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R “RAEHRHE

[*===SUM.C-==*/ EHERIERT
int sum(int a[ ], unsigned len) HIERNEE
{ SR BONSIRSET(IES)

int i, sum=0;

foF (=0 == loh-"{z3¢) FRE R EREIRER
T —— i3 (BE) iﬂ]ﬁﬂ%ﬁ#ﬁﬁ
return sum; Microsoh Ve i
} '
/ / sndled exception in Test.exe: 0xCO000005: Access Violation.
*---main.c---*
int main() |
‘ 1
int a[1]={100 i
int s; &% (linker ) FNA0SE
s=sum(a,0); EFAT (TF6E256R )
printf(“%d”,s); SEHRERLE
} T BABEW/O0)

j}&ﬁ? E“_I_')\':\T\? IF ID EX | MEM  WB




This program has performed an illegal operation
and will be chut down.

It the problem persists, contact the program

vendor, Y
KERNEL3Z caused an invalid page fault in -
module KERNEL3Z.DLL at 0137:b{£74566.

Pegisters:

BAll=5£402d8¢c CS=0127 EIP=bff7436€ EFLCS=0001024¢
EEX=00000000 SCS=013f BSP=01%1fad4 EBP=01211b00
ECX=0000000Z DE=012¢ ESI=00000000 F5S=2717 e
EDX=8155e759¢ ES=013f EDI=514cb008 GS=0000

Bytes at CS:EIP:

66 64 8e Zd Oc 00 00 00 65 f6 0S5 16 00 00 0O 20 _:J




| i
I / Pentium :
| Socket 7 i b |
I |
, ] .
| | } N
| {;?hf :2;::' T (DRAM ) :
A I B2 S12KB) (1~ 1280) ' :
W mor ;
I
A W i L |
| PCI AR |
-/ | [
' I PCIY %M ROM BIOS 8042MPU '
Ll | (64~ 128 KB) | 73
| P P
L1 | I T x| |
| WL |
| 620 LI/ H - '
! (=) CMOS RAM
: g o 3 g B2 = | = .
| 3684 - | o
| () |
| ._J L |
FiK10.19 | sarze IF D | EX  MEM WB




N A e 2

o RESHMRIEAMS, cops.10, JE5.5. 8.4
— Ihfe. MFZANEAE, 10
fBeRE, RGNS (syscall)
S8
— BF: EFr GEEF) B X

Least privileged

Ring 0

Kernel

— Most privileged
RN R, S CRETEN) | e
— SHURME: BV, A, AR SRR, TP N
o RS R M B ) B A T AR et g errant e
- W o ' '
ESRASRA M (I ER/IEFER) , #filHstack }
7% : EPC, Cause, Vector :
lr: EPC, Cause, Vector, Enable, Mask 2
— OS: ESR/ISR * *
- A B : :
o S5 W B R ] |
— W IR i Vi ) |
— ZRM: R, A .
— WKZ: Khwh, JFERSHH .




Terms: exceptions. interrupts. traps

o WA IEHFESHATI (Transfer of Control) 1) = 45544,
— FEAETRREFERIPAT, B PHATESR/ISRE FEroutine ;

— ESR/ISRPUAT 58l » A HH T I RE PP I A AT

— SRR A RAEG S RN/, REUIRES DI

* RISC: MIPS/ARM/RV4: FRexceptions, &
— WHEEMH: BE (IS
- JBARE: ABEIEA . BEAREB/FRE. Uik
o AGIHR: RS (syscall, BAHW/BERE) « Wi sibreak
— ANEEEAY: P TInterrupts, A H T
o 1I/O (BEEL, WIBEWD , REfREEE (FEERS, ATTBERD

Type of event From where? RISC-V terminology
p235 System reset External Exception
1/0 device request External Interrupt
Invoke the operating system from user program Internal Exception
Using an undefined instruction Internal Exception
Hardware malfunctions Either Either

HHERF

t e [ P B
REER
(ESR/ISR)




W) J 2. S

RISC % /

Within vs.

Synchronous vs.  User request maskable vs. between Resume vs.

Exception type asynchronous vs. coerced ahle 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 R esume
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 CAgA.27 IF ID EX MEM WB




jiﬁ

W A X

VRS SR JIAFER T, OSALHE 5 B AT Zaii <, Wi “dfs”

AR R w . B3RS, SRR, i “RE R

[EaRIF: B W/ AR S i F syscall,

EFiiT

|

LE

B
TR

F—%ié

b= ru_._[- T—

vl b i d

Hi
[ 13

SiERE

|

| mEa

!

| sarine

RE N —5%E4S

HiEFRBEFER

BFRAT

HEe | T
BiHE AT

— ek e m——

PR E j

WL

SRS ST




Least privileged

5 - Most privileged
Device drivers

Device drivers

Applications

Application

execution
stream

Gt REUEM, MR
[P RS, SRR oSS
Application
execution
stream Exception
Pl First-level handler

........... FHF M Set supervisor (kernel) privilege level
' ' ’ Save interrupt return register (IRR)

xf\ . S Save kernel state

T HDTE » sys_xyz() I dentify exception/interrupt

.. : sys_xyzo-- &ys call_table { .

xyz()’ int 0x80 M Set correct privilege level

e | v-. ret_from_sys call: ™. } Jump to handler

| B Real handler

i " iret .
J\ . . Service interrupt

"""""""" m— e Fix what caused the exception
ENHEF fElibekriEE ARG AHA RGAA (fﬂr Exﬂﬂpﬁﬂns:l
WHSR ayEEeRE AERFEFF Rk %5172
R&iARA Jump back to lower-level handler

Restore kernel state
Set original privilege level
RFI (return from interrupt, jump to IRR)

—



SR AIESEEIVAN A

% /R

i 18 Y
P

ey P i X: FEfflr 0, p239
— ZHTHIHE A CHAT E R F B | B
o CAEZHM RG] WARS
— Z a8 %I KA R
o WA U ATHLE IR : :
—kTE% oy ;

FeralE: ZHEiES, B

o R RPN, [F]AD
— IR A Eﬂ)i'élﬁﬂj:a?’ B2 1 ERAT

- RGUAM: REN—KER
-mm-%Aa%ﬁ%mr e

&IEIF /‘REI?’ 1'_'

L I I T TolTuiTles ITanles

— B3R yLE AR ML RE —
(ES) CHUR Rkt ) BATIES)
-« 4 A —




SRR R A %

e RVS$6.10 [HLTJx] : “An1/O interrupt is asynchronous
with respect to the instruction execution.”

— That is, the interrupt is not associated with any instruction and
does not prevent the instruction completion.

— The control unit needs only to check for a pending I/O interrupt
at the time it starts a new instruction. ; %

Nfr

° f= (g + h) - (I + J), IF ID EX | MEM WB

add x5, x20, x21 // register x5 contains g + h
add x6, x22, x23 // register x6 contains i + j
sub x19, x5, x6 // T gets x5 — x6, which is (g + h) = (i + j)

e A[12]=h + A[8]; 7 E—
ld X9, 64(x22) // Temporary reg x9 gets A[8] :

—

add x9, x21, x9 // Temporary reg x9 gets h + A[8]
sd x9, 96(x22) // Stores h + A[8] back into A[12]




ShERB T FR BT,

S 7

>
A ol

VectorNumber & Offset
Interrupt e—) .
Exception memmm(  |nterrupt Controller Prony e
qA _’ Shadow SetNumber
Core Interrupt
. Events
:-‘ ------------------------------------------------------
: N N N » AN ) » .
P oo HNERFRWTIR: AR, HZIALEAE
L~ W

o HFBP. BERL. AR, fEEL
L R
: o UifE. WAAES. I
N e e
— A, B, HEpending

MIPS32®Core

Execution unit
(Exception Handling)

l

!

Instruction
Cache

Data
Cache

AL PR

R PR A% 5 AL T
— EPC, CAUSE
— CSR: HlT2E
— Stack: 8.5 5

Prefetch
Buffer

Program
Flash

i

Data
SRAM

B
Multi-Layer
System Bus
Peripherals "ét::.::gt




The Basics of Exception Handling

Offset o =

o O ($4.10.1) e TN
- @ﬁ: e, 03, FLESR/ISR S
EPC 41 4=5F 4R & BE/ T 4R &bk : i
 Cause: FuillFfic sk R A vl for tiane
o KA, 5 ETH W DATA
« {RFEPSW/CSR: stack Unused =:§pmoper;
o FE VA FEIH LS. user mode => kernel mode Lo
« FZESR/AISRAH: JEmER/ME (Vector) i
~ Wtk W% o |
1. fRAFHI &I (RF) : stack N o S
2. I8 | —
3. AT RS , N
4. RH . .
5. K% RF o
6. TR [A]: iret/eret e |

— i, R REPSW
— PC=Wr /A w




Hardware
A

Device comtroller or
other system hardware
1S5S AN ini:rru]:ll

Software

A,

l

Processor fimshes
execution of current
Instruction

l

Processor signals
acknowledgment
of imterrupt

l

Processor pushes PSW
and PC onto contral

]

Processor loads new
PC wvalue has=d on
Interrupt

William Stalling—{QS>

l

Save remaindsr of

proccss state

Intormation

I

Process interrupt

I

Heztone proccss state

information

I

Reastore old PSW
and PC

Exception type

R AL

R

AN

User program

Interrupt handler

RV$4.10.1
ESR/ISRA M (AEmH )

Exception vector address to be added
to a Vector Table Base Register

Undefined instruction

00 0100 {H}O{)u

System Error (hardware malfunction)

01 1000 0000,




IFT—-M
Control
stack

T

4

¥+ L

N

N+=1

I M
¥ Control
- I sack
T
N=1
Frogram
counter
?F// ,
Interrupt General
service regsiers
routing
. rrk
Stack
pointer
Processor
T=M
User's v +“‘;
program '
Main

William Stalling {OS)

N =]
~=1r - L~ :|
Program
counter
errupt ':"'-‘!"'-‘-ﬂll
rvice TS
| routine
Stack
pointer
Processor
Uszr's
program

W2 W R S




RV Control and Status Register

« RVIAE#EZ: user mode, supervisor mode, machine mode
* CSR: 4K MMIOHEIL 7 [H] “
— A AR SA —ECSR
o /N3t Status, EPC, Cause, Scratch (/HFHZUI#H) - - »
— 5 read-modify-write cycle

Number | Privilege | Name Description
User Trap Setup

0x000 URW ustatus User status register.
0x004 URW uie User interrupt-enable register.
0x005 URW utvec User trap handler base address.

User Trap Handling
0x040 URW uscratch Scratch register for user trap handlers.
0x041 URW uepc User exception program counter.
0x042 URW ucause User trap cause. User mode CSR
0x043 URW ubadaddr User bad address.
0x044 URW uip User interrupt pending.

The RISC-V Instruction Set Manual Volume |: Unprivileged ISA
The RISC-V Instruction Set Manual Volume II: Privileged Architecture



Important Exceptions registers: MIPS

=
. £ By .
Status register $12: ~2a_ En  Cause register $13:
Fo2 E 2o
SEWBES
] E T I I I
Branch Pending Exception
Interrupt delay interrupts code

mask

0 Int interrupt (hardware)
4 AdEL address error exception (load or instruction fetch)
5 AdES address error exception (store)
5] IBE bus error on instruction fetch
7 DBE bus error on data load or store
8 Sys syscall exception
9 Bp breakpoint exception
10 Rl reserved instruction exception
11 CpU coprocessor unimplemented
12 Ov arithmetic overflow exception
13 Tr trap
15 FPE floating point




7 7] CSR, $5.14

* CSR swap instructions RVZ|5-47 (Fig 5-48)
— 6%: I-type, 12f7=4K Type  [Wmemonic  |Name
— BrCSRE Wil 2 HReg, HHFAF CSRRWI CSR Read/Write Immediate
LB AE By at =t . CSRRSI CSR Read/Set Immediate
%&Tﬁﬁfiﬁjlmm E& 'ﬁ = /ﬂ] CSRRCI CSR Read/Clear Immediate
CSR Access
CSRRW CSR Read,/Write
CSRRS CSR Read/Set
CSRRC CSR Read/Clear

{The RISC-V Instruction Set Manual)

31 20 19 15 14 12 11 76 0
CST rsl funct3 rd opcode
12 5 3 3 7
source/dest source ~ CSRRW dest SYSTEM
source/dest source ~ CSRRS dest SYSTEM
source/dest source  CSRRC dest SYSTEM
source /dest uimm[4:0] CSRRWI  dest SYSTEM
source /dest uimm[4:0] CSRRSI dest SYSTEM

source /dest uimm[4:0] CSRRCI dest SYSTEM



ISR FE: RV Arch’ed Regs

P ——
Register Preserved Register { ABI Name ) Description Saver )
number on call? x0 zero Hard-wired zero —
The constant value O x1 ra Return a‘ddress Caller
x1 (ra) 1 Return address (link register) yes X2 sP Stack pOlI:'ltE‘I‘ Callee
: x3 gp Global pointer —
x2 (sp) 2 Stack pointer yes <4 tp Thread pointer o
x3 (gp) 3 Global pointer yes x5 t0 Temporary /alternate link register | Caller
x4 (tp) 4 Thread pointer yes x6-7 t1-2 Temporaries Caller
x5-x7 5-7 Temporaries no x8 s0/fp Saved register /frame pointer Callee
%8-x9 89 Save D ves x9 sl Saved register Callee
x10-11 | a0-1 Function arguments/return values | Caller
x10-x17 10-17 Arguments/results no .
x12-17 | a2-7 Function arguments Caller
x18-x27 18-27 SaveD yes x18-27 | s2-11 Saved registers Callee
x28-x31 28-31 Temporaries no x28-31 | t3-6 Temporaries Caller
RV [£2-14 Table 25.1

. (The RISC-V Instruction Set Manual Volume 1)
ﬁ%%l}%ﬁﬁ ij‘m‘}zﬁ a0~a7 ’ SO""S 11 ’ t0~t6

ABI calling convention: i, RS E
al/t-registers are caller-saved

* s-regs are callee-saved and preserve their contents across function calls



# save registers
carrw a0, macratch, a0l # save a0; set a0 = &temp storage
sw al, 0(a0)

#
: 2, 4(a0) # 2
Timerl|SR == &= jcave e
#

sw a4, 12(a0)

gsave al

save ad

ﬂE[ﬁkﬁifﬁ[*]%ﬁ # decode interrupt cause
csrr al, mcause

bgez al, exception
andi al, al, Ox3f

1i a2, 7

bne al, a2, otherlnt

read exception cause
branch if not an interrupt
isolate interrupt cause

a2 = timer interrupt cause

+ H H H I+

branch if not a timer interrupt

# handle timer interrupt by incrementing time comparator
la al, mtimecmp
1w a2, 0(al)

1w a3, 4(al)

addi a4, a2, 1000
sltu a2, a4, a2
add a3, a3, a2

sw a3, 4(al)

sw a4, 0(al)

al = &time comparator

load lower 32 bits of comparator
load upper 32 bits of comparator
increment lower bits by 1000 cycles
generate carry-out

increment upper bits

store upper 32 bits

H OB H H B EF H R

store lower 32 bits

# restore registers and return
1w a4, 12(a0) # restore ad
1w a3, 4(a0) # recstore a3
lw a2, 4(a0) # restore a2
1w al, 0(a0) #
=
*

csrrw a0, mscratch, al

restore al

restore a0; mscratch = &temp storage

mret return from handler



REFR G R 2 7 i AT R HIxx [

SR N R =AM EE (EPCL Cause. Handler)

|

Ny
»

- W2

_ [RTEWiS. PC-4 => EPC g

ID EX MEM WB

— RERFEK: CauseZiFas
o dEvEFE4 (FEIDJAD) : IntCause=0
o HARWEH (FEEXEIHA) : IntCause =1
74
— RTINS FEAFZ5CSR
— #EESR: AI1000010 0000 (RV$4.10.1) , FEm==

— ESR@OS
R #ficause 77 | L7
— JEEIES: KRR LR LRSS
— i IRHH

&[] ERET (return-from-environment)

BB, wHlEs. 256 A, 2. ppPL
— 4. EPC, Cause, A Hhll/VectorZ ik
— ¥H{=%5: EPCWrite, CauseWrite, PCSource/PCWrite,

PCWri

I

(o
o

o

Interrupt—,]

Handler

Address —
PCSource

IntCause—*|

EPCWrite

il

1te

EEE

CauseWrite

Cause

Flush, I



— s

AR R . Bl EH], KAEZA R
A RHFF 1 s ~ I ’ i |~ T ¢
IF ID EX MEM WB
IMemtoReg
ontrol| .
Unit I':em‘u:rlte
ranc
ALUControl, 1 —'pcsre
=Z1op  |aLUSKc
20 4 Funct RegDst
f?egﬁ?rne
CLK CLK
CLK | |
0 WE3 SrcA [~ Zero N~ WE
M ecec R I s Y RD1 . 0
1 2| ALUResult ReadData
Instruction 20-16 I3 :P'-J{ A RD 1
Memory —1 A2 RD2 _Ijm Data
A3 1 " . Memo
WD3 Register WriteData WD i
File
20.16 0
15:11 1
o BCPlusA WriteReg, ,
ignlmm
4 - 150 2 <<2
Sign Extend PCBranch

Result




EX

MEM

WB

PC

PCWmeCond/\ PCSource

PCWrite ;

lorD I Outputs

MemRead

MemWrite

Control

MemtoReg

IRWrite \ [5(3%] J RegDst
"

b

\ALUOp

ALUSrcB

ALUSTIcA

RegWrite

Instruction [25-0] 2\6‘ Shift 28
M \left 2
Instruction
0 [31-26] t (O PC [31-28]
M Instruction || Read ,\n
u Address [25-21] " | register 1 _l u
1X Memory Instruction | Read Read > A X
[20-16] —~ | register 2 datal I s
MemData . 0 . Registers ALUOU g
Instruction M | WVrite Read B
Wit [15-0] Instruction| u register  gata 2 »(0
rite ; X )
ot Instruction [15-11] i Write 4 |1 l\ljl
register \_/ data »|2
Instruction > 0 3
[15-0] M
u
X
»| Memory ‘\1
data 16 sign 32
register N —
o N " lextend
Instruction [5— 0]
>

npc

~

» o

Jump
address [31-0]

xcZ

[IXxx@ustc.edu.cn

23




| 23 FSM

%/% va)

FEIRS DI R

R4
| R
AR HY
7

< <
& 8
?&\ Q&D
IF ID EX MEM WB

MemRead
ALUScA =0

lorD =0 ALUSIcA =0
Start —————= IRWTrite ALUSrcB =10
ALUSrcB =01 ALUOp = 00
ALUOp = 00
PCWrite
PCSource =0

ALUSIcA =1
ALUSrcB = 00
ALUOp =01
PCWriteCond
PCSource = 1

ALUSIcA =1
ALUSrcB = 10
ALUOp = 00

ALUSrcA =1
ALUSrcE = 00
ALUOp =10

Y

RegDst =1
RegWrite
MemtoReg = 0

MemWrite
lorD =1

MemRead
lorD =1

RegDst =
RegWrite

MemtoReg = 1

24



) Instruction decode/
v Instruction fetch Register fetch
MemRead 1
ALUSrcA=0
IloRrIav:_ 0 ALUSrcA =0
rite . =
E_Il Start ALUSICB = 01 ALUSch_ 11
. ALUOp = 00 ALUOp =00
’ PCWrite
¢
3] [
— \
A ) |/' 4?“‘“& ‘@Q, ol \°1
— ol ) v I 65’,\
I_j Memory address O 2'S Branch \OQ 8‘ Jump ~
computation e W) of Execution completion 'y completion
g (e}
AS ALUSIcA =1 ALUSICA = 1 ALUSICB = 00 B CWrite
ALUSICB = 00 ALUSICB = 00 ALUOp = 01 bCS e 10
ALUOp =00 ALUOp =10 PCWriteCond ouree =
PCSource = 01
} = 0
 ——h \Y
. 3 N
1 e)
o v
N S Memory Memory .
/‘ \’ , access ] access , R-type completion " IntCause = 1 Lo IntCause = 0
_I CauseWrite CauseWrite
] RegDst=1 ALUSrcA=0 ALUSrcA=0
Jan MemRead MemWwrite RegWrite | Overflow ALUSICB = 01 ALUSICB = 01
__I lorD =1 lorD = 1 MemtoReg = 0 ALUOp =01 ALUOp =01
rj EPCWrite EPCWrite
PCWrite PCWrite
PCSource = 11 PCSource =1
) Write-back step -
Overflow

RegWrite

MemtoReg = 1

A 4

RegDst=0

COD3 E{5-40

i, Y5 H T RF!

[IXxx@ustc.edu.cn

ALU:

PC-4 => EPC

25




Exceptions Handling in Multi-Cycle MIPS

|

I

“xc=z°

]

Address

Memory
MemData

Write
data

Op
(5-0]
0
S Jump im
Shift address u
Instruction [26—0] gs left 2 gs [31-0] x|
N e ~ 2
Instruction U
[31-286] PC [31-28] 8000 0180 b
Instruction Read (I)VI
[25-21] register 1 Read u —
Instruction - Read data 1
(20-1¢] [ 0 register 2
“| Instruction 4 M _ Registers ALUGuUL [
[15-0] | [Instruction| u Write Read =Pe
[15—11] X register data 2
Instruction 1 .
register 5 Write
data
Instruction M 0—1nf0
[15-0] . M
u Cause
T :
—»| Memory 16 32 L
data N Sign I
register ™| extend
Cause:
y B
Instruction [5-0] EIEY%%EI é\o
\‘LA
Jin i1

[IXxx@ustc.edu.cn
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Multicycle Interrupts:

Fetch stage

L,ﬁ /:':PT /’:‘;

Interrupt stage

Execute stage

Fetch next

-

Interrupts

instruction

( SraRt )}—1—»n

MEM WB

o T #8IntrCtrler
— Mask, HL

 CPU
M. dirEnable
— Ki#intReq
o fRAFWIL: EPC, Cause
« X%ISR
o T HrpWTEIE KR

disabled
eck for
s Execute = interrupt;
instruction Interrupts initiate interrupt
enabled handler

Instruction decode/

Instruction fetch Register fetch

MemRead
ALUSIcA =0
lord =0 ALUSICA =0
Start ALUSICB = 01 ALUSTCB = 11
ALUOp = 00 ALUOp=00

Jump

Memory address
completion

computation

ALUSICA = 1 ALUSICA = 1 ALUSICE =00 PCWiite
ALUSICB = 00 ALUSICB = 00 ALUOp =01 PCSource < 10
ALUOp =10 PCWriteCond ouree=

ALUOp =00
PCSource = 01

<

Memory Memory

access access R-type completion IntCause =1 IniCause =0
1/ Causewrie 10 CauseWiite
RegDst = 1 ALUSREA =0 ALUSrcA=0
MemRead Memirite RegWiite ALUSCB = 01 ALUSIB= 01
lorD =1 lorD = 1 MemtoReg = 0 ALUOp =01 ALUOp = 01
EPCWrite EPCWrite
PCWiite PCWrite
PCSource = 11 PCSource =1

Write-back step

RegWrite

MemioReg = 1
RegDst=0

Check for
interrupts
before
fetching
next
instruction



pplot T AL F

user code

sub $11, $2, $4
and $12, $2, $5
or$13,$2,86 _ |

add $1, $2, $1 SVPMOW
sit $15, $6, $7
Iw $16, 50($7)

handler code
sw $25, 1000($0)

1. addiiz ), $4.10.2

o DRUESR W N H U 5 482 AT HYIZ A8 Fe A1 [
— WP X ZHTHITE R 58K, LA RITE2 HUH

— FEHOMT S EPC = addHhhl

the or
Overflow instruction
detected here completes
N
I | Illll
and IF D | EX ME\\ | WB| \
or IF D | EX [w \I:‘IE: ws‘_
add IF D |1 2 | nop
sit flush these F |1 D1 | nop
W instructions | IF1 | nop
I L
SW start handler code i

28



RVHadd#g 2 ) & b FH$4.10.2

o FEAA— R s W;@ﬁ* -
— PUTTEZRTIBT A TR 4 AU IS S
— flushSEH AL M Z IR TR S I

* add¥iith: IFFlush, ID.Flush, EX.Flush

* “Flush signals to be set near the end of this clock cycle ”
— WA FRE: Cause
— {RAFWT s EPC= RHETEAPC, 51!
— WRHAREARRFE: AEmE T (RV tvec@CSR)
— BRIl EPC, FEHPATHEIES

U —RRGT (k) o, Hfth (BRI RIRE4RZE CIKED
 EPC/CauseJUAEMB NI /KEL ?

o “TRZEN” . AER MR/ SZHE (EPC/Cause, 43370)
— HAthostiig (4r#rCause, ESR)

29



Flushed
—a
add $r1.!

$r3 Beq §r2, $r5, 0x08

IF

BB

{  Hazard

ID

1 detection |
_-_. )

unit

= IF.}ID
+ —|.-_
4 —=
w [ ] .
x ry
=]
Continued
sw $r1,0($r2)
EX MEM WB

Instruction flow

A
XS
=2

&|4-62

I_E'.H'.' WEMW

HbeqsZHl, IF.Flush, bubble
/ stall (Id-used) /bubble (beq)

=

e -
\\'.\“",' / 1 M
el Rgd ' //-\'l u—
] :I | = | \| x
Regieitrs |}~ : T Data
. \ ; L au— - -
N , iy 111 T By
N d—| /
- N ] M
~—- U -t
! x| |l .
/N v i
| i
[ imm | .
| Gen |
II\\._/‘I,
I"' ; . '._._
r-.--.-.-.u_du.-;
it |
Tt .

Delay slot: one cycle!

30




add$s % overflow: flush IF/ID/EX

EX.Flush
IF.Flush
ID.Flush
) ALY OVER
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