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Ox86: Interrupt, 883
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- AT ERERHT, Ao R ETNMI(NonMaskable Interrupt)

v NERE

qiir: #RERlET (software interrupt)

- EFRRE, BESEA INT n, 1890 (int 3iEH)

ORISC:

Exceptions, 8%

v HNERE

2{&External events(interrupts): 1/ORRl

v S HEExceptions: % (F8) (4=
v BB Traps: Syscall, Bismbreak, BFETEQ




@,k&
\'f l N University of Science and Technology of China

O 7213
IZI5U‘CPLJE ‘HREERE (SHeER=>FKIRFZIER)
OXS 1 E&RAYF A EFE

User program Interrupt handler

SEfER ! l

; FRRAR
SR )
* *
Interrupt ! I
occurs here i+1 -

*

L

v .




oSty 0 g | S Kbt

O /Ol Interrupts  (BERIAZZE, ZERMEAN)
O S & Exceptions (FERSARZL, FEATRLIER)
O feaffTraps (EBIES, 15A0IR)

S5 L I U I I Iy

L nn n nn I, hn I, I T, I I T

REEis | ! | |
CRE [ P28 A 3’8 HLBEAY —e— HBEAE ——>
(E¥E4) (X Rt ) (BATHES)

“ &< A >




{B): AR O RLEAR LSS
O R etz ERT A TEEEF=ERIINT

v S R B (A A £ 10m s B SERY AT - R TC)

v BT RRTERS R SET A, (REEIMERITIHE, LARIERR
BHEHLECPU

GND 1 40 \(ele
Aq 2 39 | ADs
Aus : 38 | AD1g/83
1x0 Ecrup A 4 37 | ADy7/ 84
BAm AU S 36 | AD1g/Ss
B253A_| A 6 35 [ ADg/Ss
PEIETESE | : Ag 7 8088 34 SS0* (HIGH)
Ag 8 33 | MN/MX*
LN OO AD, 9 o
b ADg 10 31 HOLD (RQ)*/ GT0%)
i 8253/8254 | Outl ‘ _ ADs 1 30 HLDA  (RQ1%* /GT1%)
g = A0S > DranBiEk (TR AD, 12 20 |  wWR= (LOCK?)
ADs 13 28 M/IO  (82%)
Out2 AD,y 14 27 DT/R* (51%)
> Bl (HER) AD. s o RN
ADy 16 25 ALE
il 7 24 INTA
INTR 8 23 TEST*
; 9 22 | READY
GND 20 21 RESET




RIS @R EEE TS

Universi ity of Science and Technology of China

ORSS: A0SR A B
VEIIRESRE (TEF " , OSRHEERE)
RERERE (BRI

BFRIT

'

ELIE o

b
e

SiERE

| asRrmseE




FRBEZLELEXS

University of Science and Technology of China

i Kernel32

This program has pertormed an ilegal operation
and will be shut down.

If the problem parsists, contact the program .
vendor,

KERNEL3Z caused an invalid page fault in

(REOBREAR)EE , MEWFE,
module EERNEL3Z.DLL at 0137:b{f£74366. B8 HIREREH
Pegisters:

EAN=5£402d8¢c CS5=0127 EIP=bff74766 EFLCS=0001024¢

EEX=00000000 £5=012f BSP=0121fad4 EBP=0121£{bL00 RESSTHRAES . NUCREGMEERIN FACIISRLI0OT OV
ECX=0000000Z DS=012f ESI=000000 '

EDX=8155e794 ES=013f EDI=Sf4chb0 e
ytes at CS:EID: Meteor: Meteor.exe - ¥ HEFE =
66 64 8e Zd Oc 00 00 00 65 f6 O @

"0x7c931e58" 3545 | FRY "0x40883056" PITF. 1ZMTFE a8 "read .

FLHERF , 1 FBRETWE".
BREHERF  EREWHE"

(FVBRWEEE

has been shut down to prevent damage

R . A SO - ::: .o -c:ocn

pears again, follow
hese steps:

R*¢ \w‘ndows\syn'msz\u“vms\wdwm Fheck to make sure any new hardware or software i1s properly installed.

kf this 1s a new installation, ask your hardware or software manufacturer
. For any windows updates you might need.
ERCH: 0xc0000428

kf problems continue, disable or remove any newly installed hardware
br software. Disable BIOS memory options such as caching or shadowing.
if you need to use safe mode to remove or disable components, restart
lyour computer, press F8 to select Advanced Startup options, and then

GRECARENELNEETA, NRELERBNHONE S Uss e
9%, ARRGEORGWEANEMVIES, s

e« sTOP: OXO00000DA (0X0000000000000400, OXFFFFFAG003F34000, 0x000000000000000
0000000000000000)
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0: Interrupt, HAkfT;

1: TLB Modified, JXEHERTLBAHRREY /9 RIERIATRIEIE ;

2: TLB Miss Load, JHENEEN—NKEETLBIREIZ I RY AL ;

3: TLB Miss Store, HEA—NKBETLBHIRGIZH IR AIEIARELITF NEUE

4: Address Error Load, iEIN—PIEXSTFRUMBINEEER.,;

5: Address Error Store, i{ER—MNESSFRMIIENGEE,;

6: Instruction Bus Error, —fg2i§<$ CacheHEs;

7: Data Bus Error, —fgE2##ECacheHE5;

8: Syscall, Hsyscalig<ST=4., BMERAR T, BRNBRAPSENRIZSHGIE.

9: Break Point, Hbreakig<r=4£., xENMbpIES, BHmFESTERN, ERAEEEA— break pointig<,
LUAZIFERRORTHIEEFRMEERIBRY. AL, WREEAA AT 7— 1 Break Point®E, BENEED{NiEH07
, NHEEEHI T IRoIER;

10: 71, {REBIES. ECPUHTRI—KISEENINESH, #ALRE,;

11: Co-processor Unavailable, tMbESEARTTA. XMBREEHTFXEXAZERMC RS TERES Y, 155!
1Y, EREZFAMGIESEAINIEERS FHITIXESS, SSHXNEE., 2, BMERARSRAEIZRRYIbE, 5L
W ZERIEE,;

12: Overflow, BANi#mH,. REHASHIEESS EBX NS,

13: Trap, X NBEEFXETFtrapig<. Fsyscalig<S3E(Uth, trapigsStias|i8e—1RE, (BtrapisS LA —L5%
4, XEFETJLABTFEHERRE.

14: VCEI, 18<SEREFPRIEII—EIEER,

15: Float Point Exception, iZERSE;

16: Co-processor 2 Exception, WMMESE2HRE;

17~22, BIFT E;

23: Watch, RETESRE. HZE 7 WatchLo/WatchHiFgT NS 1ZEsA#2(ER. Xload/storefY ) tBHEFD
WatchLo/WatchHishItEeRS, &5|&XE—NSE

24~30, BIEYE;
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MIPS torminology

I/0 device request External Interrupt
Invoke the operating system from user program Internal Exception
Arithmetic overflow Internal Exception
Using an undefined instruction Internal Exception
Hardware malfunctions Either Exception or interrupt
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v BiEEERSER (PC)

« REM? FEAEES000 0000,

SANE
B~ 7+

. RS EIRSIER

. (Z=LIERER

« i HFELIES000 01 80ex

OREZEFBIAN

R ERE D

SHEN @

HIPATH

B R
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Exception type Exception vector address (in hex)

Undefined instruction

8000 0000,

Arithmetic overflow

8000 0180,
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Memwrite|  Control ALUSTEA
MemtoReg RegWrite
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\ 0
A M
26 28 .Jump 1 u
Instruction [25-0] [ shitt address [31-0] X
o \left 2 »\2
Inst[ructioT
31-26
| PC 0 . ‘—»fo BC [31.28]
M Instruction | Read M
u Address [25-21] " | register 1 — U
x >
Instruction Read Read A X -
=\ 1 Memory [20— 16] - p ™ register 2 data 1 __-l_. 1
MemData — . 0 . Registers e ey | ALUOU
Instruction M Write Read B result
Writ (15-0] | I[nstruct]ion u register  gata 2 — 0
rite i 15-11 X . — M
> data InstrL_Jctlon N Write 4 wp| 1 ¥ /
register data o2 §
Instruction > 0 3
[15-0] M
u
X
»| Memory > \1
data 16 Sign 32 ALU
register Sed o
9 N | extend control
Instruction [5- 0]
>
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= Mem[PC]
PC PC+4

ID A = Reg[IR[25-21]]
B = Reg[IR[20-16]]
ALUOut = PC + (SE(IR[15-0]) << 2)
EX ALUOut=AopB ALUOut = If (A==B)  PC = PC[31-28]

A +SE(IR[15-0]) then Il
PC=ALUOut (IR[25-0]<<2

MEM  Reg[IR[15-11]]= MDR=Mem|[ALUOut]
ALUOut Mem[ALUOut] =

WB Reg[IR[20-16]] = MDR
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Instruction decode/
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ALUS1cA=0
ALUSxcB = 11

»

<&

ALUOp = 00

O
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@ Jump

completion

PCWrite

PCSource =10

A\ 4
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oL 2
= = /7MJO Memory address ‘S‘N‘ ) Branch KX
‘ ov” ranc N\
computation R ot Execution completion
()8 6 8
ALUSrcA=1
ALUSrcA=1 ALUSxcB = 00
ALUS1cB = 00 ALUOp = 01
ALUOp= 10 PCWriteCond
PCSource = 01
= \Y
I ~
8‘ Memory Memory
~y__access access R-type completion
3 5 7
. RegDst=1
MemRead MemWrite RegWrite
JorD=1 IorD=1 NkmtoReg =0

v Write-back step
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— PCWrite Cond Cause Wiite
IntCause
P CWrite
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EP CWrite
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MemRead ALUOp
MemWrite Control allorck
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i 26 28 Jump N
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MemData g . 0 . Registers AL ALUOu EP
Instruction g M Wn§e Read > B m result
. [15-0] {nstruct]ion u register g, 2 0
| Write Instruction 15-11 X White 4=pl 1 M
data register 1 (] v
Instruction 3 0 »{0
[15-0] Cause
u
X
»| Memory >|1
data ALU
register T control
Instruction [5- 0] (=R T gg
FFhR
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7 S R

IR = Mem[PC]
PC=PC+4
D A = Reg[IR[25-21]] ern
B = Reg[IR[20-16]] FEES
ALUOut = PC + (SE(IR[15-0]) << 2)
EX ALUOut=AopB ALUOut = If (A==B)  PC=PC[31-28]
A +SE(IR[15-0]) then ||

EPC=PC-4
PC=ALUOut  (IR[25-0]<<2 § A USE=0

MEM § Reg[IR[15-11]] = YMDR=Mem[ALUOut] A
ALUOut Mem[ALUOut] =B 4

Reg[IR[20-16]] = MDR x”’"

WB

BEAEL
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) S FHHIL IR

CAUSE=1
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Memory address
computation

ALUSrcA=1
ALUS1cB = 00

= ALUOp = 00
%
4 = 2
H
i I
|\ 5-' Me mory
access
3
Ea MemRead
—— IorD=1
23

Re gWrite
MemtoReg =1

Write-back step

Instruction decode/

0 4 Instruction fetch Register fetch
MemRead 1
ALUSrcA=0
Iﬁ{?\; 0 ALUSrcA=0
rite . =
Start ALUS1cB = 01 ALUSrcB = 11
ALUOp = 00 ALUOp =00
P CWrite
PCSource = 00 /%
) )
Y‘XSQQ \%Q)O’ : \\o
W) O % I ’8&
o8 | Banch & &ljump  \®
) ‘\,‘N‘\ ot Execution completion ~ completion
()8 8
ALUSrcA=1
ALUSrcA=1 ALUSrcB = 00 .
ALUSrcB = 00 ALUOp = 01 PCSPCertvi 10
ALUOp = 10 PCWriteCond ouree =
PCSource = 01
o .
2, >
Memory A4
access R-type completion ) IntCause = 1 IntCause = 0
7 1 Cause Write 10 Caus e Write
. RegDst=1 ALUSrcA=0 ALUSrcA=0
MemWrite RegWrite | Overflow ALUSrcB = 01 ALUSrcB = 01
IorD=1 MemtoReg = 0 ALUOp = 01 ALUOp = 01
EP CWrite EP CWrite
PCWrite PCWrite
PCSource = 11 PCSource = 11
Overflow

RegDst=0

CODg3, Patterson & Hennesey
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S Archi} s Instruction decode/
"N Y . v Instruction fetch Register fetch
P Ny MemRead 1
a8 w ALUS1cA =0
N T reurmre i 4 TorD= 0 ALUSIcA = 0
arivaip’s E A o Start ALIIJI;‘r'ZfBﬁg 01 »| ALUSIKcB =11
) {18 8 o2 = ALUOp = 00
Sr gl N ALUOp = 00 P
~
=3 o
’ Qs—"‘ige\ </~ %\\
z ‘% - O(
o) O° Z I é&
Memory address ov” S Branch \dQ’ 8" Jump ~
computation ‘\}N‘\ ot Execution completion ~ ¥ completion
()8 8
ALUSrcA=1
ALUSrcA=1 ALUSrcB = 00 .
= ALUSIcB = 00 ALUS1cB = 00 ALUOp = 01 PCSPCW““_’ 1
J1 ALUOp = 00 ALUOp = 10 PCWriteCond ouree =
Lz PCSource = 01
e
% = %
2 N, -
..IJI 6’% Overflow Overflow
» &| Memory Memory Y
~ ¥y access access R-type completion IntCause = 1 IntCause = 0
Ea ¥ > 7 Cause Write 10 CauseWrite
| . RegDst=1 ALUSrcA=0 ALUSrcA=0
— MemRead MemWrite RegWrite ALUSrcB = 01 ALUS1cB = 01
- IorD=1 IorD=1 MemtoReg = 0 ALUOp = 01 ALUOp = 01
N EPCWrite EP CWrite
I PCWrite PCWrite
PCSource = 11 PCSource = 11
%IJ Write-back step
4
Re gWrite
MemtoReg =1 > y ) v v
RegDst=0

Digital Design and Computer Architecture, Second Edition,

David Harris,

Sarah Harris.
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Instruction decoda
p Instruction fetch I E:;,El-j- 1:-_:|-, ChEEk fﬂr
MemRead 1 H
emRead interrupts
lorD = 4 ALUSrcA =0
Start IRWrite - ALUSrcB = 11 bEfDI"E
ALUSrcB = 01 ALUOp =00 6 .
ALUOp = 00 fetching
PCWiite
PCSource = 0 ,_.19‘3\' zg;\ - I'IEKt
'5_11." ey -I-Ij . -
S ) o G instruction
emory address vl Branc R =1 .
= ranch o ol J o
iputation ¢ 109 Executio moletic | rnmnlat
"l._.\H“l'G xeCulon completion comoletion
2 -.\G‘P" 2
ALUSrcA =1
ALUSCA =1 - ALUSrcB = 00
A A =1
ALUSTB = 10 e ALUOp = 01 peame
ALUOp = 00 ALUOp= 10 PCWits Cond auree =
PCSource = 01
pr
3 s
=
. ., X
& Memaory Meamoaory
—y ACCess aCCass R-type completion
RegDst =1
MemRead M em‘."':frm RegWrite
lorD =1 lorD =1 MemioReg =0
RegWrite ¥

MemtoReg=1
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v Cause :
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Exception in a Pipelined Computer

Given this instruction sequence,

40, sub $11, $2, $4
and $12, $2, $5

48, om~ $13, $2, $6
zlchex $1, $2, $1
50, STt $15, $6, $7

Tw  $16, 50(%$7)

assume the instructions to be invoked on an exception begin like this:

80000180, sw $26, 1000($0)
80000184,  sw $27, 1004($0)

Show what happens in the pipeline if an overflow exception occurs in the add
instruction.



Exception in a Pipelined Computer

Given this instruction sequence,

Add EX JL AR 0 b s11. 52, $4
x SERESIAY 14 and $12, $2, $5

48,,, or  $13, $2, $6

AC,,, $1, $2, $1
50, $15, $6, $7

54, Tw_ $16, 50($7)
_ _I\Lv $16, 50($7) i slt $15, $6, $7 i add $1,,$2,—$~1\ : or$13,... and $12, ...

e S : - : f EXFlushy
\ IF.Flush, ! , T S PR '
Sq=7 ; \|ID.Flush, | : :
! /~ Hazard ~ =" : : :
' detection | i : i
unit : : :
H— 5 =
0 1

Control MEM/WB

IFI/ID U L jweH
54
58
. -
30000180 = /; Instr
obotsoll 54 | me Data -
Y__- memory
Clock 6




Exception in a Pipelined Computer

Given this instruction sequence,

40 sub  $11, $2, $4

and $12, $2, $5
48, $13, $2, $6
4C, . $1, $2, $1
50 $15, $6, $7
Tw  $16, 50(%7)

hex

University o

54hex
—— = — . _—— T T~ P e =TT e~ o

e o~ ¢~ > ¢~ DA >
~_ sw $26, 1000($0) R \ _ bubble (nop) ! . \_ bubble " AN bubble Llor $13, ...

T T -7 Te=—---T l S~--lpeFmsh 0 Te=----7)

IF.Flush | : : ;

: ID.Flush : : :

! [/ Hazard , ' !

detection | . X :

unit : 1 |

(— EXMEM |

Control W 00 M EMIIWB
IFfiD, U ‘D— M gl

80000180 '

bt ALU
( 80000180 —IL-
S~ o 0gQ0184 Data |
memory
13
Clock 7

=D
(=]

c 3

3 2

B

3
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s A
L=~ I| EXFlush
N -~ \o—— ,
; IF.Flush \ 7 N <~_L_ - 7
AR — loFusn
= e M
Hazard N~ -~

_bt ‘ ‘un;t " f'l I\*‘

QF

we EX/MEM
| M ] —
- Controlll = u > M > -— = WB MEM/WB
LXJ — 1 ESR — L —
IFID 0— EX - BR \g_._ M WB—e
N
L[] ;
| * - - 4 -

x

- Registers \_‘/

7 N A *
] M . N
\ 1C090000 - u f-PCis Instruction | || g
~o_ - ||x memory . Data |
- ~L, > : > memory ‘
Sign- KI/ -
= '
I.Inlt :
Exception vector address to be added
Exception type to a Vector Table Base Register
oL o Unknown Reason 00 0000,
C OD ARM E dltlon Floating-point arithmetic exception 10 1100,
System Error (hardware malfunction) 10 1111
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P -~ N
I IF Flusk ‘ -
\ . 7 = = D Flush_
T _%? d::n’:!::n ‘- o 1\ ~ - __1 - 4
[ {ceamsl ;.,:::;:__1 ——
IR0 ' N —’D— :m ‘ WB—e
_.JD} - &
, - | Registers .
! 1[3090(!)0-—1 E' Instruction - = l.l
\ / memory Data | _| .
S~ Mt mamary J
Imm ]
o — ‘ > lv' 'Forvmrdlnrg-‘ .‘I‘_** ) _—M
E . Exception vector address to be added to a Vector Table Base
xception type Reoi
egister
Undefined instruction 00 0100 0000,
. . System Error (hardware 01 1000 0000,
COD RISC-V Edition malfunction)
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o

o A FREEETIESHRT &%, B, EER
SENESZERITHIIES, BHEERHEY,

o HTFMIPSHIEEFVKIRREN, E5IxEER
BESHITE, BE—F&KIE<SER5 7 IEEFDE
FERYTIE T1E.

o ZREER, XEMTE TIHERIERFR. CPUMN
SERREE, BEHFEEEFNIEENIE.

hm

{see mips run)



7" 2 . » }: ;
RISC-VEZaFhde: 305k (O FEAZLLxS

O External events
v Hhilff, RS

O Memory translation exceptions
v RO, #5R

O Other unusual program conditions for the kernel to fix
v AR AR E RS

O Program or hardware-detected errors
v 5”3%?57\ . XIFF

O Data integrity problems (Checksum etc.)
v s

O System Calls and traps

Type of event From where? RISC-V terminology
System reset External Exception

1/O device request External Interrupt

Invoke the operating system from user program| Internal Exception

Using an undefined instruction Internal Exception

Hardware malfunctions Either Either




RISC-VAMNES 2T L Q) ¢RAzLA%g

O RESNEE (B8Pl 9IE<SHIPCE
v RISC-V{EFHSEPC (Supervisor Exception Program Counter, SRS EE
FFitEiss)

O (REFAERRIZRAE
v RISC-V{EFHSCAUSE (Supervisor Exception Cause Register, S BRBER

E Ay
v 64, BEZELRERE: BEREBFER: 2RENAERED, 125085
f&

O PHLENEIER
v (BERRRAITF0000 0000 1C09 0000hex

Type of event From where? RISC-V terminology
System reset External Exception

1/O device request External Interrupt

Invoke the operating system from user program| Internal Exception

Using an undefined instruction Internal Exception

Hardware malfunctions Either Either
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User Within vs.
Synchronous vs.  User request maskable vs. between Resume vs.

Exception type asynchronous vs. coerced nonmaskable instructions  terminate
I/O device request Asynchronous Coerced Nonmaskable Between Resume
Invoke operating system Synchronous User request Nonmaskable Between Resume
Tracing instruction execution  Synchronous User request  User maskable  Between Resume
Breakpoint Synchronous User request  User maskable  Between Resume
Integer arithmetic overflow Synchronous Coerced User maskable =~ Within Resume
Floating-point arithmetic Synchronous Coerced User maskable  Within Resume
overflow or underflow

Page fault Synchronous Coerced Nonmaskable Within Resume
Misaligned memory accesses  Synchronous Coerced User maskable ~ Within Resume
Memory protection violations  Synchronous Coerced Nonmaskable Within Resume
Using undefined instructions  Synchronous Coerced Nonmaskable Within Terminate
Hardware malfunctions Asynchronous Coerced Nonmaskable Within Terminate
Power failure Asynchronous Coerced Nonmaskable Within Terminate

H&P CAgA27 IF | ID | EX .MEM WB
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O AE4HE
v QNIEFEFERIE A T R R E

O rExREMUISHFEI1 R E RSt
v RENAJE{ERS: 00 0100 0000two
v TE{4EFE: 01 1000 0000two

: Exception vector address to be added to a Vector Table Base
Exception type

Register
Undetined instruction 00 0100 0000,
System Error (hardware 01 1000 0000,
maltunction)

O IR FRITIRE
v REIRARHT,
v B RSEPRRIS IR



7@‘-“*%' . - k i
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T S 7 R S [
IF

IR = Mem[PC]
PC=PC+4
D :i :EE[::lig-ié]] A=rs1 B=rs2
= Reg[IR[20-16]] BIgSPC+offset
ALUOut = PC + (SE(IR[15-0]) << 2)
EX ALUOut=AopB ALUOut = If (A==B)  PC = PC[31-28]
A +SE(IR[15-0]) then 1l
| IBTRHESPCroffset PC=ALUOut (IR[25-0]<<2
r
MEM  Reg[IR[15-11]]= MDR=Mem[ALUOut] BEAEIESPCroffset
ALUOQut Mem[ALUOut] =B

WB Reg[IR[20-16]] = MDR

rd

RIERISC-VEMIPSHIZ BHIS IR B IR X AIF EREUERI?
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O fSaddEEXZ & ERIEE
add x1, x2, x1

v B LEX 1 EEIRIEE

v SERCRIRVIE S

v i5kRadd R 2 [GHIIES

v i ESEPCHISCAUSESZEEME

v B H AR R NN ER
O '5 STniNAY 9> 3221
v FARIRVRE (422 £0EE)
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JOTTISN I | EXFlusha
*

* I'S v
& IF.Flush s ,
L] en " Ny,

p *
.
Senas® s ID.Flush .
/ Hazard ] *l &
detection |- “anns® Y
unit / ¥y (W
y M
i v ID/EX u

| X
0
wB 0 --U EX/MEM
Control > M g, > WEB MEM/WB
— - +*|SCAUSE[*, — | —
IF/ID 0 H
! EX |—l->” SEPC A,T)-» M WB

N L2
*

xc= )

] > ..ll“
Shift M)
4 left 1 N

(M
> > u >
I > > x
S Registers AN _

* M
: . o ~~ ALU —» u
'10090000 — Instruction - | - - u

L memory - M Data

o — : memory ™
* > p—
Imm _ > -
* Gen o
> |

BRSRIES ZEMAEES = ]
EREHRE

RIFSRISSHMELE (H)
. WEIBSERIET

K4

4

thJNH
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OException on add in

40 sub x11, x2, x4
44 and x12, x2, x5
48 orr x13, x2, X6
4c add x1, x2, x1
50 sub x15, x6, X7
54 1d x16, 100(x7)

COHandler

1090000 sd x26, 1000(x10)
1c090004 sd x27, 1008(x10)



Id x16, 100(x7)

sub x15, x6, x7

IF.Flush
X /~ Hazard

detection |

unit /

5

eft 1

| | Z
1C090000 — "‘-
1C09000

’.l.-l"
Clock 6

: add x1, x2, x1 : orx13,... andx12, ...
EX_Flush
ID.Flush | | I
N , | e
| M | :
v ID/EX u ! !
o X EX/MEM !
M g (X :
u wel MEM/WB
X lﬁh
Data
memory
12
15
orwarding I
unit -
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EX.Flush |

FRBEZLL% S

University of Science and Technology of China

bubble

orx13, ...

sd x26, 1000(x0) , bubble (nop) |
IF_Flush ! l
: ID.Flush !

! /~ Hazard !

4_,| detection | :

unit / ) !

Control

@ ID/EX
O | =]

0

M
u
X

0 0

ters

Gen

00
u
o X
5 0 EX/MEM
M 000 ﬁ\n TVBLo2
SCAUSE u
EX serc | 0% M
M
—{ U
-
S ALU
ﬁ Data
b~ Ul
memory
H=-{ X

1
Forwarding
iﬁ i
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. L4
* oo Na, PA N
euumy 4 . .’ * e Ea, 4 EX.Fiush
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¢ ¢ A"L.—.—L - IF Flush . * -
& . . * oo v [ n . . S
l F Flush ] & * o« * PY ¥ . DFush W ’ *
* 4 N .
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IDEX o
Y x
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L/ \ ! T - EXMEM
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ZINIKER,

v s

v |::||;_|=ﬁ

]

Inst.

&O Mem

PC Address
Exceptions

59%%%,§%ﬁW5f*”Zi
. P (BT

R |, 1IFS-AEEAIES, ALUmit

4 D H Decode

Data

llegal
Opcode

Cause

— EPC

fi

omZ |PmE

/
I/”\I Asynchronous A
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v

SR TETERTRIB ST RINER T RFHIE IR
* W Id IBISEMEMEGTERE, MEBRIR-typeigLIRE 1 0fr&
v REREIRFSESHITIFA—EHEE

- WdFESTEIDERCCIRERHE, BLWIESTEMEMERCCARE
v BRI S STRNLE R IR T AT

execution
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fi

I IwS$1x3(80) < Ige
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o S
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O3EBRAER2: BRERSHNESISSTHER, COoD
O4E: KEREWNA—EGER, TEIT:

vV EEESRTSHEEIHES

V PITRREES ZRINFEIES

v BRERIECZEHFIBIES

VICRFERE

v ARTFITR

v R RAERER
ORI REIESHEIIT
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OfR =

v SEInMNAYEERE
v NRERNFKEZIESHITER, AleeeS¥izRHE

—i:  ADD R1, R2; (R1)+(R2)->R1, tNERItAHzEH?
—j+1: MUL R3, R1; (R3)x(R1)->R3, FXuhiT!
—  (IARIZBforwarding)

v EERENAME:

O3
O3

- EFRRAS | FEREMNR, (BIEF AR ERERmMKERITRAL,

A FrERAbIE ?

SR N7
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= W ?)M«% ) ff }: )
BES2: WfIsCIbEmEs (O FTRAZALRS

OCH “/5HR"° FEEK

VERIIEFFEES
- RE(FIEARKE,

CIE-T=3
H e R FIRIATS

- BERERKRTFFHRFRFAKEPSIESHINE
- BfERegFile, PSW. FUKEREFE (SBERIEHEGFE) |

Ofan: KRR ARASLI B R

VIBARZ R MER

« ZNFE: FoKE

R EFALUBENEE, REEIRC

- EXCNERE: (RFRHL
- FUKERRRIISS RSB
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O REFKENRBRCERIER R (MER)

O NRIERXABERE, NEFcausefIEPC, BRITEIMKER,
FrPC{EZElfetchER

O BEEfUKERIISEIIHIERVEE (flush IF/ID/EX)
O 1232405 | N FRitfrib 2

Inst.

= C) Mem [ D H Decode -
lltegal
j Opcode
PC Address
Exceptions

LLI
P

Cause

EPC

>o 3 Do

= M Asynch’rono us
4 4 Interrupts A
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O%l: snRandHIMEFEIRIAE, BEEIMEMAAME
v ﬁﬁ—%yf’ ER1T5ER (fRIE)

v [5Ede<#flush (kill) , RIERBIESTHRE(R

‘/E FIREIEFAITand

Time (in clock cycles)

Program CC1 cCc?z CC3 CC4 CCbH CC6 CC7 cC8 CC9
execution
order

(in instructions)
Iw$2, 20(31) | IM Reg| DM [—{a}— Reg
and %4, $2, $5 M —-}E Reg| |
or $8, 52, $6 I —-}E Reg| |

add $9, §4, $2 IM {—

sIt $1, $6, $7
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MIPS{iL7e2h M =ZIE

s este%{ hlqhest priority)
N%nmggf(able Interrupt (NMI) Al‘m ,&}Aﬁg‘] 1& .

Address error --Instructlon fetch 1) R hig riority)

TLB refill--Instruction fetch Dg%gt ' est priority)

TLB invalid--Instruction fetch (?;3 %J: )

Cache error --Instruction fetch

Bus error --Instruction fetch

Watch - Instruction Fetch

0. Integer overflow, Tra c{) System Call,
Breakpoint, Reserve instructlon
Coprocessor Unus-able, or Floating-
Point Exception Address error--Data
access

11. TLB refill --Data access

12. TLB invalid --Data access

13. TLB modified--Data write

14. Cache error --Data access

15. Watch - Data access

16. Virtual Coherency - Data access

17. Bus error -- Data access

18. Interrupt (lowest priority)

OUV1AWN

|
Prefetch abort
EIE =\ f‘" Software interrupt

=10WNPUR W
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ION=F

O SRR
v EEIRREFRIRT, BMPTEMRER, EeliHTaEBRE
PR FRIRAT.
v PRl NIRRT, PIEBARER

- ETEIRE: BifE, AR = T] S

- chRFFIM

- FUFIRSTER (ISR) : AObik v FhEfAR
v’ SRR Nz Q%*ET?

- Wi (nPC) : RGBT, R85k

« IH (regs, PSW) : FRETARSSHEX

==l ]
v iR E (=)

77
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O ZFHASCIEE  (LAMIPS A1)
v FEIE: FRE, REIG, BEEHRT
v IR
v RTLIXHS
v IRESH
O /K& EE (MIPS, RISC-V)
v IEERSCIL: FrRE, R, BT1ES, HEET
v ORETRSCHL: MR, SR, AR, REEE, ESES,
BT
O ZEHA. B, IEEmscIiX 3!

X
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O i AR ST B LR E?

ZEEIASHAH, BIaHRESESHEEIREREE?
ZREERRIAST A, a0{a]im hz i

ESINFERIT, Rl W BT, R SRR 5 “3E
r=1i:: M B

ratRplT, AR REME?

EPCHlcause NiZEW N ER? BEIQMIEBE?
mipsFFEIREFESeretdN{asLI?
SRESHERN AL, LTR?

O (o) EEEFIIESKERE, EPC=7?

O Lbehi, BE. dEER

OO0

OooOoao

v I5XEJE. WANATE, WS, RElR, BERE, FHiEHH. &
GFERTS?

O /El (3%) : CODRISC-V 4.16 4~5_ 4.22. 4.25
O /el (AZZ) B (8.23. 8.24) |
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ORI ESFY
v XRZEEBT TR SIS IV, TR U ARG
MHEE? (LWEEHi=1) 80000184 SW $27, 10045<1A]
ATEE?
LOOP: LW $1, 40($10) ; HY$1
ADD $2,$3,$1 ; hOi%
SW $2, 40($10) ; 7%
SUB $9,$9,%$11 ;15T
XXX $5,$7 , FE-ARAENIES (IDEXtEN)
BNE LOOP,$9,$0 ; DXIES

FEIES: 80000180 SW $26,1000 ($0)
80000184 SW $27, 1004 ($0)
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'study the past if you would define the
future.”

by Confucius



