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R ARl AT 1 7 FH 2 MR 15 45 7

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

m L sumiEly e rE s R
for (i=0;i<=len-1;i++)

sum += alill: i3 (B8 ARSI

return sum; Mook Vi =
}
/ / shdled exception in Test.exe: 0xCO000005: Access Viclation.
*---main.c---"
int main() |
‘ |
int a[1]=(100}; L
int s; #&8% (linker ) FO0SE
s=sum(a,0): EFAT (F(E:86R )
printf(“%d”,s); SHHRETLE
} T BABE®WO)

¢ Ci%%i‘l‘:ﬁ*ﬂ‘? IF ID EX |« MEM  WB




F#E10.19

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




= E[‘—EEI‘
KBS

o RS R AN, 49

. N A printf () R
— Thhg. WFEEANELE, 1/0 ] =
BESRE, RGRS (syscall) R i
R | FERR H print () i
A5 A T | ' C K
- WP BEF GERT) 15X | L BRReted 5
AWM. F, S5 ChEun —
ARG write() | A%
- w50 g
= S s TV E =Y Uy = |
Uszr program [nterrupt handler
— Ml
e ESR/ASRATT (iat/dRmiat) , sk !
% . EPC, Cause, Vector :
hilf: EPC, Cause, Vector, Enable, Mask 2
— 0OS: ESR/ISR . *
— 2y BaEEE O - .
. [ ] [ ]
o 5 e N R i

_ R shosin Vvl |
— RN, ThE .
— Vukth: K, Rk :




Terms: exceptions. interrupts. traps

o MAIEHEFESHATIE (Transfer of Control) HJE 4MSAF
— FEHEIRE T PAT, BT PATESR/ISRIET ;
— ESR/ISREAT FE RS, # H Wr FRI A2 e Uk 2 AT
— S EIEHMX A KES s GEFN/N , KRGSV

* RISC: MIPS/ARM/RVZiFRexceptions, & L
— WEEM: BE (FISH) ﬂgggg
- 8RR MRS HARBE/BRE. VI (ESR/ISR)

« RGUHH Csyscall, BHWT/REEE) « ARSS . W ibreak

— HMEBEAE . FWrInterrupts, i o
« 1/0 CBEfL, nIBElD , MEAMEE (FEEds, ARIBERD

Type of event From where? RISC-V terminology
p224 Systemn 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




W) J@ . SAP

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 CAgA,27 IF ID EX MEM WB




e S IR A R

o WWKE R UIETE AL, OSAER S EHPAT UETE S, Wik “ iR
« AEMKRESRHE: ZRiAREIIAMEE, S AR, i CRE L
o BaBF G/ RS - R HIESARER, REIT—%4E4

7/

BT iT |Eﬁﬁﬁ BIERIT
I |
l (‘ S uEES | |
# - s gus %
L 15 4 & g ﬂ RERE Z | ﬁ
B 5 o 52 BB FE | il
=k g E . " E T—H%i E
F—#i0% fr i oy EE A
1 — — - IR L j =

ol b= R At 2 AHPIL
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I

......................................

.....
.,

*
......................................

ENERERF FElibetniEE
VA # /Y FAIE E R
RGAA

Device drivers

Applications

DT |

stream

1. MHERF

1OSH 55

Rty

Least pﬂeged Appliﬂaﬁﬁn
execution
o stream Exception
= g First-level handler
: Set supervisor (kernel) privilege level
Most privileged Save interrupt return register (IRR)
Save kernel state
|dentify exception/interrupt
Set correct privilege level
Mz Jump to handler
............................................................ Real handler
»System_call Service interrupt
................... » sys_xyz() Fix what caused the exception
= Xyio. N (for exceptions)
ret from Sys'";;ﬁ ............. ) Jump back to lower-level handler
iret
Restore kernel state
""" Z%f*ﬁﬁﬁ?%é*ﬁm Set original privilege level
FRELTHE FRELYE . ..
e [y ar RFI (return from interrupt, jump to IRR)
Application
execution



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




FhERHR T TR, 2RAY, ALEEHLIA

MIPS32° Core o ALIHAS AL
VectorNumber & Offset

Interrupt — Priority Level ) _ — EPC, CAUSE
Exception mmssssl |nterrupt Controller rlority Leve Exequtlon unl? _ CSR: rhgk
REQUESTS oy (Exception Handling) . AN

A Shadow SetNumber iy

: - fEh5®RE

Core Interrupt I I
e sramsremmsemmmesmmemmmEsemsEenmmEennauns Srireeees||Instruction] [ Data
: Cache Cache

o HNERRWTE. AN, KZRDE(E

Multi-Layer
- ﬂﬁﬁﬁ System Bus
o WPEP. BERL. B, R

- Kﬂﬁﬁﬁ Prefetch
: o Uiff. WA HIE I
. > = N I A Buff Data . nterru
Do TR ES . A TR B Pr;gr:n SrRAM | |Peripherals IEtve-.ntgt
: — #ME, BEiiEEEpending Flash




SR T A A B 0 e 9 )

o S STEIWIRE, [ AR
- RASH: B AATES, S IEAT
- ROUAM: BT %S CInann

o Il FRA RGN, Fob P
— BT AR 4, ik T

» FEFFIPIESL: FHABIAL, p228 o —
— ZATHIHE 4 CHT 7 ;

» DEFEICERRET ] AR
— ZJE IR R ~
o WA BARATA LA IRES
— WYL BT/, SR OhE




FhER R IR AR ) R

* f=(g+h)-(i+]);

add x5, x20, x21 // reqgister x5 contains g + h
add x6, x22, x23 // register x6 contains i + ]
sub x19, x5, xb6 // f gets x5 — x6, which is (g + h) = (i + j)

© Al12] =+ Al8]
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]

Nfr



The Basics of Exception Handling

Offset o -
o BREFFREOZE (p228) s .;d"‘mm“
- T
C EPC: =R A M T — S i A ML : l
 Cause: fuillFfic xR H R A ronfl Heap —o. | RESENVed for Heap
o K, TE AT W soyes | [P
o {RAEPSW/CSR Unused | Memory
o FAPELRLE: user mode => kernel mode Lo
o HZESR/AISRAI: dEmEA/FIE (Vectori®) -
- it gl
1 R RAB: RF S
2. FFHlF | —
3. BT R RS , I I

4. KA
5. KE 3. RF
6. TR [E]: iret/eret
— I, R, REPSW




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

ESR/ISRA

(=) RV$4.9.1

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: 4KJHSZHIMMIOHEIEZ (R
— 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



Important Exceptions registers: MIPS

=
. g By
Status register $12: ~25_En  Cause register $13:
o2 E 2o
SELBES
] ) TR} I 1
I Branch Pending Exception
nterrupl delay interrupts code

mask

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




Jj 7] CSR, $5.14

CSR swap instructions RVIE[5-47 (Fig5-48)
R oo hame
- V=
6/—j< * I type ¢ 124"[‘ 4K CSRRWI CSR Read/Write Immediate
= N |
) 2 ] I CSRRSI CSR Read/ Set Immediate
/lj‘g REEEJ?J ;GE',)EH Beg ’ CSR Access CSRRCI CSR Read/Clear Immediate
}EH %j‘ﬁ%&il’%% /ﬁE é&@i | mm CSRRW CSR Read/Write
E& e H—»,T\ CSRRS CSR Read/ Set
e ] ° CSRRC CSR Read/ Clear
{The RISC-V Instruction Set Manual )
31 20 19 15 14 12 11 T6 0
CST rsl funct3 rd opcode
12 5 3 5 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



ISRZFFE: RV Arch’ed Regs

Register Presel'ved 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 [5[2-14 Table 25.1

The RISC-V Instruction Set Manual Volume |

l‘i%%iﬁ'ﬂ};ﬁ Hﬂ‘m‘ﬁﬁ a0~a7 ’ SO~S:|.1 ’ t0~t6

ABI calling convention: ——/MXHS &
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
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)
lw a2, 4(a0)
1w al, 0(a0)
csrrw a0, mscratch, al

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

H OH = FH H R

mret return from handler



I B A L At oy 1yt
M\i::%ﬁ' H < 1 fy_l- }LQ/ZA
SR AT AR AR T LB ( f oo e e e
- ,f%ﬁt*ﬁ){_i: PC'4 => EPC PCWrite EPCWrite
— RIEAE R CauseF 7o | |
. AEBAEY: LEIDRIH .
o BARUH: TEEXEW] e 2 @ g
° ﬂiﬂ?ﬁ Handleli
— #5ESR: A 100 0010 0000, JEf &= Addiess  ouee -
— ESR@OS CauseWrite
« R#fcause 77 L FE
— JEETES: IR F R HILL R 55 .
— Jmit: IREE Iz
‘ _ IntCause S
e 1K/5]: ERET (return-from-environment)
i, £HE 5. Z5E5FSM
— EPC, Cause, #%Vec RV$4.9.1 ESR/ISRA [0 ik
* IntCause: O0-FFVE$E4, 1-WtH - e

Undefined instruction 00 0100 0000,

—_— E Pcwrite ) Ca u Sewrite 9 éj\i System Error (hardware malfunction) 01 1000 0000,




R

S

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 >
1X Memor Instruction Read Read A X
Y [20-16] —~ | register 2 data 1 I s
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 '\le
register \__/ data »|2
Instruction > 0 3
[15-0] M
u
X
»| Memory >{1
data S Sign 32
register b —
g H N " lextend
Instruction [5— 0]
>

npc

Jum

p
address [31-0]

= O
xcZ

[IXxx@ustc.edu.cn
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£ 8 W1 22 P L

ALUSrcA =0

/\/I AN H?J‘ %EI] Hb E lorD=0 ALUSrcA = 0
0. I H] ~/] o Start ———» IRWrite ALUSrcB = 10
ALUSrcB =01 ALUOp =00
ALUOp = 00
PCWrite
PCSource =0

e ALUSroA ALUSrcA =1
LUSrcA =1 = ALUSrcB = 00

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

B A B A >
A Eme G Memey N Memo
S N N
N A Il:lj RegDst =1
ﬁ: ;IC . MemRead MemWrite Hggwme
ﬂ/ﬂz{z lorD =1 lorD =1 MemtoReg =0
J\
S R
'\\0@ &@
(8 < RegDst =
& & i
v J RegWrite
ADD LOAD MemtoReg = 1
IF ID EX MEM WB

23



Sl

hun!

)

bl

—
ragy

Instruction decode/
Register fetch

v Instruction fetch

MemRead 1
ALUSrcA=0
Iloeravz_ 0 ALUSrcA =0
rite s =
Start ALUSICB = 01 ALUScB = 11
ALUOp = 00 ALUOp =00
PCWrite
PCSource = 00 7~
\ N 2
o /S ~ N
4@ s@ D o('
o) \09 7 I ’5&
Memory address \095 S Branch \OQ 8‘ Jump ~
computation ‘\,\N‘\ of Execution completion 'y completion
(e} 8
ALUSrcA =1
ALUSrcA =1 ALUSrcA =1 ALUSrcB = 00 PCWri
ALUSrcB =00 ALUSrcB =00 ALUOp = 01 bes flt(i 0
ALUOp = 00 ALUOp = 10 PCWriteCond ouree =
PCSource =01
0,
\Y
= O
I ‘6 >
&| Memory Memory h4
~—y __access access R-type completion IntCause = 1 IntCause = 0
> ! 1 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

RegWrite
MemtoReg = 1

4

RegDst=0

ALU: PC-4 =>EPC

lIxx@ustc.edu.cn 24



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 ALUGUL [
[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:
Ny B
Instruction [5-0] 3”5/24:5 é\o
\““L
Jii i1

[IXxx@ustc.edu.cn
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Multicycle Interrupts:

Fetch stage

Execute stage

Interrupt stage

A

Y ‘etch next
instruction

Y

IF ID EX MEM WB

 CPU

— Enable
— EPC, Cause

e IntrCtrler
— Mask, FMIL

nterrupts
disabled

Execute

Check for
interrupt:

instruction

initiate interrupt
handler

Zkﬁ =i

MemRead
ALUSrcA=0
'ﬁq'?vﬁg ALUSIcA =0
Start — ALUScB =11
ALUSIcB=01 ALUOD = 00

Memory address
computation

ALUSrcA =1
ALUScB= 00
ALUOp=00

Write-back step

RegWrite

Instruction fetch

ALUSIcA =1
ALUSrcB =00
ALUOp =10

Instruction decode/
Re gister fefch

1

Jump
completion

ALUSFCB - 00 PCWrie
ALUGp =01 PCSource = 10
PCWriteCond

PCSource = 01

€=

Memory Memory

access ACCESS R-type completion IntCause = 1 IntCause =0

" CauseWrite 10 CauseWiite

RegDst =1 ALUSITA = 0 ALUSrcA=0
MemRead MemiWrite RegWiite ALUSKE = 01 ALUSICB= 01
lorD =1 forD =1 MemtoReg = 0 ALUOp=01 ALUOp =01

EPCWrite EPCWrite

PCWrite PCWrite

PCSource =1

PCSource =11

MemtoReg =1
RegDst=0

Check for
interrupts
before
fetching
next
instruction



B AL L B A EI/J m
7N =]
$492 addil:El &V o ey Y HE VA
the or
Overflow instruction
user code detected here completes
sub $11, $2, $4 \ |
and $12, $2, $5 |
or $13. $2. $6 and IF D | Ex ME\\ WB \
overflow ] Y
add $1, 52, $1 =1 or IF D | EX N\ME | wB
sit $15, $6, $7
W §15‘ 50($$?) add IF oD | & | nop
sit flush these IF ID nop
instructions
handler code W ol -
sw $25, 1000($0) W start handler code F

o DRUEST M0 N HI I 5 452 AT HYIZ H5

— P8 ZHTHIFER 58, A B 9E 2 BUH

]

27



RVHJadddig2-vim Hi 57 5 AL 7 $4.9.2

SRR MEIAK
NI oo EEEREE
- AT AT S o
— flushmHEIES L2 EWERY 0 E—_@@[ﬂr}:ﬁ
e add: IF.Flush, ID.Flush, EX.Flush = =" @‘?@ﬂc@f
— gz 75 Rl Cause =liplae

— PRAWI L EPC = B84 PC, KA !
— R ANERER: dEmETF R (RV tvec@CSR)
— SHIR[El: EPC, HEFHPUITHRE IS
oW —RREOT, Hfl (B0 A4k
o JEM “TRIZyJE I

— R AR /D K (EPC. Cause) , HAthpostis (ansy
}TCause)

28



hnn?
>
ag

beq=LHl: IF.Flush, bubble

IF ID EX

sub $r1,5r2,$r3

MEM WB

\J

Instruction flow

I_E'.H'.' WEW

=

Delay slot: one cycle!

_A} 2
/ stall (ld-used) /bubble (beq)
} Hazard ™
1 detection !
_'-'-\___ unit
A IDVEX @4'62
& _,‘-\. \\I
e I_'.:E'.-'I.WE
#- Contrgh——— A WE
- o s
— IR N M
!  ——
+ —|-_ i' |
4 —= l‘\ |5hﬂ -
N et 1 e o
\\II\__,‘JI \\ " M
N e //-\II \ —=| L —"\
- \ x
1 —| -] :I N Dvata
M | Imstruetion || i AL -
4 P PC memory ™| - M memory |~
- iy M /
- W
- -l X
N ) - .
| i
| mm | -
| Gen |
\/
. p .
o T { Fowarding t——
uriit -
o o
Flushed Continued
- >
add $r1,52,5r3 | Beq$r2,8r5,0x08 ' W $r1,0($r2) sIt $r1,8r2,$r3

29




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

EX _Flush
'/ Hazard \. OV*/‘I\‘ A:QL_I:
7_" detec.tmn - Y - . e
\ t j L
N——— = " I il
ID/EX mE 2
o x| W
P T
Control m | M [wel
""""" u v e MEM/WB
x| o | ek
IF/ID \ 4 ¥ = EX EPC . M WB —
+ @
4 .- left 2,
u
X

1

/|

—>
Registers é
-
BOD001 B0 == pcll, | Instruction N L i
memory

COD4%]4-66

#RVE|4-63 (EPC=PC)
MRTE B ¥, i (EPC. CAUSE) , %, ESRAENPC
T—/N . BESRIE %454 2




40}[“ sub x11, x2, x4
44hex and x12, x2, x5

48, ~ or X13, x2, X6
RV X 4_64 CC6 Overflow detected CIGD i w2
= 4 deasserting add 50, SUD  x15, x6, x7

54, 1d x16, 100(x7)
flush IF flush ID flush EX S
Id x16, 100(x7) sub x15, x6, xj’ add x1, x2, x1 or x13, and x12, ..
Fid

IF.Flush . :
ID.Flush : "
¢ Hazard ™ ! !
detection | ! '
unit  / ' X b
EX/MEM :
M = 10 ]
1]
X
Data
memory
13
op ° Pt -
Clock 6 ! _._I'Fﬂr‘ﬁ'El!dir'lgll !
: : 3 :

Kl4-64 :
ABIEPC=4C, Fi#fi; WREPC=58, JEKiH 31
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