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BRI RESH

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

int i, sum=0;

R oyt T SRERMRRR R
Lt R (B MRS
return sum; WEm e —
}
sndled exception in Test.exe: 0xCO000005: Access Violation.
[*---main.c---"/ R T S
int main() |
‘ |
int a[1]={100 i
int s; #&8% (linker ) F0NZE
s=sum(a,0): EFAT (FhE8nE )
printf(“%d”,s); SRR
} T BABEW/0)

¢ f@ﬁ? j@r“f%'){_i? IF ID EX | MEM WB




AR IRE B H . BEkib

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

It the problem persists, contact the program

vendor,
KEBRNEL3Z caused an invalid page fault in bt
module EERNEL3Z.DLL at 0137:b{£74366.
Pegisters:

BA=5£402d8¢c CS=0127 EIP=bff743C6€ EFLCS=0001024¢
EEX=00000000 SCS=013f BSP=01%l1fad4 EBEP=01211b00
ECX=0000000Z DE=012¢ ESI=00000000 F5S=2717 e
EDX=8155e759¢ ES=013f EDI=S514cb008 GE=0000

Bytes at CS:EIP:

66 64 8e Zd Oc 00 00 00O 65 f6 0S5 16 00 00 00O 20 _:J
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62
(W)

oM
(%)

T — N ——————— — — —— — — —

q
I
Pentium '
Socket 7 §iiE CPU :
|
|
| u
+8Y Laicache - |
S - L (DRAM) |
2 512KRB) (4~ 128MB) |
|
] g ’
I .
PCI 8% |
|
B O gy &S |
PCIY M ROM BIOS S042MPU |
(64~ 128 KB) | B
l =] |
q iR, |
W bx |
KNS /EE
CMOS RAM
—_AJH HFJ l. QQQQQ
U2k ' s
l
B '
ISAY" 7N IF ID EX MEM WB




SEL

o SFE SRR ARBES, RVS4.10, JES5.5. 8.4
_ IR KEEREANEME, 10
BESRE, RGRS (syscall)
Sh i
— W BT (R B, KENZ], N Z)
SATEW: R, S ChEED
— sEhBYE: RS, EMEhvE, WREE, 15 WA, WRERE
o S5 AT R ) S AR T AR

Least privileged

Most privileged

Device drivers

Applications

User program [nterrupt handler
— Ml
e ESRASRATT CHIfRat/AErtR) | fihl Hestack | l

% . EPC, Cause, Vector .

Hilfr: EPC, Cause, Vector, Enable, Mask ] . .
— 0OS: ESR/ISR . "
— Y. RO . )

o S L R R R e — ‘

— . FER? .
— ZRM: ®BE, JEE *

— UiKZ: AERA, ARFSTH a




Terms: exceptions. interrupts. traps

o AL

F IR S AT (Transfer of Control) [ & 42
— FHELRIRE AT, B HATESR/ISRHFI #Eroutine ;

— ESR/ISRHAT E B » #H I HIREFP AT BE TR 2 HHAT
— SRR KAEs W/, REUIRE T

. fibx S

A

e RV/MIPS/ARM: S /ef1IbT, x86: o /0 o /R
— WA E (A, [P

A 5t

RIEFE 2

FRGR H/BRE . VISR

« RGEWH: RS C(syscall, BHWr/BaB)  Wrribreak

p235

— AhEREEAM: hTinterrupts, T, b
« 1/0 G, WIBEMD , BEARRE CFEfEds, ARIBERO
Type of event From where? RISC-V terminology

Systemn reset External Exception

/0 device request External Interrupt

Invoke the operating system from user program Internal Exception

Using an undefined instruction Internal Exception

Hardware malfunctions Either Either

EIE=30

t /P
RSB
(ESR/ISR)




TR SN R T A AR Z . [FZB

e RVS$6.10 [HLTHk] : “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. ; ;
e f=(g+h)-(i+j); EXEXALU, sync
4 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]; MEMEMM, sync -/

ld X9, 64(x22) // Temporary reg x9 gets A[8] 5% E—

add x9, x21, x9 // Temporary reg x9 gets h + A[8]

—

sd x9, 96(x22) // Stores h + A[8] back into A[12]




— ZHIFE2 BT 58

S IR I 2 A B b

BT BRI (AR AT, p239

— PR ET MRS, B IEHUT R
— R BT &S '

o DAIRATHAK R T IR A g&*g@&
— 2R R IR R e

o« WA BB AT ERES F | 1B | EX | MEM | WB
— M MRTRS, F&IE4
SeE e SCRIm N, [F25, KT S

P SRR, S, AERER
— ARKGHAm N . T2k FR L7 ,
C R R RS, B LT




T2 CHEBE ) M N AR 2

o AWEBE R UiArE0l, OSACEEEEHFIHAT TR, WIE “HfEmab”
o AMWERE. EEES, SHPAHE, wE “REPiE”
o [ABE/ B W/ RS FHsysCall: IR [\ N —2484%

R |Eﬁﬁﬁ BT
| i
l b g MEES | TF

L:vd . i 1 78 < [
R i ol A P B FE | o
e 4 i s | T ey :

i Fii o 7 ae | &
F—did fr Ty | @

ilff—
3
T
#
T
IE

—

ol b= R At 2 AHPIL




T HY JE 1. S

RISCS "/

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 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 CA%A,27 IF ID EX MEM WB




VectorNumber & Offset
Interrupt m— Priofity Level
i’;‘iﬁ:}gg Interrupt Controller oy Leve
A I Shadow SetNumber
Core Interrupt
. Events
:‘ llllllllllllllllllllllllllllllllllllllllllllllllllllll
. 27 o B oA
o HNERTRMTIR. AM, 1ZIEEAE

A5 FH BT -

—

o IFEPL BA. BAR. BEE. L

R

o UiAFEE. AAE. AUE. .
Rl s TR
— FME, BFik. HEikpending

R, K,

MIPS32®Core

Execution unit
(Exception Handling)

— EPC,

— CSR:

AEHEHLA

AL 2% 57 AL T

CAUSE
i 25

— Stack: 655

Instruction Data
Cache Cache
Prefetch
Buffer I Data i
SRAM Peripherals

Program

Flash

Multi-Layer
System Bus

Intermupt
Events
n



The Basics of Exception Handling

Offset o

o BAEMFERINZ0E (54.10.1) Top of Stack =

- ﬁ%ﬁ# Fr s, iai%, #ESR/ISR
EPC: Wriki=Rwfgahlk/~—4538 4k
e Cause: f&il ﬁlﬂ%j@rﬁﬁ o
o R, AT R " ool |
« PRAFPSW/CSR: stack
o FVLFEHILE: user mode => kernel mode
o FEESR/AISRA I : dEME (i— A1) /A& (Vector®)

Reserved for
nterrupt Vectors

Reserved for
Stack

}
t

Reserved for Heap

DATA

Unused

CODE

Memory
Mapped

_|wo

ROM

— R % sooys |
1. %4743 (RF) : stack N
2. I Hr |
3. BT R RS ,
4. ety :
5. K II%: RF gt
6. FWrIR[F]: iret/eret s

— I, R, PREPSW

— PC=MWr A .



Hardware
S

Device controller or
other system hardware
1SS1L=S an inir.nu]:n

Software

A,

l

Processor imshes
execution of current
Instruciion

l

Processor signals
acknowledgment
of interrupt

l

Processor pushes PSW
and PC onto contral

]

Processor loads new
PC wvalus basad on
interrupt

William Stallim

l

Save remaindsr of

E Etﬂ state

It oAt

I

Process interrupt

I

Resion a5% Liate
information

I

Rastore old PS'W
and PC

Exception type

T AL 2

R

AN

User program

Interrupt handler

RV$4.10.1
ESR/ISRA T (HE[H=)

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

Undefined instruction

00 0100 CM!]I(.'I[]'I.“'Iﬂ

System Error (hardware malfunction)

01 1000 0000,




Ir'=-M

Control
stack

I'—M
¥ Control
- I gack
.
N=1
PFrogram
counter
Interrupt General
service rcgisicrs
routine
. Tk
Stack
pointer
Processor
T=M
Usar's N +“';
program '
Main

memory fRAF- W i 5 B3

William Stalling {OS)
N+ ] 1
Program
counter
rvice registers
] routine
Eturn T — M
Stack
pointer
Processor
T
Usar's
program
Pk 52 W 5 5 3



RV Control and Status Register

e RVIAE#ET: user mode, supervisor mode, machine mode

e CSR: 4KJMSIHIMMIO (fEfEmgti/0) Hihl25 18]
— AFE AR NSH —ECSR

o /N3t Status, EPC, Cause, Scratch (/HFrHEZI#) . . .

EEE M 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 UR‘\R{ ucause L:ser trap cause. User mode CSR
0x043 URW ubadaddr User bad address.
0x044 URW uip User interrupt pending.

The RISC-V Instruction Set Manual Volume I: Unprivileged ISA
The RISC-V Instruction Set Manual Volume Il: Privileged Architecture



Jj W] CSR¥5 4>, $5.14

 CSR swap instructions RVIZ5-47 (Fig 5-48)
— 6%%: I-type, 12f7=4Kk LN EEET O
] ] CSRRWI CSR Read/Write Immediate
— read-modi f y-write cycIe CSRRS CSR Read/ Set Immediate
e X > ccess CSRRCI CSR Read/Clear Immediate
/,I;;I:CS R;Ejﬁlj %\U}@}Eﬁ Reg ’ )EHL eSrA CSRRW CSR Read/Write
A7 EEE é&(CSRR‘W)E‘ZlL CSRRS CSR Read/ Set
H[J i&(CSRRWl)E&E AT, 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 5 7
source /dest source ~ CSREW 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



ESR/ISRZmAE: 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 (Lp) 4 Thread pointer yes x6-7 t1-2 Temporaries Caller
x5-x7 57 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 K2-14 Table 25.1

. (The RISC-V Instruction Set Manual Volume )
J\\i?j{f—[ﬁ'ﬂ};ﬁ Hﬂ‘m‘ﬁﬁ a0~a7 ’ SO~S:|.1 ’ t0~t6

ABI calling convention: W, RS =
alt-reqgisters are caller-saved

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



# save registers
carrw a0, msgratch, a0l # save al; set a0l = &temp storage

sw al, 0(a0) # save al
TimerISR sw a2, 4(a0) # save a2
sw a3, 8(al) # save a3
sw a4, 12(a0) # save ad

jE[ﬁkﬁiiﬁ[*]%ﬁ # decode interrupt cause

csrr al, mcause

bgez al, exception
andi al, al, Ox3f

1li a2, 7

bne al, a2, otherInt

read exception cause
branch if not an interrupt

K]10.6

isolate interrupt cause
a2 = timer interrupt cause

+ H# H B

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
altu a2, a4, a2
add a3, ad, 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 O = = H R H

store lower 32 bits

# restore registers and return
1w a4, 12(a0)
1w a3, 4(a0)
David Patterson, Andrew lw a2, 4(a0)

Waterman, The RISC-V Reader: 1w ail, 0(a0)
An OpenArChiteCtureAtIaS, 2017 csrrw a0, mscratch, a0

restore ad

restore ad
restore a2
restore al
restore a0; mscratch = &temp storage

H OH = FH H R

mret return from handler



CPUFE & Fm A FE T FE . lIxxPU 2 v

o IREDE: TN P4 NEE S E (EPC. Cause. ¥%Handler. ERET)
— SFEMR: GPIIE A [ E AR 7

— {RFEWr A PC-4 =>EPC

— REREIRK: CauseZFffzs N
« dEVEFE4 (FEIDFMDD : IntCause=0 j’iwme 1

o HRVH (FEEXERIHH) : IntCause=1
> y o oo o
— RTINS F A 17 ASCSR Interrupt. z

— F4ESR:  AT10000100000 (RV$4.10.1) , JEffrst —Honder a L

— ESR@OS PCSource
R #icause 77 1/ L FE CauseWrite
— JEEIES: NSRRI IR LR S
— it IREE
& [A]: ERET (return-from-environment)

o HPEmpg. FHlAE. LG B 2L PPL niCause
— #B4F: EPC, Cause, AIHulE/VectorZKHitik
— &BH{55: EPCWrite, CauseWrite, PCSource/PCWrite, Flush, HJJ¥

IF ID EX MEM WB

EEE

Cause




I'IT[/

qRH S BARIEES . SR P
l:[‘ /" j\- :——I:‘ l \ )
CEZA T Y
IF ID EX MEM WB
MemtoReg
R ontrol
PCWrite EPCWrite Unit ||"E.,;13 m‘u":'.'rlte
ranc
ALUControl, 1 —'pcsre
1< 31:26
Interrup 2 & co 0 P ALUSrc
Handler -
Address ! Funct REQDSt
PCSource jeQwrite
CLK CLK
CLK \L/ \L{
WE3 Z WE
1 pc[ec nstrJ224] AT RD1 Sron [~ Zero 3
) IA TD D| ALUResult A rp |ReadData ]
nstruction 2016 <
Hemory .o e 2o
WD3 Register WriteData WD
File
20:16 I
15:11 1 | |
- N WriteReg4:o CauseWrite
: L / .
4 .o Signlmm <<? o
Slgn Extend PCBranch IntCause 5

Result




R

EX

MEM

WB

PC

PCV\/riteCond/\ PCSource

PCWrite ;

lorD I Outputs

MemRead

Memwrite| Control

MemtoReg

h

\ALUOp

ALUSrcB

ALUSIcA

RegWrite

IRWrite \ [5(2%] J RegDst
N

Instruction [25-0] 2\6_ Shift 28
M \left 2
Instruction
. [31-26] t 7 PC [31-28]
M Instruction Read ,\n
u Address [25-21] " | register 1 _l u >
lx Memor Instruction Read Read A X
Y [20- 16] | register 2 datal |  Lsls
MemData ] 0 _Registers ALUOu
Instruction M -| WVrite ead B
Wi [15-01| T instruction| u register  gata 2 »(0
rite ; X .
dota Instruction [15-11] : Write 4 |1 I\ljl
register \__/ data »|2
Instruction > 0 3
[15-0] M
u
X
»| Memory >{1
data S Sign 32
register # b —
g N " lextend
Instruction [5— 0]
>

npc

Jum

p
address [31-0]

= O
xcZ

[IXxx@ustc.edu.cn
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il 25 FSM

% JE

BEA IR I 3

wstngon
T
Ingruction
regisler
Tntnagen
0]

B A B A
El/?\ﬂ*l%‘

EIE/HW\
A

MEM WB

MemRead
ALUSrcA=0

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

ALUSrcA =1

ALUSrcA =1 = ALUSrcB = 00
ALUSrcA =1 e
ALUSrcB =10 ALUSIcB = 00 ALUOp = 01
ALUOp = 00 ALUOp = 10 PCWriteCond

PCSource = 1

Y

RegDst = 1
RegWrite
MemtoReg = 0

MemWrite
lorD =1

MemRead
lorD =1

RegDst =
RegWrite

MemtoReg = 1

22



v Instruction fetch

Instruction decode/
Register fetch

RegWrite

0
MemRead 1
ALUSIcA =0
IloRrIav:_ 0 ALUSrcA =0
rite R -
Start ALUSICB = 01 ALUScB = 11
ALUOp = 00 ALUOp =00
PCWrite
PCSource = 00 7~
) N 2
o L/ ~ N
4@ s@ Ll o('
o) \0? 7 I ’%,A
Memory address © 2'S Branch \OQ 8‘ Jump 4
computation N of Execution completion 'y completion
(&) 8
ALUSrcA =1
ALUSrcA=1 ALUSrcA =1 ALUSIrcB = 00 PCWri
ALUSrcB = 00 ALUSrcB =00 ALUOp = 01 bes flt(i 0
ALUOp = 00 ALUOP = 10 PCWriteCond ouree =
PCSource = 01
P
= %
= S, .
— Ly
I Iz) >
&| Memory Memory A4
~—y _access access R-type completion IntCause = 1 IntCause = 0
> ! 11 CauseWrite 10 CauseWrite
_ RegDst=1 ALUSrcA =0 ALUSrcA =0
MemRead MemWrite RegWrite | Overflow ALUSICB = 01 ALUSICB = 01
lorD =1 lorD =1 MemtoReg = 0 ALUOp =01 ALUOp =01
EPCWrite EPCWrite
PCWrite PCWrite
PCSource = 11 PCSource =1
Write-back step -
Overflow

MemtoReg = 1

4

RegDst=0

i A, Je5 A T RF!
COD3 [#5-40

[IXxx@ustc.edu.cn

ALU

PC-4 => EPC

23



Exceptions Handling in Multi-Cycle MIPS

|

I

“xc=z°

]

Address

Memory
MemData

Write
data

Op
[5-0]
0
% Jump i M
Shift address u
Instruction [25-0] 26 left 2 28 [31-0] x|
< e < 2
Instruction U
(31-26] ~CraT s ||[Eo000tso E_/
Instruction Read (I)VI
[25-21] register 1 Read U e
Instruction ~ Read data 1
[20-16] 1 A register 2
| Instruction | M _ Registers ALUQUL [#
[15-0] | {instruction| u f»] Write Read -
[15-11] X register data 2
Instruction 1 .
register G Write
data
Instruction M 0—1nf0
[15-0] . M
u Cause [
I :
—»| Memory 16 32 L
data N Sign I
register ~ | extend CauseMUX:
\ b/\
AEIEFE 20
Instruction [5-0] ?J}I]L‘l Hj 1

[IXxx@ustc.edu.cn
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Multicycle Interrupts:

Fetch stage

Execute stage

A7 JiE |

Interrupt stage

Fetch next

Interrupts
disabled

Execute

Check for
interrupt;

instruction

. " Y
( START - >

IF ID EX MEM WB

o HITFEIESIntrCtrler
— Mask, FIL

e CPU
2. dlrEnable
— FiEintReq
o fRAFWr&: EPC, Cause
« FZISR
o S5 A TR R AR ?

instruction

Start

Memory address
computation

ALUSrcA =1
ALUScB= 00
ALUOp=00

Memory
access

Memory
access

MemWrite
lorD =1

MemRead
lorD =1

Write-back step

RegWrite

MemRead
ALUSrcA=0
lorD =0

IRWrite
ALUSICB=01

ALUSrcB =00
ALUOp =10

RegDst=1

MemtoReg =0

Interrup

initiate interrupt
handler

RegWiite

Instruction fetch

ALUSrcB =00
ALUOp =01
PCWriteCond
PCSource = 01

R-type completion
1

Instruction decode/
Re gister fefch

ALUSICA =0
ALUScB =11
ALUOp =00

€=

Jump
completion

PC Source = 10

IntCause =1 IntCause = 0
CauseWrite 10 CauseWiite
ALUSICA =10 ALUSIrcA=0
ALUScB=01 ALUSTCE=01
ALUOp=M ALUOp=01
EPCWrite EPCWrite
PCWrite PCWrite
PCSource =11 PCSource =1

MemtoReg =1
RegDst=0

Check for
interrupts
before
fetching
next
instruction



ppl -+ AL 3

user code

sub $11, $2, $4
and $12, $2, $5
or$13,$2,$6 _ |

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

handler code
sw $25, 1000($0)

th, $4.10.2

o DRAIE S R L R 5 418 2 AT IO 32 BRI AH A
— WFiE X ZHTRITE2 5E R, 2R iR U

— FEHEWT S EPC = addHhlk

the or
Overflow instruction
detected here completes
N
| L I".
and IF D | EX ME\\ I wa! ‘~,
| L— Y
or IF ID EX ‘:\@El WB
1
add IF ID : e&1 | nop
}
sit flush these IF : ID1 | nop
W instructions 1P i | nop
| I
SW start handler code o

26



RV pplHjaddi H 7 AbH$4.10.2

o AL RIS N i< R P
— AT Z R FTE 184 A 4 N Y
- flushSH R4 RZRINFATES (beq? 1 O “H@EE
« add¥iiti: IFFlush, ID.Flush, EX.Flush [ efailafs

* “Flush signals to be set near the end of this clock cycle ”
— WA IEE: Cause
— {RAFWr A . EPC= S TEAPC, K !
— ¥R ALHERER: JEmET R (RV tvec@CSR)
— SFHIR[El: EPC, EHHPUTREIES [? ]
“Gath” —RGE (&b, HAR (BRI FTREdkS: (kED
 EPC/Cause i 7EME NI /K B ?

o  “TRIZVEN” . WAL /DS FF (EPC/Cause, 43 3)
— HABosH 57 (sr#rCause, ESRZWFE)

27



BRI B AR R

Flushed
—ne
dd $r1,$4

$r3 Beq $r2, $r5, 0x08

IF

EX
I:Iﬂ

WET

ID

HbeqsEHl, IF.Flush, bubble

/ stall (ld-used) /bubble (beq)

HINVEM

=

Hazard
1 detection !
™ ) unit
1 IDVEX @4'66
rd _,‘-\._ \
N e I_".:E".I'I.'u"l'ﬂ
#- Contrgh——— — * WE
1 7’ \\\ .:-p—i | I_-_
.' a \ J ,I
— o A R
. | . > i ] |
| i
4 —= \ |5hi1'l M
Y et /) L T
\II\__)JI ,I // ; o &)
\ = i K /‘\II \ | gy —
= ! =) RE:
Regisitrs = ! P
—| | Instr ustion | N H\' / ALY o Data
PC — - - ' K : T T iy
- \\\\ = :,/ - M /
~---" - its
_ aHm .
N -
| i
[ Imm | -
| Gen |
U/
T T 7 Fowarding t—
uriit |-
Continued T A
sw $r1,0(512)
EX MEM WB
- Delay slot: one cycle!

Instruction flow

28




addfs 2 overflow: flush IF/ID/EX

COD4&14-66 BhHlES (ZAPED -
KRV 4-67 (EPC=PC+1) ... CauseWrite, IntCause, EPCWrite?
IF.Flush
4 Hazard \. - y\j/fﬂl“é* Ei‘Z)[J’
— i g s ? _
\. J A/ . . AETSfEMEM? ROVARE
u
~ — ez A [ DR
/ \—“—‘ |- - l““kj .4 EX/MEM %TI%J%S
I:ICot |;_ @ | I::I E MEM/W /
IF/ID \_/ rb— o |_ X L7B_,
W —>

|
Q Shift
4 .- left 2,

s
BOD001 B0 == pcll, | Instruction N L
memory
=

Registers é
}

P

V4
ALU =—pp
Data . -

memory J

E
(x:g)((xcg)i
{
| =

ey Forwarding |——
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