-->alloc page table entries and do cow if needed.
copy_segmens--null
init new_context--set mm->context=0(allocate an array for SMP first)
on exec(elf file),load elf binary:
flush_old exec:
exec_mmap
exit mmap(old mm)

free vim_area_struct

zap_page range: free pages

clear page tables

pgd_clear: do nothing

pmd_clear: set to invalid_pte



pte_clear: set to zero
mm_alloc
initialize new mm( init new_contex,add to list,activate it)
mmput(oldmm)
setup_arg pages:
initialize stack segment. mm_area_struct for stack segment is setup
here.
load elf image into the correct location in memory
elf prot generated from eppnt->p flags
elf map(..,elf prot,..)

do_mmap

a typical session for a user page to be read then written:

(1) user allocates the space

(2) kernel call do_ mmap/do_brk, vim_area struct created

(3) user tries to read

(4) tlb refill exception occurs,invalid pte table's entry is loaded into
tlb

(5) tlbl exception occurs,
do page fault(0)->handle mm_fault(allocate pte table)->handle pte fault
-->do_no_page-->map to ZERO page,readonly,set pte,update mmu cache
(update_ mmu_cache put new pte to tlb, NEED change for godson)

(6) read done,user tries to write

(7) tlbs exception occurs(suppose the tlb entry is not yet kicked out)
because pte is write protected,do _page fault(1) called.
handle mm_fault(find out the pte)-->handle pte fault->do wp page
-->allocate page,copy page,break cow-->make a writeable pte,
-->establish_pte-->write pte and update mmu_cache

(8) write done.

above has shown that handle mm_fault doesn't care much about what the
page prot is. (Of course,it has to be reasonable)

What really matters is vim_flags,it will decide whether an access is valid

6. do_page fault

seems ok



7. swapping

seems ok

8. adding execution protection
2002.3.16:
TLB execute protection bit support.
1. generic support
idea:
use bit 5 in pte to maintain a software version of PAGE EXEC
modify TLB refill code to reflect it into hardware bit(bit 30)
affected files:
include/asm/pgtable.h:
define PAGE EXEC
change related PAGE XXX macros and protection_map
add pte_mkexec/pte_exprotect
add godson_mkexec/godson_mkprotect
arch/mips/mm/tlbex-r4k.S:
tlb_refill exception & PTE_ RELOAD macro:
test bit 5 and translated it into bit30 in entrylo
using godson's cp0 register 23/24 as temporary store place
Note: bit5 and bit30 have adverse meaning,bit5 set==bit30
cleared==page executable,
arch/mips/mm/tlb-r4k.c:
update_ mmu_cache:
test bit 5 and translated it into bit30 in entrylo
implement godson_mkexec/godson_exprotect
arch/mips/config.in:
add option CONFIG_CPU _HAS EXECUTE PROTECTION
2. non-executable stack support
interface:
by default no protection is taken,To take advantage of
this support,one should call sysmips syscall to set the
flag bit and then execute the target program.
affected files:
include/asm/processor.h:
define MF_STACK_ PROTECTION flag



fs/exec.c:

judge which protection to use
arch/mips/kernel/signal.c:

enable/disable execute for signal trampoline
arch/mips/math-emu/cplemu.c:

enable/disable execute for delay slot emulation trampoline
arch/mips/kernel/sysmips.c:

handle MF_STACK PROTECTION
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Cisco Systems Inc.’s (Nasdaq: CSCO - message board) acquisitions during 2004 centered on the
security and services market as it picked up four players for under $200 million. In November,
the networking giant gave $16 million for security management firm Jahi Networks (see Cisco
Jumps on Jahi ). In September, it acquired NetSolve for $128.5 million (see Cisco Nabs
NetSolve ) and announced that it would buy Perfigo Inc. for $74 million (see Cisco Bolsters Its

Security Story ). In March, Cisco said it would acquire Twingo Systems for $5 million in cash.

XfECISCOXTBCNHH M. XA —NEHAE BRI, S0 & 18 K — 1B -
Cisco Systems Inc. (Nasdaq: CSCO - message board) announced late Thursday that it is buying
routing software startup BCN Systems Inc., the company it backed to develop next-generation
routing software (see Cisco to Acquire BCN ). It’s not clear that BCN had any other corporate or
venture capital investors. BCN has been actively recruiting top routing talent from Juniper
Networks Inc. (Nasdaq: JNPR - message board) and other firms, according to sources familiar
with the company (see BCN Joins Router Race ). Cisco says it is paying $34 million for the part
of BCN that it doesn’t already own and that the price tag could climb to as much as $122 million
if BCN meets certain goals. BCN was founded in April 2004 and has 45 employees. It is led by
founder and CEO Michael Beesley, a systems software expert who worked on mid-range routers
at Cisco, contributing to products such as the 7200. He then moved to Juniper, where he was part
of the team building the flagship M40 and also helped out on the high-end T640.

ARG —F CISCO&E i i ZHOMEMISMALL OFFICE NETWORKING ROUTER/
GATEWAY i3 11
200343 H CISCOHIS00MILLION% ZEAZ #— 25 L N Z 4 ILINKSYS. [ /& — S fi 2

Officials of Cisco Systems Inc. said today they plan to buy home and small office networking
vendor The Linksys Group Inc. of Irvine, Calif. The move marks Cisco’s first foray into the
burgeoning market for wired and wireless networking gear for consumers and SOHO(small

office/home office) users.
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CISCO HFR/CRS-1 92 Tbit/s

HUAWEI NES000E 41 Tbit/s in a 64-chassis configuration (OC192 interfaces only)
JUNIPER T640 1.28 Tbit/s by linking four T640s togetherp

AVICI TSR 5.6 Tbit/s achieved by adding switch cards in up to 14 chassis;

CHIARO Enstara 3.125 Tbit/s multichassis configuration consisting of 315 slots of 10 Gbit/s

ASIETE S VAR

CISCO: www.cisco.com;
HUAWEI: www.huawei.com
JUNIPER: www.juniper.net
AVICI: www.avici.com
CHIARO: www.chiaro.com
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Cisco Systems Inc. (Nasdaq: CSCO - message board) unveiled its next-generation core router
today, a move that some analysts believe could herald the overhaul of Cisco’s entire product line,
even down to enterprise boxes (see Cisco

Launches HFR ). The long-awaited HFR is a multichassis “terabit” router meant to compete with
boxes from Avici Systems Inc. (Nasdaq: AVCI - message board; Frankfurt: BVC7), Chiaro
Networks Inc., Hyperchip Inc., Juniper Networks Inc. (Nasdaq:JNPR - message board), and

Procket Networks Inc.
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After more than four years in development, the box is making its debut today under its real
name: the Carrier Routing System, or CRS-1 (no word on whether rapper KRS-ONE has been

tapped as a spokesman).

The CRS-1 truly is huge and fast, with a capacity of 640 Gbit/s in a 7-footrack. It scales to 72
shelves rather than the 18 reported by sources, for an unreal 46 Tbit/s maximum capacity, or
1,152 OC768 ports. (Cisco reports this as 92 Tbit/s, using its usual convention of counting

ingress and egress capacity separately.)

But CRS-1 wasn’t intended to be just a big router, says Mike Volpi, senior VP and general
manager of Cisco’s Routing Technology Group. Rather, Cisco wanted to start afresh to build an
IP box that would suit telecom carriers’ needs for years to come. The software is engineered to
produce the “permanent and continuous operation” demanded in the voice network, Volpi says.

“It’s designed to be Class 5-like in its carrier manageability.”
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...... Most significantly, the CRS-1 deviates from Cisco’s Internetwork Operating System
(I0S), the software that runs on nearly all its platforms. The new software is called IOS XR, but
it’s been built from scratch. The transition is analogous to Microsoft Corp. (Nasdaq: MSFT -
message board) moving from DOS-based operating systems to Windows NT, says analyst
Stephen Kamman of CIBC World Markets. Just as NT did, IOS XR could begin trickling down
to lower-level systems, eventually permeating Cisco’s entire portfolio, including edge and
enterprise boxes. “The question is how quickly they can push that software through the product
line,” Kamman says. Analyst Debra Mielke of Treillage Network Strategies Inc. notes that the

amount of firepower behind CRS-1 — including the involvement of Volpi and chief



development officer Mario Mazzola — indicates Cisco has plans going beyond this one box. “I
absolutely believe that all the innovation in [the CRS-1] will go throughout the product set,” she
says. “They wouldn’t have put all that money into [the technology] unless they were going to use
it for something much more.” Kamman believes the first step will be the “Son of HFR” box, a
half-sized CRS-1 intended to replace the aging GSR 12000 line (see Sources: Cisco Building
‘Son of HFR” ). Cisco officials won’t acknowledge the half-sized CRS-1; Volpi says only that
future enhancements to the platform are planned.”
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* Every 12 NPU being a Cluster.

* Every NPU with own L1 cache; A cluster shares L2.

* Total 16 Clusters /* 16*12 =192 NPU */

* Packets are distributed into clusters.

* Two Extra Processor Core: One for Mgt; One for Debug
* Fabric: IBM .13

* Software Arch: Non pipeline based:-)

* Programming Approach: C/C++
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Architecture

The HFR router can be configured in one of three architectures: single core;dual core,
interconnected with 1.2 Tbit/s parallel-optical-link (Parolicables); or multicore, with two core
chassis that interconnect up to 18chassis.

Software

As mentioned, Cisco has developed an entirely new operating system for the HFR. The
command line interface looks a lot like Cisco’s Internetwork Operating System (I10S), the
software that runs most routers today. The IOS and the new operating system likely share a lot of
the same code, but they are very different architecturally. Unlike 10S, the new OS is modular
and runs different software packages that enable various large feature sets, such as management,

MPLS, routing protocols, multicast, and security.
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“Critics point out that the new OS could take years to stabilize. That would put the HFR at an
apparent disadvantage against, say, Juniper’s T640 routers, which run that company’s established
JunOS operating system. “[The CSR-1 is] an interesting departure from IOS. There’s the
potential for [Cisco] to create more problems with their customer base,” says Karen Livoli,

senior product marketing manager at Juniper.”
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”Cisco needed to make the software change someday, even if it’s painful, analysts say. Because
it’s not modular, IOS is a step behind JunOS and other software — something IOS XR is

intended to correct

“Moreover, Cisco keeps adding to IOS piecemeal, as if it were the world’s largest ball of twine.
“Imagine five years from now, if they hadn’t built this new software and they tried to keep 10S

going. That thing would be a beast,” Kamman says.”
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“IOS XR helps Cisco catch up in areas such as hot upgrades of software and separation of
control, data, and management planes. The software is based on a kernel licensed from QNX
Software Systems, but tailored for the job. “We have made some pretty substantial modifications

to [the QNX code] that are Cisco proprietary,” Volpi says. ”
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May 22, BroadWare Technologies, provides software that enables web-basedmonitoring,
management, recording and storage of audio and video that canbe accessed anywhere by

authorized users.

March 28, SpansLogic, develops processors that improve packet processingspeeds across the
network.

March 15, WebEx, makes applications that enable online group meetings and secure instant
messaging.



March 13, NeoPath, a provider of high-performance and highly scalable file storage management
solutions.

March 5, Utah Networks, acquired selected technology assets of Utah Networks, the operator of
the social networking site Tribe.net.

February 21, Reactivity, XML gateway provider enabling customers to deploy, secure, and
accelerate XML and web services.

February 8, Five Across, software developer of ’social networking’ technologiesthat allows
businesses to create ‘MySpace-like’ communities on their websites.

January 4, Ironport, a developer of security software that scans e-mail for viruses and spam.
2006
December 15, Tivella, a provider of digital signage software and systems.

November 13, Greenfield Networks, developer of semiconductors designed to improve Ethernet
packet processing for the so-called metro Ethernet market.

October 25, Orative, developer of solutions that extend Cisco’s Unified Communications system
to mobile devices.

October 10, Ashley Laurent (selected assets), provider of software for the embedded service
provider gateway market; Cisco will use to improve Linksys’ DSL gateway offerings.

August 21, Arroyo Video Solutions, software designed to help cable operators and phone
companies deliver a more flexible video-on-demand service.

August 10, Nuova Systems, technologies for the data center. $50M funding commitment for an
80% ownership; will become a majority-owned subsidiary of Cisco.

July 6, Meetinghouse, provides 802.1X-based security software that allows enterprise customers
to restrict access to networked resources through both wired and wireless media.

June 9, Audium, technologies that allow interactive voice response (IVR) systems to work
together to power voice applications in an enterprise, carrier or service bureau environment.

June 9, Metreos, software enabling rapid development and automated management of
applications that converge voice with enterprise applications and data.

March 7, SyPixx Networks, provides network-centric video surveillance software and hardware.

2005



November 29, Cybertrust (selected assets); a security intelligence information service, known as
Intellishield Alert Manager.

November 18, Scientific-Atlanta a digital cable television equipment manufacturer.

September 30, Nemo Systems, a fabless semiconductor company that develops memory chips for
network systems.

July 26, Sheer Networks, intelligent network and service management products

July 22, KISS Technology (by Linksys), technology provider for networked entertainment
devices

June 27, Netsift, high-speed packet processing solutions
June 14, M.I. Secure Corporation, security and VPN solutions

May 26, FineGround Networks, network appliances that accelerate, secure, and monitor
application delivery

May 23, Vihana, Semiconductor solutions

April 27, Sipura Technology (by Linksys), Voice over IP specialist
April 14, Topspin Communications, Server Fabric Switches
January 12, Airespace, Wireless LAN solutions
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December 20, Protego Networks, network security software
December 9, BCN Systems, flexible routing software
November 17, Jahi Networks, Network Management appliances
October 21, Perfigo, Network Access Control

September 13, dynamicsoft, SIP software



September 9, NetSolve, IT infrastructure management

August 23, P-Cube, IP service control platforms

July 8, Parc Technologies, traffic engineering solutions and software for routing optimization.
June 29, Actona Technologies, Storage networking solutions

June 17, Procket Networks, router silicon expertise

March 22, Riverhead Networks, Distributed Denial of Service attack software
March 12, Twingo Systems, desktop security with SSL and VPNs
2003

November 12, Latitude Communications, audio and web conferencing
March 20, Linksys Group, Consumer/SOHO access devices

March 19, SignalWorks, Echo Cancelling software

January 24, Okena, Intrusion Detection software

2002

October 22, Psionic Software Inc, Intrusion Detection System

August 20, Andiamo Systems, Storage switching systems

July 25, AYR Networks, Distributed networking software

May 1, Navarro Networks, Ethernet ASIC design house

May 1, Hammerhead Networks, Networking software design house
2001

July 27, Allegro Systems, VPN acceleration

July 11, AuroraNetics, RPR chipset company

2000

December 14, ExiO Communications, In-building CDMA wireless



November 13, Radiata Inc, 802.11a wireless

November 10, Active Voice, Unified communication software
October 20, CAIS Software, Multi-unit building software

September 28, Vovida Networks, Voice over IP software

September 28, IPCell Technologies, Software for integrated VoIP
August 31, PixStream, Hardware and software for video

August 1, [IPmobile, 3G Wireless software

July 27, NuSpeed Internet Systems, iSCSI solutions

July 25, Komodo Technology, VoIP devices

July 7, Netiverse, Content aware switches

June 5, HyNEX, ATM + IP Access devices

May 12, Qeyton Systems, Stockholm, Sweden metro DWDM systems
May 5, Arrowpoint Communications, Content aware switches

April 12, Seagull Semiconductor, Terabit switch semiconductors
April 11, PentaCom, Pre-standard RPR switches

March 29, SightPath, Appliances for content delivery

March 16, infoGear Technology, Info Appliance management software
March 16, JetCell, In-building wireless telephony

March 1, Alantech Technologies, San Jose, California Network management
software

February 16, Growth Networks, Switch fabric chipsets

January 19, Altiga Networks, Integrated VPN solutions

January 19, Compatible Systems, Service provider VPN solutions
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December 20, Pirelli Optical Systems, DWDM equipment

December 17, Internet Engineering Group, Optical networking software
December 16, Worldwide Data Systems, Consulting and engineering services
November 11, V-Bits, Video processing systems

November 9, Aironet Wireless Communications, Wireless LAN products
October 26, Tasmania Network Systems, Web caching software
September 22, Webline Communications, Contact management software
September 15, Cocom, Cable modems

August 26, Cerent, SONET ADMs

August 26, Monterey Networks, Optical transport products

August 18, MaxComm Technologies, Voice over DSL

August 16, Calista, [P PBX solutions

June 29, StratumOne Communications, OC-192 chipsets

June 17, TransMedia Communications, Media Gateway products

April 28, Amteva Technologies, Unified IP communications software
April 13, GeoTel Communications, Nework based call routing software
April 8, Sentient Networks, Voice over ATM systems

April 8 Fibex Systems, Integrated Access Digital Loop Carrier

1998

December 2, Pipelinks, Data oriented SONET ADMs

October 14, Selsius Systems, IP telephony solutions

September 15, Clarity Wireless, Last mile wireless solutions



August 21, American Internet, IP address manangement software

July 28, Summa Four, Programmable switches

May 4, CLASS Data Systems, Policy based Networking Solutions
March 11, Precept Software, IP television products

March 11, NetSpeed, DSL CPE equipment

February 18, WheelGroup, security software

1997

December 22, LightSpeed International, Voice over ATM products

July 28, Integrated Network, (Dagaz business line) New Jersey DSLAMs
June 24, Ardent Communications, San Jose, California Multiservice access
products

June 24, Global Internet Software Group, Firewall software

June 9, Skystone Systems, Ottawa, Ontario SONET products

March 26 Telesend, DSL channel units

1996

December, Metaplex, SNA to IP migration

October 14, Netsys Technologies, Network simulation

September 3, Granite Systems, Gigabit Ethernet Networking

August 6, Nashoba Networks, Token Ring switches

July 22, Telebit (MICA products), Cupertino, California, OFDM/DMT modem
technology

April 22, StrataCom, San Jose, California ATM based network systems

January 23, TGV Software, Internet software maker



1995

October 27, Network Translation, NAT and firewall PIX solutions
September 27, Grand Junction Networks, Fast Ethernet switches
September 6, Internet Junction, Internet gateway software

August 10, Combinet, ISDN remote access

1994

December 8, LightStream, Enterprise ATM switches

October 24, Kalpana, LAN Switches

July 12, Newport Systems Solutions, Software based routers

1993

September 21, Crescendo Communications, LAN Switches
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November 13, 2006 - Greenfield Networks provides integrated circuits, hardware and software
optimized for Ethernet packet processing that enables next-generation Metro Ethernet services.
This technology is highly complementary to Cisco’s existing line of Metro Ethernet products and
will enable Cisco to improve time to market of carrier-class features for our service provider
customers.
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http:/newsroom.cisco.com/dlls/2006/corp_120706.html

SAN JOSE, Calif., December 7, 2006 - Cisco (NASDAQ: CSCO) - Cisco Systems today
announced it has completed the acquisition of privately-held Greenfield Networks Inc. of
Sunnyvale, California. Greenfield Networks provides integrated circuits, hardware and software
optimized for Ethernet packet processing that enables next-generation Metro Ethernet services
Greenfield has a proven track record in developing and deploying semiconductors for the Metro
Ethernet market. This technology is highly complementary to Cisco’s existing line of Metro
Ethernet products. With the close of the transaction, the Greenfield team and product portfolio
are now integrated into Cisco’s Ethernet and Wireless Technology Group (EWTG) led by senior
vice president, Kathy Hill.
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Cisco’s Scorched Earth Strategy
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Cisco swallowed another chip company this morning, Greenfield Networks. The notable thing
about this acquisition is that Cisco rival Huawei/3Com built their high end system around the
Greenfield device. I'm willing to bet that Greenfield was a lot more important to Huawei/3Com
than it was to Cisco. And I’'m willing to bet that’s why Cisco bought them.

By purchasing Greenfield, Cisco continues their scorched earth strategy of buying key suppliers
in order to deny these products to competitors.
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What you won’t hear Chambers say is that Cisco is successful because they are 80% of the
market and the market for networking equipment is growing at 15-20% a year. This incumbency
position provides them with several advantages, including monopsony power over suppliers and
the ability to turn commodity items into value added products.

It also gives them the mass to shoulder aside competitors and pull the rug out from under them
by acquiring key suppliers. People harbor crazy ideas about oil companies buying and burying
200 MPG engine technology. Cisco does this routinely with silicon suppliers.
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Cisco pulled the exact move in 1997, when they acquired Skystone, an Ottawa based chip maker
that was the sole source of OC-48 POS/ATM framer silicon. When Cisco assimilated Skystone,
several other tier 1 equipment vendor were left without framer silicon and effectively gave the
GSR12k a 6-9 month lead in the exploding (at the time) Telco market. They followed it up in
1999 by acquiring StratumOne. These events also catalyzed a gold rush for SONET/SDH silicon
suppliers, resulting in an oversupply of products that still exists today.
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The game plan for a comm semi supplier looking for liquidity is pretty straightforward.
* Design compelling silicon that enables a valuable networking equipment feature

* Get product thoroughly designed into Cisco Competitor to the point where they are 9 months
pregnant with your silicon.

* Get product designed into Cisco (optional)
* Get acquired by Cisco

* Write note of apology to Cisco Competitors #1, #2, #3 . . ..
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Unfortunately for Netlogic (NETL), they completed step 3 before step 2, and derive 60-70% of
their historical revenue from Cisco. Cisco competitors are wary of building systems around their
devices. And Netlogic is stuck fighting Cisco purchasing for a few extra points of margin day in,
day out. Meanwhile, Greenfield played the game right. And Huawei/3Com got pawned.
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“A scorched earth policy is a military tactic which involves destroying anything that might be
useful to the enemy while advancing through or withdrawing from an area...... ?
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Cisco, Nortel, HP, Foundry, Huawei/3Com, Extreme
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Alcatel, Avaya, Dell, D-Link, Enterasys, F5, HP, Marconi, NETGEAR, Packeteer, Radware,
SMC and Top Layer.
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The Packetry Il Architectural Platform

The G8000 family delivers industry’s highest integration of features and functionality for Carrier
Ethernet services. The G8000 family supports wirespeed 36Mpps packet processing and traffic
management functionality and includes three new devices: G8024, G8116, and G8300. G8024
offers 24 Gigabit Ethernet (GbE) ports supporting both copper and fiber connectivity. G8116



supports 16 GbE ports and one 10 Gigabit Ethernet (10GbE) interface. G8300 integrates three
10GbE ports, supporting standard XAUI interface. Each G8000 device has twelve 3.125 Gigabit
per second (Gbps) SerDes (serializer/deserializer) fabric interfaces for non-blocking scaling in
high-density fixed configuration switches and chassis platforms.

[ZE45: Y N B AnT LEAEE G 7%, G8000F& 42— %1k T1GA10GH:
(1 LUK N AS BB AR [ i PN 2% kb T %, InG8 116/ 10GHEE T, G8300#3N10GHE 1 F1 57
FF10GIIXAUIE T,

For next-generation carrier-grade Ethernet switching systems, the G8024, G8116, and G8300 are
architected to deliver advanced metro features that include:

» Large and scalable tables for Layer 2, [Pv4, IPv6, ACL, and MPLS

» Deep and scalable buffering to prevent packet loss and ensure service quality

» Large number of logical interfaces to support virtualization of tunnels

 Hierarchical Quality of Service for per-subscriber and per-service queuing and granular
traffic shaping

 Scalable and high-performance multicast service delivery

* End-to-end Layer 2/3 VPN services — VLL, VPLS, H-VPLS, Q-in-Q, MAC-in-MAC,
and RFC2547bis VPNs

* Carrier-Class Resiliency with Layer 2 fast protection switching for Ethernet ring
topologies

« Statistics and OAM support
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SFU, MPURILPU.

SFU: Switch Fabric Unit. MPU: Main Processing Unit LPU: Line Processing Unit
HHLPUR:

“Based on a distributed hardware forwarding architecture, the Quidway NetEngine S000E
corerouter (hereinafter referred to as “NES000E”) has multiple types of Line Processing Units
(LPUs) in addition to Main Processing Units (MPUs) and Switch Fabric Units (SFUs). The LPU
board is composed of the LPU module, the Fabric Adaptor (FAD) module and the Physical
Interface Card (PIC), which together complete fast service processing and forwarding,
maintenance and management of link layer protocols and service forwarding tables, and other
functions.

Types of LPUs
Currently, the NE5S000E supports the following types of LPUs:
__Gigabit Ethernet optical interface LPU __ 10G Ethernet optical interface LPU (LAN)

__10G Ethernet optical interface LPU (WAN)  OC-48¢c/STM-16¢ POS LPU _ OC-192c¢/
STM-64c POS LPU

( http://www.huawei.com/products/datacomm/pdf/view.do?f=167 )

N TR 200742 H KR B # 1) w5 B i HH #% NetEngine S000E V200R002 (Based on
VRP5.3)) K Ai -

http://www.huawei.com/products/datacomm/catalog.do?id=455
H—Le & BB SEON:


http://www.huawei.com/products/datacomm/catalog.do?id=25
http://www.huawei.com/products/datacomm/pdf/view.do?f=167
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0OC-192¢/STM-64c POS 10GE-WAN 0OC-48c/STM-16¢ POS 10GE-LAN OC-12/STM-4 POS
GE/FE

OC-3/STM-1 POS NetStream Service Board Multi-case VPN Service Board

X B EERNEELA: LPUH I AR S RF40G(E35 0C-768)FILPU
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Interface Module

The interface module provides the physical connections to the network, including Layer 1 and 2
functions. Interface modules for the Cisco CRS-1 include:

I-port OC-768¢c/STM- 256¢cPoS, 4-port OC- 192¢/STM-64c¢ PoS, 16-portOC-48¢c/STM-16¢ PoS,
8-port 10 Gigabit Ethernet, 1-port OC-768c/STM- 256¢ tunable WDMPOS, and 4-port 10
Gigabit Ethernet tunable WDMPHY.

WA, CRSHPANLRA0GHI SR EE T2 4H0C-19245 1, 810G Etherneti
H, T HRT BB SR BN 40G I OC-768 ¥ 1 o A SRR 72/ CRS 4R - 1 T4 I B i
K, HAERERKTTIA R 11521 40GHIL A

CISCO CRS-1 SYSTEM CONFIGURATIONS

Single-Shelf System Configuration

Switching capacity: 320 Gbps, 640 Gbps, or 1.2 Tbps

Supports 4, 8, or 16 40-Gbps line cards

x 4,8, or 16 OC-768c/STM-256 PoS ports

x 16, 32, or 64 OC-192¢/STM-64c PoS/Dynamic Packet

Transport (DPT) ports


http://www.cisco.com/application/pdf/en/us/guest/products/ps5763/c1031/cdccont_0900aecd800f8118.pdf
http://www.cisco.com/application/pdf/en/us/guest/products/ps5763/c1031/cdccont_0900aecd800f8118.pdf

x 32, 64, or 128 10 Gigabit Ethernet ports

x 64, 128, or 256 OC-48¢c/STM-16¢ PoS/DPT ports

x 4,8, or 16 OC-768c/STM-256 tunable WDMPOS ports

x 16, 32, or 64 10 Gigabit Ethernet tunable WDMPHY ports
Multishelf System Configuration

Switching capacity: Up to 92 TbpsSupport for up to 1152 40-Gbps line cardsx 1152 OC-768c/
STM-256 PoS portsx 4608 OC-192¢/STM-64c PoS/DPT ports

% 9216 10 Gigabit Ethernet ports

% 18,432 OC-48¢c/STM-16¢ PoS/DPT ports

x 1152 OC-768c/STM-256 tunable WDMPOS ports
x 4608 10 Gigabit Ethernet tunable WDMPHY ports

A, BUAER R R . et T DR 6 o B B v i ) 6 EH 2 AN BETA 240G (OC-768) I 2k,
I N BEAE10G(OC-192) ) )2 1] 12
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T i A S R G IAZ R

PAIHKFE —F Ciscok £ &5,
40 Gbps LINE CARDS

Each line card is separated by a midplane into two main components: the interface module and
the MSC. Each Cisco CRS-1 line card maintains a distinct copy of the adjacency table and
forwarding information databases, enabling maximum scalability and performance.

Modular Services Card

The Cisco CRS-1 Modular Services Card is ahigh-performance Layer 3 forwarding engine. Each
Cisco CRS-1 MSC is equipped with two high-performance, flexible Cisco SPPs, one for ingress

and one for egress packet processing. The card is responsible for all packet processing, including
quality of service (QoS), classification, policing, and shaping, and it is equipped with three-level
hierarchical

WU, ZFTLLCRSHIZ RREIAFI40G, ~RNHLZL R FHMSCFk FAFEAEE W ciscoH
CLIB T 78 B 1o it 1) X 2% A EE 25 SPP



1X A& CiscoXf SPPH fa] HLA 2 «
CISCO SILICON PACKET PROCESSOR

The Cisco SPP-the most sophisticated ASIC available today, consists of 188 32-bit RISC
processors (each of which can work independently to perform a discrete task) per chip, helping
enable fully flexible, 40-Gbps processing power. The flexibility of the Cisco SPP facilitates the
loading of different features for core, edge, and peer routing, based on software code, onto the
same hardware, eliminating the need to have specific engines for core versus edge routing. The
ease of introducing new code significantly accelerates time-to-market delivery of new features,
services, and applications.
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http://www.eetimes.com/showArticle.jhtml?articleID=26806315
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* NPU: From Tensilica Inc. www.tensilica.com

* Every 12 NPU being a Cluster.

* Every NPU with own L1 cache; A cluster shares L2.

* Total 16 Clusters /* 16*12 = 192 NPU */

* Packets are distributed into clusters.

* Two Extra Processor Core: One for Mgt; One for Debug

* Fabric: IBM .13

* Software Arch: Non pipeline based.

* Programming Approach: C/C++

MOCEERHD, XA 4 FISPP. 20024611 8 K I & 7= o o
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http://www.google.com/search?g=huawei+core+router+intel+ixp&hl=en&start=10&sa=N
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http://www.lightreading.com/document.asp?site=lightreading&doc_id=37698&page number=4

“Intel: Like the 2.5-Gbit/s IXP2400, the 10-Gbit/s IXP2800 is based on the existing Intel
network processor architecture developed for the IXP1200. For the IXP2800 Intel has increased
the number of processing units from six to 16 and increased the clock rate from 200MHz to
1.4GHz. For integrated security applications Intel has included two security engines on a variant,
the IXP2850. The IXP28xx devices support SPI-4.2 interfaces with a CSIX protocol for
communication with the switch fabric.”

TEFRATTE HE Intel, A IXP28xx fif— N KH I [IHF 5T o
IX R IXP28xx [ B 425 «

http://www.intel.com/design/network/products/npfamily/ixp2855.htm

http://download.intel.com/design/network/ProdBrf/30943001.pdf
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Copying of 10S source code (#/Z2I0SH]JFEAXAE) : Cisco alleges that Huawei has copied
portions of the Cisco I0S source code and included the technology in its operating system for its
Quidway routers and switches. Huawei’s operating system contains a number of text strings, file
names, and bugs that are identical to those found in Cisco’s IOS source code.

Copying of Cisco’s technical documentation (#0782 BREHIHEARICEY) : Cisco alleges that
Huawei has copied extensively from Cisco’s copyrighted technical documentation and included



whole portions of Cisco’s text in Huawei’s user manuals for Quidway routers and switches.
Copying of Command Line Interface (#»28 R #4247 41D : Cisco alleges that Huawei
has copied Cisco’s Command Line Interface (CLI) and corresponding screen displays. CLI, a
key component of Cisco’s copyrighted IOS software, is the user interface that enables users to
communicate with the routers. Extensive portions of Cisco’s CLI and help screens appear
verbatim in Huawei’s operating system for its Quidway routers and switches.

Patent infringement (i3 )z % F|fr#7) : Cisco alleges that Huawei is infringing at least five
Cisco patents related to proprietary routing protocols and has included these technologies in its
Quidway routers and switches.Cisco >4 K[ 4GHT[H W1 R« http:/newsroom.cisco.com/dlls/
corp_012303.html

Ciscof® 52 W JRARE VR VA SCHFEEZ AN« http:/newsroom.cisco.com/dlls/filing.pdf

HorpBr 1 ERCLYL JEAUS SR IR TR AL, 3852 tHHE N VRPIAE LR 4 T
LB 5088032
LH| % FK: Method and Apparatus for Routing Communications among Computer Networks.
L5 HS: 5473599
LF| % FR:  Standby Router Protocol
LRSI 5519704
LR FR: Reliable Transport Protocol for Internetwork Routing.
LR S 6097718
L R4 FR: Snapshot Routing with Route Aging
LHSHY: 6327251
L H|4FK: Snapshot Routing
L5 HG: 5088032
LR HK: Method and Apparatus for Routing Communications among Computer Networks.
KT MRAIRIE T Z W

http://www.lightreading.com/document.asp?doc_id=27356

http://www.lightreading.com/document.asp?doc_id=27297
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TR IIE
Cisco Comments on Completion of Lawsuit Against Huawei

Cisco confirmed today the completion of its lawsuit against Huawei Technologies, Co., LTD and
its subsidiaries, Huawei America, Inc. and FutureWei Technologies, Inc., that was pending in the
United States District Court for the Eastern

District of Texas. Huawei had agreed to change its command line interface, user manuals, help
screens and portions of its source code to address Cisco’s concerns. The completion of the
lawsuit comes after a third party review of Huawei’s products, and after Huawei discontinued the
sale of products at issue in the suit; agreed to only offer for sale new, modified products on a
worldwide basis; and submitted its relevant products for review by a neutral third party expert.
“The completion of this lawsuit marks a victory for the protection of intellectual property rights,”
said Mark Chandler, Vice President and General Counsel, Cisco Systems. “Innovation is the
lifeblood of the industry, and protecting our intellectual property is of paramount importance to
Cisco. We are pleased to conclude the litigation as a result of the steps that were taken to address
our concerns.”

Cisco filed an intellectual property lawsuit against Huawei Technologies, Co., LTD and its
subsidiaries, Huawei America, Inc. and FutureWei Technologies, Inc. on January 23, 2003. The
lawsuit was stayed in October 2003, pending the outcome of the neutral third party review
process, and the stay was further extended in April, 2004.
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http://www.futurewei.com/detail.asp?dt=news&id=56

Huawei Statement: Cisco Huawei Lawsuit Ends


http://newsroom.cisco.com/dlls/2004/hd_072804.html
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THURSDAY JULY 29, 2004

At 11 p.m. Beijing time on July 28, 2004 (8 a.m. U.S. central time on July 28, 2004), Huawei,
Cisco, and 3Com filed a stipulation and order of dismissal with prejudice to the United States

District Court, Eastern District of Texas, Marshall Division. This fully and finally resolves the
lawsuit brought by Cisco against Huawei.

The order of dismissal with prejudice resolves all of the claims made by Cisco in its lawsuit
against Huawei. A “dismissal with prejudice” means that the same or substantially similar claims
may not be asserted in another lawsuit in the future. The order of dismissal provides that each
party will bear its own costs and attorney’s fees with respect to this dismissal. The content of the
settlement agreement is confidential and no party is allowed to disclose it.

Huawei is extremely satisfied with this result. Together with our joint venture Huawei-3Com,
Huawei will continue to spare no effort to provide high quality, comparatively low cost and
outstanding service to our many customers around the world. To that end, Huawei will continue
to vigorously invest in R&D, attach importance to innovation in quality products and customized
solutions, respect others’ intellectual property rights while protecting its own, and treasure
partnership.

Huawei is pleased to report that, during the past year, sales in the international markets and the
data communications area have doubled, and we look forward to continued leadership in the
global marketplace. We would like to extend our heartfelt thanks to all of our customers,
partners, employees, media and friends from all walks of life.

[Ffs]
FERNFEUT R HVRP RS
VRP (Versatile Routing Platform)

“The VRP (Versatile Routing Platform), a fruit of Huawei’s many years of research and
application experience in the field of network, is a network OS incorporating Huawei’s
proprietary intellectual properties and capable of supporting various network systems of Huawei.
It features a powerful IP forwarding engine as its core, and a perfect integration of real time OS
technology, equipment and network management technology and various network application
technologies through an advanced architectural design. As a scalable platform capable of
sustained evolution with open interfaces, it supports a large number of protocols and features
with great flexibility. With this platform, you can build an end-end, secure network of high
efficiency, great intelligence, and easy manageability. Huawei has obtained a lot of experience in
network running through the massive application of its network products and gained sufficient
knowledge of various customer requirements. Such experience and knowledge serve as the basis
for the design of the VRP so that the platform can adapt to most of the application environments
through its support of diverse protocols and features.



The VRP mainly has the following features:

Comprehensively protecting user resources, and guaranteeing reliability, high efficiency, and
security of user networks. The VRP provides a large number of security and backup protocols,
including access control, authentication, firewall, encapsulation encryption, log function, backup
center function, route backup, and load balance. The powerful security encryption function can
effectively control user authority and monitor the activities of users. Its simple and practical
backup functions ensure the smoothness of communications on the network and the
uninterrupted transmission of data. And the load balance function can optimize your use of the
network resources and get you the maximum bandwidth.

Providing simple, diverse, and highly efficient configuration, management, and monitoring
means. By these means, you can conveniently configure and effectively control network
equipment so that you can keep ahead in the time of network and information. With the network
management function, you can monitor and manage the running of the whole network simply
and effectively. With the command lines configured in a popular worldwide style, you will feel
easy in your application. The graphic configuration interface to be implemented soon will enable
you to make network configurations in a direct, visual manner. In addition, the platform provides
the remote configuration function so that you can remotely configure the router by logging in
through TELNET or dialing up via the modem. This facilitates the working for the network
management people. Providing a highly effective forward engine Through such advanced
technologies as high-speed switching and buffer, the platform improves the packet transfer rate.
Its numerous management policies enable you to manage the routing topology of the whole
network. Supporting multicast forward, it enables you to adapt to the future requirements for new
services, and get you prepared for such applications as voice and IP conferencing applications.
Providing voice over IP unit The VRP provides voip unit to introduce enterprise voice
capabilities via existing network infrastuctures at extremely-low increment cost with various of
interface types, AL,ATO, E&M and E1 in the future.”
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1 7,236,543 Method and apparatus of 8PSK modulation

2 7,236,533 Method and apparatus for reducing ratio of peak power to average
power of multi-carrier signals

3 7,236,478 Method and apparatus for down-link feedback multiple antenna
transmission in wireless communication system

4 7,230,937 Method for supporting traffics with different quality of service

by high speed down link packet access system

57,224,699 Wireless local area network access gateway and method for ensuring
network security therewith

6 7,221,872 On-line dispersion compensation device for a wavelength division
optical transmission system

7 7,216,229 Method based on border gateway protocol message for controlling
messages security protection

8 7,206,331 Transmission method for paging indication channels in code
division multiple access mobile communication system

9 7,206,290 Method and apparatus for estimating speed-adapted channel

10 7,194,030 Method for pre-suppressing noise of image

11 7,151,940 Method and apparatus for increasing accuracy for locating
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cellular mobile station in urban area

12 7,151,935 Method for initiative setting up calls by service control

point in mobile intelligent network

13 7,139,576 Primary cell identification method under site selective diversity
transmit

14 7,136,628 Adaptive digital predistortion method and apparatus for wireless
transmitter

15 7,133,505 Method and networking architecture for implementing service

voice dynamic loading on intelligent network

16 7,113,757 Method and its apparatus for increasing output power of the

carriers of wide-band multi-carrier base station

17 7,099,674 Apparatus and method for implementing multi-traffic load monitoring
and prediction

18 7,099,640 Method distinguishing line of sight (LOS) from non-line of

sight (NLOS) in CDMA mobile communication system

19 7,099,626 Method and apparatus for gain equalization based on wide-band
multi-carrier base station

20 7,082,307 Method for implementing mobile number portability

21 7,068,614 Method for multiple time slot power control

22 7,065,369 Method of locating and measuring a mobile station

23 7,062,289 Method and apparatus of multi-carrier power control of base

station in broad-band digital mobile communication system

24 7,058,416 Traffic channel allocating method in GSM mobile communication

25 7,051,262 Method for processing error code of compressed image in transmission
26 7,016,979 System and method of accessing and transmitting different

data frames in a digital transmission network

27 7,006,849 Spatial domain matched filtering method and array receiver

in wireless communication system

28 7,006,473 Soft handover method for CDMA mobile communication system

29 6,990,346 Method for direct retrying based on macro diversity in CDMA

system

30 6,980,582 Method for achieving a large capacity of SCDMA spread communication
system

31 6,965,633 Pilot synchronization channel structure for CDMA mobile communication
system

32 6,947,997 Method for controlling ethernet data flow on a synchronous

digital hierarchy transmission network

33 6,947,887 Low speed speech encoding method based on Internet protocol

34 6,944,471 Protection method for forward power saturation in CDMA communication
system and its power control apparatus

35 6,934,373 Method of generating charging identifier in internet one number

link you (ONLY) service

36 6,924,705 Inject synchronous narrowband reproducible phase locked looped

37 6,912,383 Implementing method for adding monetary value of mobile prepayment
service in different locations



38 D504,885 Remote control

39 6,833,948 Method for implementing power equalization of dense wavelength
division multiplexing system

40 6,819,730 Filtering method for digital phase lock loop

41 D497,925 Video conferencing terminal

42 6,801,068 Delay clock pulse-width adjusting circuit for intermediate
frequency or high frequency

43 6,781,977 Wideband CDMA mobile equipment for transmitting multichannel
sounds

44 6,728,436 Optical signal modulation method and optical signal transmission
system for high speed transmission system

45 6,542,018 Current mode step attenuation control circuit with digital
technology

46 6,407,990 Method of transmission of image by CDMA system
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HATZ5 /& : "The Cisco Research Center coordinates Cisco’s internal and external research
programs, interactions with researchers in academia and at peer institutions, engagement with
research groups and standards organizations, and interactions with graduate students.”

PATH K EF H il S F(Sponsor) 1S 5 FIHfF L I H -

http://www.cisco.com/web/about/ac50/ac207/crc/examples.html

George Varghese

Department of Computer Science, University of California, San Diego
Flexible High-Speed Parsing for Network Devices Architecture
Sponsor: Flavio Bonomi

Injong Rhee

Department of Computer Science, NC State University
Stability of Congestion Control: Metrics and Protocols
Sponsor: Larry Dunn

Nancy Griffeth
Department of Mathematics and Computer Science, Lehman College of the City
University of New York

Nancy Lynch

Electrical Engineering and Computer Science, MIT

A New MAC-Layer Paradigm for Mobile Ad-Hoc Networks
Sponsor: Ralph Droms

Nick McKeown

Electrical Engineering and Computer Science, Stanford University
Accurate Network Timing and Synchronization

Sponsor: Tom Edsall

Sanjay Rao

School of Electrical and Computer Engineering, Purdue University
Monitoring Peer-to-Peer Networks for Anomalous Traffic
Sponsor: Navindra Yadav

Janardhan Iyengar

Computer Science Department, Connecticut College

Shared Bottleneck Detection and Response Mechanisms For Concurrent Multipath
Transfer (CMT)

Sponsor: Randall Stewart

Srinivasan Ramasubramanian
Department of Electrical and Computer Engineering, University of Arizona


http://www.cisco.com/web/about/ac50/ac207/crc/examples.html

Sustainable Multipath Routing in Packet-Switched Networks With Minimum Overhead
Sponsor: Russ White

Jim Martin and James M. Westall

School of Computing, Clemson University

DOCSIS 3.0 Channel Bonding Scheduling Algorithms and Issues
Sponsor: Randall Stewart

Shigang Chen

Department of Computer & Information of Science & Engineering, University of Florida
Optimizing Access Control Lists

Sponsor: Bo Zou

Ahmed Kamal

Department of Electrical and Computer Engineering, lowa State University
Survivable Network Operation Using Network Coding

Sponsor: Iftekhar Hussain

Harry G. Perros

Department of Computer Science, NC State University

Multi-Domain and Single Domain Route Selection under QoS constraints
Sponsor: Tsegereda Beyene

Thomas LaPorta

Computer Science and Engineering, Penn State
Security for Internet/IMS Convergence
Sponsor: Cetin Seren

Jeffrey Andrews

Department of Electrical & Computer Engineering, University of Texas at Austin
Network Coding’s Impact on Ad Hoc Network Capacity

Sponsors: Xuechen Yang, Jan Kruys

Yanlei Diao

Department of Computer Science, University of Massachusetts, Amherst
In-Network Complex Event Processing over Distributed Streams
Sponsor: Krishna Sankar

Michael Mitzenmacher

School of Engineering and Applied Sciences, Harvard University

Hashing and Sampling Algorithms and Data Structures for Network Measurement,
Monitoring, and Applications

Sponsor: Flavio Bonomi



Bhuvan Urgaonkar

Department of Computer Science and Engineering, The Pennsylvania State University
Resource Management in Virtualization-Based Consolidated Hosting Platforms
Sponsor: Vithal Shirodkar

Timothy Griffin

Computer Laboratory, University of Cambridge
Applied Metarouting

Sponsor: David Ward

Paul Amer

Computer and Information Sciences Dept, University of Delaware
Improving SCTP with Non-Renegable Selective Acks (NR-SACKSs)
Sponsor: Randall Stewart

Leonard Cimini

Department of Electrical and Computer Engineering, University of Delaware
Beamforming in IEEE 802.11n for Wide-Area Applications

Sponsors: Brett Douglas, Jan Kruys

Jason But

Centre for Advanced Internet Architectures, Swinburne University of Technology
FreeBSD Implementation of an SCTP friendly NAT

Sponsor: Randall Stewart

George Kesidis

Department of Computer Science and Engineering; Department of Electrical
Engineering, The Pennsylvania State University

Per-flow state management in Internet routers: mass purging and heavy-hitter detection
Sponsor: Cetin Seren

Aleksandar Kuzmanovic

Department of Electrical Engineering and Computer Science, Northwestern University
Diagnosing Spatio-Temporal Internet Congestion Properties

Sponsor: Bruce Davie

Constantine Dovrolis

College of Computing, Georgia Institute of Technology
Ingress Traffic Engineering and Performance Routing
Sponsors: Dana Blair, Monique Morrow

King-Shan Lui

Department of Electrical and Electronic Engineering, University of Hong Kong
Network Parameter Representation and Quality of Service Routing in the Internet
Sponsors: Kirk Lougheed, Fred Baker



Rodney Tucker

Department of Electrical and Electronic Engineering, University of Melbourne
A Green Internet

Sponsors: Jeff Allison, Garry Epps

Kevin Almeroth
Department of Computer Science, University of California, Santa Barbara
The Last Mile: Building the Final Piece in One-to-Many Content Distribution

Magdalena Balazinska
Computer Science and Engineering Department, University of Washington
History-Enhanced Monitoring

Olivier Bonaventure, Pierre Francois
Computer Science and Engineering Department, Universit Catholique de Louvain
ICIM : Improving the Convergence of IP Multicast Routing Protocols

John Canny
Computer Science Division, University of California, Berkeley
MultiView Videoconferencing

Cristian Estan
Computer Science and Engineering Department, University of Wisconsin-Madison
High Performance Intrusion Prevention in Software

Michalis Faloutsos
Computer Science Department, University of California, Riverside
Automated Traffic Classification: Benchmarks and Novel Tools

Paul Francis
Computer Networking Department, Cornell University
End-Middle-End Internet Connection Establishment

Edgar Gabriel

Department of Computer Science, University of Houston

Optimizing Collective File Operations over InfinBand, Gigabit Ethernet and
Mixed Network Interconnects

Nancy Griffeth
Department of Math and Computer Sciencev Lehman College
Address Assignment in Traditional and Ad Hoc Networks

Edward Knightly
ECE and CS Departments, Rice University
Achieving High Performance and Fairness in Multihop Wireless Access Networks



Andrew Lumsdaine
Computer Science Department, Indiana University
Exploiting Multi-Path Routing for Collective Communication in MPI

Nick McKeown
Electrical Engineering and Computer Science, Stanford University
NetFPGA: An Open-source Teaching and Research Tool for Programmable Network Hardware

Karen Sollins
Mathematics and Computer Science Department, Massachusetts Institute of Technology
Prediction Intelligence in the Network

Alan Wagner
Computer Science Department, University of British Columbia
Compute- and Data-Intensive Processing using MPI over SCTP

Nelson da Fonseca

Computer Engineering Department, State University of Campinas

Dynamic Traffic Grooming with Support to QoS in IP over WDM Networks

Kamil Sarac

Computer Science Department, University of Texas at Dallas

The Last Mile: Building the Final Piece in One-to-Many Content Distribution

FA KA % Cisco Research Center + ) Cisco Routing Research Symposium program.

http://www.cisco.com/web/about/ac50/ac207/crc/archive_crrs.html

“This symposium was designed as a forum to explore and highlight significant opportunities and
challenges facing the future of routing and network design and to exchange ideas that may
stimulate and guide industry and academic research efforts over the next 5-10 years. It included
leading academic researchers in key focus areas of the Cisco Routing and Service Provider
Technology Group.”

XA FE N AR AT S 5 BT ST I H AR

Garry Epps Cisco System Power Challenges

Mark Horowitz Stanford University Scaling, Power and the Future of CMOS

Shekhar Borkar Intel Corporation Extending and Expanding Moore’s Law -

Challenges and Opportunities

Ajith Amerasekera Texas Instruments System Power Challenges - An ASIC viewpoint


http://www.cisco.com/web/about/ac50/ac207/crc/archive_crrs.html

Evaldo Martins Miranda Analog Devices Power/Thermal Impact of Network Computing
Alfonso Ortega NSF and Villanova University Thermal Engineering Research
Motivated by Cooling of Electronic Systems

Farzam Toudeh-Fallah Cisco Optical and Quantum Switching Challenges

Daniel Blumenthal University of California Santa Barbara Optical Packet

Switching Methodologies

John Bowers University of California Santa Barbara 3-D MEMS-based Dynamically
Reconfigurable Optical Packet Switch (DROPS)

Mario Dagenais University of Maryland All-Optical Header Recognition

Rod Tucker University of Melbourne Optical Buffers for High-Capacity Routers
Yavuz Oruc University of Maryland Quantum Packet Switching

John Scudder Cisco Next Generation Network Architectures

Jennifer Rexford Princeton University In VINI Veritas:Realistic and Controlled Network
Experimentation

Paul Francis Cornell University Small Routing Tables
Morley Mao University of Michigan Active Correlation Between the Controland Data Plane

Nick McKeown Stanford University Designing a Predictable Backbone Networkwith Valiant
Load Balancing

Scott Shenker University of California Berkeley Data-Oriented Network Architecture

Tim Griffin Cambridge University Metarouting

Dina Katabi Massachusetts Institute of Technology Staying Connected in a Connected World
Nick Feamster Georgia Tech Cabo: Concurrent Architectures are Better than One

Hui Zhang Carnegie Mellon University A Clean Slate 4D Approach to Network Control and
Management

David Ward Cisco Next Generation Network Architectures Summary



Will Eatherton Cisco Electronic Packet Switching

Jon Turner Washington University in St. Louis Design Issues for High Performance
Virtualizable Network Platforms

George Varghese University of California San Diego Flexible Routers

Tim Sherwood University of California Santa Barbara Open Problems for Open Routers

AT K% & Cisco Research Center IE7£ & 2 IRFP(Request for Proposal). RFP[#] i 2 X £4
BFFEI B AT DA% 4, FITEATR] LS proposal K I

http://www.cisco.com/web/about/ac50/ac207/crc/rfp.html

Overview

Cisco Requests For Proposals (RFPs) connect Cisco engineers to other researchers and educators
to facilitate collaboration and research opportunities. RFPs give academic researchers a way to
identify and submit proposals on pressing issues, topics, and problems in networking science
research. The RFP process includes compilation of a public repository of current issues and
problems along with submission instructions, guidelines, and time frames. Cisco provides
funding in the form of grants and contracts; the exact form of funding depends on the project.
Awards are made to institutions, not to individual persons.

RFP-2007-022 Distributed Policy Execution

RFP-2007-021 Development of Routing and Addressing Architectures for the Internet
RFP-2007-020 Protocol Oblivious (Behavioral) Internet Traffic Classification

RFP-2007-019 Methods for Developing Efficient Multicore Algorithms

RFP-2007-018 Parallel XML Document Parsing with Multi-core Processors

RFP-2007-017 Integrating SCTP into Java

RFP-2007-015 Service Creation and Enhancement

RFP-2007-014 Multi-core Modeling and Memory Optimization with Disparate Operating
Systems

RFP-2007-012 Improvement of Source Code Analysis Metrics

RFP-2007-011 Automation of Source Code Analysis


http://www.cisco.com/web/about/ac50/ac207/crc/rfp.html

RFP-2007-010 Adaptive Error Measurement, Concealment, and Repair for IP Streaming Video
RFP-2007-009 Application Flow Management and Service Assurance

RFP-2007-008 Communication Enhancements to OpenOffice

RFP-2007-007 Classification of Bloom Filter variants, and their suitability

to various application domains

RFP-2007-006 Classification of Distributed Hash Table methods, and their suitability to various
application domains

RFP-2007-005 Reputation Services for Spam Classification

RFP-2007-004 Development of Naming and Addressing techniques for traversal of NATs and
Firewalls
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ShockleyWA AR , BRI ERRL , ZREBENRYERE |, HiFMHIARE
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tiF R RE R Shockleyid Tk , tHiFRE FShockleyid FHEHABTRIE |, kK
T—RAUlLtELNER FEEESEK—BRNEMNIEXY , BEANERERTEMA. X2
ShockleyW & G418, 19894 , ShockleyEfIMHAEF X MR PN BEFHLRARE
REFBANMAER, B2 T -, HRAR—NIIEE,
BEFShockleyz e Traitorous EightBEIF4E , HECE TWEFSHELF. XA
ARET —BESHTENERRESTENGZT., ERUEXSHALAHEEFIER
REEN—Zl, LE®ENIobs , FLEFSEA BB —FMAANELR |, IR—R



T, XMellESNMFREXELCTG T, BHEEXEMFRNEENRAS . XL
SEEENATEE TEXRERNOLT , elETESBENIEE,

MiXESiE |, PR HEERERET  NXE , ESNFRAZRINEERREN G
ER2UUGERCFTREMENEA ; NXEE |, X5 b L UEEFEAFLT, K
B2 AENAZENRESNIBAXF KT E32AEMN Kb, Intel , Apple , Oracle ,
Sun Microsystem , AMD , YahooE—RINAEFREEXE |, H T LHELTHEH
—ERNRWHN R, ERBRIZIEXENREZZ L.

19584 , Jack Kilby5Robert Noyceft/a KBRS 3% |, Jack KilbyE 3RS T
2000FHINobel¥)E 3, Robert Noyce F1990F#l % | R BEFRNMEMNIX—K , BER
HERET InteliX—#E1F , EESET LR FTATH,
EERBREAZE , EAMBEERBERWEIK , BALESRNEZ H i R 26 E [ #E,
1965%F Gordon MoorefZ HE —MNER B LI AN REEHE , KASR241 A
(1975FBRFG2ANMNBER N I8N A)EBM—1Z , HeeiRA —F. BRERESIH A
—RX—RHWIRFEEMEHE,

19715 | B— AL E 4004 EIntel i &E |, BEF 28008 , 8086 , 80286, RIRHMA:
ERESTEANKRT, ELHELNAT+FRF/FH , Motorola 68K , MIPS , x86 , SUN
SPARC , Zilog Z80 , BxF LET —#7ZES T AEUSHEA A EEE KiK.

LA +FRY , xS BB EHLERAEPME , PIENZSEEHFTE

£4 , IntelZNBR T —37F AR EH.. DEC(Digital Equipment Corporation)#y
Alphafl3¥25 , AIM(Apple IBM Motorola)#yPowerPCAL 88 , MIPSAE2FFISUN
UltraSPARCACEEBS4A FX T B $ LUR B 58 K AL B8R BX B8 , RISCEX B, IntelFZEl
ERBXNMERENEEK. S IntelfEEXNXMNRESBEEATUAEZNRAERL
B, EX L, RISCRREMNTAM—RNOEELER LHHEARBH %L Fintel,

EXX—1 , & BREBENBERMicrosoft FHAZIE , AFEMHZIFXMRISCEEE,
IntelF 2Bz , 2L Andy Grovel¥ B3I, X Fintel , BEIRBALR M. BEXR
TR Intel, Andy GroveRH{XH Intel 2 —MERE FARL"#E L BEWIntel |
B EBFRTHEARTIT , Ht#ET " Wintel, BEtWIntel , RFZEH , RFZEE | &
FZ2 41T,

JLF42%) T Servermiiz £ M EMRISCEX BRIRE X T —MNLFF#EChicken and
Egg Question, WintelBx BEFMRITHARESR , BUORE , RERFEBERX THA
A, EEBANPCHREF | I FMENARBELZETX86XMHATERMIETE, REMN
A, RISCEREE T8 APCHt R EH M Intel , RISCEREE T 33 APCIHt Rt & BN
EX XN ER | BMERWintelBtBE A — X B Microsoft R T L LR, X —F KA N
Eo

RISCExBE RgEfEServermiz A7 , E&Intel E T X BIL K , # AServer , RE
B EEARISCELEE, EXIX/NEChicken and Egg QuestionfTERM KA DE , SUNR
BhE , AIMtERE, LEHRRAN—REFTDECE—NMIT. HEMWDECERAREZEER
miptsE K, EDECERABBEHTAK/LFENNEAR , REAMDHN IR MERFRET
K7FIK84L 32, XA EBRMAAI LA Intel FR AN Z Ko

H—PIRANEE , XBRALKAEKRTS . EPCHE , RER LB "Chicken” , X25%



B Egg” , IntelEEZ |, Microsoftthoix. JLFFiEChicken and Egg Question#f
S EE | BUUAZEHEEWER, RFAEOLERRAPLEEE=MRT8EHE
EHEE , REEEXEHRUSENEEF , REFKFHFHEREHHT , MR
Ak, it EREFRRNEBSEA/LAEREBREAD , FUTEEHBE  FUNRES
RERE,

ChickenMEggA R —XNZFELRE , RER—MRZARIGT Rtz B, FHFSEEW
#IChickents ;& B EMKEgg. ChickenfMEggRETHXEMLERBPKARE , 2
RRERF , BEEANERRE B A2 B

fEChickenFEggiy Tt LI FE R , HELBTENES MNEERMEKIMNE.
ChickenMEgg&AKESF , IFLELE  KFBHFTEHENDEZNH 2 KFEAR
EELHR. RMARERE T ChickenfEggzal |, Bk EFEE X EChicken and Egg
Dilemma,

Intel&EE R BPCHIEM R EFMChicken and EggliRIP< | & THFE EFTL"HN
FIERIR | Iz FEMBRNWESBZH , WERIEEREENER , SHRHEEIZM
65nm , 45nm, 32nm, 22nm , 14nmEZF10nm. % , X T¥SEKLTNE D
ELESRFERR LT EEERE, IntelEMATHEIZLEHNREE. €8T
Pl skttt EMV K28, W FREENRHF , HAANITZ LOTARMREE, E8M
RISCRREZEKZETENRBE | Intel TRZIESHWRRKBEERZHGNEE, 84
§5/NEIFEEETE/IMARMEES IntelixNE A FliE — &= 3K Chicken and Egg
Question,

LAARMALEEEZE R RO ¥ SRR 2125 T B KiK., EXNEPCHEE MR W
B, SHInte & B EAME, InteltfRERTE. xB6EFEBMMEEMLS , HEE
MBNHNHAE, BX ERAEXB6AEREHRE L E M EIFRSE (backward-compatibility)
HaEm , TREATLAENIZ , BARMBRER —MEEL LES,
£2012FMCES , IntelBR T ETFAtom SoCHIMedfieldFEH , AJ AT ERIntelfEFE4E
WILERBIRN , FHEEIRWEER , HtEEaLERE. IHTEREXSOAURES
W AFFEATH. MRLEBFARTLURE -], HFEMIntel R EEKMERISCEL B,
EAEBFIF N | Intel - BEEIFHRFTWER, Wintellx BEREBKRFYE . Windows
8 ZIFARMEA | x86t1ER T Android, THIFARMALEE B85 HE A PCa s R 2 At (8] 7]

B xS EB/HAFHRATBMAEFZRBEEMRR,

Android SARMKIVE & AEE |, JLFFrEANndroidiy B A ERE K2 E L SARMAL 2
BEBETLFEANKR, BTEXS6AEREZ LHANdroidRE |, L &EH LRI B
FEAMNMARE. FABinary Translationf & FARMK N AR FBHEZIx86thiF 2 —
NFENEE, XMUEHTH , RISCREBHEFAEXNFZ. SA—FKBREFS ,
Intel AT LAfFANdroid EEAMERRESNMARFE — N — M BIEZIX86FH , RRXH
ERRBIZNAY , AEEM. Intel T ARARBOZEEERR22NMI] |, KB RH
WY BE D BB W 0 ERX LB AE,

N FAEZfEx86-Based FIHRNRBHTHR ; RBEEZH rEix86-Basedky
FEHEARBEENAR—FEZ, IntelfECES 2012 LA HFHNFHERAL IR NERA
[, SXBAAUUMBRAER. BEERENE , RiFintel EEEXNENFRE , H#



FZChicken and Egg Question , X5SRISCEBELE I A Chicken and Egg
Question ¥} HE[E,

EFHFEBROE , EXMNERRIFHKARFEEEChicken and EggiiHE |, R EEXEN
WIBBNRERG2H., LIFERZAMITHHATE |, IntelEFTXFHFRRARM ,
Intel BB & 7 ARM B IR TR SR 1E B 3) L8 U L P FE AR IR [B] &
DUNBAETARBENFEERSESD | IntelBE2XRERS , SETRBILESRS
A BFMAIARMEHATERWinner, £—1MARM SoCH |, (A EEIBFMRMHEE L
BoeHN, EFEXEBRIE , ARMREEERERXE K EENFHILRApple,
GoogleM —&Z2E N AN A,

ARME LA ESENTEEA, RRNARMMFE , BRI RITO M IEBEREE, UangE
AEERITTEL KA QualcommMApplez 288922 B 7T BAUIRF#t X ANGuiE, £ ER
B, —LHMEARM SoCl M HIERE N ERITRES ANAMIE | XERFEEME—L
B A FIYEARM SoCHIE S IBERT L F T ST,

201 2 F XM FURE = HH K 8041ZNARM SoC |, ImBIIXxS6AERMMEEE, REFWT
EARIMWARMEInte EMittZ AT —NEX , FANAERRIUTHATFTEIATTA
T, IHFRINte EEEEAMMNHED, IntelfFEEHMHNHTIEARM, NERMEZEY
W, IntelSARMIEERERXNF , MRER. ti1EEHEMNHE , LEE &, £Fz
Rk |, A REXS B EIREY |, S-SRI PR .

XN EEREBRERS. BERZELEREZRAANEH. YNLESRHESERE
R, RE-CHEWHAENESHRITIEE. EHR/DENF , UNIXRIVMSERERSGH
HINEE THRBEREANWE R, PCHMEMAEH TRERENEE , £EEHNT
CP/MAIDOSUEEEE NP OLNBRERSE, XEBRERENFTEIEREEERNEY
BER, HHAFPRHAEMNFARAE, XEREREETE —REERSR,
E_REBERGSIATRERE , EFNKBRARET ANKXENEE, Applefl
Microsoftty B H FEBEFEREAVRAA L. X2 —NE FPCHIEENNK, XK ,
IntelfMMicrosoftfE & BEWMBH T REAR LWMEE | MMmEEE —SmMENFE
MERBNSE, BZME , TBRTE,

AIFARBRERGSUETELEREHARTREARD. BIMNEELXHBEE=RIZERS. iOSH
AndroidHy¢ER | B# TR EBRNMNWAR , UNARFLN BEREEX—RBRERS
HEB A, X—REBERLSSIA T TouchMGestureZF—RFHBITHAE , BiXTRXKE
EREREENRLE. SAPRBRERETE , FE=RBEERENELTEREELESS
RERHENEMEYS  X—RBRERETERLESHMEMNITER | X—RBERSG2
H—TRFTNA , BHRBEEETBENPO,
EERBERGUIUBEMANARERS , EARRSTHNA , TEREARFRNEE
., BETEX—RKBREREHPVNABRFHESSEEHARNERE  FHAEECKTEE
THREZNAERAR , TEETHUEEERX4XERAT, EN\FHWREE , EA\TFH
BABAU RS REBTX LN,

XENANEI  FERERGEAER AN ERSSLMWITE, XNMNERFGRED
I, WintelBxBE X I x86 5Windows/k 2. R Bt AT A2 X #Y Chicken and Egg Question ,
iR KK T ARMAL IS APCHUE , x86 B AFHEKITENEE, X—RE



ERGHENFESBRALESRSSESRERZSH XN KRR Z 5.
LERAIRNE-IMERTEEAXENEH®HZ H, BRALESENETLEREFEERKSE
DIBEARNEBRNEM K BREENZSETBAILESHNR—SERABALAE, BERERE
EAFTREREE , BAXRMN—KR, S, I—XTEEREBRIEBE , MIELEIR,
FEIntel®WTick-TockitX|A , TockEAMKBMESIREZ ANXE , EEMNETick,
TickWNBFE LA BEFEEREENGEIM , HEBRERTEREENTREER.
FEAEBSEMENF | RAKLWZFITERTE., REEMEXSOIETRAKLIIMITHEREE
BHEBBARMEE ZMIPS , RZTAR, ETRKLEENRERARTIEMEL/2, 1/
ANTTHPWRERE , TEERS R, XESAHLYNET —F2AERED , &
RAEZHULERRESEMNMERRENITEE. XZEGHRTASEH , RELEBR
Mo

REAERIFUNZAERRERERSHTE , N\MEORUSLERRE , it —F
MATHEBRELERNED,. EXHENRET , EBRELHBERHRETNARFN
PITHE, EZLERREF  FEEGEABROVRABHRARH —SREEERENTR |
HROUERBEEERAWIERN, REFE , RMNEEMRNEBRRAEFTHIFREF,
FEintel8— XM Tock® , EANBEARERNEPRTEHEFEFRE , 5IATEHREMES,
BKEFEME KK Cache Memory, Cache MemoryRET IR S ZEERIESHINITH
L, AREUEHSBIPONLERFERENF , Cache MemoryIREBRE T — N E
FRANIITHE, MEREWEE LE , Cache MemoryWiRit F2BELBTRE ,
EEANBRER , MEZERR  REUETIWBRAIBNEN.

Intelf£Cache MemoryWI @i LR T I Z . FIETZ M LEIntel A Cache
MemoryR&E LR BEZRR. REIntelVEZERNFEEEFETIZ LIOLEE | 7%
BT gEECache Memory FRATIHAEM —% , IS B U EFHEE FRENZITH
#EidIntel, kFE&EECache MemoryFEI{LE | Intellz A ERTH 285 , FIERESE
NFELELER, EFEMSETFREFRIREMKNIntel , M T Server , HFEERBXT,
FEkServerEHE MR WFHFXAOEHR , FTEBINHTREREZFRE , E=ERE
FAEFEENEEENTREARESS RN ARMRS, BMENXERServerdis ,
Inteltb FEEIRBEESHREK, FHESNENSHETERBS TAERRENE—F
KR, FHEBATANER™E | F15ServerbESREEFTME KR , EMMEZH Cache
MemoryR&E5 2 Ikhl, FAX#Cache MemoryfHELESRRENIEZE EH,
EHSBETES R LR NServerkh Bes# — S X RNVER, RAEMSESmIERE
MEBFRE , ANFHESTRENER  MHE—PRETHHE. NZXHERXRTLUL
oM, P RERRT 1764850 B H R R B T 1 #F o

XANRBHNRERER  BEEAULUREUE#HSE NP OB EAKSAR(Von Neumann
Architecture)d , XN EBJLFEHE. BMEREFHERINEE , AEHERSEER
EULEREMENERZE , FEEFTRXNMNAEREMS,

1945%6 300 , John von NeumanniEzxX & & First Draft of a Report on the
EDVAC” , f&ii#i A First Draft , IMRITERTENBZRARMREE , E=FIJohn von
Neumann , Arthur Walter Burks5Herman Heine Goldstine—@# —%$%& T
First Draft , X% 7 % —&®B R "Preliminary discussion of the logical design of



an electronic computing instrument”fi2 X, XHEXEMERHATHE AT
BEKEAR,

itz , L SELERS  RE-EAUHBTEEESWITES , BHTEE MR
BREVITERS , RBHROMWITES | RBEABNITES. EXMHSEREERER , B
ZRMNATHAIFORZTE , FEERIT—FHENEFITES  SEEHEEBFR
Bo BEMEARUETX—Y) , BYTIHENGRENPREENEARERE , FRE
S, BiEMEMERE—IXEI AT Store-ProgramitEEit , BE T —MIENWEKRA
RE 5, EFEArithmetic Logic Unit , Processor Registers , Control Unit(‘23&IRA
PC) , A THEM#EESMEIEN Memory T A% Hi18 %

EXfERF | TENGFRBEFAENINE , FiESNEESFEREHEERNT, £
FHBEPEA—H#HBEKRTEE , S—MERERETE , SFEEEHMemoryH
WEERF , MAFTEEMEIT -t ESS,
BEKEERWACE T HAEITESRRITPNTR , JLUSH ENEXSHBBARAS T
—NG—EHE BETAKRUTENCREENEM, TENHNAELBATHN—T. XE
BERREES , HIHENAREHNPHREALEEES A, EIFENAREHEELEN
JLTERELK , ZEEMABERENHTGZE , ESNAREIBEKSARZ LHEEL
Mo

AABERBRNHI NG EREERBELARE, ETXMANWBALERZERKAT
fE. IntelSEHMAER Mm—ELETEALESRNEGT. BREENFEZERFESL
HRLERAE , A ERTH/ELBEK , RN, BALESRFEESTXTNA. BALE
ENAHEHR EEREEE T HSBTFERIENER,

Von Neumann Architecture # 75 3% , XM UEHEBFI NP ONEREHLF |, 76
BMARR AT |, X— I BEFH R Von Neumanniidl, X — AT E DG KSME
RWEMMEI , B TERW A EHEBR. Cache Memory Y HIIR K E#E 7 Von
Neumanniisi , BE/5 HBAIModified Harvard Architecture , Branch Predictor#]
NUMABREWH —SER T XM, ERXNENREHEESIXRE. ZEKE
ERIESERLAL  BEES HFESBIKAEE , MERERZL
ESRXWServerditg , L FMBENAHE —MIBWEZEITHE, I/OREE ERBIELRE
FEFEHEETRS  LESENBERTLEEERETEMHSI FRE , I/ORZBENFMES
FREPRIEHE  cEBEHH —SHLE, EXERF K SHIT-REE , FEZX
HRFMEEEFRE. FHEETRALARAET |, FHEZHIL RS TEERR RIX LR
i

BEREABREZEREYEZRMNIohn von Neumann , NEITEVRIFENHEAS , 23
TRZTE , EEMAE -+ —HHLHNSX , BXEFELRARN —FATXERER T
i, ERINFILHXANEN , BALESHNEEDNRECSTREHITXRE AHNEEILT
5,

BRALGESE-BTHERL , EEXT , NALRAETHOYT K, RAMNTLAFEHLE
ERHTNFEHE , BERHE , LFMBIX | TEX. ESRKEALERNVARED , AHBHT
BZZENERTH. A TEINETEXRAPCHREServerIA , B—NMEENRT,
SRR MRS |, MR , SRIERFEEIESRENRIE. XSHXTA



FBALERNEMN , ST ERLEREEENRAGFEEERTNA. XZMNANE
i, EELEREETHAMAENEMEIEIN ST, TUTN , REERALERSERHN
BEEZHNA , FHSB[ENREENTE , WEFFELFH,

BRI LEABEALESRBAMEEE, BALERTURRREZEBA  BEX
MER L, FZRBHBRBARTFTEFHBALERS., SEKREARVEL 2 EHX ZH
BIERSEEHLAI=4ENESR K ESENIET, EIEREARZT , MEREE
ERIEIMBIZET2HEE , tEENEFSHERAZILNES K FEZHERZE ,
BEAZETNHARSE K 20 TEHEZBRER  RERAE R,
MRRXERNTRIUEIMBEZET20RE , MESCAEHZEE K REFEEFEHA M IESEM
—NEREE , ATFEEEALESR. EREEBREEFEEIBNER , A ERFEER
e ELBRAGED , FRABALERKAZTAIEN. IERE—LHHSEEDEEA
AERONA , EENEALESRN YVEHE  RETEXLNWENR. EBRERFELE
HWER  EASHEXAEHEEMETE I EMRSERNLEBYFZERERI,
IRETmAERME—ERENRINRE, EFZER2T , EMELREAAO9% LK Ak
BT —XEE , AAFTEXRIRBMA. BAXI9%NWEIREREE—REXRLNE
B, RS E - AEEENER  tERBEEL S,

REEE M ERRAEBEREERFTBLE, XEREEEARAKN—ENDiedFELER
NEZHNRBEE, FRAEALES  TERRMIERWER  EMAERNAN , B4
FTERELEAER , EETRAIMEAR.

BRALESEE —BETHWER  RES5FMESAFTTHIENTE. NBBEKSAREERE
S BRAAEBESFHRNEERBKRARFHENENSTR, £— N NERLESY , 7
BFRESTETLERZSHRER. E—NEALESRY , IRERLL , L2EEZERN
CacheF R4 , ZRETHRKER N THEBFHB[BEIN SNV FMMUE |, FrFEl
T, MSHBRAESRERNEFENTRRAEEBRERL , EETETNARBNHF
Ro

XMHFZ RN EEREEXWEL , 5John von NeumanntW ¥l RFTBYE,

John von Neumannfrig it EREE T HMNWIAA , 7 7 E % EHZ B & KRR
B, ESERALERAEGELRABRANENZE , EXNEHFZBEF , AAIREFHNEER
FRNAEE , REBEATERN TEEMERE , UBENEZHNA , IMEERZNARAK
FEEXRXE , M FFEMRBIHERSERNERERT,

EXEBT  FESAIEEEEE  BE% b, RINEELAHE—NUANAR B
M. TRNMANLGESRREEETEANER, XESEHILEEZERICERNE, £—
NEALESRY  FEERNESWEFBE , EEBRHNESHINEER, XLET/LFESAT
BWBRALESRATERENENL LB,

ARMiX/ M teIntel§§/NMEZWERN |, KEBHANENEREBUSHAT , HIAN
EETENFEERRARMAEHM MW ERCEEFLRE T ERZRYE, BFEETFEL
71 7 Mainframe Era , PC Era , Internet Era , MiZMobile EraftfX. XN B R
MobilefyErad , ARMEERENEHILEZER{LEL K I Mobilefy Rt ER,
ERRNTIMARMEEIntel 2 BHIE KN —REE , BEREN —NMTULHWARMEZLEE
EX LWL, NMEXNMNEE L , TEARMEFEERAEHE M A EIntel , MEHE



Mobile Erafyii X , Ef{t SE=ERICESBRILHREDRIRE T £,
NEFMEEZRCWEARRERICEITTEHAEZNETENANERN, EFLEERILEN
EREHETEMM, IntellFAE—TFRBELASHHONA , FETHERN , KIMT
FIA&ZARL , Gross Margin#i360%. EAARMMESL5ZERLE RVEAL TE
TEIRBIX M Gross Margin, fEMobile Era® | FRHAEBR 2R THER &
Mobile Era® , EXNANTRIERFEESHEXHLESRH —PER.

BN EIRE60%I EGross Margin EER AT &, Intel £ EFHHIGross
MarginE EKFEH EMobile ErafyServerfig. IntelfMainframeitE 8 & k24t
XtServerty —fEHL , 2 EFHXMIZITEILEIPCHE , AREBR AN ELRA,
IntelMNehalemF B Tockid 2 | EX LR — Mt ServerfIE#HIERE, KB
Intel BT REEBBPCH EEEXRER HServer , MREE&EMobile EraXiServertyE
R, @I EEPCHE P A HAL,

EFEHERGE , IntelfIMedfieldX B —X=1R , HT2LARMI Cortex R I

EEm ORIV Bk . B ML RZEEREZFSFENRIntelEAtomALEESHF A Tock-Tick ,
Silvermont#Airmont, Tick-TockitXITEAtomALEES R A 5| AIEEIntelFEF
BFRXTEF , MEZHN —MEBE —NMNABMPER, IAEERM Intel £ BRI KA
T, NEBEARWAELE , MRIntelNZEEXNFESFVFEIZ EREEHMAH
R |, ARAIntel HIMThFEMBELL B Mt 4T —NARM SoCAbFEES R 2 A | &,
ARMBEE [T L& B EMM %,

ARRE— N FHEANESELARMOHERLERHMENNEREIhFEL K BWEFiEXrF
BHRAAPE/LARBEFLIERRMEN, LERBMEHZANZTUINNE , EBRME
I, RBEUFES EBMFashionableEAEB K 5| bATHYERER,

EFFEESESF  ABESH-—SFSHNEFLELRNERL, EFEFRLESRD , BEKRS
BEEXRZMMMESIZ, F—ELETWebWWRAF , EEFEH— LT ARSI ZEHEN
HTML , £f##rlavascripte EXANGEF , BALEREEANEFCTMEZEMR , EREK
WILER , FAHNESWINESIZE | #—PRBLESHAAE,

MRInteF B/ HMEIZ BN N ERSHHRETIFELL | AL EREHME
MRHL, TRENEBRNET2ER. REBSERRNWILERN , IntelgeB/HIZa0%E
MIREHWINRRATEFNSEZRBE , R EBRHEMERSFHNE , HMAE
FEMEFRREREZE, EXEEAREAZER , XF2HMAESE HHEY,

EFE AN FRHEAOEHITEFLEZER. EFFERIEIEERELT , —E£=2
Apple§Samsung , Z—(R2IUE, BIFREBFEIN , XEEFFHERN meE—E&
R MIntel EEESHOHIE , BER/LFEM—RBLLInte EMBEREZERENFTAE
X NFEHFm , LEMER O IX L RBITRENESLEZ R,
EFMtEERCBENRESE , BMEIntelfEBERAREA LM A BT EREHE
PCOE WY , HELLTTEIRB R B EHIGross Margin, XLEIVRFLFEIntelix
EFE+ARAINNT , %88 —1Andy GrovefiRBEHE M Smet , BEERNIPRE
WE N Intel EFFERLERFHREERAEE LRMA 2 M,

ERREEZH , FB—LFHFRE BAppleESamsungENBELX AP RERE> mK
B, REFATFERNRBOLER., EXNFHLESRXANGE |, Intel E5X LR



RIEHANRHEHUANE X BRFE , AT0F. XERAZI , RE T IntelBMETE
=FFHEHERREEEEQualcommiILEES | HEELENZILEREBESIX
Nhitg.

EFHRTESD , BiFHKATFERBChicken=sEEgg , ERE ANV ERIERERSE
FHEREChickentt ~HBEEgg. #EServer , &R HEMEMbeddeddils , KEHIHWE
FIEEREECAESLERHUEHNE M REFESRERITH O,
XEEFCEZERCHAMELN , RRATFZABLERIBLENAHTESLNESREE
R, BREBNEXLERESEALERNURLERERBEMEMELL, RSZARIR
BRMNUFEHREETSEREARNN , BPANREEREEHRA,
XEFHTERELESRSHET , ARV ERFLEREBANER LIRFI@EE |, ¥
FRERNENHPL. FEELHNANRRECHEFRAEAEHZE , TEEXHLE
2. XF#H —FSLBREMBNEM , #—THREINFE, XET(CFERIMDK — N
X, —PMNETERLEEZRILHNETR,

MNERNWAELE , EFLEERICRERFHEBMIANERNF R, EServerERH
s, MR- NRAMNI0% A ETHETURFEHZBE , FRN10%BRFAEES ,
DERHESEER , FHEFETERET , L ERREN IR LIFHE 2 BRK.
BRANXHTFTREHFHCNEESD , EFLEEHT —EERBTAES., £X%K , E
FEE A , FEEREYENASRERATUNEEREGFEEMASBEILIESR, FXLEE
BRIRZFAUSHELERESERNLERS , LALUKE,

EHFEPONVNAF  MREBENFINBLIESE#HE F2EANEERE , MT22E
HBERALER , BITEUTUTEERAVSAZEFIE#ENRE , tFFEFEATIINED
B, XMRFNSITEUAL , RASERFEEESHN TEIRTAMEMNE ANIR
£, T2 TR KMIEE,

BESEERERFERIIX -4, AREXRGFEXHEERRHFRREN , FEESZW
BAZEBERALESRERG, EAUATRLNER , SXEFMLEERNAFBREBEE R
Bo FR—NMNFRATURBEEE ZEMARNTFERK , R— NI USEETRHFH
ENANARR,. EERERNFAEEERNVAR , EFLEERCHREOFER
FR. RAREX—X , BRIMNTHEMEEBESEKE,



SRR SE A (1924/6/25—1986/7/29)

G BRWIE, BHERER, (E#ire) , 2008/7/29

1. XHEFEE

192446 H 25 H, AT ZENR TR, SOEBUHE, bR RFEHFRAR. 1R
XA, HRELBIER, FZI%K

19254, HEEEB R, 55008 b KRSHEI= R AP FE. BB HITE
o NWXSHRAE, AHXSESE, AN,

1930 4, AidbntPUfrhaz,



19354, HALR GG Y, Sfbmmst, TR SR B A <8 i die 7 4
N UF A o

1937 4%, L FHARR, XA, MBI ES I H R,

1940 4, ASBRICRERALE KIATr, FEDYNITTHEESE

1941 4%, FBAPIRIKA KA HAR, 20T ERE . MEPEEE L H

1945 F, VTP RECA REYBIR . FE RIS N T EI 58 K AME A R

==
H o

1946 4F, AT ORI R B, FHEFARIE 3 TP AT AL UK 2 AR Tk
HaER.

1947 4, Wi EIF T AE A

1948 4F 10 H, 1ENSE [ EOEE 28 I 11508 R 2= 5 A= Bt o

1950 4F 8 H 20 H, @it w&st. il 26 . L0 (REER
He AR )

19504 8 H 29 H, XBELIHIE .

1950 4F 10 H, P EFRF2E B B 5T AT 51

1951 4%, XRRICIIA L =244t

1953 4%, HVF A4S

1954 4%, XRRSEI AP B L5,

1958 4F 8 H, ZEdmair A LA KA ML AR TR Ea I 9T SR 7 5 il () 2R e

1964 4F 10 16 H, FEMRIES —WUR T3, XSHeREZEAe R TE, 2
TETA G EZ —.

19674E 6 1 17 H, T EBIES W&, WKL & E BT E 2 —.
19714F 8 H, XEF&ES5m4R TN 22 )5, {EdbniEiE.

1972 4F, EALRZ AR BRIl B,

1979 4F, fHALAZ AW TR B

1980 4F, Mk b ERMERB L CEBR D

1982 4F, FREK HIRR} K —HH,

1984 4F, FERBERANFR I 2 A A% a5 i )

1985 4F, R I E KRG D RS

19854 8 A 6 H, 301 = Fiffiiz %t H g .

19854F 8 H 10 H, Mk EHImE TR,

1986 4 3 A, MER —IKFAR. FEXIAMAF TR0 & 5 2 B E T AE N IR
FEAZ s A e e i 15

1986 45 H, MR —IkFAR.

1986 4F 6 H 24 H, HRZEZYoe BB, (ANRHMWY A R ZERY F
Bl (PR T——FRIE)

1986 4F 6 H, " RAELZTFEA/NTEE ML, AT RN E B R LR 2R
FAT.

1986 4F 7 H 16 H, HEEBisR 17Xk e f—"55 83 5,

1986 4F 7 H 29 H, XL 2tTAbnt.

19994F 9 H 18 H, whdbrpde,  [E55 B e b e A ZB 3 X8R S0 W B — AL Tl ) 42




>z

B
1996 4E 7 H 29 H, XSGt 10 B4, TP EM T 5a— Ik (GE 45 )RR,
FELBIAER AR PP BUM AT, H 1996 4 7 H 30 Hilg, B {55 .

2. MRTESIERE

MAEN R B ShER T

100 £E AR, AR A A I AR, - B0 i h AR R 5000 4 7 52 F fi Sk g
BB, 2% 1898 400 4. Fl [ g I AROME,  “RILAE 799 4F; k[ i
AL IRMIE, “RLA 725 45 IR SR AT AR TN, “HLAE799 455 eI 5 by il 2R B
e DEAP A, A A2 4, JRE A9 4F. RN SERINAS, 2
ATERAHER A AR, — ML LE, PEAuEK T XET T
NBE SR, FEVFVFZ 2 Taon DL e e N3 ok, 7 20 THhag AR AL
EnrRe R E ), RN ERIE I B AR . WX RS T B vtk AT —
AL LOREE 9 NFIIRIRE 5 AR/ (1924-1986) .

PIHTTR)

AT 1924 FFHAEAEZBE W T B b B/ ERb 2 LlE, T 19454F H B
WG R IR RNV . 1948 1] 1950 471 3¢ [H -3 K %% (Purdue University) 52 B it 4)
L, 2204 2E A 5 SISt AE, 1950 4F 10 H 2 [ERFE R TAE. 1958 4F 8 A
AT Ay A0 LA K2 ERME AR T AR 5 i - il ) B ie . X LA 28 4R [a], XSRK
el g ulifE b B IR PR RIS R 5 — 2k, MR 2 E B AR AR, &
Db BEvE T A [ Sl oA A, AR RO E B B ey 513 2 TS ek
F: 1964 4F 10 H 16 HH EEEME 758 —Us 790, 1967 456 H 17 HH R IE T 26
— A, XL H P TR R 5000 A0 1 B EEH T, AR RORSE A
BN SEEI AR B A= H 1!

1967 LU MR SC ARSI AR, BAEAME, X EBralas/E ) 7 VF 28 EoK v
Mk. 1985 £F 8 B T VIR EM TR WA 3 H UM T 28 —IRTR, E
KA T BOR G E A4S T ok T R N RO B % 2 A e il 15 . 1986
5 HXBRETH M T =T AR 7 H 29 HREAH K ffiaitit, « #9458 58
M E", IEFAERHRR TR — . XERR St h 4 RO AZ Gt Sl ) B2 AR
T, TKREPEREZERRAb PSR, At = TR o

B e 5 BAUEER
YUk TFUG LRI —4E, 1936 4E3] 1937 4F, BICAIIRAEIL P52t 22 [H 2% —4E, )G

RAAE S B 2 A P SRR BATEAE R B2, B0 SR AT, SR . 1949 43
1966 P AT MMl = S5 S AR TR TAE, HiJa 17 SR 8L, P HGE B



FHEAMHEER(J. R. Oppenheimer, 1904-1967). 24 th /2 35 B 50 P R, R A i
R 1 A0 R P S TR 1) B I AR . S SRS T e — MR N I ST,
BFGRAUFEREN, VB REZ G 5N, B MBI IR 2l

BRI ERFIRAS TR 56 70 il e 56 B A op [ 58 e v A N, 5 I L D B, ml o
ABATT RIS R NABIRAN R — L 22 T LA AAT L ) 1 AT S PR AR i o

AUFE AL MR AY), BB Ee . Ah 20 2255 1IN A4 [E 5 S A 4
(Gottingen) 3% & (M. Born, 1882-1970) (5T . % BAE A MG 42 5 1) 1 A%

Wi, ISR BUARIHG B 70 A NACE AR B CRFRBRAE RIS, FTWHR
i, L RUFEERBEU: “Xa] DR R INEMS L, L TR EA
BRNMh L 40 2% T, DKM BRI AY T, FTWON AR S, AT hE
FIFATIRAES I, ANl ke DL 245/t g — 2,

BRAUFERAE DT eI, b3 FRES, WrdEEaE k. 1964 404 T ROl
60 % (1) H, —Ar[RIF ARG T WIFI, el s P ERATEIE: Al SCE AT
WL, CEAIEA TR XA ATZE, e IR T ARREA AT I 1 2 F
SR, VRN R AD . "RA SR, BASREE — NI, Il
et AR Z, AERALIABA D

BRI — A GINEH A, A RIS Lo Pt A Ao 8-S . il
W, AT ABBANOHIRIL, —EEX Al IR I i % . EBPTA
WHATR 72, s EARISNE N, b e A BEAR RRIAR SE TR .
REXS AR S (0T Bt ks 2 b JIT LA RE D M U3 VFVF 22 22 25 1 ot AR vh AR I A
T TR B A o AATAE AR BAT R Ly, AATAENE AR . SO AR T AE 1)
WFFEBECURE) AL T PIIREEARZEZY, XD T, A 4 [ oAb A —FF o T XSRK
JCTEATRESIVUIRPTIR, 4REET A, 1967 4F 6 H S Lhituiil g 1 =5

1971 4F, AEARAIH I [R] AT T4 DU FEHEAI BRI e, A R AR 325 A L E BA %
EAUFE, BMERBE. ABAET, SRR CENEEIIRA G . K2R IE
IS pU

ARSI LT A G S T 42 8 H R A B s 25ROk # I Lo XBRRSE 2 rh
L R BAR S Y o FRELA XSRS RSB N, ANTT i Dl H 405 5 18] 15 T
Fis AU A2 P BN, AT RE S A0 rp ] i 58 TR . e AT
(N, R0 (1913-1992) Rt #5 < 17 (L.R.Groves, 1896-1970), H[iHELIFH AIAL
B, T E P E Ay, R EA S B RN RIA

RIKEE? Hifke?

1971 4SRRI RN GIAAIE, EJERUIL RN 1 22 SFHIRRSE. AEHRLL
R, 1 1964 fEHh [E et 7l LUR , SRR E Ll O =R BIBOT R It



SN 5 EIN AT S0 1948 4F 3 H 2 T E M EH(h XL F R4
Joan Hinton) ¥ 2 5 rh [H Jgi 13 TR . [P T 40 (FEARKIAEy& Wb h7 <y (Los
Alamos) #2552 K (E.Fermi, 1901-1954) (BT, S0 T 26 [ Ji 13 (1) 11
i, TRE i R A . ]

1971 ¢ 8 JIAEAL 5T BB ST I e G fr) Al () A A, Al B i fESM L TAE”, Tk
FUBCA A o HEE b, RAREIELRRE S B 75 O, BSCE S P
HRE o ABBEMBEAFBAT, M HRUESE N, RaH k. 197148 16 H, 7
BT Ll ORI RISEHE W7 47, LU AAE LR KR RIZIG b A
BT EMESR IR, EBOEER, BiteguEsk 7, o E el TR ER TR T
1959 4 Jk AR & 43 2R IR KA > <52 B LAAh, BEAAEMTANE NS . SE B 6 1
fagh TERMRMRES, — I RGRWIE, ARARETRES . FRRIEE 2%
AFERIENS R, TRIKAS? TSI ? —RIAA TG,

R "

ke, GBrsE, APRRATE P, SRR . ARTER AT B AR R E R
W BT i S i PRI, AN, KA, R

Gyo WG BM, WOEHBE. BEWRTER, SRR, & WA, BT, SRER
Bl gttt ! KE=%, ERR, KREAWIE. BRIGAE W SR s b
ZEIA) S, HIZE N8 AR A0 ?

CH SRR, S ES; HRIERART TR, EATHes I, e
JIgE, BATHBEMIRIN, SCEATRE R, n] o B RS HER A A )
Al ANFBRICAERBEPEI T S LRSI, TATERA B ? SCHEME L35 H XD
Wi, IRAEAEAER T 30 21, AZulas st N RN /AN I ) i fL s 2 H AN ST, B
S BA NI, BANREARERI . 1982 4F, fib il TR AR B e K LU

U IR AMESIMAR T, KK RIS, AT, AR T
i “AEE! 7

(BT — RIIRAE 39 S A XS S A, B B 1) A e O 5 AR R L DY AR —
i FJLI AR H 2 211 -

55551(5.645331}---
O Lk E L
222.2|123125-]|---
95 LT B R

66551166(22113322)4————————



KA R W 2 2R ki B ...
2233112 |———

REOE 2V RS SN
66551133[212125|——————
e A MR WD) 24 Al JC B

1-]
L

WACKUE L+ 1896 £F, b A RBATI A TN ZE RN AR . Al — AR # O
A o

K8 KI5
BROCHIE LU, ARG bR NVE A R 5 A P A T LB -

— BN NEWRAEIE, 2 R AR MR TCRA RS 15 R R w2 AR
B2 B A AR o

—— BRI E A S AR T AN BN A . FAHE BRI 1 X LY
2. A BERAEILYUR I H 5 B2 A (0 )1 S i BB BOEAR I — 4, R R
IEARAE A AT o

— BRI — AR AT ), AR . B, BTG

—— [, WERBE A GRS R AR LS, b th ELE I RiE R, XAk
FIPERS S ah . RERFEASI B O —EMAARZ, AT M AR

3. XERSIEE

TG 2GR TT R

B eh [ A7 50 JEIAE R PRHT 47, T3R8 RS2 2 T Py s — FE Dl gl 24 72 3R [
D SAE T . (HAE 23 fLDhrh, A 7 KB/ ARG NIRRT T 1
Hh (7 At B A s BRI AR (R S AT IR, WA A st 1o, o
2 BORIF N2 — Ol 13 4ER“PI3fTo i MR G

TR ACTEBE T 25— PP 5 B, 238 WA T XSRRICRIME G . AX4F 70 27 (1 )i il
FERAR e XA AR, S HICK DI GiAF K, H2fEEH K



KN, A PEHBTRE 7RSI L N, AERATM &2 T
RS HG 5% i P 52 1] 3 SO SR H SRR I 2277 LUR AT AT O ) A

BRI

P SCRAS AR ACE A4 P BRI AW b Ab R AER 2 HA, L
SRR T A R TR, JEAESE [ RHE L RS EL, RIS 2
K e 1925 ERIE)E, M AETR RS JERUREE. AU I TRAEH
o SORSGEBALRZE, (BRAE) F 14EPIEH B TMARIER
&

SR BB A R RSN AR R RO 3 U, — I, i R RS IR A 25 B
58, [FAEN— AN EE N, R EHTAET TR RS, e EE. e
[H 3%, W "AORE TARANL IR R e o LIEASE . AukBdlte N, it
AABEHL, R RIXAEE A RER T

1937 S bbHA R, ALK, . FIT 3P REMIT, A 7 F A P g
Ko SRS AL M B REREIT . AR H AR IS T A B BB E Ir BRI
K IRBAEN, TSR RIE, BRI T . d6PIekE 841, ACKK)E T 8
Fo

1948 4F, ¥R KA IR AIH ISR PR A1 2 EEUR, Tl ot th Az 58
[® 0k, SORBARN LR T4 TR CE R RS 2, SRS K
PRIER T RHLEE, ibfh S, SOREYE T,

WU, SORTEAERAEEL HAOGHE . 2 IR AL R = A7 35 44 A 30R

RIOEEE—EFE T 4404, BT, (H8h T, B NERIEER
i

RUXAP I E 84 %, JERAEARITR TAE . —IHXS S UR AEXS Hh 52 S (g it 4
i AR, “SCETIIRIAE TR R

R T =, RSORMUE T2 DMK 7o BT VR A R VHEHT I XL,
PE 70 2%, JHEACat BRI A S b A7 T A,

PIAHE L, WA 5% B SCBAET, 1949 S5k, Wtz
T e LA

IRk



R AVINEIRIERRE, Wfahexbo. thokigfass, HRAar, miBbui ks it s H
“EREAT, AL ] DB v K

SORFINAE 3 Pk afeil, K BATH A P AW B, HeFarsT D45 s,
PRORUEAN S A R RA AR, o — MBS R A ORGSR e R, SRR A 2
A 2L BT DASEORBr AL, (EORANREE R AR, SRR A
170 97 SINIRIIANSE bl FAE AR AL R BN TARIRIVEN SR

AFAEF S Z I, SR TR, BARE I (FRE) o GRIED) o SRR
KEBFORFE UL B2 XAZHE T, kb a2 E? ORI, Ak
Moz s, APRE B5E T, AARSE TR b i g

6 & 4, RFRFROAIEAL R UL N s IR TR AL A, SRR ™
o FFEFRZ TG AR (DAY o () AR, B A ARE
Fo FKEMKEAF AR TR BB, S BRI R Rk OF
), —BILAA, HEHREE. NWNFEZERITR, SRR
Jiii, BFAF BN ELE, S EgiB B E LUK

AFAF P AR AE AU B AR . AR SR TR R . MR TSR 2 53K
SORMEREGERY, fERPRYIGERS, Wik T A%, ety
it

PRI ZHNGE T2, AT, g JEHE RS ATE, 5 Wk 47
flee B THNG BRER", FEm, AT, AU, Az
iNESRERE I

AR SR TGRS B A, REUSR s T ERAFAME UL, X B RER
3 (HEMRELR) T

ZEER

“EEHAIN AR BRI HAS KRR IS B A TR =R AR O P ROE T 5m 20 K B
Rle I HASESBANEESLAE I A, BRI L s s, =h A Eofiiee T
& S i, WA HANATAL.

U HANATTRS, @R AE R HVNRFHEG,  SFaHME IS EE 7 5, A
BHE— A HESE W, 8531 TR RIS EER R B R, W HAR A
B, BT ARATE AN, HERL LT .

KRR A, HAO 2R SRl Al B R ACR U, BIGISAR
i, (HEARE, FAEICHERE S IEF, REFCEE. SOMET T, ik
WIAAAE SRR IR R 2 22 B AR b R KA, i =FRFRIE IR 28515



JrRAEFRRS LT VE R AR, SO e T O [R5

19454F 12 H 1 H R TR eEmEp— 135", IR K5 B Rk

TG, REERATHT, JFBR TR AEIE A 4 N, JEDI 20 RN BRK
R N T a2 iR R, REREANBUR AT B, R B 25, SRl T
2yl

FEBLZ R, AR RREATZ AR, (HA2 097 IR AR mBGR, Brblikfi 2 it 4
2o BRI T ERSENAT, mBEASIN T #5090 D 5 R4
“REFERE". WX, P27 BT E RS IR A . IRk
HAERIEPT IR AR S K, SRR 2, AT AT AR SR 2 Rl T

1946 4R Af PRI RN, BRI N W EE B 2. AR S N s I T de
2, A1E 1947 S YU Wik s B ieaht, B TIERS ks, SRIR
A UL AF AR 4% B EOhk EUF S, ISR ORI, AR A .

WA HEE

1948 4, fERFRIHIRA G SRHT S, ARLH— AR P R R O AZE L, T
R AR AR RHACY, [EIRGERIYS G- FEE N, Brb Eor s, B € il
TR BOR, B ONAZ I 2 AR, RS

MR TN AN, AFREEL T REEJERS: . AREPEE 1924 SEARAE SR F A7
2000 KU Eis, WEBCEIAE, SRR AT T, HAIE e ) T
REfd, ARG T A )L

BFRFE K222 MO, 3AFEURFE AR SE A, IAE IS T 1 22 53K, N4 26
%, #iZEE A BABYDOCTER [IS/EEyE A

AR FE PO, AR LI E SRS 2], LSRR ks 2 uli AR B
R AESE, PARIRICIR A2 i T2 K RhRF— O AR AL ], A AN {AE 1950 45
SR, iy HAR TG B K E R GR I — R D 2 ) L R PR
FRUHNE OaZepisi— 27w — el

ARAF RN, AR EREEBOLAAY BT ST AR, 1956 SEInAH B3 . that
F ARSI, AR TR o . N RF AR 32 %, ATCUT IR
R 55— U ST o 2 AT, AT AT 20 22 A4 PEF B AR 1A T R T K 2
IR BRIV R, 1 B PRAT AT RIE e R IR L K INEE . L 5L S

EHEFRE AR R A DTN, bR T R T AR K 3 AN EOR TR, A
AR DB, MR BB LRI FREVHENL, RN, H
T PR 2 Iy SR D B K H B



JERBMVF GBS TR, JCRwHl s s, B iRt A
Bk e s, SRR IR IRIE. 7, MABTER, Sk BHRR. i
of o147, RERTZAE, ERE T ANEIE fhon 3R g s A s B B e
ko Jst SR T2 TARTKZREAEr P e AbiE . BRIt VRS [ e

e ”

FERTIRRIOE € 2K, PR, R 20 SRR AR 7, Wl Rhaf
AAE ERF AL ST, DR LIS I I AT, AR LA 5 s st 1 1
Joiy g, iy SR — s s RS R, U T PRI ], XA
Sttt Ao

TN

FASEAE IR AR 2 B G AT JE R AR SO, b R 1 R R
e, R S B OR Y, AR P RN RO ). 19569 4, F
PP, AFRFE R BT, AP IREIXARNER, AR

%, ROE ERH S S S BA TN NAORIR IS, HEATT— 58 i 2 AR I

SEs BT B, AAE, RS, iR RAIE. ks, REERL
FOTR, 25 AR T n A iR, e E . AT — W BB R
W, R A oMU ST

WHEEERR T TR e EHLUAFHE OB, SO i B sy
DA 0 At kbl 25 H ] =

SRRSO AT A AN TAG R0 e . R P
RIS R G AR TR DA A R K
MRS IR AR LA, OLFRE MRS, A, o
G RO AR T A,

FAFAFRIAR ., EXCEEIURF OFT I I i sc i, S0 TR N IR, kRl
TG AT R E BT QBRI , SR T, MU ERIGE T I 4T
WSkt it e Fid, RS MM Do, LRG0, SFRFAIALIAR. FH5E
ReJa AR A GNEI S, RGN

FRRFLEIRK 6 %, IR i ROz 0 b I, RAR AR AR AL R A
o L, RANEERAME, AR RFUREIR O O™ Dy bk, 1A H B AR 14T
o WIEREDEIECIRAL, 5 HF A A BURMT R R . BRAEMIE K5, X
Ry Z, ARt ATRAT. =L )E, FERELARYEy, A AR H A P
Wiky ok, HEBIEZTWIY. i, ANELGHSUEAIRET A AR



1988 4F, BFRFLL 62 & AFReRL LM 4t T o Al E KRR DTk, AT EAANN
iE, HoRAefb i, AR ERRM, AN AL REE T A
J5U T

SR st AR T s 7o, AR T, iR RHRE S IR O T, R
B SOR I, SR IIRAGIFE. i Belzg) 25T, MEbE
GRS T b CARBTEOE) —BREAE%E, FRTHE 7. sais
JA N, R R B A R 2 Ut SRS — R (R e T, LK
AR 2 O RORR B K 52 e ol o

4. MEERANFREATR

R TR SRR AV

VFREAY: FAfE 58 4F 8 MK, mtiedfi]— mylUal BT, Mk = B R
Jom 2T, IRk = gt U AR b 8 1 B RS B BE P I Pre IRISfiAtbn
LA SRRV, AU SCESA MEAL, RREMOX A AR, Eake? XA E
FETEA RIEAAR VIR Z R, ARG S BRI A T2 2s 73, e,
Al 25 st 75, Al R, FRAEATIS ? ISAMEIEAE RS b AR B pE
T XL, ARBEREDNNZE L. JFRA AR RS

[1958 £ )\ 1, IMEH EEFAB S 5 REFTF R B e R R LB &, SN
Bk, MBIE SR A ORI, SVFRAANA A, iR EITen T
PR, I IRIEe . SEHE . IREAGR B AT A A, i AR A T S 22 bR
YA O N 1 1 P S R ) vyt B v SO 71 NP 1 5 G SR 28
JEEA R T B B H it AN 22 O 4H Lo ]

VRBEAY: BRME BRI LUA, bt — Rk, Bt — RO,
TN B AR, b A REERE AT AL ?

VRREAT: ARARERRBUAAT A, Al ER BB, ABZEHB) TAE, FBLHAB TR 2, Al
VX AREYL, A2 TARMARE D . iR MERN S, RIREE, b
YORXAT, RIEFRFGIRT G, F40 308, fl4if 34 %, FUINREZ TR
NI, R AFIEAL AL, AR, AR, B X
i, JIX—EFERIRAIME. X AR LS, AN HURE Bl S 2

T JARABRARYL—F), OB T AR, BUXIELE, FoRIAR T, K
VORTI L, MAT A ERX AT, R IR IRARIE, 5K
T LEIRIANE T, XA TAE, HARJERMIELUE, g TRk 28 4

TFPN: AN EBROE R T, IR SRR F .



VRREAT: B A R8BI EZRRT T, AN EATEREREA T WL
WIEA T, REEPEEY, REL GRIMRZS) W, st diseRil mm e, pr
AT KA TRIRSRIR, R, i KI5 M th e S R IBR X e, A A sl Al N
XK, WEATE AT AWEA T o AW AT AN KIS AR A S A AT HERY
AL JFORIA FIE, AUEAEPICIRIMIN %, SEH O 23T )5l 1 5ia 2 (1 b 4g

By, WRARTDE B FRRIG L, PEATS I S, iR TR T, AN Ak
FORAIARAT . IRASZHE, SRR AU R0k, (B NR R B A s i,
NFWABENR R, gL, SEhmk. FrlZFERITE, XAEATR AR RR

i

TN .

VA : — I TH], Ja RIEMBICIX ARk, i mokmiit 7ILA), A B i
HGEEAT T, O T, A, FUBSFRR.

TR VFRAZE N HUL, AR NAR T, A Rens B 52 Fsl R B Kk
28 SIS Wb BRI LN, e W R T, AL 'L, 8L
RGNV IRESl sk P A E NNV E T A NV E i P A U T NN D SRR R 1St
B RIS, WO T2, i e B RR G, B AR N ) 28 1
SRIAT A 2702 28 SR A

VRREAT: AU 28 SRAlbsg 4 RAEAIBER, AT PR, B b RX A AR
R e s P O s 1 i ELARIRAS I ) = i U R AR H ™ T ANV
XA ATVFEARI A, RJE H BT RICTERI AR FFA R R KB L, 15
M. MR i, AZR BN, HUE RN A BB IIR SRR
TArAZ, REHAREY, WP ERFIE, MR T, RIEJEEEAS AniE
POLIGETAT 45, ARSI L,

TREN: IS E AR IR, A BRI R, B Jn] ) Bl ) A SOAN e
Ul AR SORRESL, IBAT Al ? TARESE AN GERL

VFIRAS . — MAANREIIR, A TR 2 B aC LA e R Ay, g k. &
FABTEIRIDR RN TR, AT ABHE DR IARAAGIE, AN EERME, — A HEE
O BYRZEAEH N, PR ok e T . AT E ARG T
45 %, - IREI RIS 1964 4 10 H 16 5, 15 fiUhJe N4 = s — s 1 o
B, ARG — kW, 56 45 IRAZAREG Ve /2 7E 1996 4F, 7 H 29 H.

TR ERE AT RIE, 2512,
VRREAT: 1996 48 7 1 29 S iuw)a %l At ABRX A H e, DUXERRG

it E 1986 “F1 7 H 29 45, AEXSBRIGHI IR+ 4K Re AEXSBR I 14
IR, Mow)a Uk %, LIRS, B OR, B EA M RAE R



AT A N RSO EBU 3, B LU AT B R A . Il R ] e ] o
H el 2] 7R AR R E g AR, BATE 24T T3, 7D,
AT, TN, TR SRR AN .

TR IX 45 RIS AT T 2k

VPR MhZERT, ZERT—3Ef 329k, 32 R HLSLA 15 UORAhE g ais, K
M SR BRI MR B R, A2 A A 5 RS O i i A B I e, it e At
AU T B AR B i o Be sl B e, TR B e &= il A e =R 45 F ot
fE, IRATE A — AP S UR LG B — AN RET, W ERES T E
FARUE, XAPAT T, RATRUR T o XN TR L, B TR
w sk, IR, Wttt ey b, SR T AT T, W
FRRAAT T BRRAERAT T T AKX — A0k, O RRSG e e, X Ha s
ATEKHET o

TR BT A BHERE S

VRREAT: BehE, PrAEa N3, SR AEs — s s bls, AR L Ibst
WSk, ST AN, e DA N ARSI, A
TR DA IR IE E Ik ZWR 22, 2, AR4YIXIA I Rg i X I FT s, w2
Ji oK B RS SR BR U A A X s, AT IR BT T, Al R R
HEBEMUG, BERLER T AR AU, BN, FHASESNER X

R, DIGIRXANAKE, R MRS, AT b LA, —IMBR HAN
JoiliE, Vi EEKE T, SEATERGE UG, BATRAIB SR DIk, &
SEAELIENE, DN EAERZ A EAR AT T2, By LA A mOR i o, B
kAT R, bR BUE, B ETEGE 54N, TUATIRZ N, FUREA R
BRI TAN, OB X AN T

TN REENS? A

VRREAY: BRI C e a2 5, IBAEaI L, eARmHx i B,
WU 22 AR B R X AN TR, R VR IO A R IR AT, Bk
B IRAG A R R FBIAE, UKL, PTREEHRAN T, FUHAT5E R
KRN ET .

TR E TSV A R DL, R SR N, R
TART BRI, AHSAFRARDLATRZ N5 TT 28 SEMIITA], IRSASELRZ. KK
(RIS BEIMERR G, A VPR A E NIMHZEE IR 2 NS TCVA RS 1Y 28 4RI 2B
I, ARRTE BT 2 2R, WP R AR NS .

VRREAT: B QWURI, BB IAT T, RIPDRELSE, RS T, 3T
JEA TGRS, R, AWML, BRI gL Sk DL 3t B ZE AL B A ), A



Bh#e, DR, B, A w4, R BE Bk, A kie e e g
ABBE SRR S AR ST A DT, A2 BE s EAERE,  OXEe i . Rl LUnIE
Fog ik 0 O D EEFER A ORI, BRI RITaXK A E. Prelds g4k
AT RARIDR, ARk, BRI AT, IR IR,

LR AR, EPIAARE, BEEW, ETHA, BEARSR?
VERERS: £ TR
RN AR A B T L I T

VREAY: X, AR A AR T BRI —FES R, —VI5EA
Co

TR B mAKNE, AU AR 7 XA R 2, HE L
VB 2 AT BEAT T RESZ BIRZ AR S KX AN B o

VRREAY: RZHENZREUCROE T UG, IRAFIEERIBAKR, IR GEASZ 2
R ANHT RE

TN PrASG EAE B IZA TARRIN AR, ABADE Ry, FEFITREMRK
e, M TAE, RAGRGFR, ThI5HR, AN RERE, RE - FETMEHS
SR, [R] I P BRI R ) o

VR A fhoeats, SR B Uo, MmN — U BT E R ATk
Pk, AHCSRREARI ), R4 B BT T T

FEFFA: AR ROR T A,

VRBEAY: X, MR a— R JULCHEAREIL, FRIRE (=P i
BT AP, RSB A 2T JLIRET AT, ORGSR ERULASZ Mt , B2iX
AN K, — 2 R REFT T, R T A —IK,  RHLTS IR
RANEGE, AN, POV IR M B s B AR, XA R
W, B AS  EA ROR T, SRR R, AR . RXAMRA,
KA R, FA B IR AR FEA R, XS B AR T, K
AR R A T, BRIk 2RI, Wik, BkE, R, 25
TR IGREI, ASRR SR8 v AR W 1 [ 2R ORI IR AN 2 e Th ) o bk flh 1 2
REER, P2 m CERUED REFR, gt DAL RS, iR
HIEE, B AR B B, X BIR I A U, DR
ABE, RAREE, BRI LR R . XX AT, MURRMW, AU iE
SRR KB o AAEXSRR G2, ARASIE I AN REAN 25, A S I AN RIE X
ANFRREIRE T, BAFERZX A FR AN, WERIXAS SRR, AT



T A Bt akt, Kig@ttart, (R VR SlmiEn, £ EEL R AGEE
CETEACE - ETEXA—T, MAXY, BBemiveide LT ES4EE, B
KHEME EJT, KEEMEAZ VDRI, SRR RN Sk, K Sk sk, K
SRERTEERIS AR, AN, W KNSk, AN 35 385 A= e A B 2 4k
B, — NTARBCME L T, BT B A, A B AEAR, AN IR 2 R

Ay RSB EAEER A VR, AR BOCBERIE SIS, AR 2 BRI
AR BHOEBEATRHEERRE T, ARG B EAES, ARtk FAUE T, e b
J¥, AR AKALE, Abtih R X AR R, AR AR B, AT
BEEB, BB E FAEAN A L, R A L T .

TN A EER G R ?

VFIREAS . IRt @A LT, PG IRGEATIRIE, A AU e 8

+, WA HRME AN, BEFERE, KIEA—VERAEAR DT, i
SEAEER 239 B AN EEYE, Bl 235 A TENE, AN, sEatE, A BRI
el 22 DL AR BUABAS R R 5 1 ik, At ok st 2 th =T8T —F, il
K—FH, G FABEES T . 85 MG, e F 301 BE b K A

HORIS T M A, EARREAXS LA KR, A, fhiifxe)Ls
K, AMEBRIZAH A, AAIXEILA K, RABREHBIXLEH, 5k MR
5k Z AR AR IR0, —HFEFAREN L, —HEMKB RO IEANRTT
5 Zeft 2, MRSERITFREG R L RUE, BYUNCOEREERNIESER T, X
AR L THIX LSRR 2 A IR REE 1), Bl b e R B SE 1 DA IR T R M
RS, MBS BT, 24, EeAE 1986 441 6 H, ARSIk
JETEFR AT e o i X RS RRCAR , R RE E e AE 86 42 6 H 24 SR, i
TR, B N HARARE G, KRR SCE 8 H oS e i B8 soG, & katie
AR T R R A S ok T, X — RERIXARL, HEEA
Ve, AMNIELEIRA, EXIRRUVFZIN, Y2, FEe%, UEaREEE
MRS EAR T, — AU R, RSB B AT AT AR, A WX
HAAERRH. X—KWH

T, —UBLRECE N, R R R A, NS R T T ARk, XS
BACEAT, B— N 20 ZARERER B EEHE A — SARARMIEML T4 4, DAE
FER L SEAR—T,  HEAh R R S8R S P S A AR B A ok, A IX N IR AE
HANZE: o XA FRATT 24 s P L SI2 (R4 W gl 2 I o

[E 1985 Tk 2 -4 405 H BURXS KR E LB, SR A e B, KRz L
Ry XSRS B2 iayr, M 1985 -t H =+—H %) 1986 4B H —+ g, &
VFEAS 5B B E M H +, I8 —=1+ =4, E—EAEE A NE, kb
P, PR OB TR, BSA&L v &K, BHELEFhEss N
T, AEK PR —WBEAE, VR SL R AR AR B TR, A H L, &
ABRSCAR I VD K BB AR, B E NBEEE LR, Ak AFI,
TR, AR, AXMEE.. ]



TFFN: 31X 16 FATIX LT N F ] LERMZRE, IR st XSGR I S i AE .

VRREAT: WRE, ARX MRS HGIEN GG, KRS T, BarR SR,
REARM, NEATRR], fhid 2 X A%

LN RBIEL TR
VEREA: BUREARRS, %A MU A
BRI BHHEEEIT, Wi

TN MVFZIRM A, b S R A 3, XN ARRAEYT S, AR
HIRRAL TR, EZNERK, BinBFE2Z N, B2 FHEMALTRATZACNIT 1K
BT T IR, IRV Z A NG AR 1986 4F LAFT I IN 252, 70 fth (gt 5L L XS
AT A BT

ZARN ARG AR PR YH QAR il 7 W

1964 4F 10 H 16 H, FRE BATHF AW IR 73075 2 H N =Rl g, o
KNEI B~ e AN Z R4, MNP S NEERE H b FRIE S — PR
PRERIERID ! 1E A BN RO EE I, LS5 RV A A fE X 2% 2 b
FTHA, MR TETEARL,

HERSAAT, AN T AR 2 K AR S5, — HS 3 21
s, BISEE, BRI R . T, JERE SR, R A
RITE,  ARAS LA I R) 38 2 IR ) [ B K T

ARG A STEAR PR T AR o T SR PP AN REFEAEIX AN I T DY 58 JlA A IR
U, AR WL, MARERCAKE". Pril, MBS — BRI, s
THCAMBIE], 5T A DA, S [ T %

SRR )

L AEXSTR STHE T AN T deJm — B 73, SRS AR H EAT S 4%
¥

FEXSSK, B B T KRFPAE — Bt LS (K Py s oc i SR AR, “Ioih” i
A VU E RO HACKEAT, AR AT

AR, VFEHTIR ™5 28 o P G i I oo, Bl IR
[ % () 2 B

FE—IRBEIERMOG U BALAEHEEI DT O TP EOER S AL, a2 A B
J AR Ty 25, RIS B EAE. XSRR e N, Bt R
Mo AROTE TRHAR], A%y %. Fm, FIniE. "N AGEDE 7R b



D, BRI LT 2 . AR PRI S T A%k, M EAbgss, LT K. BE
Uk 2 A A 1) 1) 2

HEIX Ik, RN THWIET S22 T IRIAE

VRREAT U WA A EAR ) T, SO0, Bl B, PIRNE T FRii, B
BROEAE SRR e i PRI AEAER B T o XA RSB A AR b5 1o X
AN B I T R AR SG I IR AR A o ABAT T AL — N,

ARFEIX LR UG o 7

M TR I TR, ORI BRI, SRR R XEBRG
FRIZ A, BRE R T

SRR ARSI AR S 7o AR EHE AR .
IREHF e — B LA e T B AR DL A o

Pt AT LA 1A PR 3R RHY S S R0 . 00 T 1
A A, (RARATE o E8LE GHUN, 5 T e st A "SRG
T Ut OB IR MR A e

HRE.

ARG B T8, RERNSEERIL, TS T Bl 27 E
TR S T RS b, SRTARG . MR T MIIT0F, &, SLRITHVR
[0

“RARNIEEARGE, W0 CBWEBIZER . "ML 22 TFRE T M — A
T2, SEARMIRVRIE I . AR5 T AR % o

G AREAT IR R G S — DORTE ACHE . UM RINAZRE S, WIBAMI K
BUAFKT o ABREERHSR, SAEN, L NRAEE 2N L

I T o AL AT, SR KRR L (R E A, B RSl T, X2
ABFIAEIE o P NS i 5 AN 20K T o ABRVHKIRAE P, PR

B WA SCAE LT, WA Sk 7 SR I, BRI RS E M,
PR AR RAVFREA UL, b E 25 Kliii, #BEWEAT, htibA
T ERE R FEIIAR ZAE . X RELEA T # A% 50 L SO X,

A0 B .

KR, XSS IOTTAEPUW], AR R AE RS SR R DA v v
SRR T 5KRA R o VA UL, XSANE I, (IRt B B



HPIREAS RS I AR, AT SRR 7o U R ECR, AN
REXRBEMIZR, AVESRAGEAE. MR ARSI RS SRl Bk, 2
ISR T

5 BB XRRSE

Fe R AR 1 Sy A7
—- 2L PG ASRR G H 4
Joit A i

TR R SCHENE, AR AT B E U1 AR i, RO R
FRRLKBEIA AL Tk =AM, IR RS &, NP AR, ik
MK S RN A AR X BT A 1 5B 15 IFE AT
A AR HER AR D TR AR Jie e [ A ot Il i 7 R e Bt

XA GMERRAT 2R FAAE, BBy =k T L4, 7 o ESL 5
SEOl. TR A SNSRI B AN AR . A XA LA
MR A R0, FENIE N =B R, il R eI T AT, (HE, B I TE]
RIEHT, AL SUR A BOREZ AP TR NATTR R R U AR 2
b, X AH R PR DR 2 e

() MBI 1924 5 6 HAET2BMT . MHAERARX, 2T EIer. X6
BRIGSCRAS AT HR R 2E RAB IR A 3R B, e T A3ORMIRZ A 2L
Ao PIALEEHRE 28 AR R O8RS ICA e 7 /NS T T IR )R
JG, DEXSR G e T R AR R BORER. ITRIER. HIRIEMR . SRk, A
JoJa it 7Bl A

KR DRI IR, MBS E AR E A, -E-EFE G,
S KA ] ) AR s e T A6 T3 ANAAEK AR e A w7, A bl
PG . RBRIGIARE S B, WA Ik, AS5ONE oK. LB LER
A A, HESE RS T MACBIR R e TR, BRI, ARETEXSRR G
ko IR, FUEBE 17—y, A ATT5mIE 2B RS0 R, SR SE A
ez b, BRAEMT . XFAEHANIE T, REPERK, ERK Y
B NS BT R B AAASE A T, REORBI R R, 1941
B ABIGHE T R SLP RIRG Ko DU R L POl s W SfE I 4, R e
AER. BIT=ACEIRMEG, AR, AR . I, BRI AR RIFH
FARAT, SERETRI T N MR LR AT A G 5 58 B 7R DU 4
INESIA

1945 SRRV IR, AR BT SCIE A2 K SO AR B = H o PUlliEARlZ
Ja, AEREWPE . ABRIC NS ALK B R B bR JLER, deaER e



SIEF B AL S T K ST ROk . XBBRSCRIR S N T A R 2= B ik
Higd), PSR TS AEES) AL KRB TREAE S T

1948 4E K, U T ER], RS RS ia i 2 A E L RSRRIE L
TSI . ARG A E KW RS A B bR ok B SEE, HET BN
PN R R 2 B R AR e, AE W24 ) 55T IR, A RRAR S n T k20 B 2
A BIR — — Ry e [ Rl TAE B & S K22 2 10 80, ) e 25 40 [ s
B, ABEHEE N ST —. 1950 4EFR,  HrHb AR I ng SAE B T OREEB R
ARSI E . [F4E 6 H, “B SERH A 7E 2 hnEF CAAB XS B2 4T 4
25, BISE 3B E— 02 4RE. & ERFgiR T E AR, e %
s bmng (g haE) Fibflh. BHEAHEARSTHES. AN RE
Tz —, EEMSH T,

MBS E TR B LA S, AR Jer BRBE A S 1 48 S0 B9k TAE. SOl H 2
CrAZ BB ARY o A T A H BRI 'S 5818530, 357 8 H 5 HFUR)E I 2
BE, 20 HZ 7ok g aE st BUS AL IR, RRe s LT B8R
G RMRIE, FEfNEE — B 24P E SRR e E R, &
FAEE BRAT A7 [ 3 7 AH PR

ARG E 5, RN R AS A B B R B A B T BT (1953 4R I044 A
YIBEWF ST, 1958 4E 5044 M IR FREWFFUHT) T EhERRESE 61, A s T
MR JEFAREFESIIIT, Ui, R T RBS IR S s, AT, ey
By, NEANKERAS (T TFRIMER TR, PIE)S, AR RIS B, AR
28 % . 1953 4%, XSBRACHNVEREA 4508, WSEEE T TN .

() 1958 4F, FEXSBRILHIANE h AL T RS, MhpidE 22 — Y L
. #2532 T SN VR4 T B [ A A R G2 AT 45, LA S AR 35
HURM, BATEFUES AL, FHEMS N, MRS G s AR, B
WVRTE, FAIXFE—AREIR 7, Wl IH A [ s 5 e g, AR T A ()5
B, DAESTR R E BUREAS ] T SEEINLS, BRSNS ? 2R NV RE A 1]
R T A2 gy, A —JFan RS R B TAE T, Bt X 45 KSR H
Ul “PUGZEHMSF, RMARE T, RAOEMBRG AR TET, My 7
H, WX ARE RN, §E et TS, BN, X
Jol i S ) TR CAE AL, — 2 — A

BNEA S, MBS T NI R A T S bR Bk . A2 T 28 —HLm i s 1
PRI, 1958 H=FK, AR —— )\ 44 B Ee bk 1 K 2E AR B AL AR A 1 — A e R b
B, JFE T RAPIEESF . AE % G S U B S 58 AT, iy A0 5K R R 4t
NP RER LRI I bk g, e B PRAT Bk 2% > Big . {HJE, 19594F 6
H, BREWFER T3 ES TAENER AN, BERBUF G X, A s T 4o
KT BURF 2T I E BB B AR Y 2, I FIERGE ST T 5K B ROk B B AR v b
I ) 55 AU MBS AL IE T B AR R A s R SR o, 8 T AL AAT
A, “596 TR R ECA I B — MR T TRE AR o XSRR G A e (R S AT T T
XFERUG: WA R 2 T BN R RIS ITAE, AN RATES, L HKATEROE
T, BIEREREBMNACT . BATEHOY—2EF L IoME, BB I =
FEFRATTR XA ik S S A7



FEBATTERL SRZ ARG UL T, BRI MM M BT AR ST A
ZIPcE 2 B, SIS S B M R E R R A A EOR. L E S &
W AT AURR, I HAREABA R R IR L, BREREIUT . Al 1 T A R
TR RO IS 15, W WRTIIN GEE R i) SRR
(Pyfz e JE/RPEYERT I R I BE) ME Rt (s 3 A% S b HE B 18 44
) o N TR Z AR P TR — S8 NAEAME B 1 BRI AE, XSRSl KK AN
A, BRI AR B, — N, REE, B8, i, BHK)E, ER
ZIF AR EN A . S BIBEXE )L, AR FIEF TR T BRI RIBGR T, 4
TG E AT, B ERRITRY, BUSEEE, lE Ed iLson, —H
I IERE S XORTTE s FHRTIRTMATE, KREHAEM, bt L. BB
SEHH T A A R AR, BRI Kbk, XAAGE PG A
FRBNER, EHAFREE = AN, SR T —X.

(=) R FRZTED LR, ABRICHIRFBN T R0 75 #H
IS 3= AT I A TR AU SR (LUR A B T i ok Sl 2t
ITERTESE, B AR R . — THOCBEEE TS A SRR A B S TR I
KL T IR ARG KR I R REAT T IL S fAT ] R =3, Avdlt
2N, REAEI AT S RS BN . AEXSBICHM S ZOR T, SR a2 4L
S AE. ARG A L AN B T AR B BB WARREE R, Ak
AT 29 BB LA AT o — IR, ARIELSE URBARIFR R, SEAERIN
T AR A G BN 1o B0, #REIM L, fhmREAT Rk, Koifeit b
TP RETFVURE, B . AT, fbdR T ANEREBOR, B IS
B HR S . 58 T, WEAE R RFIEG AR, ACe el RS 7. A
LK, b ARSI B Ol T 2 A I ARE S UMb A, AR
AR RBEST T A0 LR T, e A gk, BeATH, AR
IR, ARPOY 3 R B T SBT3k g IR, B 5 AT AR Lo AT
Lo

W R S AL SR g™ K, 31 1960 4R, BEFUTCafia—H2Z AT .
AT N TSR BT TAE RIS, AL T BISBSE N E AN HE T, 70k
FU= AT HIT R ARBKSE2R A ERF T il s MCIRARIESE, i, 3T
BAT 5 AT B BB E GO FEAE So 2t (1 S 0 % HLIE OB 5 e Ras, DU e
TR RYE . AERRSE A N SE B T RERL R 26 Tt A B T — B HA i [E
RO AN, TRk TR AEBIRIE) TR, XSRS PCRIL T & 141
U7 e e o SR TRE R b o AR RN ENIUE B M (B A

ARG S AL AT, AEAR TR FLI,  AEAR R AAIX BB, ATV 2 & X5
B AAIVERS LRSS, ML MBSO i, BONFE, SO, sSONRT, XS
BRI RELLTE R (R PR, P —RURT S EL K O AT R Sk, 780 AR Ny
Koo EHRTOAIRENZ], MREHHAL—RFARITIR S, TTREAFEAEL E2
WIS a4, AT LA W . XBBOOEKAE ARG, UK. H#E3h T
JE - SRR B AR KR 2

1962 4 9 H, FRIHE S — Ui Tt e Bk y B T TR,
PLB e ) 3 R AT T (0T A S AR ey g TR SRk, 11 71 3



HE LS TR0k, SpEfoR: “FE, RiF. BERWIE, MlrxekT
YE7. BURRMEH Y, oL T PSR BEAAK K+ FH AP R L2, BN
TCERF P 78— BUR 73U E R H U B PR AR S, XBBR G X 2
— WU AT T RE RS T B, FRIXAS VR T 19— R A SELG T AN 4
RoHr. 1964410 H 16 H NF=WE, FE SR 7o IEmksh, wEntkE
RSk, FENIG. KERFIZRRE 75 5 H- e TH P B it 2, BLAR TE 1945 436 [ B
PH RV B SR g IR T LR, ENIR A AR T A . R, e
B RSB KEE A R R w s . At i Bon 7 B R S ARE
71, BEPEEAZEE AT ST, W3 TN IMLIT R IMA O,
2 NANAIM R T T X Sl HGH o BN I6 BE b I A — Fr %K 2 vb ik
%, MBS 8 LR RIS, WBEiEfO . EAR e L E] HROR & A
B S — T IBE R, Akl 5 ARl A, B RIR 5. A TR T
YE, IXANATE RN SATEAYE B e A ikt dnig . X880 H R, B,
HIFER . RERERLT, BTSSR FIBEERELR (ANRBHIRY Wiz
K, WATIEEILTF IR R, FUEUiA N 2 SR s A 5 S TAE. FiX2
J, BERRUARhIED: T, DX e —ZIM R R Ae TR LTI ER .

(VO JE 73R T LU, BB k84S T HF I E SR 355 . S2br b,
AR R o B S A SR I, Mgt P AT s B LB FHE. — DL
HIFUE T PAZAT R BEFRAZ S S HLEE IR R MEF ST, R SG A SRR 4k N
B, BESERE . SRR REANRI, 1965 4F, JTih BiE KM SEHL EAF T
SR — AN T B SR B T RE IR AR . BBRSE AL ED AR i, DLk
— AN F I AR 5 — 2R R R K il i ik B i B4 R, e R EOR 1) f,
Bl LU, M ALK KR AR S, SRt s o8 8k EHl
By, WELENLGE RO b, s EE SR TAE. E LM & 1 LA AT 4 40 S
T, AT T —BE RSN TAE TR, N BT IEa s et T RS
e

LR Z IR R . IE4ER BB, HESEL T L AR K.
AFRAE LA H 10— B ARz, JEFFGG B BUAS D0 s RN D1 4k s A 23 51—
T, EEEE N2 S53 ~, Fror R B AN A 1 e 5, 2
T-7E 1966 FEJR BB AR, 1967 4F 6 H 17 H, #WshELRSHMEET, +
BBl 2 — SV PRI E T . IR B, SEEH 7B, SRIH TIU4E, REH
T, EREHRHTWEE )AL

LA RRE AN BT . K B AR/ L T ARSI 3 AN A IAS
SEIEE TR, A E R R ERF , AAR I LAk H WSS ) TAE . A
W, MR A AL, BT TR R GER S, 1971 4 BRREAE, MO R T SR 1]
(1) e N R 2 = R R I AR A PO S 56 2 I ER R, AN aer, 54
BEXSRR G AN oAb+ LA BES S RMIT N SLRAE TE b SEI6 7, 23N BAH ) A
IRIEATHEAIE . XBRR ST AE Ry BEAR R 1 67 o0 N 28 s i H & 20— Fg a0
i, e e R Il R Em Rk, ik, A N2 g, — 7B
BT AR, RRFSLF RIS RGN, o — 7 E B0 HE TR T L2
IR . FEIXIF e, AR AR R



(1) 1972 FE LR, ABIEIERE TSI B A BE KM B, 8 ik
. M inze il T H O AT IAHS T 2R, ERBWET [ HE 77 LR
F PN LE T H R RN “HERIIA™ . Al55 800 Tzl
Rt . AR TR, AR S A BLRORT IR A% i s 1Y) K It B SN AT S g
JiTT, AREAH T KT, AR ORISR SR R AR IR I R iR . AR B2
BATI =+ =0k b, Aok AT AT =k, R REES T8l
XHER Tl PR R R 2 A, A IVE 2 T Ot i i S O RAE S DIAIOC. &
g6, AT AL TAE EReE. WERBE . InTdde, SR mats) e
A, B HRERRIR, RINRASER, RS, BREFEA 4, IR
foe, MR HOE T TR E Bl R T WU IR A — RAEE=. YA/
KA KGRI Al PSR A A s A IR T, R R, R
A, HEBUELEE, OREILIZ S AL PEAR R 1) A H AR SCHEN 2 AN N2 fE s G
S A I BLAEAT DR P 7 SO W AR SE I I A, 2o TS ik B R . A1
IR MU, RN, AANBOWEE, 2% B AT R X, SR A
WO 1o T BORE. 3™ bl B R R e R AR, bR ICR IR,
RN (NN PN T

MATBE: 2R, BATEAAA7 e AR A T R} 27 28 8 Al £ 25 30
TAE PR AR 24 58 AT IO AT B B P AL, RN, FRZATEE.
RTIRS, AR AR SR AR EAT S AT B B N R G AR R AT
BIXFE ARG, AR I MR BCE R B ) 5, TAEA
DUFERL BT MR A% R B ) MR, L WU A BN 20 I T T — ANk AE,
RN EoRH R IR Z Bl NP TAE 2RISR C KIS E A, Wrisa, SLRIE
2. (BRI EMNWE, WARIEHAT I kg St 1 1hdgl, ZRITH
BEANREA N, TAENGE BB IR, — 22 A, gtk i
K, B EZR, WNERTEMFU L2, HRAE s k.

MBRICI A REF T IR EAEIR G MBAEBE AR ST, EMAGTZ Ha . b
F PN, WA, SR U R, Al SRR AR,
AU A, FEFRBATR B’ A0, fbfi] AT N EARTAEA R
FEAT RS R ) iR AR e AR B AR Ay, /N TR 3 31 5 i
T LA S PR, IXA AR AR RS A SRR AT EZh Il g, {2
ERIEA R0y, D T ARSI AN S R AT LSRR R BRI, Pslis —
AR 250 MATERESL T L. BB OHBFE T HCENR,
I HL AN dH T ) B4 BEAT R A B S AR K DA

B SCEIEME T H VA4, AR, BT H AR SRS
BEACE” . Ml A AZ RS I IX LA, VR 2 SR HAR ) AR R MR T AR AR 2k
RTZH K BRI, RETEMLEMRESH, mibsAE LaCrs
Fo AMEH IR L PR AHLUE R BES N T 58 UK AR W TESE 2 55—
(K], EAIERAT T A F AR 2N [ KRB P R A 2K

N B KAERAMEIRITAE, BO7RIR. fERJaNJLFER, fbm Sk —
AU, BRI E TiEE, TRk ORISR T A B [
AN IE— O At B < e LA A B A, Al B A ISR 5. i T Sl A XL



WL, SEATEE RS 2 BEAN T . 1984 EAR, HEAT“ N L W in) & J5 — ok
BEVERAZARIG I, FEAE CITF R R 2B S 9%, (At BoRBIIA$R4E . R T
A, MBEE JURESCE R LT, KA, PJEYENR, 1 H LU R, n
FCIH , TR, bR E AV S 45 1 . AR 28 Hhic 15244
T S AT U 0408 B 52 1 SIZ 56 U TR I i HH PR M A S 2%

AR, WERORLR, RRE SRR O R AR RIR . 1985 4F 1 H, XSRRSELE
b By, AAEF ARSI 28 TEERE, A arafie b B, s
FEBEFAR . TKZMR 200 B B8 T /NAR T Zihie S RRIG S IR B
ZIRFAR . MAE R _ERURS ol LB 252 R X LA A AR BEAIE],  BRR S I R
TAERZE3], Al BB R SO, 5 A0 F i IR (2R T 98 b 8 e 3R, it
Kt eI N G Z B0 %5 o ks A it ok B A s =l i) R 4
Loy AT KL T e A3 ANFT G . R TAE. T4, 78 M B ARk
SRR, AT AR R RS — AN, e TR A R s K
RS RIS, BORRNGEFAL A RN TREE, MR- 74
Ja—K. 1986 47 H 29 H, XERAAEIb ittt

ABRSE AL 1956 AE AN E 3258, s+ o m R B R AT . AR
WE b AR R ARAL DA = 38 G bR AR R O, LR A IR & R R Y 5
A WA, FIREARFT N — . M Sia A, B, SERE. OB,
AN TAE, i HAGZ . AT 2 &L, R B R A it
B, A B A IR TSRS R B ERGE, BRI ESINS m e 5%
TAAH AL E s R AT 4. TAEMBRF, AR 4N B AR 5 i i —
ISR, WIS RS, AR A B BBk 2s, Bk i RS R I,
ik JE TS . Wr i fh M B K UG, 188 Bk X At AR 2 4« T AR S 1 e Rk, R
VFIg X PP M B R o R, SRR R i R A TR T — AN E5 T8, SaAf1n)
g SRR, AR, HEShIREAZ AR RO R . FEIXANMERT, AN 1L
JEEAR IR T 2, e KRR A, FHERE IR A Al s w5
il T 2 R AR 2 8. TCPR A =, Wk 1A AR F A A AT TR 45 At 0 Bt Al
W, RN T R RS AN L IR 7 e AR R BV R A RN IFINS HL AR

6. “bikadRT, ERMBBE? 7

A, BRI HER
—— P E R AR I R
XS
(S ESRE DN 8 NP ST RER =AW N2 N AWAE U 1P a NG S AT
AR LE — AR NIRTN,  IX B BRATTR AR S A i B ReTh 2 B R W o A

AT SRR ST AT, b ) 22 95 AERE S5 12 2 A AT 152 2t HE
*o



IR T8 S AR S
i AU WOREA I H AT R WA A7 IO BB A 1 22 AR
AR SR, AR R, Bl Rk, R R G

Wi T AR GG R NIRRT A . XSRS AR AR RS, Bl T 2 L
N, AR AR A, TR R IGE PR IR IR 2, R RN 2 [ B 2, S A A
—lHEToR L. 50 EARBE R L a, MBSt E 1o A E P s Atay
i, AR ST 300 TR LBt Modie T BRI AR RS, i R B MR vy S
FUPT, JrRAT T DURS . ARSI A O ZUN S5 i1 5 M S (Y P
USRI S A R 2, B il PrRAXSRRSE 62 i L1 7. 1XJE58
EANFRPAETIEN 7o REESTEI T, IO EGE BRI 0] [ v
AR VURRINAE T B, e TR0 DURREE TATE T/, FATHE AHAK
WAl AEEXSBR G IR g rp A Tl S, WERP BT IR e A
5, WHLBCA OE R EIAL . B el — 14, RIS AT 2 NS ENR
Joo MR T AEM S AR M SCR AR R AT U AR (0, S Bs EIEARATTPT AT AE ) %
VET i Eo b, Bl W8 — WA S i B SRS R S0 A, B 1A Al IS S
SRR DY IACH) — i, BILI AN A58 H Hh 2 3 1

HE 5L
HE 5L
LT
SN
RAT B Z 2R
HEEL

CIEZLES WS

AP B AL

RAKIE T 1896 47, W2t B RRAE A SERIMIHR, i — A 00 o Tk
i, "



(ZE T iR S TIPS G A & vyt A R LET U BEY SR U Sl ES /NP /L i WP NP U
JaAtis: “XSRR ot b LT SEAL S SO BT 4 ORI AT S s 2R R K L 70 X8
BOGHIE S, MR T MRS R N R T, Herp Ay i JLAJ i .

— BN NERAEIE, R RREAE A MR RS BRI DTk
(NORCRE AIOP S ENHE /@

— BRI L A AT BAGE T AR B AN LA A . BAE HOR K IE 2
L. A BRAEILDUR I H 7 B AKIZ P LA R B BCARE)— L, R RIE
FKAE A AP o

— BRI ), AR IR, AT E.

— ), WERBSE FHIGE PR R AR B, ARt DR RiE R . X
S IVERS SR . BERFEVEAN A O ABEMAARZ o AT AR IE IR

RO AR T2k A AR IE N AR TE S P A I B 4. AR A A T N2 FAT T
FERR I AFEM e TR 2, AT OB R IE A AT . B e i
25 I ) T I Lo LA XSRS 1) DR L I KR o

e F AN R AR, SR 2 A——rh R RAE EA B2l 1T 1%
PP AZ I B AR O A B AR JE R AR SE 22 A D AT —
MEGIIMAEN, EMMEWAETERIKCEYER TILTHET . AR
RN R G EIZAE LT T, AR, SRR A
FET AR ROBAT R SRR AR 1, AT (M

BCRTT UL, BATESE R S A2 2, KEECHJ7 B K F5 5
KU, AU I 3 <, A AR, RN IE, SEhs EIFAZIXREM . 2
KEMNE BB L AFREAL, HF P SCNAESEEZBIRFAFIE, X LHB ] 5
VI EZIFA a3, WA RZITUALRZ I RIXAS, LR R RATE
FAEHH BRI —3K, JUE AR

KA~ G5 T3k
id: BB, JFARHERRRE QAR U A AR T A BEE AT 1T 2

R BN IR CM 22 505 A2 G AR R Wi s o HERA L) 2 .
SRR 20 A RE BT A, Ui “FENERSERE Y, TR
BN R SRR, RS, . BT R A B
DI BLENE A RE, A BEA S RAR R 70, A e — DN NI — A5
WIS, WMEUEEY: SRR ACE IR A, AR D AT A K



B, A KIABE A R R R D APTESAR . S R KKy
/2T, B IR R B

NBITHATS, BERFER, P55, ERIEIA, 70O
RS ATTRREI . (LR PRI BRGSO, %7 T 58
10 D P B T IR T ARORBT, (T 1 A AR AR R 1
SO

JRIIIN AR, R A NN LEAN R SATEN BRI RE AR, DR A
NG FEe HTEEH TR — R E, N T2z By A1 Bk 1
ERCPNCSNIRSE S db A G 1] VRS &4 v d ey /N T | S S WA Y/ LW e =
A B B s R BT E, I ORI AREL, ik T IXA . LU
RIBFgEaE 2 HRAR B, AHANTC G VRS o AR A D A S A5 LA I = S A s s 1) 2
W B By 7, e SIMITE S P Rh T, R DR AR A
Ch b AE B 1R AR I 8] ILAE B R A s TR R O 7. B2, — D ARIRIIAER
RAERE ERGRFHLIE

A, RSN LB HHK R ArIe . RHLE. hgnIR2E T — D1 B4
Sl A St PR [0 BT B3 B e — BOR A i BT DU AR B 71 7 U0
f, CEATIBRITR,  [BUEORHE . WIFEE I, DR J3 0N gl 23 B S A 7 0 L P A K
g sio o RS A ) A Ay 2o B4 5 IR AR5 IR RV _E 3y 27 O
rml e T —mi

- B AT — P S i RERE LIS 2 22 B afl iy A3 B K22 AT B GRS AE 1A
(RO, B IER T, AR KB EIIR 5; bRl s Kb &
I, EALEREREN . B S ARETUL. BIEEHINLE, o S/ ARG,
PR S L TR BB B B R —— BB A AR RN, R S AR
(HoE, WX F NS — 5K miE 3, e AL ez, e, i
= AR BaiEie . Ik, ATz i M RESEE AT R ORI R
UL SR, HLEXS I NGRS, DI AR R, IR
AR RO R GG, B PIse REE”. /ANMOREAEG, FERK L resE. SR
o, AR AR RN )L e, MR R XMHLEIFA S BRI 2, X
FieezHEEBENLIN . BENLE BRI, AR AL R A R BRI, W
ANTHT H R AR BEALI o

Nisris 5 AR AN G ABL S EA TR e TP, thi T 8 5 A
7 AFIGEASR A S HFGR RGN ASEI ST 5 3h AR AR ot i
JIRERR R s (1 D =N SRR arig 1 vk ST SR — RER 2t ie A AR R
HRFARAR, ERFKES M, DUARFEEBAGE AT BRI S, A
TIRXLERTLUE, 25 FARS ol AR Aok BE 4R H D Avis



Hoh, NERT 5 BRI 4L, ESCRATIZ R ), IS EARE N SCRAH
BE . AR D D ANIZEAfE R, BREIETR 3 S 4 seR n
WA e FIHLIE, b RIS AT RE

AR VRN SEA 5 )

s XRIFE DRI, w2 BiAh, — DA RNz &
WA T, A RERIE NAE B AR5 A e ?

Ko BREAERMER, ANEFEIRATNA, RO S, AT
I/ NRRAE o

SRR WM, BUREI TG, W, R

PR B BERTE R K BRI S T B RIS, IR T . AAEE T3
B SRERY), w2, a2 D At 3 I 1 v [ A
AEPTERZ e AN RS ERAFUAE . IR E. B, 8 DAl AR 2 5k
IRH 2 A — A I — MR SRIP G, XA AR B R, F
AT BX MRS LR HRAERE PR IR, AR T b,
AR B2 /] K — B0 B ok . A SIXAL B 1 IR AN, ANE T —AJ ik
IR RAL FYE M, BRAFBRORR, EWAFIE. B, XX
ArBek S EWIEA T, BwiX N ANaE T 2o, AR, BABCRH] k.
J DA At = AR (O B S AR, B RS il A5 o AR A28 ] e H B RRN, - AR SAHL
P EM— R AMIE A W] SR E ER L 2 X, X255 Aw kR, W
FIFERIE . 38 H CAEAR R A PERR B0 1 A 7] 20 PrEL— D AR A FRRS, 5
TR WY AR, A AR AARE AT, XA RGN G T ERE ) =
RN K

PR WoR S T 5 AMAL, BT 5 A8 X e R AR AE R FU R
B P EE

PR AR IR 215 D5 30
i BRAITAE, REm A A ALk — NIXA A2

A GFR), s, FEARRATR, EMESS b, ARIF B FIEA L B
[F)o PMIELAENAA A NBDETCTAER, AR AR E R G H, At
B BT EE AR IR X LG TR ?— N B S AR T, rp 2 I ol 200857 1]
3, PrUARIERE LEBs . BB M EE T2 5, fEE AR« b, 1
REMILERIEMGLLRTE 2, — NPT ARG IUE T, KEHESH X B2
PE, AR TN TAERE S FrURR S RFKIN . FTEL, 1975 4 (FM T
RIS HTIEA B — ) A Ko BT — AN, X R RN ERIIF AR —



FHIHR T JEok, HEDUWE, AFRMEAARIE, ARG OHES, A 5 AL W Ak
A, G PR AERIE T, ARG N PR R RARA AR R R, B
e MR ENENE o B, BAXRERA RN, Jot B TR A, R
DOEB TR, WAZB A RN, RSl ERSmL), #2406, w
RIERE D), BRI HEE CE, HRERRIMEERE. 5AWR, #%
o XARFARE TR RHEE, ANENETE.

i P
0 R UL, ERHRERIBIER i 2

K BECPIERER, Mot AR R SR 8, Rk . 1999 4,
WAL BRSNS AL, R T 5 R — i, At SR 2 It )
Pt R RIL G 21T B AR 57 T8 e 70BN, fbA Ok Sk, i
B R, AR AR SE TS, AR U R IR AR S A A
PR3 B——l UK — DB ——AER [ 551, A RN 5, )R
N A NAETE]. AT, SRR EWTIEAE, MR ARME, AR T
. BTN RRZYH. AN g E I E P S AR,
Bk, BAMILE, 474, hEfagieh s TRE. WM RS, wi
LAHCU A A8, HfENE. JeZ. WmWE S — 1~ ok, X2k
WS, A Hiokie BA SRR, B AR s RYUE R UL [ E
KB, AU RIS TIPS KIRIERE ). B TRIEREI AN, A7
b RN AR T NSERMEIEIURSE, BT AT AN T T A
K, s EEBR LR, MBREE—AH, BHECER TR
B, 28R, Mk TJERAG T DURS, Pril, RiXAEN I EEEAERFIER, 2
PRI i D ) FE B DA 3R

FAN, BARNBEUNIER RVGRE, mPEE K, B KREFPRAE, WA
SE T BRI TAESRH, BEM AR, B2 T AL TR kR AR £
AN, X R AR A S — 5 .

A5, R EESRT, LIREART AE TG RE S . DUE IR A R LA
MR, BTG, WERRIEM S A TG R A G, AR AEAESOR K BE S 3T
NIRRT .

7. WHREKAETERBERK

0 R R K

R NXE



196441051 6H, X2 REHELMIHT. ZHRK 431 b
SUINTED  FrEE P A LR B, B A T s R . IXIR
LI T N T $E2y B AR RN RS, SEBREL T4r LR, DA
P57 B 22 AR ] A g ——ii S 2 24 5 S i 5 B 3 1 A R AT
LML E, RO BGE . FHERRHGDRERERE, ERERIE T
DR EGHER R, e A AKATER .

SR

193 04F, WERAYHEARMA TR B LI T ERMAAL, KBEEMK
FRIE . AR T B AT SR T IR, 3 S DU S 96 1 B2 R R R %
BRI RL A OB 52 07 A5 ST RF I (R 2 1 AR U B B 2 e 1R
Jit, JFF 193 341 2 ARG T4

193 444 ], T8 MERMIEE T IEEER T E, SEREL AR
WL (TSR . £ B S ETR R R, TIN5 B ARy )
Kt

19 3 74F, JhEERRAERABR R ESEN =, kT A EH A
Mo A T E PSR R FY B AN A . RBIER)E, & mAELH
BRI ST, MWHBETAY. 19465194 74, omERA
FIPEE R T HZ I =03 TG RAATIE R I T JUR /NP 3347 L% . AthdT]
[P — T AE R 24 L B o F A A R 2 i S0 = IOl & o DAk dge = i il
Z

e, A —smm R, ARG, ST R A
19 3 844, floRBISEEZ T B HRYI R, SIFMMmALIKEE (M B
o r n) HIRMIGEWIFE AP, BRI R R T SRR
VERT, JFAEAEIE 25 44 R E R AR — 2R, A2 BE AR B T 2 IS
Mnkibvet//BENi NIl R

ARRAE SR ZER RS N, WEU SRR AR 110, JEEIX A EY
197 R MR, R T PN 2R, ARSI e [ A AR b e T8 .

FEIX HLIC A IRGE R o — AL 5E I, 2 i B RS Se e . s —A
SEIRE B BNER TP E AR, 194 64E6 A3 0 H, EEANVIENG A
JEESUBIET —Rlsl 7. BHIZE 2 5 2 Bl i R U5 B L, A S FE
IR IBHR MR, 3k, I, TP YA LR [ AR, A OIR L R Sk A B BRI
TR Y P 5O G 58 . A — T A 4G A S THE R s 25, — TR H
Pl S B BRER 70 AE H RN o X > 58 AR IR 256 (1 . 2456 [
[ S5 8 ARRAE LI WA 2 1 2 L A B el i, AR T T IS J S A F e R R SR
T RREARGE? JgUR, BUESRIL G N i s TR MBS



PEAMFCAT AR RATRES b Tl SE AR B T IR AR e, IR Bkl A% )
B e, BEAE N IR e i & .

BRECRE, BB SRR T . AR BB T2, KR 9 2 7
F 193 0 FBOEI LR . 3 BTG LIRS M, IR AL
LA I A RO LIRSS, LU B B RIS 02 15 .
[ BB 518, 8 DR 05 S A SR T 2, TR 4
e, A7 e B S e A S PG, BEARRBRIK 1 2.5 )7 %
TG AR TR Bt A NG o BRI — R, AT — £ D
RS 4 0 77%00, AR TV, D% MBUE 4L R AR .
BRI, M FRO AN A LI R i, — ] A T 3 0 U 5
Bl M, BOBSRAT UG T, A2 LA O S % BT e
T, USSR 5 SR F R B R B A R A%
fo R, M TAETRITE T 6 MHDLE, —H RERRIFK. WIENHL 2.
ESHILY S

195 04H], #rdEELE B OB R R L, B ESE e
THOT R RIAERAIE T M58 H 2 9 H, MhFER2A AR R0 % —d & 138 [
IRIM G SR My, IEEE R WU, SEEIBOT IR A RRE T 588K B, BR2aak 1 8
0 0 ZAT W PEEREICABFN TR, AhA N WY 16 RIE B 1 R T B OC SRR
B b BESER)L TR AT R A . e, A AR — A ar ek i
BRI M FE N B R, W e R S AR T TAR SR, O e iR ek Ay
B R, MEMNES HARER, BXG T & 98 4 i ey w) A3 Ot SR
WAk WHE—ZEN, SCHEIGIRH RSO, FF 51 SE [ [ Rk S ) 5 ) Fl
Prls REBEUFETENINE T, AMEABAT. 1 9 5 04FFIE, BESEHHE i
TS PRI RIOCHE W 2%, IR TR 2 E. 19 5 54, &EFEH W R g
PRI, FRpE R T RIEE— G ey, PR T IR T YE . §iEiX T,
B 5 B 22 KRS B AN R A AR ml B TR . U RS TS
T, B SE R A Al A AR U RS % RE RS L2 AN
% (1949—1959)

1949410 1H, PRANCUMERT 7. 195 04, PEEEBT
R EWEFET R 0 s RERESTID (57, ER—=smiEpT i, LA . 2l
AT RIATIE R ATEARL AT TR P REREA S, MG, 38 1R, 1E5R
[ m ], ORBFREFT. R4, Pl R4 0 0 02N, fE2 0 P%F
L6 0 N or SRk EIFRERTIE, o B 1 RERIF SN 0 %

1955511 5H, Pl maERATF 7 pIbhR$idhky Ka
VG RIS R R A R . BEAR, XA, RUK, RIE, R, X
Ve RN, I, R, EL O SERER, A R s R R, Wk
=5, FIDCEA AR RO Brh E T N MEEE DGR
BEBRAS, IR B S A SRR Hh I A Jid 1 5 O B



—DRAE 1 9 5 THERRLHK: £ P NI T MERA R, MK

s JER SRR LB o AT JR K AR B P 3 22 X ) 7] & Dl SR A o AR
SALEIT I RERRR, BB SAAEEN AROETE, ERNL T RIIOR, IRk Ak
R A, FRe sy, Al A BB RIS, FEIUR ST S5 U5 T A2
P CAES BEEIURMLLE, KX IR0 5 SR 5 R B A it

TIPS T R E

195 848 H, XSKRACHABILRATHIST TAT. Br DAL XRS5 2] LT
VRS T 2 8 ok 2242, JhGs T« b=k R Bea DL Js 1
AT AREF, EAH USRS W T . B IME T RIS HE
PE”, AR T 5 E IS SR MG S B4, by se, UEHRE, JUnhEr. X
FE, XBBRSEAUBIT« 2 8 15 R IEEN T M th . AATTII B S E 2 1 28— A, 2
BOAUE TR L AR I — AN G s JRU sER e I O R P RR L E T AN KRR
o AATT—FTAE 7 R, BRI, BTSSR A5 L
H, 7 &I ERIE . F—)ER—"H, WS &5 T 9! A,
SRR SCAATF 2 T BT KX AN, SCgad WK 43 8] [ ) JE 6 A S, IE
WA AT AT H S T FE %, T . A TSRS T2 T M, Xk
SEEAME RS, R HEE NGRS T IR AR A b . SRk X R A ) ARt
5, AT A 2 2 U U i e o3 2 — R, ST — R E] 71X
Fa B ] B — 0 RN R G R E

“59 6 T F"

TR 7 TR 5 9 6 TR, X PRI E SR EDVIMIE. A1
95341 %195 648, HonpiEBUNAEE 1RSI T AN EE .
195 741 04, MEBIFEI 7 EBrHrsoR e, Risie bzt E
WFBIRZ A 1 250 T SRR IR H [ S (1 i 5 (0 B TR R P 4R BT

B IR BT R, RERGE, SERTZR L1 9 5 TAEL 0 1 5 HIRT XS
FES I RIRET IS T B BB BRI E , TP TR H . AP R R At T
SRR TN AR P I S BOR Bk XRS5 37 SURAT s TR E. bty
FAET 9 5 9T MEHE: AT, MKBHE, #ESH 8 el 1 iiE
ke H7idfE1 9 5 94 6 HAAMXBUEIF, HEST AR R A 2
73 TREE A N5 9 6 TRES

M1 95 9MEH 196 24, IEFRE =4 LRI BIN, 7EREN B A
eI B 5T R BRS04 28 T AR T e
Mg, KR, AR, SRER SR R A R 5
T. 7196 VERTRBTRE. R, SATRREIRER K. =6
b TR 54 oS . 0% B N T KR — i

“PSEAGVFE L 7



FEUH T HN S5 9 6 TR IR AKRLA, fEXA KRB R R
FRAF T I 21, A AT 5o e 55 SE e 1 Dy S A . Jst 1o R A K Rl
W ZIMBER AR R U R B AR — DI R . DAL, 138 B S A MRS
R RER" T, A4 507 T A7 S, X R R
Bt A+ LA, IXRHATISR B2 — P B4 -

e E R m g RE Y, B A S — NER P — a4k s . e
SRS E RS, N1 9 4 1R, ERAKM, BRSBTS, MEOE UEk
JEREBELE L) —Y b T RS ARSI R TR A, OF HEAS
SR, HEAG T AL, EEERT SRR R A A EEREARNAT S
T, MRS T 1 9 5 6 ERBIHE. 54, flERERMTIK TR
HE2EF R IR AT, s ml S S sh 27, B 2R S R R
T, %, AR BRI T e b . SikFEr, gt
J RSN R SE, MASERE W TR . BRWAESE 1 0 5 4. TPRBHECE
TSNS TR TAEF K. M1 9 6 0 4FEFERIFLH, mFEANE 4N
(), A TP E NS00 B 7 3t i SO T 46 T

EE(1963—1965)

223 BT AR ZOR TR N B85 75, H A s SR o A 28 T4t 21
PURETBL. 19 6 24, PR Ry T BUM ROR N A, AT LA B T A7
MBS 1 5 NLTIRis. RN, 45, R, KO, Fi&E, &
R, ORI, FRAHEIL SR RHERH N SR BT i VG A% s
WFRIEHL, HEAT 7o e b seit . XL 3 2 0 0 22K, PR
— 0. 4°C, HIEHAE, HRFEMHIES. BRESEANFLAETN, BT
FEAFIRAE, AEASPRIALE BLPIR IR A, TZAN MO, BEANGE5E, (HAARATIS H H R A]
RE A EEIRIB T O Tl E R, KD

L E RN, 7T 58 2 A0 M X J S s R AR B K B, R
W A W] 4 DK 2R, JEUR 28 A4 1B H e i b S IR ZE = B S K (F]
LOUERPE) o 19 6 24K, BB UEHEIX BT TR T, ARk
P, BedT WO R e Al Bir (1) 25 B 55 i DR UL I 1 Sl A e, -0
T R o FEOT R BORIBOR RO Z 2 IRAEMIEIN, 19 6 4479
Ho AEZATHREBERRAEEE T — R 1 0 2 KEHgkEs.

N T WX IAZ I IPE B, 2, N, ERREEDU RS IR 6 0 22 BLY [l A Al
B9 0 TN TR, 300 02AMuAES, BT WHUHBL, g, 4
YoKPe AL, oebZE, Bt fE mAEAE . i TSR SO KL T R
BN, AL B AR, X DI U A wr i, D,
AR 0 3K L6 A4 N R A AT L PR S TR R A 55 o AU AR £ B
HIwT o A MB TR TEe B AR A H O AR, B RN B SR By TG — U
Mo T .



196 44F, HpES B Foe IR BRIl T RA%Se k. 5
H b B R L7 1) RIS B Y 6 21 K2R AR B IR RURESE A T 11 J7 Da f  A s 152
e, ATHRTTE K, LAIITHK 1 0 0 2L FRZE LTI fE, B
BRI AR HE ) TR B S . TR AT KRN L ik, ERES PRI L
PRy et s i L 2k £ T A 20 I I AT v, AT LSRR, 5 G R R AR R A o

196441051 4H, BirbEANRMBRE S SERKIKENTAE, L
PSR Y 58 A ) A (0 b B A 2 2y, A TR R S SR
T, TSR ERNE N1 96 441 01 6 H 1 5K CEAE) o 2
W 7 I, AL T ROA R 1 0 2 KRE RIS T, IR 2els.

LOH1 6 HR6M 3 05, —DIALER A SIARHE 2IEEgEs L1 B
Iy AR T th [ PR L m AR B AR, JE w4 B gk A E 2
By TNBYEE R 205N, R st BpL B2 T, JE B s O E——X
YRR (RIACKP70 $edd Bo 10 IS, sRETIRNIZSEAE SR IR R 287
R MR G AR IR TAE, EEOR EBIR R R T AR D24
A, TR RSB : rP RIEHETINGELE 1 5 I, BURITEE. 71 4
5 9704 08, TR TRamaH, 1 0 BpREA RGN AR
A&, WHEENCIT R N1 0 BIEE) 0 i, dE e, R T AT A
g HimS . BRI W, emik, kERER, B
st rh AR — U T SRR T

FEFRIEIT L, 541 MKk 22 0 42 18 ORI AT X R, Ak 25 145 147 10t -
R, FRATIN U R R S TR R BR ) A A e R, WS A
+or¥E, BAbEE TR RSB, TR AR “URITREANRE 1S X S % IR L
We? "Xy, FEFFHEAUE, fhdgd: LAY R &S0 A de 5, BER
MELAE LT T N T AELEEMACY, Sl EA T R X E s 248040
WG e, BRI R AT RE AT . LS, BB AL (R
BRES) B e, A IHUIEH TR 458 . Bk b itz B, J0 R 1
0 0 2K, FCAANE S, |8 0 Miffgkis, e —/ Mg
T4, JE VD ER A E VAR 2 5 T U (B s R . ML AR
B H L mh T, s R R — YR B B kL

FEE (1965—1967)

Js 7 SRR B Eh ) A BRYE RS WA BEAT I 2, BN AR [ i) sy BE AL 1

19674601 7H, EHEXETIHISENETN\ADHZ)A, FIEB )
HREAT T IR AR . WS TSR R S RERA S — AR i . SRIEDE T 7
B, LT 49, SEDE TR S &, EEDET 8 X, M EIUE TIEST )\
N EbREFE T E ST RERFA K IACE B RS RT8



HLAE g3 S CAR S KA I, SR BRI C IR T .
6 0 EAHT, eI T REWFIEH Bl ear TS s A i R 2 1 B A AL (R
BN, KRR T AN, SO BRI R F B  RA A AT]
BAE . TR S 0 AR AR s NS B BRI, IR AR R R LA
LR LA B aR VPO AR B T IR BE TR e R TR IR %
PyBEE T AN T H SR I, AL B i R AR L NSRS T, M am it
— Sk ALBE TIX SRR LA AR S, — Tl 3 0 4.

FESLBERZAE T, 19 6 54 8 A8y A SCBME ARG AE_BIRF IR 275
Bt FIRDIBELEK) — & KBTS TEs M #R kot . 2 =475, b1
H T A SR B 5. AT IRIE S, R R T 1 9 6 5 Rt
#HE T IXAN BT % IE B TAEREA RN ZI 2, 1966
6 KIS 7o X050 b R R aCas o] AR K T — 3 KA
FAAAEF R MZIE : “PRAT I N A AT 52 K741 [ ORI AR L 2L 14 [
I, ZTIT. BN B AHEIE IR B, Bl 7 AR L 55T
i, AHR BB L ADINTE], 2 TEADER . 71 9 6 95, SCHVIE R LS
bl o, ST R SE T E BV B RN, AR T H TR AN L
e MR AERINIGET e, T — S S e, 8By SR AR
FBOL BT R 48 E A BT R 5207, SEbr bt R0y ahdod 7. R ESRGy
TR, DR TXT AT i, AR5 & b 7e 7 g LU
o

SNEPN SR

195 946 i e m, 56, 9. k. 75 4 MZKIE X ELE R
TRPEAER LESAT I B, T EITEIERE, RAT H R REHR R . Py
5 B AN T R o A B s s E R SR TR v AT AR A H ) it
TRERFAZBEAR, XKL T AT SR P AL SO & ——h R SRV )5

Wik TAER S BB SR RIRS TIXA—FH: 19 6 4 SEP 5T
SR LR, MRS WD AMIER (44T o an
Hinton) FSKELHIFAERSSSHERE TR, AET 4 0 FAH0IE
VI By B S E 2 T SR PRI AR, 19 7 18, Mk Tl
A 2 2 R E DI, FEIERU L] TSR ST LA, AT BT I TERR A SE
EWFFE A 0 [ e J 7 3 AR 2 XSRS A L — T S kT . H
Ja, X bR TR, Sl “PRA] BLE R R TR, A Ja
S EANA ORI . "XBEREA LS, S B T B AR R i
ALET IEAE BT R IR T . M TR SR BT, By, POHEIE. F5 i
1B AL, S TRIKKAZ? T3R5 B 3k
[

8 0 FEARLICK, Wi T B BAEA [R5 2 IR B xs o BB WL F 6
AT 2 1 Al b [ R R R X SR, IR E e RO TR E AT A A



PEAA)ETE: TR, FAER . E B AR AR TR P A R B SRR X
e BR T IRMBEER AN, AT R IR R N A . AR L IRA A A
f— N rh P ER A S I —— A VR . P SR AR AR I T BB A X
R BEE R R RS R T B A GRS R T A A P R I
K7, BURAETE R PRI S R . I e N\ a2 s b s 2 2T A
VAR, DDA R BRI N, B2 BB, SR aZil. i
By R, B, BBE, A0, FDGH, RBRITH, HFEREEN, #E A
PERRE S R0 E SR TR SUNI D RIS NE 227/ B A B U I Ivans i VAL S SR EEE Ut el =8
FER P R R R . AEMWARESAFNEEN, Al WER. 4
Ko ARG AR (RIS, 9 (10 55 7 WS A 1 5 RO AR P S oG I, 3T
AN AZ S I A

“BRETICE, T HRER”. RIS A AT ) FORARAT T = 2 A
&, AHTE R AT NAZ AR



8.  AARIRMENKLEM



Ehe New Jork Times : :
Frin:la}.r,dulj;ilﬁ, zood Obltuarles

WORLD .8, N.Y./REGION BUSINESZ TECHNOLOG3Y SCIENCE HEALTH ESPORTE  OPINION

RETIREMENT « INSURAMCE » INVESTMEMNTS

WG L C O

Deng Jiaxian, China Scientist; Developed Nuclear

Weapons
LPY &7  HANE1086F8 A4ARE

| <Publizhed: August 4, 1988 El E-malL
Deng Jiaxian, a physicist educated in the United Sates who was i PRINT
instrumental in developing China's atomic and hydrogen bomnbs, has Lg sAVE

died of cancer, the official Mew China News Agency reported Sunday. SHARE

He was fi2 years old.

The press agency said Mr. Deng, who died Tuesday, was honored today in Peking at a
memerial ceremoeny attended by several Chinese leaders, including Fremier Zhac Ziyang

and Defenize Minister Zhang Aiping.

At the service, Mr. Zhao described Mr. Deng as "the pride of the Chinese scientists and

technologists."

Ir. Deng, who was born in the scuthern provinee of Anhui in 1924, graduated from the

physics department of China's Southwest Associated University in 1945.

In 1948, he went to the United States to study and received a doctorate in physics, the
Mew China Mews Agency said. It did not say where he studied in the United States. He

returned to China in 1950 and did pioneering work in China's nuclear theoretical research.
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	MIPS CPU 体系结构概述，Linux/MIPS内核
	（上）
	陈怀临，张福新
	弯曲评论、中国科学院计算所
	www.tektalk.cn www.ict.ac.cn
	前言  2002年，科学院计算所推出基于MIPS指令集的龙芯CPU。为了推广MIPS技术在中国的普及，笔者与计算所龙芯研发组的张福新博士撰写了一系列的关于MIPS的技术文章，并被笔者整理发表于笔者的非营利性网站www.xtrj.org 上。  六年过去，时光匆匆。笔者这次将其修订并发表于《弯曲评论》以饷读者。希望对读者有所帮助。第一部分    MIPS CPU 体系结构概述  1. MIPS概述本文介绍MIPS体系结构，着重于其寄存器约定，MMU及存储管理，异常和中断处理等等。通过本文，希望能提供一个基本的轮廓概念给对MIPS CPU及之上操作系统有兴趣的读者，并能开始阅读更详细的归约(SPECIFICATION)资料。 MIPS是最早的，最成功的RISC(Reduced Instruction Set Computer)处理 器之一，起源于斯坦福的电机系. 其创始人 John L. Hennessy在1984年在硅谷创立了MIPS INC. 公司(www.mips.com)。John L. Hennessy目前是Stanford Univ. 的校长。在此之前，他是 Stanford电子工程学院的院长。计算机专业的学生都知道两本著名的书： “Computer Organization and Design : The Hardware/Software Interface” 和 “Computer Architecture : A Quantitative Approach”。其作者之一就是Hennessy。MIPS的名字为“Microcomputer without interlocked pipeline stages”的缩写。另外一个通常的非正式的说法是“Millions of instructions per second”。  2. 指令集 详细的资料请参阅MIPS归约。   一般而言，MIPS指令系统有：MIPS I；MIPS II；MIPS III 和MIPS IV。可想而知，指令系统是向后兼容的。例如，基于MIPS II的代码可以在MIP III和MIPS IV的处理器上运行。下面是当我们用gcc编译器时，如何指定指令和CPU的选项。 -mcpu=cpu type Assume the defaults for the machine type cpu type when scheduling instructions. The choices for cpu type are `r2000', `r3000', `r4000', `r4400', `r4600', and `r6000'. While picking a specific cpu type will schedule things appropriately for that particular chip, the compiler will not generate any code that does not meet level 1 of the MIPS ISA (instruction set architecture) without the `-mips2' or `-mips3' switches being used. -mips1 Issue instructions from level 1 of the MIPS ISA. This is the default. `r3000' is the default cpu type at this ISA level. -mips2 Issue instructions from level 2 of the MIPS ISA (branch likely, square root instructions). `r6000' is the default cpu type at this ISA level. -mips3 Issue instructions from level 3 of the MIPS ISA (64 bit instructions). `r4000' is the default cpu type at this ISA level. This option does not change the sizes of any of the C data types.读者可能发现，对于大多数而言，我们应该是用MIPS III或-mips3。要提醒的是R5000和R10000也都是R4000的延伸产品。下面是几点补充： *MIPS指令是32位长，即使在64位的CPU上。这对于局部跳转指令的理解很有帮助。比如：J (TARGET)；JAL (TARGET)。J和JAL的OPERCODE是6位，剩下的26为存放跳转偏移量。由于任何一个指令都是32位(或4字节)对齐(ALIGN)的，所以J 和JAL最大的伸缩空间是2^28=256M。如果你的程序要作超过256M的跳转，你就必须用JALR或JR，通过一个GPR寄存器来存放你的跳转地址。由于一个寄存器是32或64位的，你就没有任何限制了。 *MIPS CPU的SR(STATUS REGISTER)中有几位是很重要的设置，例如，选择指令系统或要把64位的MIPS的CPU CORE运行在32模式下。SR[XX]： 1：MIPS IV INSTRUCTION SET USABLE 0：MIPS IV INSTRUCTION SET UNUSABLE SR[KX] SR[SX] SR[UX]： 0：CPU工作在32位模式下 1：CPU工作在64位模式下一般而言，如果你要从头写一个MIPS核心为32位程序，需要把上述位值设为0。*在以后我们会单独的一章讲将流水线和指令系统，特别是跳转指令的关系。在这里，我们只简单提一下。对任何一个跳传指令后面，要加上一个空转指令(NOP)。从而使得CPU的流水线不会错误的执行一个预取(PRE_FETCH)得指令。当然这个NOP可以替换为别的。放一个NOP是最简单和安全的。有兴趣的读者可以用mips64-elf-objdump -d 来反汇编一个 OBJECT文件。就会一目了然了。 *一定要记住：MIPS I，II， III和IV指令系统不包含特权指令换句话说，都是那些在用户态（USER MODE）下可以用的指令(当然KERNEL下也能用)。对于CP0的操作不属于指令系统。 *有一点在MIPS CPU下，要特别注意：对齐（ALIGN）。MIPS对指令对齐的要求是严厉的。这一点与POWERPC是天壤之别。指令必须是32位对齐。数据类型必须与她们的大小边界对齐。  *建议读者阅读MIPS规约是要花时间看一看指令系统的定义    3. 寄存器约定 对于在一个CPU上进行开发，掌握其CPU的寄存器约定是非常重要的。 MIPS体系结构提供了32个GPR(GENERAL PURPOSE REGISTER)。这32个寄存器的用法大致如下： REGISTER NAME USAGE $0 $zero 常量0(constant value 0) $2-$3 $v0-$v1 函数调用返回值(values for results and expression evaluation) $4-$7 $a0-$a3 函数调用参数(arguments) $8-$15 $t0-$t7 暂时的(或随便用的) $16-$23 $s0-$s7 保存的(或如果用，需要SAVE/RESTORE的)(saved) $24-$25 $t8-$t9 暂时的(或随便用的) $28 $gp 全局指针(Global Pointer) $29 $sp 堆栈指针(Stack Pointer) $30 $fp 帧指针(Frame Pointer) (fp在现代编译器中基本上不用了，而是作为一个$t8来使用。) $31 $ra 返回地址(Return address)对一个CPU的寄存器约定的正确用法是非常重要的。当然对C语言开发者不需要关心，因为编译器会处理。但对于操作系统核心或驱动程序开发人员就必须清楚。一般来讲，你通过objdump -d可以清醒的看到寄存器的用法。下面通过笔者写的一个简单例子来讲解： ~/ vi Hello.c "Hello.c" [New file] /* Example to illustrate mips register convention * -Author: Huailin Chen * 11/29/2001 */ int addFunc(int,int); int subFunc(int); void main() { int x,y,z; x= 1; y=2; z = addFunc(x,y); } int addFunc(int x,int y) { int value1 = 5; int value2; value2 = subFunc(value1); return (x+y+value2); } int subFunc(int value) { return value--; }上面是一个C程序，main()函数调用一个加法的子函数。让我们来看看编译器是如何产生代码的。 ~/huailinchen:74> /bin/mips-elf-gcc -c Hello.o Hello.c -mips3 -mcpu=r4000 -mgp32 -mfp32 -O1 ~/huailinchen:75> /bin/mips64-elf-objdump -d Hello.o Hello.o: file format elf32-bigmips Disassembly of section .text: /* main Function */ 0000000000000000 : /*create a stack frame by moving the stack pointer 8 *bytes down and meantime update the sp value */ 0: 27bdfff8 addiu $sp,$sp,-8 /* Save the return address to the current sp position.*/ 4: afbf0000 sw $ra,0($sp) 8: 0c000000 jal 0 /* nop is for the delay slot */ c: 00000000 nop /* Fill the argument a0 with the value 1 */ 10: 24040001 li $a0,1 /* Jump the addFunc */ 14: 0c00000a jal 28 /* NOTE HERE: Why we fill the second argument *behind the addFunc function call? * This is all about the "-O1" compilation optimization. * With mips architecture, the instruction after jump * will also be fetched into the pipline and get * executed. Therefore, we can promise that the * second argument will be filled with the value of * integer 2. */ 18: 24050002 li $a1,2 /*Load the return address from the stack pointer * Note here that the result v0 contains the result of * addFunc function call */ 1c: 8fbf0000 lw $ra,0($sp) /* Return */ 20: 03e00008 jr $ra /* Restore the stack frame */ 24: 27bd0008 addiu $sp,$sp,8 /* addFunc Function */ 0000000000000028 : /* Create a stack frame by allocating 16 bytes or 4 * words size */ 28: 27bdfff0 addiu $sp,$sp,-16 /* Save the return address into the stack with 8 bytes * offset. Please note that compiler does not save the * ra to 0($sp). *Think of why, in contrast of the previous PowerPC * EABI convention */ 2c: afbf0008 sw $ra,8($sp) /* We save the s1 reg. value into the stack * because we will use s1 in this function * Note that the 4,5,6,7($sp) positions will then * be occupied by this 32 bits size register */ 30: afb10004 sw $s1,4($sp) /* Withe same reason, save s0 reg. */ 34: afb00000 sw $s0,0($sp) /* Retrieve the argument 0 into s0 reg. */ 38: 0080802d move $s0,$a0 /* Retrieve the argument 1 into s1 reg. */ 3c: 00a0882d move $s1,$a1 /* Call the subFunc with a0 with 5 */ 40: 0c000019 jal 64 /* In the delay slot, we load the 5 into argument a0 reg *for subFunc call. */ 44: 24040005 li $a0,5 /* s0 = s0+s1; note that s0 and s1 holds the values of * x,y, respectively */ 48: 02118021 addu $s0,$s0,$s1 /* v0 = s0+v0; v0 holds the return results of subFunc *call; And we let v0 hold the final results */ 4c: 02021021 addu $v0,$s0,$v0 /*Retrieve the ra value from stack */ 50: 8fbf0008 lw $ra,8($sp) /*!!!!restore the s1 reg. value */ 54: 8fb10004 lw $s1,4($sp) /*!!!! restore the s0 reg. value */ 58: 8fb00000 lw $s0,0($sp) /* Return back to main func */ 5c: 03e00008 jr $ra /* Update/restore the stack pointer/frame */ 60: 27bd0010 addiu $sp,$sp,16 /* subFunc Function */ 0000000000000064 : /* return back to addFunc function */ 64: 03e00008 jr $ra /* Taking advantage of the mips delay slot, filling the * result reg v0 by simply assigning the v0 as the value *of a0. This is a bug from my c source * codes--"value--". I should write my codes * like "--value", instead. 68: 0080102d move $v0,$a0希望读者静下心来把上面的代码看懂。一定要注意编译器为什么在使用s0和s1之前要先把她们保存起来，然后再恢复，虽然在这个例子中虽然main 函数没用s0和s1。另外的一点是：由于我们加了“-O1”优化，编译器利用了“delay slot"来执行那些必须执行的指令，而不是简单的塞一个“nop”指令在那里。非常的漂亮。为了使得读者更加理解寄存器的用法，下面笔者特意提出的一个问题。*在写一个核心调度context switch()例程时，我们需要SAVE/RESTORE$t0-$t7吗？如果不，为什么？ *在写一个时钟中断处理例程时，我们需要SAVE/RESTORE$t0-$t7吗？如果是，为什么？    4. MMU和 内存管理  对于MIPS的MMU和相应的内存管理，读者需要注意的是:不存在x86或PowerPC的实模式。这一点是MIPS CPU 的一个很重要的特点(或缺点)。 * MIPS 存储体系结构这里笔者不讨论MIPS64的存储结构，而只是关注32位机器。MIPS将存储空间划分为4大块--kuseg, kseg0,kseg1 and kseg2. ------------------------------------------------------------------ 0xFFFF FFFF mapped kseg2 0xC000 0000 unmapped uncached kseg1 0xA000 0000 unmapped cached kseg0 0x8000 0000 2G kuseg 0x0000 0000 ------------------------------------------------------------------对于上述结构，读者要记住以下几点： * 当开电(Power On)的时候，只有kseg0 and kseg1 是可以存取的。 *kseg0 512M(From 0x8000 0000 to 0xA000 0000)直接被缺省映射到物理内存0x0000 0000 to 0x2000 0000, 并且是缓存被开启的（cache-enabled）*kseg1 512M(From 0xA000 0000 to 0xC000 0000)直接被缺省映射到物理内存0x0000 0000 t0 0x2000 0000，并且是没有缓存的（non cachable）。以上两点对于理解基于MIPS的驱动程序或操作系统的启动是至关重要的。细心的读者会发现：kseg1有点象其他CPU的实模式方式。 *在加电时(POWER ON)！(虚拟)地址from 0x0000 0000 to 0x8000 0000 是不可以存取的，必须等到MMU TLB初始化之后才可以。 *同理对从0xC000 0000 到0xFFFF 0000的地址是不可存取的。 *MIPS的CPU运行有3个态--User Mode（用户态）; Supervisor Mode（管理态） 和Kernel Mode（核心态）。 简单而言，读者只需要了解用户态和核心态。操作系统一般而言也只利用这个CPU的状态。  下面是读者必须非常清楚的：×在用户态下，CPU能而且只能存取kuseg的地址。  ×CPU必须运行在管理态或核心态下去存取kseg0，kseg1和kseg2的地址空间。  与其他CPU一样，MIPS CPU是通过TLB 来将虚拟地址转换成物理地址。  下面谈谈MIPS的ASID(Address Space Identifier). 简单而言，ASID与虚拟地址一起构成一个定位一个TLB 的钥匙（KEY）。换句话说，虚拟 地址本身是不能唯一确定一个TLB的。一般而言，在大多数操作系统中，一个ASID的值其实就是一个相应的进程标识ID。对于一个多任务操作系统来讲，每个任务都有 自己的4G虚拟空间，但是有自己的ASID。通过ASID，CPU可以区分两个具有同样虚拟地址的TLB其实是分别属于不同的操作系统的进程或任务。对MMU的处理主要是通过MMU的一些控制寄存器来完成的。 MIPS体系结构中集成了一个叫做System Control Coprocessor (CP0)的部件。CP0就是我们常说的MMU控制器。在CP0中，除了TLB条目(例如，对RM5200，有48对,96个TLB条目)，还提供一系列寄存器提供给操作系统来控制MMU的行为。每个CP0控制寄存器都对应一个唯一的寄存器号。MIPS提供特殊的指令来对CP0进行操作。 mfc0 reg. CP0_REG mtc0 reg. CP0_REG通过上述的两条指令来把一个GPR寄存器的值赋值给一个CP0寄存器，从而达到控制MMU的目的。下面简单介绍几个与TLB相关的CP0控制寄存器。 Index Register这个寄存器是用来指定TLB条目的，当进行TLB读写的时候。例如，MIPS R5000提供了48个TLB对，所以index寄存器的值是从0到47。换句话说，每次TLB写的行为是对一对发生的。这一点是与其他的CPU MMU TLB 读写不同的。 EntryLo0, EntryLo1这两个寄存器是用来指定 一个TLB 对的偶(even)和奇(odd)物理(Physical)页面地址。一定要注意的是：EntryLo0是给偶数TLB页面， EntryLo1是给奇数TLB页面使用的。否则MMU会报异常错误。通常是系统不能启动。  Entry Hi Entry Hi寄存器存放VPN2，或一个TLB的虚拟地址部分。注意的是：ASID 的值也是在这里被填写。 Page Mask MIPS TLB提供可变大小的TLB地址映射。一个页面可以是4K，16K，64K，256K，1M，4M或16M。这种可变页大小（PAGE SIZE）提供了很好的灵活性，特别是对嵌入式系统软件。 对于嵌入式应用，一个很大的区别就是：不允许大量的页面错处理。否则系统性能 将会非常的差。这一点是传统意义上的操作系统是不一样的。也是为什么POSIX 1.b的目的所在。传统OS存储管理的一个原则就是：Page On Demand。这对大多嵌入式系统是不允许的。 嵌入式系统往往是需要在系统初始化的时刻就对所有的存储进行配置，以确保在系统运行时不会有页面错异常。上述几个寄存器除了映射一个虚拟页面之外，还包括设置一个页面的属性。其中包括： 可写性，合法性，缓存属性等。下面简单谈谈MIPS的JTLB。在MIPS中，如R5000，JTLB的意思是Joint TLB. 什么意思呢？就是 TLB条目中TLB是指令和数据TLB混合的。有的CPU的指令TLB和数TLB条目是分开的。当然MIPS(R5000)确实还有两个小的，分开的指令TLB和数据TLB。但其大小很小。主要是为了提高性能,而且是对系统软件透明的。下面讨论MMU TLB和CPU 缓存（Cache）的关系。读者知道，MIPS，或大多数CPU，的Level 1 Cache都是采用Virtually Indexed and Physically Tagged. 通过这个机制，OS不需要在每次进程切换的时候去清除缓存。为什么呢？举一个例子：进程A的一个虚拟地址Addr1，其对应的物理地址是addre1；进程B的一个虚拟地址Addr1，其对应的物理地址是addre2;在某个时刻，进程A在运行中，并且Addr1在Level 1 CACHE中。这时候，OS进行一个上下文切换，运行进程B ，进程A进入睡眠状态。  现在，假设进程B的第一个指令是虚拟地址Addr1进行一个存取。  这时候CPU会错误的把进程A在缓存中的Addr1的addr1返回给CPU吗？ 正确的答案是：不会的。原因是：当进程切换时，OS会将进程B的ASID或PID填入ASID寄存器中。请记住：对TLB的访问，(ASID + VPN)才是唯一确定TLB条目的逻辑。由于MIPS的缓存属性是Virtually Indexed, Physically tagged.所以，任何地址的访问，CPU都会多MMU的TLB进行查询，试图找到相应的物理地址。这个物理地址要被用来对CPU缓存的条目查找中。.与此同时，CPU会把虚拟地址信号传给缓存控制器。然后，我们必须等待上述MMU传送过来的物理地址信息。只有物理地址TAG也 匹配上了，我们才能说一个：Cache Hit（缓存命中）所以，不需要担心不同的进程有相同的虚拟地址的事情。      5. MIPS 异常和中断处理任何一个CPU都要提供一个完善的异常和中断处理机制。一个软件系统，如操作系统，就是一个时序逻辑系统，通过时钟，外部事件来驱动整个预先定义好的逻辑行为。这也是为什么当写一个操作系统时如何定义时间的计算是非常重要的原因。读者都非常清楚UNIX提供了一整套系统调用(System Call)。系统调用其实就是一段异常处理程序。读者可能要问：为什么CPU要提供异常和中断处理呢？其目的是：  ×处理非法操作。 例如，TLB Fault，Cache Error等等。×提供一个通道使得程序可以使用被保护的高级资源，例如CP0寄存器。在用户态下的进程不能访问CP0。CPU通过陷入核心态的异常处理方式使得一个进程可以安全的进行一些CPU的高级设置。 ×处理外部和内部中断，例如，时钟，看门狗（WatchDog）等等。   下面来讨论MIPS是如何处理异常和中断。各种MIPS的变种都有些细微的差别。下面是基于MIPS R7000的结构。×理解MIPS异常处理最重要的概念是：MIPS体系结构采用的是精确异常处理模式。这是什么意思呢？下面来看从“See MIPS Run”一书中的摘录：“In a precise-exception CPU, on any exception we get pointed at one instruction(the exception victim). All instructions preceding the exception victim in execution sequence are complete; any work done on the victim and on any subsequent instructions (BNN NOTE: pipeline effects) has no side effects that the software need worry about. The software that handles exceptions can ignore all the timing effects of the CPU's implementations”上面的意思其实很简单：在发生这个异常之前的一切计算行为会完整的结束并体现效果。在发生这个异常之后的一切计算行为（包含当前这条指令）将不会产生任何效果。对绝大多数情况而言，如果读者要写一个系统调用(System Call)，只需要记住：MIPS已经把syscall这条指令的地址压在了EPC寄存器里。换句话说，在MIPS里，你需要在异常返回之前显示的给EPC寄存器赋值EPC<-----EPC+4。只有这样，你才能从系统调用中正确返回。下面讨论一下MIPS的异常/中断向量表(Exception/Interrupt Vector) MIPS 的异常/中断向量表 (假定将MIPS运行在32为模式下)  Reset, NMI： 0x8000 0000 TLB Refill： 0x8000 0000 Cache Error 0xA000 00100   其他的异常都指向：0x8000 0180那么MIPS如何来区分和处理一个异常呢？其时序逻辑可以简单的归纳如下：1. 将EPC赋值为要重新执行（被中断的）指令的地址。  2. CPU变为核心态，并且禁止中断。（通过SR[EXL]的位。）   3. 对Cause寄存器赋值，从而程序可以判断是一个具体的什么异常中断。如果是一个TLB Miss方面的异常，BadVaddre寄存器也会被同时赋值，从而提高更多的异常信息。  4. CPU开始从异常处理向量的入口存取指令，从而CPU逻辑进入异常处理。  5. 从异常返回。  从MIPS III指令集开始，从中断返回用的是指令eret。 该指令的功能其实就是iangSR[EXL]位清零（开中断），并把CPU的控制转向将EPC寄存器指向的地址。  在理解MIPS中断处理结构时，需要对SR状态寄存器的IE和EXL位充分了解。  SR[IE]: 用来开启和关闭中断，其中也包括时钟中断。当然，如果SR[EXL]位被置位时，IE位不起作用。EXL和ERL在CPU异常中断处理时会被硬件自动置为，从而关闭所有中断，从而系统可以安全的进行中断异常的处理（前期）工作。  K0 and K1 寄存器这个两个寄存器是被操作系统核心使用的暂时变量，从而不需要使用一些内存变量。读者如果有兴趣的话，可以发现gcc编译器的ABI不会使用这两个寄存器。换句话说，K0和K1是系统保留的。  在使用这两个寄存器的时候，要非常小心。例如，当在异常中断处理的中后期，系统软件通常会开启中断，从而系统可以支持嵌套中断处理。这个时候，软件要注意K0和K1的保存和恢复工作。笔者不鼓励读者使用MIPS的AT寄存器。应该使用.set noat宏来关闭编译器的优化。  流水线(Pipeline) 和中断读者知道，MIPS是一个RISC技术处理器。在某一个时刻，在流水线上，同时有若干个指令被处理在不同的阶段(stage)上. MIPS处理器一般采用5级流水结构。 IF RD ALU MEM WB那么读者要问：当一个中断异常发生时，CPU到底该如何handle？答案是这样的： “On an interrupt in a typical MIPS CPU, the last instruction to be completed before interrupt processing starts will be the one that has just finished its MEM stage when the interrupt is detected. The exception victim will be the one that has just finished its ALU stage...”对上述的理解是这样的：CPU 会保证完成那条已通过 MEM流水级的指令。然后将中断牺牲者（exception victim）定位在后面那条(following)指令上。要注意的是：我们是在谈中断（Interrupt）, 而不是异常（Exception）. 在MIPS中，这是有细微区别的。下面介绍几个重要的SR(Status Register，状态寄存器)与异常和中断有关的位。 * SR[EXL] Exception Level; set by the processor when any exception other than Reset, Soft Reset, NMI, or Cache Error exception are taken. 0: normal 1: exception当EXL被置位时， - 中断是被禁止的。 换句话说，这时SR[IE]位是不管用了，相当于所有的中断都被屏蔽了。 - TLB Refill异常将会使用General Exception Vector而不是缺省的TLB Refill Vector. - 如果再次发生异常，EPC将不会被自动更新。这一点要非常注意。如果想支持嵌套异常，要在异常处理例程中清EXL位。当然要先保存EPC的值。另外要注意的：MIPS当陷入Exception/Interrupt时，并不改变SR[UX],SR[KX]或SR[SX]的值。SR[EXL]为1自动的将CPU mode运行在核心模式下。这一点要注意。 * SR[ERL] Error Level; set by the processor when Reset, Soft Reset, NMI, or Cache Error exception are taken. 0: normal 1: error当ERL被置位时，   - 中断被禁止。 - 中断返回ERET使用的是ErrorEPC而不是EPC。需要非常注意这个区别。 - Kuseg和xkuseg 被认为是没有映射(Mapped)的和没有缓存（Un-Cached）。可以这样理解，MIPS CPU只有在这个时刻才是一种**实模式(real mode)**，可以不需要TLB的映射，就直接使用kuseg的地址空间。* SR[IE] Interrupt Enable 0: disable interrupts 1: enable interrupts。请记住：当SR[EXL]或SR[ERL]被SET时， SR[IE]是无效的。 * Exception/Interrupt优先级。 Reset (highest priority) Soft Reset Nonmaskable Interrupt (NMI) Address error --Instruction fetch TLB refill--Instruction fetch TLB invalid--Instruction fetch Cache error --Instruction fetch Bus error --Instruction fetch Watch - Instruction Fetch Integer overflow, Trap, System Call, Breakpoint, Reserved Instruction, Coprocessor Unus-able, or Floating-Point Exception Address error--Data access TLB refill --Data access TLB invalid --Data access TLB modified--Data write Cache error --Data access Watch - Data access Virtual Coherency - Data access Bus error -- Data access Interrupt (lowest priority)读者请注意，所谓的优先级是指：当在某个时刻，同时多个异常或中断出现时，CPU将会按照上述的优先级来处理。如果CPU目前已经在TLB refill处理的例程中，这时，出现了总线错（Bus Error）的信号，CPU不会拒绝。当然，在这次的处理中，EPC的值不会被更新，如果EXL还是处于被置位的状态。异常的嵌套在有的情况下，希望在异常或中断中，系统可以继续处理其他的异常或中断。这需要系统软件处理如下事情： *进入处理程序后，我们要设置CPU模式为核心态，然后清除SR[EXL],从而支持EPC会被更新，从而支持嵌套处理。 * EPC 和SR的值 EPC和SR寄存器是两个全局的。任何一个异常和中断发生时，CPU硬件都会将更新上述寄存器的当前值。所以，对于支持异常嵌套的系统，要妥善保存EPC和SR寄 存器的值。 *SR[IE]是一个很重要的位来处理嵌套异常。值得注意的，或容易犯错的一点是：在做恢复上下文时，要避免重入问题。比如，要用eret返回时， 要建立EPC的值。在此之前，一定要先关闭中断disable interrupt. 否 则，EPC可能被冲掉。下面是一段异常中断返回的例子代码：/* 读取SR的当前值*/ mfc0 t0,C0[SR] /*加一个delay slot指令 */ nop /* 清楚SR[IE]，关闭中断 */ li t1,~SR[IE] and t0,t0,t1 mtc0 t0,C0[SR] nop /* 可以安全的恢复EPC的值*/   ld t1,R_EPC(sp) mtc0 t1,C0[EPC] nop lhu k1, /* 恢复老的中断屏蔽码，被暂时保留在k1里*/  or t0,t0,k1   /*从新对SR[EXL]置位。ERET会自动将其清除。一定要理解 ，为什么中断例程要在前面要清除 EXL。如果不的话。就不能支持嵌套异常。为什么，希望读者能思考并回答。并且，在清EXL之前，我们一定要先把CPU模式变为核心模式。*/ ori t0,t0,SR[EXL]  /*一切就绪，恢复中断屏蔽码和对EXL置位*/  mtc0 t0,C0[SR] nop ori t0,t0,SR[IE] /* 置为IE */ ori t0,t0,SR[IMASK7 ] mtc0 t0,C0[SR ] nop /*恢复CPU模式 */ ori t0, t0,SR[USERMODE] mtc0, t0, C0[SR ] eret   /*eret将对EXL清零。所以要注意，如果你在处理程序中改变了CPU的模式，一定要确保，在重新设置EXL位后，恢复CPU的原来模式，否则用户进程将会在核心态下运行。 
	前言  2002年，科学院计算所推出基于MIPS指令集的龙芯CPU。为了推广MIPS技术在中国的普及，笔者与计算所龙芯研发组的张福新博士撰写了一系列的关于MIPS的技术文章，并被笔者整理发表于笔者的非营利性网站www.xtrj.org 上。  六年过去，时光匆匆。笔者这次将其修订并发表于《弯曲评论》以饷读者。希望对读者有所帮助。第一部分    MIPS CPU 体系结构概述  1. MIPS概述本文介绍MIPS体系结构，着重于其寄存器约定，MMU及存储管理，异常和中断处理等等。通过本文，希望能提供一个基本的轮廓概念给对MIPS CPU及之上操作系统有兴趣的读者，并能开始阅读更详细的归约(SPECIFICATION)资料。 MIPS是最早的，最成功的RISC(Reduced Instruction Set Computer)处理 器之一，起源于斯坦福的电机系. 其创始人 John L. Hennessy在1984年在硅谷创立了MIPS INC. 公司(www.mips.com)。John L. Hennessy目前是Stanford Univ. 的校长。在此之前，他是 Stanford电子工程学院的院长。计算机专业的学生都知道两本著名的书： “Computer Organization and Design : The Hardware/Software Interface” 和 “Computer Architecture : A Quantitative Approach”。其作者之一就是Hennessy。MIPS的名字为“Microcomputer without interlocked pipeline stages”的缩写。另外一个通常的非正式的说法是“Millions of instructions per second”。  2. 指令集 详细的资料请参阅MIPS归约。   一般而言，MIPS指令系统有：MIPS I；MIPS II；MIPS III 和MIPS IV。可想而知，指令系统是向后兼容的。例如，基于MIPS II的代码可以在MIP III和MIPS IV的处理器上运行。下面是当我们用gcc编译器时，如何指定指令和CPU的选项。 -mcpu=cpu type Assume the defaults for the machine type cpu type when scheduling instructions. The choices for cpu type are `r2000', `r3000', `r4000', `r4400', `r4600', and `r6000'. While picking a specific cpu type will schedule things appropriately for that particular chip, the compiler will not generate any code that does not meet level 1 of the MIPS ISA (instruction set architecture) without the `-mips2' or `-mips3' switches being used. -mips1 Issue instructions from level 1 of the MIPS ISA. This is the default. `r3000' is the default cpu type at this ISA level. -mips2 Issue instructions from level 2 of the MIPS ISA (branch likely, square root instructions). `r6000' is the default cpu type at this ISA level. -mips3 Issue instructions from level 3 of the MIPS ISA (64 bit instructions). `r4000' is the default cpu type at this ISA level. This option does not change the sizes of any of the C data types.读者可能发现，对于大多数而言，我们应该是用MIPS III或-mips3。要提醒的是R5000和R10000也都是R4000的延伸产品。下面是几点补充： *MIPS指令是32位长，即使在64位的CPU上。这对于局部跳转指令的理解很有帮助。比如：J (TARGET)；JAL (TARGET)。J和JAL的OPERCODE是6位，剩下的26为存放跳转偏移量。由于任何一个指令都是32位(或4字节)对齐(ALIGN)的，所以J 和JAL最大的伸缩空间是2^28=256M。如果你的程序要作超过256M的跳转，你就必须用JALR或JR，通过一个GPR寄存器来存放你的跳转地址。由于一个寄存器是32或64位的，你就没有任何限制了。 *MIPS CPU的SR(STATUS REGISTER)中有几位是很重要的设置，例如，选择指令系统或要把64位的MIPS的CPU CORE运行在32模式下。SR[XX]： 1：MIPS IV INSTRUCTION SET USABLE 0：MIPS IV INSTRUCTION SET UNUSABLE SR[KX] SR[SX] SR[UX]： 0：CPU工作在32位模式下 1：CPU工作在64位模式下一般而言，如果你要从头写一个MIPS核心为32位程序，需要把上述位值设为0。*在以后我们会单独的一章讲将流水线和指令系统，特别是跳转指令的关系。在这里，我们只简单提一下。对任何一个跳传指令后面，要加上一个空转指令(NOP)。从而使得CPU的流水线不会错误的执行一个预取(PRE_FETCH)得指令。当然这个NOP可以替换为别的。放一个NOP是最简单和安全的。有兴趣的读者可以用mips64-elf-objdump -d 来反汇编一个 OBJECT文件。就会一目了然了。 *一定要记住：MIPS I，II， III和IV指令系统不包含特权指令换句话说，都是那些在用户态（USER MODE）下可以用的指令(当然KERNEL下也能用)。对于CP0的操作不属于指令系统。 *有一点在MIPS CPU下，要特别注意：对齐（ALIGN）。MIPS对指令对齐的要求是严厉的。这一点与POWERPC是天壤之别。指令必须是32位对齐。数据类型必须与她们的大小边界对齐。  *建议读者阅读MIPS规约是要花时间看一看指令系统的定义    3. 寄存器约定 对于在一个CPU上进行开发，掌握其CPU的寄存器约定是非常重要的。 MIPS体系结构提供了32个GPR(GENERAL PURPOSE REGISTER)。这32个寄存器的用法大致如下： REGISTER NAME USAGE $0 $zero 常量0(constant value 0) $2-$3 $v0-$v1 函数调用返回值(values for results and expression evaluation) $4-$7 $a0-$a3 函数调用参数(arguments) $8-$15 $t0-$t7 暂时的(或随便用的) $16-$23 $s0-$s7 保存的(或如果用，需要SAVE/RESTORE的)(saved) $24-$25 $t8-$t9 暂时的(或随便用的) $28 $gp 全局指针(Global Pointer) $29 $sp 堆栈指针(Stack Pointer) $30 $fp 帧指针(Frame Pointer) (fp在现代编译器中基本上不用了，而是作为一个$t8来使用。) $31 $ra 返回地址(Return address)对一个CPU的寄存器约定的正确用法是非常重要的。当然对C语言开发者不需要关心，因为编译器会处理。但对于操作系统核心或驱动程序开发人员就必须清楚。一般来讲，你通过objdump -d可以清醒的看到寄存器的用法。下面通过笔者写的一个简单例子来讲解： ~/ vi Hello.c "Hello.c" [New file] /* Example to illustrate mips register convention * -Author: Huailin Chen * 11/29/2001 */ int addFunc(int,int); int subFunc(int); void main() { int x,y,z; x= 1; y=2; z = addFunc(x,y); } int addFunc(int x,int y) { int value1 = 5; int value2; value2 = subFunc(value1); return (x+y+value2); } int subFunc(int value) { return value--; }上面是一个C程序，main()函数调用一个加法的子函数。让我们来看看编译器是如何产生代码的。 ~/huailinchen:74> /bin/mips-elf-gcc -c Hello.o Hello.c -mips3 -mcpu=r4000 -mgp32 -mfp32 -O1 ~/huailinchen:75> /bin/mips64-elf-objdump -d Hello.o Hello.o: file format elf32-bigmips Disassembly of section .text: /* main Function */ 0000000000000000 : /*create a stack frame by moving the stack pointer 8 *bytes down and meantime update the sp value */ 0: 27bdfff8 addiu $sp,$sp,-8 /* Save the return address to the current sp position.*/ 4: afbf0000 sw $ra,0($sp) 8: 0c000000 jal 0 /* nop is for the delay slot */ c: 00000000 nop /* Fill the argument a0 with the value 1 */ 10: 24040001 li $a0,1 /* Jump the addFunc */ 14: 0c00000a jal 28 /* NOTE HERE: Why we fill the second argument *behind the addFunc function call? * This is all about the "-O1" compilation optimization. * With mips architecture, the instruction after jump * will also be fetched into the pipline and get * executed. Therefore, we can promise that the * second argument will be filled with the value of * integer 2. */ 18: 24050002 li $a1,2 /*Load the return address from the stack pointer * Note here that the result v0 contains the result of * addFunc function call */ 1c: 8fbf0000 lw $ra,0($sp) /* Return */ 20: 03e00008 jr $ra /* Restore the stack frame */ 24: 27bd0008 addiu $sp,$sp,8 /* addFunc Function */ 0000000000000028 : /* Create a stack frame by allocating 16 bytes or 4 * words size */ 28: 27bdfff0 addiu $sp,$sp,-16 /* Save the return address into the stack with 8 bytes * offset. Please note that compiler does not save the * ra to 0($sp). *Think of why, in contrast of the previous PowerPC * EABI convention */ 2c: afbf0008 sw $ra,8($sp) /* We save the s1 reg. value into the stack * because we will use s1 in this function * Note that the 4,5,6,7($sp) positions will then * be occupied by this 32 bits size register */ 30: afb10004 sw $s1,4($sp) /* Withe same reason, save s0 reg. */ 34: afb00000 sw $s0,0($sp) /* Retrieve the argument 0 into s0 reg. */ 38: 0080802d move $s0,$a0 /* Retrieve the argument 1 into s1 reg. */ 3c: 00a0882d move $s1,$a1 /* Call the subFunc with a0 with 5 */ 40: 0c000019 jal 64 /* In the delay slot, we load the 5 into argument a0 reg *for subFunc call. */ 44: 24040005 li $a0,5 /* s0 = s0+s1; note that s0 and s1 holds the values of * x,y, respectively */ 48: 02118021 addu $s0,$s0,$s1 /* v0 = s0+v0; v0 holds the return results of subFunc *call; And we let v0 hold the final results */ 4c: 02021021 addu $v0,$s0,$v0 /*Retrieve the ra value from stack */ 50: 8fbf0008 lw $ra,8($sp) /*!!!!restore the s1 reg. value */ 54: 8fb10004 lw $s1,4($sp) /*!!!! restore the s0 reg. value */ 58: 8fb00000 lw $s0,0($sp) /* Return back to main func */ 5c: 03e00008 jr $ra /* Update/restore the stack pointer/frame */ 60: 27bd0010 addiu $sp,$sp,16 /* subFunc Function */ 0000000000000064 : /* return back to addFunc function */ 64: 03e00008 jr $ra /* Taking advantage of the mips delay slot, filling the * result reg v0 by simply assigning the v0 as the value *of a0. This is a bug from my c source * codes--"value--". I should write my codes * like "--value", instead. 68: 0080102d move $v0,$a0希望读者静下心来把上面的代码看懂。一定要注意编译器为什么在使用s0和s1之前要先把她们保存起来，然后再恢复，虽然在这个例子中虽然main 函数没用s0和s1。另外的一点是：由于我们加了“-O1”优化，编译器利用了“delay slot"来执行那些必须执行的指令，而不是简单的塞一个“nop”指令在那里。非常的漂亮。为了使得读者更加理解寄存器的用法，下面笔者特意提出的一个问题。*在写一个核心调度context switch()例程时，我们需要SAVE/RESTORE$t0-$t7吗？如果不，为什么？ *在写一个时钟中断处理例程时，我们需要SAVE/RESTORE$t0-$t7吗？如果是，为什么？    4. MMU和 内存管理  对于MIPS的MMU和相应的内存管理，读者需要注意的是:不存在x86或PowerPC的实模式。这一点是MIPS CPU 的一个很重要的特点(或缺点)。 * MIPS 存储体系结构这里笔者不讨论MIPS64的存储结构，而只是关注32位机器。MIPS将存储空间划分为4大块--kuseg, kseg0,kseg1 and kseg2. ------------------------------------------------------------------ 0xFFFF FFFF mapped kseg2 0xC000 0000 unmapped uncached kseg1 0xA000 0000 unmapped cached kseg0 0x8000 0000 2G kuseg 0x0000 0000 ------------------------------------------------------------------对于上述结构，读者要记住以下几点： * 当开电(Power On)的时候，只有kseg0 and kseg1 是可以存取的。 *kseg0 512M(From 0x8000 0000 to 0xA000 0000)直接被缺省映射到物理内存0x0000 0000 to 0x2000 0000, 并且是缓存被开启的（cache-enabled）*kseg1 512M(From 0xA000 0000 to 0xC000 0000)直接被缺省映射到物理内存0x0000 0000 t0 0x2000 0000，并且是没有缓存的（non cachable）。以上两点对于理解基于MIPS的驱动程序或操作系统的启动是至关重要的。细心的读者会发现：kseg1有点象其他CPU的实模式方式。 *在加电时(POWER ON)！(虚拟)地址from 0x0000 0000 to 0x8000 0000 是不可以存取的，必须等到MMU TLB初始化之后才可以。 *同理对从0xC000 0000 到0xFFFF 0000的地址是不可存取的。 *MIPS的CPU运行有3个态--User Mode（用户态）; Supervisor Mode（管理态） 和Kernel Mode（核心态）。 简单而言，读者只需要了解用户态和核心态。操作系统一般而言也只利用这个CPU的状态。  下面是读者必须非常清楚的：×在用户态下，CPU能而且只能存取kuseg的地址。  ×CPU必须运行在管理态或核心态下去存取kseg0，kseg1和kseg2的地址空间。  与其他CPU一样，MIPS CPU是通过TLB 来将虚拟地址转换成物理地址。  下面谈谈MIPS的ASID(Address Space Identifier). 简单而言，ASID与虚拟地址一起构成一个定位一个TLB 的钥匙（KEY）。换句话说，虚拟 地址本身是不能唯一确定一个TLB的。一般而言，在大多数操作系统中，一个ASID的值其实就是一个相应的进程标识ID。对于一个多任务操作系统来讲，每个任务都有 自己的4G虚拟空间，但是有自己的ASID。通过ASID，CPU可以区分两个具有同样虚拟地址的TLB其实是分别属于不同的操作系统的进程或任务。对MMU的处理主要是通过MMU的一些控制寄存器来完成的。 MIPS体系结构中集成了一个叫做System Control Coprocessor (CP0)的部件。CP0就是我们常说的MMU控制器。在CP0中，除了TLB条目(例如，对RM5200，有48对,96个TLB条目)，还提供一系列寄存器提供给操作系统来控制MMU的行为。每个CP0控制寄存器都对应一个唯一的寄存器号。MIPS提供特殊的指令来对CP0进行操作。 mfc0 reg. CP0_REG mtc0 reg. CP0_REG通过上述的两条指令来把一个GPR寄存器的值赋值给一个CP0寄存器，从而达到控制MMU的目的。下面简单介绍几个与TLB相关的CP0控制寄存器。 Index Register这个寄存器是用来指定TLB条目的，当进行TLB读写的时候。例如，MIPS R5000提供了48个TLB对，所以index寄存器的值是从0到47。换句话说，每次TLB写的行为是对一对发生的。这一点是与其他的CPU MMU TLB 读写不同的。 EntryLo0, EntryLo1这两个寄存器是用来指定 一个TLB 对的偶(even)和奇(odd)物理(Physical)页面地址。一定要注意的是：EntryLo0是给偶数TLB页面， EntryLo1是给奇数TLB页面使用的。否则MMU会报异常错误。通常是系统不能启动。  Entry Hi Entry Hi寄存器存放VPN2，或一个TLB的虚拟地址部分。注意的是：ASID 的值也是在这里被填写。 Page Mask MIPS TLB提供可变大小的TLB地址映射。一个页面可以是4K，16K，64K，256K，1M，4M或16M。这种可变页大小（PAGE SIZE）提供了很好的灵活性，特别是对嵌入式系统软件。 对于嵌入式应用，一个很大的区别就是：不允许大量的页面错处理。否则系统性能 将会非常的差。这一点是传统意义上的操作系统是不一样的。也是为什么POSIX 1.b的目的所在。传统OS存储管理的一个原则就是：Page On Demand。这对大多嵌入式系统是不允许的。 嵌入式系统往往是需要在系统初始化的时刻就对所有的存储进行配置，以确保在系统运行时不会有页面错异常。上述几个寄存器除了映射一个虚拟页面之外，还包括设置一个页面的属性。其中包括： 可写性，合法性，缓存属性等。下面简单谈谈MIPS的JTLB。在MIPS中，如R5000，JTLB的意思是Joint TLB. 什么意思呢？就是 TLB条目中TLB是指令和数据TLB混合的。有的CPU的指令TLB和数TLB条目是分开的。当然MIPS(R5000)确实还有两个小的，分开的指令TLB和数据TLB。但其大小很小。主要是为了提高性能,而且是对系统软件透明的。下面讨论MMU TLB和CPU 缓存（Cache）的关系。读者知道，MIPS，或大多数CPU，的Level 1 Cache都是采用Virtually Indexed and Physically Tagged. 通过这个机制，OS不需要在每次进程切换的时候去清除缓存。为什么呢？举一个例子：进程A的一个虚拟地址Addr1，其对应的物理地址是addre1；进程B的一个虚拟地址Addr1，其对应的物理地址是addre2;在某个时刻，进程A在运行中，并且Addr1在Level 1 CACHE中。这时候，OS进行一个上下文切换，运行进程B ，进程A进入睡眠状态。  现在，假设进程B的第一个指令是虚拟地址Addr1进行一个存取。  这时候CPU会错误的把进程A在缓存中的Addr1的addr1返回给CPU吗？ 正确的答案是：不会的。原因是：当进程切换时，OS会将进程B的ASID或PID填入ASID寄存器中。请记住：对TLB的访问，(ASID + VPN)才是唯一确定TLB条目的逻辑。由于MIPS的缓存属性是Virtually Indexed, Physically tagged.所以，任何地址的访问，CPU都会多MMU的TLB进行查询，试图找到相应的物理地址。这个物理地址要被用来对CPU缓存的条目查找中。.与此同时，CPU会把虚拟地址信号传给缓存控制器。然后，我们必须等待上述MMU传送过来的物理地址信息。只有物理地址TAG也 匹配上了，我们才能说一个：Cache Hit（缓存命中）所以，不需要担心不同的进程有相同的虚拟地址的事情。      5. MIPS 异常和中断处理任何一个CPU都要提供一个完善的异常和中断处理机制。一个软件系统，如操作系统，就是一个时序逻辑系统，通过时钟，外部事件来驱动整个预先定义好的逻辑行为。这也是为什么当写一个操作系统时如何定义时间的计算是非常重要的原因。读者都非常清楚UNIX提供了一整套系统调用(System Call)。系统调用其实就是一段异常处理程序。读者可能要问：为什么CPU要提供异常和中断处理呢？其目的是：  ×处理非法操作。 例如，TLB Fault，Cache Error等等。×提供一个通道使得程序可以使用被保护的高级资源，例如CP0寄存器。在用户态下的进程不能访问CP0。CPU通过陷入核心态的异常处理方式使得一个进程可以安全的进行一些CPU的高级设置。 ×处理外部和内部中断，例如，时钟，看门狗（WatchDog）等等。   下面来讨论MIPS是如何处理异常和中断。各种MIPS的变种都有些细微的差别。下面是基于MIPS R7000的结构。×理解MIPS异常处理最重要的概念是：MIPS体系结构采用的是精确异常处理模式。这是什么意思呢？下面来看从“See MIPS Run”一书中的摘录：“In a precise-exception CPU, on any exception we get pointed at one instruction(the exception victim). All instructions preceding the exception victim in execution sequence are complete; any work done on the victim and on any subsequent instructions (BNN NOTE: pipeline effects) has no side effects that the software need worry about. The software that handles exceptions can ignore all the timing effects of the CPU's implementations”上面的意思其实很简单：在发生这个异常之前的一切计算行为会完整的结束并体现效果。在发生这个异常之后的一切计算行为（包含当前这条指令）将不会产生任何效果。对绝大多数情况而言，如果读者要写一个系统调用(System Call)，只需要记住：MIPS已经把syscall这条指令的地址压在了EPC寄存器里。换句话说，在MIPS里，你需要在异常返回之前显示的给EPC寄存器赋值EPC<-----EPC+4。只有这样，你才能从系统调用中正确返回。下面讨论一下MIPS的异常/中断向量表(Exception/Interrupt Vector) MIPS 的异常/中断向量表 (假定将MIPS运行在32为模式下)  Reset, NMI： 0x8000 0000 TLB Refill： 0x8000 0000 Cache Error 0xA000 00100   其他的异常都指向：0x8000 0180那么MIPS如何来区分和处理一个异常呢？其时序逻辑可以简单的归纳如下：1. 将EPC赋值为要重新执行（被中断的）指令的地址。  2. CPU变为核心态，并且禁止中断。（通过SR[EXL]的位。）   3. 对Cause寄存器赋值，从而程序可以判断是一个具体的什么异常中断。如果是一个TLB Miss方面的异常，BadVaddre寄存器也会被同时赋值，从而提高更多的异常信息。  4. CPU开始从异常处理向量的入口存取指令，从而CPU逻辑进入异常处理。  5. 从异常返回。  从MIPS III指令集开始，从中断返回用的是指令eret。 该指令的功能其实就是iangSR[EXL]位清零（开中断），并把CPU的控制转向将EPC寄存器指向的地址。  在理解MIPS中断处理结构时，需要对SR状态寄存器的IE和EXL位充分了解。  SR[IE]: 用来开启和关闭中断，其中也包括时钟中断。当然，如果SR[EXL]位被置位时，IE位不起作用。EXL和ERL在CPU异常中断处理时会被硬件自动置为，从而关闭所有中断，从而系统可以安全的进行中断异常的处理（前期）工作。  K0 and K1 寄存器这个两个寄存器是被操作系统核心使用的暂时变量，从而不需要使用一些内存变量。读者如果有兴趣的话，可以发现gcc编译器的ABI不会使用这两个寄存器。换句话说，K0和K1是系统保留的。  在使用这两个寄存器的时候，要非常小心。例如，当在异常中断处理的中后期，系统软件通常会开启中断，从而系统可以支持嵌套中断处理。这个时候，软件要注意K0和K1的保存和恢复工作。笔者不鼓励读者使用MIPS的AT寄存器。应该使用.set noat宏来关闭编译器的优化。  流水线(Pipeline) 和中断读者知道，MIPS是一个RISC技术处理器。在某一个时刻，在流水线上，同时有若干个指令被处理在不同的阶段(stage)上. MIPS处理器一般采用5级流水结构。 IF RD ALU MEM WB那么读者要问：当一个中断异常发生时，CPU到底该如何handle？答案是这样的： “On an interrupt in a typical MIPS CPU, the last instruction to be completed before interrupt processing starts will be the one that has just finished its MEM stage when the interrupt is detected. The exception victim will be the one that has just finished its ALU stage...”对上述的理解是这样的：CPU 会保证完成那条已通过 MEM流水级的指令。然后将中断牺牲者（exception victim）定位在后面那条(following)指令上。要注意的是：我们是在谈中断（Interrupt）, 而不是异常（Exception）. 在MIPS中，这是有细微区别的。下面介绍几个重要的SR(Status Register，状态寄存器)与异常和中断有关的位。 * SR[EXL] Exception Level; set by the processor when any exception other than Reset, Soft Reset, NMI, or Cache Error exception are taken. 0: normal 1: exception当EXL被置位时， - 中断是被禁止的。 换句话说，这时SR[IE]位是不管用了，相当于所有的中断都被屏蔽了。 - TLB Refill异常将会使用General Exception Vector而不是缺省的TLB Refill Vector. - 如果再次发生异常，EPC将不会被自动更新。这一点要非常注意。如果想支持嵌套异常，要在异常处理例程中清EXL位。当然要先保存EPC的值。另外要注意的：MIPS当陷入Exception/Interrupt时，并不改变SR[UX],SR[KX]或SR[SX]的值。SR[EXL]为1自动的将CPU mode运行在核心模式下。这一点要注意。 * SR[ERL] Error Level; set by the processor when Reset, Soft Reset, NMI, or Cache Error exception are taken. 0: normal 1: error当ERL被置位时，   - 中断被禁止。 - 中断返回ERET使用的是ErrorEPC而不是EPC。需要非常注意这个区别。 - Kuseg和xkuseg 被认为是没有映射(Mapped)的和没有缓存（Un-Cached）。可以这样理解，MIPS CPU只有在这个时刻才是一种**实模式(real mode)**，可以不需要TLB的映射，就直接使用kuseg的地址空间。* SR[IE] Interrupt Enable 0: disable interrupts 1: enable interrupts。请记住：当SR[EXL]或SR[ERL]被SET时， SR[IE]是无效的。 * Exception/Interrupt优先级。 Reset (highest priority) Soft Reset Nonmaskable Interrupt (NMI) Address error --Instruction fetch TLB refill--Instruction fetch TLB invalid--Instruction fetch Cache error --Instruction fetch Bus error --Instruction fetch Watch - Instruction Fetch Integer overflow, Trap, System Call, Breakpoint, Reserved Instruction, Coprocessor Unus-able, or Floating-Point Exception Address error--Data access TLB refill --Data access TLB invalid --Data access TLB modified--Data write Cache error --Data access Watch - Data access Virtual Coherency - Data access Bus error -- Data access Interrupt (lowest priority)读者请注意，所谓的优先级是指：当在某个时刻，同时多个异常或中断出现时，CPU将会按照上述的优先级来处理。如果CPU目前已经在TLB refill处理的例程中，这时，出现了总线错（Bus Error）的信号，CPU不会拒绝。当然，在这次的处理中，EPC的值不会被更新，如果EXL还是处于被置位的状态。异常的嵌套在有的情况下，希望在异常或中断中，系统可以继续处理其他的异常或中断。这需要系统软件处理如下事情： *进入处理程序后，我们要设置CPU模式为核心态，然后清除SR[EXL],从而支持EPC会被更新，从而支持嵌套处理。 * EPC 和SR的值 EPC和SR寄存器是两个全局的。任何一个异常和中断发生时，CPU硬件都会将更新上述寄存器的当前值。所以，对于支持异常嵌套的系统，要妥善保存EPC和SR寄 存器的值。 *SR[IE]是一个很重要的位来处理嵌套异常。值得注意的，或容易犯错的一点是：在做恢复上下文时，要避免重入问题。比如，要用eret返回时， 要建立EPC的值。在此之前，一定要先关闭中断disable interrupt. 否 则，EPC可能被冲掉。下面是一段异常中断返回的例子代码：/* 读取SR的当前值*/ mfc0 t0,C0[SR] /*加一个delay slot指令 */ nop /* 清楚SR[IE]，关闭中断 */ li t1,~SR[IE] and t0,t0,t1 mtc0 t0,C0[SR] nop /* 可以安全的恢复EPC的值*/   ld t1,R_EPC(sp) mtc0 t1,C0[EPC] nop lhu k1, /* 恢复老的中断屏蔽码，被暂时保留在k1里*/  or t0,t0,k1   /*从新对SR[EXL]置位。ERET会自动将其清除。一定要理解 ，为什么中断例程要在前面要清除 EXL。如果不的话。就不能支持嵌套异常。为什么，希望读者能思考并回答。并且，在清EXL之前，我们一定要先把CPU模式变为核心模式。*/ ori t0,t0,SR[EXL]  /*一切就绪，恢复中断屏蔽码和对EXL置位*/  mtc0 t0,C0[SR] nop ori t0,t0,SR[IE] /* 置为IE */ ori t0,t0,SR[IMASK7 ] mtc0 t0,C0[SR ] nop /*恢复CPU模式 */ ori t0, t0,SR[USERMODE] mtc0, t0, C0[SR ] eret   /*eret将对EXL清零。所以要注意，如果你在处理程序中改变了CPU的模式，一定要确保，在重新设置EXL位后，恢复CPU的原来模式，否则用户进程将会在核心态下运行。 
	前言 
	2002年，科学院计算所推出基于MIPS指令集的龙芯CPU。为了推广MIPS技术在中国的普及，笔者与计算所龙芯研发组的张福新博士撰写了一系列的关于MIPS的技术文章，并被笔者整理发表于笔者的非营利性网站www.xtrj.org 上。 
	六年过去，时光匆匆。笔者这次将其修订并发表于《弯曲评论》以饷读者。希望对读者有所帮助。第一部分    MIPS CPU 体系结构概述 
	1. MIPS概述本文介绍MIPS体系结构，着重于其寄存器约定，MMU及存储管理，异常和中断处理等等。通过本文，希望能提供一个基本的轮廓概念给对MIPS CPU及之上操作系统有兴趣的读者，并能开始阅读更详细的归约(SPECIFICATION)资料。 MIPS是最早的，最成功的RISC(Reduced Instruction Set Computer)处理 器之一，起源于斯坦福的电机系. 其创始人 John L. Hennessy在1984年在硅谷创立了MIPS INC. 公司(www.mips.com)。John L. Hennessy目前是Stanford Univ. 的校长。在此之前，他是 Stanford电子工程学院的院长。计算机专业的学生都知道两本著名的书： “Computer Organization and Design : The Hardware/Software Interface” 和 “Computer Architecture : A Quantitative Approach”。其作者之一就是Hennessy。MIPS的名字为“Microcomputer without interlocked pipeline stages”的缩写。另外一个通常的非正式的说法是“Millions of instructions per second”。 
	2. 指令集 详细的资料请参阅MIPS归约。  
	一般而言，MIPS指令系统有：MIPS I；MIPS II；MIPS III 和MIPS IV。可想而知，指令系统是向后兼容的。例如，基于MIPS II的代码可以在MIP III和MIPS IV的处理器上运行。下面是当我们用gcc编译器时，如何指定指令和CPU的选项。 -mcpu=cpu type Assume the defaults for the machine type cpu type when scheduling instructions. The choices for cpu type are `r2000', `r3000', `r4000', `r4400', `r4600', and `r6000'. While picking a specific cpu type will schedule things appropriately for that particular chip, the compiler will not generate any code that does not meet level 1 of the MIPS ISA (instruction set architecture) without the `-mips2' or `-mips3' switches being used. -mips1 Issue instructions from level 1 of the MIPS ISA. This is the default. `r3000' is the default cpu type at this ISA level. -mips2 Issue instructions from level 2 of the MIPS ISA (branch likely, square root instructions). `r6000' is the default cpu type at this ISA level. -mips3 Issue instructions from level 3 of the MIPS ISA (64 bit instructions). `r4000' is the default cpu type at this ISA level. This option does not change the sizes of any of the C data types.读者可能发现，对于大多数而言，我们应该是用MIPS III或-mips3。要提醒的是R5000和R10000也都是R4000的延伸产品。下面是几点补充： *MIPS指令是32位长，即使在64位的CPU上。这对于局部跳转指令的理解很有帮助。比如：J (TARGET)；JAL (TARGET)。J和JAL的OPERCODE是6位，剩下的26为存放跳转偏移量。由于任何一个指令都是32位(或4字节)对齐(ALIGN)的，所以J 和JAL最大的伸缩空间是2^28=256M。如果你的程序要作超过256M的跳转，你就必须用JALR或JR，通过一个GPR寄存器来存放你的跳转地址。由于一个寄存器是32或64位的，你就没有任何限制了。 *MIPS CPU的SR(STATUS REGISTER)中有几位是很重要的设置，例如，选择指令系统或要把64位的MIPS的CPU CORE运行在32模式下。SR[XX]： 1：MIPS IV INSTRUCTION SET USABLE 0：MIPS IV INSTRUCTION SET UNUSABLE SR[KX] SR[SX] SR[UX]： 0：CPU工作在32位模式下 1：CPU工作在64位模式下一般而言，如果你要从头写一个MIPS核心为32位程序，需要把上述位值设为0。*在以后我们会单独的一章讲将流水线和指令系统，特别是跳转指令的关系。在这里，我们只简单提一下。对任何一个跳传指令后面，要加上一个空转指令(NOP)。从而使得CPU的流水线不会错误的执行一个预取(PRE_FETCH)得指令。当然这个NOP可以替换为别的。放一个NOP是最简单和安全的。有兴趣的读者可以用mips64-elf-objdump -d 来反汇编一个 OBJECT文件。就会一目了然了。 *一定要记住：MIPS I，II， III和IV指令系统不包含特权指令换句话说，都是那些在用户态（USER MODE）下可以用的指令(当然KERNEL下也能用)。对于CP0的操作不属于指令系统。 *有一点在MIPS CPU下，要特别注意：对齐（ALIGN）。MIPS对指令对齐的要求是严厉的。这一点与POWERPC是天壤之别。指令必须是32位对齐。数据类型必须与她们的大小边界对齐。 
	*建议读者阅读MIPS规约是要花时间看一看指令系统的定义 
	 
	
	3. 寄存器约定 对于在一个CPU上进行开发，掌握其CPU的寄存器约定是非常重要的。 MIPS体系结构提供了32个GPR(GENERAL PURPOSE REGISTER)。这32个寄存器的用法大致如下： REGISTER NAME USAGE $0 $zero 常量0(constant value 0) $2-$3 $v0-$v1 函数调用返回值(values for results and expression evaluation) $4-$7 $a0-$a3 函数调用参数(arguments) $8-$15 $t0-$t7 暂时的(或随便用的) $16-$23 $s0-$s7 保存的(或如果用，需要SAVE/RESTORE的)(saved) $24-$25 $t8-$t9 暂时的(或随便用的) $28 $gp 全局指针(Global Pointer) $29 $sp 堆栈指针(Stack Pointer) $30 $fp 帧指针(Frame Pointer) (fp在现代编译器中基本上不用了，而是作为一个$t8来使用。) $31 $ra 返回地址(Return address)对一个CPU的寄存器约定的正确用法是非常重要的。当然对C语言开发者不需要关心，因为编译器会处理。但对于操作系统核心或驱动程序开发人员就必须清楚。一般来讲，你通过objdump -d可以清醒的看到寄存器的用法。下面通过笔者写的一个简单例子来讲解： ~/ vi Hello.c "Hello.c" [New file] /* Example to illustrate mips register convention * -Author: Huailin Chen * 11/29/2001 */ int addFunc(int,int); int subFunc(int); void main() { int x,y,z; x= 1; y=2; z = addFunc(x,y); } int addFunc(int x,int y) { int value1 = 5; int value2; value2 = subFunc(value1); return (x+y+value2); } int subFunc(int value) { return value--; }上面是一个C程序，main()函数调用一个加法的子函数。让我们来看看编译器是如何产生代码的。 ~/huailinchen:74> /bin/mips-elf-gcc -c Hello.o Hello.c -mips3 -mcpu=r4000 -mgp32 -mfp32 -O1 ~/huailinchen:75> /bin/mips64-elf-objdump -d Hello.o Hello.o: file format elf32-bigmips Disassembly of section .text: /* main Function */ 0000000000000000 : /*create a stack frame by moving the stack pointer 8 *bytes down and meantime update the sp value */ 0: 27bdfff8 addiu $sp,$sp,-8 /* Save the return address to the current sp position.*/ 4: afbf0000 sw $ra,0($sp) 8: 0c000000 jal 0 /* nop is for the delay slot */ c: 00000000 nop /* Fill the argument a0 with the value 1 */ 10: 24040001 li $a0,1 /* Jump the addFunc */ 14: 0c00000a jal 28 /* NOTE HERE: Why we fill the second argument *behind the addFunc function call? * This is all about the "-O1" compilation optimization. * With mips architecture, the instruction after jump * will also be fetched into the pipline and get * executed. Therefore, we can promise that the * second argument will be filled with the value of * integer 2. */ 18: 24050002 li $a1,2 /*Load the return address from the stack pointer * Note here that the result v0 contains the result of * addFunc function call */ 1c: 8fbf0000 lw $ra,0($sp) /* Return */ 20: 03e00008 jr $ra /* Restore the stack frame */ 24: 27bd0008 addiu $sp,$sp,8 /* addFunc Function */ 0000000000000028 : /* Create a stack frame by allocating 16 bytes or 4 * words size */ 28: 27bdfff0 addiu $sp,$sp,-16 /* Save the return address into the stack with 8 bytes * offset. Please note that compiler does not save the * ra to 0($sp). *Think of why, in contrast of the previous PowerPC * EABI convention */ 2c: afbf0008 sw $ra,8($sp) /* We save the s1 reg. value into the stack * because we will use s1 in this function * Note that the 4,5,6,7($sp) positions will then * be occupied by this 32 bits size register */ 30: afb10004 sw $s1,4($sp) /* Withe same reason, save s0 reg. */ 34: afb00000 sw $s0,0($sp) /* Retrieve the argument 0 into s0 reg. */ 38: 0080802d move $s0,$a0 /* Retrieve the argument 1 into s1 reg. */ 3c: 00a0882d move $s1,$a1 /* Call the subFunc with a0 with 5 */ 40: 0c000019 jal 64 /* In the delay slot, we load the 5 into argument a0 reg *for subFunc call. */ 44: 24040005 li $a0,5 /* s0 = s0+s1; note that s0 and s1 holds the values of * x,y, respectively */ 48: 02118021 addu $s0,$s0,$s1 /* v0 = s0+v0; v0 holds the return results of subFunc *call; And we let v0 hold the final results */ 4c: 02021021 addu $v0,$s0,$v0 /*Retrieve the ra value from stack */ 50: 8fbf0008 lw $ra,8($sp) /*!!!!restore the s1 reg. value */ 54: 8fb10004 lw $s1,4($sp) /*!!!! restore the s0 reg. value */ 58: 8fb00000 lw $s0,0($sp) /* Return back to main func */ 5c: 03e00008 jr $ra /* Update/restore the stack pointer/frame */ 60: 27bd0010 addiu $sp,$sp,16 /* subFunc Function */ 0000000000000064 : /* return back to addFunc function */ 64: 03e00008 jr $ra /* Taking advantage of the mips delay slot, filling the * result reg v0 by simply assigning the v0 as the value *of a0. This is a bug from my c source * codes--"value--". I should write my codes * like "--value", instead. 68: 0080102d move $v0,$a0希望读者静下心来把上面的代码看懂。一定要注意编译器为什么在使用s0和s1之前要先把她们保存起来，然后再恢复，虽然在这个例子中虽然main 函数没用s0和s1。另外的一点是：由于我们加了“-O1”优化，编译器利用了“delay slot"来执行那些必须执行的指令，而不是简单的塞一个“nop”指令在那里。非常的漂亮。为了使得读者更加理解寄存器的用法，下面笔者特意提出的一个问题。*在写一个核心调度context switch()例程时，我们需要SAVE/RESTORE$t0-$t7吗？如果不，为什么？ *在写一个时钟中断处理例程时，我们需要SAVE/RESTORE$t0-$t7吗？如果是，为什么？ 
	 
	
	4. MMU和 内存管理 
	对于MIPS的MMU和相应的内存管理，读者需要注意的是:不存在x86或PowerPC的实模式。这一点是MIPS CPU 的一个很重要的特点(或缺点)。 * MIPS 存储体系结构这里笔者不讨论MIPS64的存储结构，而只是关注32位机器。MIPS将存储空间划分为4大块--kuseg, kseg0,kseg1 and kseg2. ------------------------------------------------------------------ 0xFFFF FFFF mapped kseg2 0xC000 0000 unmapped uncached kseg1 0xA000 0000 unmapped cached kseg0 0x8000 0000 2G kuseg 0x0000 0000 ------------------------------------------------------------------对于上述结构，读者要记住以下几点： * 当开电(Power On)的时候，只有kseg0 and kseg1 是可以存取的。 *kseg0 512M(From 0x8000 0000 to 0xA000 0000)直接被缺省映射到物理内存0x0000 0000 to 0x2000 0000, 并且是缓存被开启的（cache-enabled）*kseg1 512M(From 0xA000 0000 to 0xC000 0000)直接被缺省映射到物理内存0x0000 0000 t0 0x2000 0000，并且是没有缓存的（non cachable）。以上两点对于理解基于MIPS的驱动程序或操作系统的启动是至关重要的。细心的读者会发现：kseg1有点象其他CPU的实模式方式。 *在加电时(POWER ON)！(虚拟)地址from 0x0000 0000 to 0x8000 0000 是不可以存取的，必须等到MMU TLB初始化之后才可以。 *同理对从0xC000 0000 到0xFFFF 0000的地址是不可存取的。 *MIPS的CPU运行有3个态--User Mode（用户态）; Supervisor Mode（管理态） 和Kernel Mode（核心态）。 简单而言，读者只需要了解用户态和核心态。操作系统一般而言也只利用这个CPU的状态。 
	下面是读者必须非常清楚的：×在用户态下，CPU能而且只能存取kuseg的地址。 
	×CPU必须运行在管理态或核心态下去存取kseg0，kseg1和kseg2的地址空间。 
	与其他CPU一样，MIPS CPU是通过TLB 来将虚拟地址转换成物理地址。 
	下面谈谈MIPS的ASID(Address Space Identifier). 简单而言，ASID与虚拟地址一起构成一个定位一个TLB 的钥匙（KEY）。换句话说，虚拟 地址本身是不能唯一确定一个TLB的。一般而言，在大多数操作系统中，一个ASID的值其实就是一个相应的进程标识ID。对于一个多任务操作系统来讲，每个任务都有 自己的4G虚拟空间，但是有自己的ASID。通过ASID，CPU可以区分两个具有同样虚拟地址的TLB其实是分别属于不同的操作系统的进程或任务。对MMU的处理主要是通过MMU的一些控制寄存器来完成的。 MIPS体系结构中集成了一个叫做System Control Coprocessor (CP0)的部件。CP0就是我们常说的MMU控制器。在CP0中，除了TLB条目(例如，对RM5200，有48对,96个TLB条目)，还提供一系列寄存器提供给操作系统来控制MMU的行为。每个CP0控制寄存器都对应一个唯一的寄存器号。MIPS提供特殊的指令来对CP0进行操作。 mfc0 reg. CP0_REG mtc0 reg. CP0_REG通过上述的两条指令来把一个GPR寄存器的值赋值给一个CP0寄存器，从而达到控制MMU的目的。下面简单介绍几个与TLB相关的CP0控制寄存器。 Index Register这个寄存器是用来指定TLB条目的，当进行TLB读写的时候。例如，MIPS R5000提供了48个TLB对，所以index寄存器的值是从0到47。换句话说，每次TLB写的行为是对一对发生的。这一点是与其他的CPU MMU TLB 读写不同的。 EntryLo0, EntryLo1这两个寄存器是用来指定 一个TLB 对的偶(even)和奇(odd)物理(Physical)页面地址。一定要注意的是：EntryLo0是给偶数TLB页面， EntryLo1是给奇数TLB页面使用的。否则MMU会报异常错误。通常是系统不能启动。 
	Entry Hi Entry Hi寄存器存放VPN2，或一个TLB的虚拟地址部分。注意的是：ASID 的值也是在这里被填写。 Page Mask MIPS TLB提供可变大小的TLB地址映射。一个页面可以是4K，16K，64K，256K，1M，4M或16M。这种可变页大小（PAGE SIZE）提供了很好的灵活性，特别是对嵌入式系统软件。 对于嵌入式应用，一个很大的区别就是：不允许大量的页面错处理。否则系统性能 将会非常的差。这一点是传统意义上的操作系统是不一样的。也是为什么POSIX 1.b的目的所在。传统OS存储管理的一个原则就是：Page On Demand。这对大多嵌入式系统是不允许的。 嵌入式系统往往是需要在系统初始化的时刻就对所有的存储进行配置，以确保在系统运行时不会有页面错异常。上述几个寄存器除了映射一个虚拟页面之外，还包括设置一个页面的属性。其中包括： 可写性，合法性，缓存属性等。下面简单谈谈MIPS的JTLB。在MIPS中，如R5000，JTLB的意思是Joint TLB. 什么意思呢？就是 TLB条目中TLB是指令和数据TLB混合的。有的CPU的指令TLB和数TLB条目是分开的。当然MIPS(R5000)确实还有两个小的，分开的指令TLB和数据TLB。但其大小很小。主要是为了提高性能,而且是对系统软件透明的。下面讨论MMU TLB和CPU 缓存（Cache）的关系。读者知道，MIPS，或大多数CPU，的Level 1 Cache都是采用Virtually Indexed and Physically Tagged. 通过这个机制，OS不需要在每次进程切换的时候去清除缓存。为什么呢？举一个例子：进程A的一个虚拟地址Addr1，其对应的物理地址是addre1；进程B的一个虚拟地址Addr1，其对应的物理地址是addre2;在某个时刻，进程A在运行中，并且Addr1在Level 1 CACHE中。这时候，OS进行一个上下文切换，运行进程B ，进程A进入睡眠状态。 
	现在，假设进程B的第一个指令是虚拟地址Addr1进行一个存取。 
	这时候CPU会错误的把进程A在缓存中的Addr1的addr1返回给CPU吗？ 正确的答案是：不会的。原因是：当进程切换时，OS会将进程B的ASID或PID填入ASID寄存器中。请记住：对TLB的访问，(ASID + VPN)才是唯一确定TLB条目的逻辑。由于MIPS的缓存属性是Virtually Indexed, Physically tagged.所以，任何地址的访问，CPU都会多MMU的TLB进行查询，试图找到相应的物理地址。这个物理地址要被用来对CPU缓存的条目查找中。.与此同时，CPU会把虚拟地址信号传给缓存控制器。然后，我们必须等待上述MMU传送过来的物理地址信息。只有物理地址TAG也 匹配上了，我们才能说一个：Cache Hit（缓存命中）所以，不需要担心不同的进程有相同的虚拟地址的事情。  
	  
	
	
	5. MIPS 异常和中断处理任何一个CPU都要提供一个完善的异常和中断处理机制。一个软件系统，如操作系统，就是一个时序逻辑系统，通过时钟，外部事件来驱动整个预先定义好的逻辑行为。这也是为什么当写一个操作系统时如何定义时间的计算是非常重要的原因。读者都非常清楚UNIX提供了一整套系统调用(System Call)。系统调用其实就是一段异常处理程序。读者可能要问：为什么CPU要提供异常和中断处理呢？其目的是： 
	×处理非法操作。 例如，TLB Fault，Cache Error等等。×提供一个通道使得程序可以使用被保护的高级资源，例如CP0寄存器。在用户态下的进程不能访问CP0。CPU通过陷入核心态的异常处理方式使得一个进程可以安全的进行一些CPU的高级设置。 ×处理外部和内部中断，例如，时钟，看门狗（WatchDog）等等。  
	下面来讨论MIPS是如何处理异常和中断。各种MIPS的变种都有些细微的差别。下面是基于MIPS R7000的结构。×理解MIPS异常处理最重要的概念是：MIPS体系结构采用的是精确异常处理模式。这是什么意思呢？下面来看从“See MIPS Run”一书中的摘录：“In a precise-exception CPU, on any exception we get pointed at one instruction(the exception victim). All instructions preceding the exception victim in execution sequence are complete; any work done on the victim and on any subsequent instructions (BNN NOTE: pipeline effects) has no side effects that the software need worry about. The software that handles exceptions can ignore all the timing effects of the CPU's implementations”上面的意思其实很简单：在发生这个异常之前的一切计算行为会完整的结束并体现效果。在发生这个异常之后的一切计算行为（包含当前这条指令）将不会产生任何效果。对绝大多数情况而言，如果读者要写一个系统调用(System Call)，只需要记住：MIPS已经把syscall这条指令的地址压在了EPC寄存器里。换句话说，在MIPS里，你需要在异常返回之前显示的给EPC寄存器赋值EPC<-----EPC+4。只有这样，你才能从系统调用中正确返回。下面讨论一下MIPS的异常/中断向量表(Exception/Interrupt Vector) MIPS 的异常/中断向量表 (假定将MIPS运行在32为模式下) 
	Reset, NMI： 0x8000 0000 TLB Refill： 0x8000 0000 Cache Error 0xA000 00100  
	其他的异常都指向：0x8000 0180那么MIPS如何来区分和处理一个异常呢？其时序逻辑可以简单的归纳如下：1. 将EPC赋值为要重新执行（被中断的）指令的地址。 
	2. CPU变为核心态，并且禁止中断。（通过SR[EXL]的位。）  
	3. 对Cause寄存器赋值，从而程序可以判断是一个具体的什么异常中断。如果是一个TLB Miss方面的异常，BadVaddre寄存器也会被同时赋值，从而提高更多的异常信息。 
	4. CPU开始从异常处理向量的入口存取指令，从而CPU逻辑进入异常处理。 
	5. 从异常返回。 
	从MIPS III指令集开始，从中断返回用的是指令eret。 该指令的功能其实就是iangSR[EXL]位清零（开中断），并把CPU的控制转向将EPC寄存器指向的地址。 
	在理解MIPS中断处理结构时，需要对SR状态寄存器的IE和EXL位充分了解。 
	SR[IE]: 用来开启和关闭中断，其中也包括时钟中断。当然，如果SR[EXL]位被置位时，IE位不起作用。EXL和ERL在CPU异常中断处理时会被硬件自动置为，从而关闭所有中断，从而系统可以安全的进行中断异常的处理（前期）工作。 
	K0 and K1 寄存器这个两个寄存器是被操作系统核心使用的暂时变量，从而不需要使用一些内存变量。读者如果有兴趣的话，可以发现gcc编译器的ABI不会使用这两个寄存器。换句话说，K0和K1是系统保留的。 
	在使用这两个寄存器的时候，要非常小心。例如，当在异常中断处理的中后期，系统软件通常会开启中断，从而系统可以支持嵌套中断处理。这个时候，软件要注意K0和K1的保存和恢复工作。笔者不鼓励读者使用MIPS的AT寄存器。应该使用.set noat宏来关闭编译器的优化。 
	流水线(Pipeline) 和中断读者知道，MIPS是一个RISC技术处理器。在某一个时刻，在流水线上，同时有若干个指令被处理在不同的阶段(stage)上. MIPS处理器一般采用5级流水结构。 IF RD ALU MEM WB那么读者要问：当一个中断异常发生时，CPU到底该如何handle？答案是这样的： “On an interrupt in a typical MIPS CPU, the last instruction to be completed before interrupt processing starts will be the one that has just finished its MEM stage when the interrupt is detected. The exception victim will be the one that has just finished its ALU stage...”对上述的理解是这样的：CPU 会保证完成那条已通过 MEM流水级的指令。然后将中断牺牲者（exception victim）定位在后面那条(following)指令上。要注意的是：我们是在谈中断（Interrupt）, 而不是异常（Exception）. 在MIPS中，这是有细微区别的。下面介绍几个重要的SR(Status Register，状态寄存器)与异常和中断有关的位。 * SR[EXL] Exception Level; set by the processor when any exception other than Reset, Soft Reset, NMI, or Cache Error exception are taken. 0: normal 1: exception当EXL被置位时， - 中断是被禁止的。 换句话说，这时SR[IE]位是不管用了，相当于所有的中断都被屏蔽了。 - TLB Refill异常将会使用General Exception Vector而不是缺省的TLB Refill Vector. - 如果再次发生异常，EPC将不会被自动更新。这一点要非常注意。如果想支持嵌套异常，要在异常处理例程中清EXL位。当然要先保存EPC的值。另外要注意的：MIPS当陷入Exception/Interrupt时，并不改变SR[UX],SR[KX]或SR[SX]的值。SR[EXL]为1自动的将CPU mode运行在核心模式下。这一点要注意。 * SR[ERL] Error Level; set by the processor when Reset, Soft Reset, NMI, or Cache Error exception are taken. 0: normal 1: error当ERL被置位时， 
	 - 中断被禁止。 - 中断返回ERET使用的是ErrorEPC而不是EPC。需要非常注意这个区别。 - Kuseg和xkuseg 被认为是没有映射(Mapped)的和没有缓存（Un-Cached）。可以这样理解，MIPS CPU只有在这个时刻才是一种**实模式(real mode)**，可以不需要TLB的映射，就直接使用kuseg的地址空间。* SR[IE] Interrupt Enable 0: disable interrupts 1: enable interrupts。请记住：当SR[EXL]或SR[ERL]被SET时， SR[IE]是无效的。 * Exception/Interrupt优先级。 Reset (highest priority) Soft Reset Nonmaskable Interrupt (NMI) Address error --Instruction fetch TLB refill--Instruction fetch TLB invalid--Instruction fetch Cache error --Instruction fetch Bus error --Instruction fetch Watch - Instruction Fetch Integer overflow, Trap, System Call, Breakpoint, Reserved Instruction, Coprocessor Unus-able, or Floating-Point Exception Address error--Data access TLB refill --Data access TLB invalid --Data access TLB modified--Data write Cache error --Data access Watch - Data access Virtual Coherency - Data access Bus error -- Data access Interrupt (lowest priority)读者请注意，所谓的优先级是指：当在某个时刻，同时多个异常或中断出现时，CPU将会按照上述的优先级来处理。如果CPU目前已经在TLB refill处理的例程中，这时，出现了总线错（Bus Error）的信号，CPU不会拒绝。当然，在这次的处理中，EPC的值不会被更新，如果EXL还是处于被置位的状态。异常的嵌套在有的情况下，希望在异常或中断中，系统可以继续处理其他的异常或中断。这需要系统软件处理如下事情： *进入处理程序后，我们要设置CPU模式为核心态，然后清除SR[EXL],从而支持EPC会被更新，从而支持嵌套处理。 * EPC 和SR的值 EPC和SR寄存器是两个全局的。任何一个异常和中断发生时，CPU硬件都会将更新上述寄存器的当前值。所以，对于支持异常嵌套的系统，要妥善保存EPC和SR寄 存器的值。 *SR[IE]是一个很重要的位来处理嵌套异常。值得注意的，或容易犯错的一点是：在做恢复上下文时，要避免重入问题。比如，要用eret返回时， 要建立EPC的值。在此之前，一定要先关闭中断disable interrupt. 否 则，EPC可能被冲掉。下面是一段异常中断返回的例子代码：/* 读取SR的当前值*/ mfc0 t0,C0[SR] /*加一个delay slot指令 */ nop /* 清楚SR[IE]，关闭中断 */ li t1,~SR[IE] and t0,t0,t1 mtc0 t0,C0[SR] nop /* 可以安全的恢复EPC的值*/ 
	 ld t1,R_EPC(sp) mtc0 t1,C0[EPC] nop lhu k1, /* 恢复老的中断屏蔽码，被暂时保留在k1里*/ 
	or t0,t0,k1  
	/*从新对SR[EXL]置位。ERET会自动将其清除。一定要理解 ，为什么中断例程要在前面要清除 EXL。如果不的话。就不能支持嵌套异常。为什么，希望读者能思考并回答。并且，在清EXL之前，我们一定要先把CPU模式变为核心模式。*/ ori t0,t0,SR[EXL] 
	/*一切就绪，恢复中断屏蔽码和对EXL置位*/ 
	mtc0 t0,C0[SR] nop ori t0,t0,SR[IE] /* 置为IE */ ori t0,t0,SR[IMASK7 ] mtc0 t0,C0[SR ] nop /*恢复CPU模式 */ ori t0, t0,SR[USERMODE] mtc0, t0, C0[SR ] eret 
	 /*eret将对EXL清零。所以要注意，如果你在处理程序中改变了CPU的模式，一定要确保，在重新设置EXL位后，恢复CPU的原来模式，否则用户进程将会在核心态下运行。 
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