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|. Introduction au sujet de projet

.1 Objectif du projet

- Mise en ouvre d’une architecture de processeur RISC
1.2 Travail demandé

- Conception

- Simulation
- Synthese
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I1. Conception de processeur RISC

1.1  Chemins de données pipeline
[1.2  Unité de controle
1.3 Aléas dans le pipeline
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11.1 Chemin de données pipeline (1)

(@)
Ordre Temps 40 ns 80 ns
d'exécution ‘
des instructions
Extraction Extraction
lw R1, 100(RO . re ; re
(RO) Instruction g UAL Donnée 9
Extraction Extraction
lw R2, 200(RO . re . re
(RO) 10 ns S ns Instruction 9 UAL Donnée 9
40 ns .
lw R2, 300(R0) Extraction re
40 ns Instruction g UAL
40 ns
(b)
Ordre Temps 10 ns 20 ns 30 ns 40 ns 50 ns 60 ns 70 ns 80 ns
d'exécution
des instructions
Extraction Extraction
lw R1, 100(RO . re ; re
(RO) Instruction 9 UAL Donnée g
lw R2, 200(R0) Extracti_on req UAL Extractjon ‘ req
Instruction = Donnée \ =
lw R2, 300(R0) Extraction re Extraction re
Instruction 9 UAL Donnée g




l. Introduction au sujet de projet
lll. Réalisation et simulation

IV. Synthése

Il. Conception de processeur RISC
V. Conclusion

11.1 Chemin de données pipeline (2)

reg_DI_EX.ex_ctrl.J_jalr
—~

reg_DI_EX.ex_ctrl.J_jr
—

DI/EX
o e EX/MEM
f DI Txem= 2 mxer £ MEM/ER
B 1 - 4 L
z o A mxex e A er
< reg_DI_EX.rs_read (PC'range) H = 4 E
:2; reg_El_DL.inst(JADR'range) ;’
8 | rmroeeme v IMMD [15..0] /jj? di_imm_ext
1 j ; ei_pc_ne#t reg_El_DlLpc_next I o e o >>_ /BraEch
+ ! BRANCH !
T NvZC - i’,:
JADR [25.0] | )
ValDec [106] reg_0I_EX.val_dec re9-EXMEW penen 1eg_MEM_ER pe_next g
CcP @ inst — ) Sianed 4>\§L°
RS [2521] @A OA di_qa a_l_Exrs_read Igne O MEM_mem_Q reg_MEM_ER.mem_Q ‘%
z —_— —
Inst RT [20..16] S eaua DS —
Cache @B b i
Banc de B Dat
i ata
Reg IStres E reg_EX_MEM.ual_S CaC h e \:
- - @W ﬂ\ 7 &
di_gb b oas D
I — D QB — R/W*
/ g ex_ALU_B - AS
W* \’):
;\ ‘ T ° . é
0
8 ° _— reg_DI_EX.rt_read reg_EX_MEM.t_read
a g

El

RT [20..16]

fLsG‘aau

reg_MEM_ER.ual_S

31 ——-—

reg_DI_EX.rt =
S
.. reg_DI_EX.rd > ex_reg_dst reg_EX_MEM.reg_dst reg_MEM_ER reg_dst
RD [15..11 [
m
B
k)

|
oY

EX

MEM

N

ER
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Il. Conception de processeur RISC

V. Concl

usion

11.2 Unité de contréle (1)

reg_EI_Dl.flush
-
OP [31..26]

~

reg_DI_EX.ex_ctrl.J_jalr

de contrble

Unité

reg_DI_EX.ex_ctrl.J_jr

DI/EX ? ?
= H EX/MEM
/L . . == ‘ e ‘ MEM/ER
ex_pe_branch 2 — L REGS_W
£ | o ] mxEX ‘ ‘ MEMC ‘ NXER | —
5 reg_DI_EX.rs_read (PCrrange) : J— E =
:g reg_EI_DLinst(JADR'range) [ — ‘Tj —
0 2
8 reg_PC(PCrange) +1° ‘ IMMD [150] s di_imm_ext reg_DI_EX.nm|_ext reg_EX_MEM.imn|_ext
32 '\
1 7\ ei_pc_neXt reg_EI_DI.pC_next reg_DI_EX.hc_rext reg_EX_MEM.pc_fext F/Jf .
+ \
nvze j /z¢ ‘
JADR [25..0] ,
ValDec [10..6] reg_0)|_EX.val_dec ro0 BX MEMpe e 09 MEM_ER.pe_next g
[eopeegee o
o g
cPl—-@ inst— — _ g Sianed e
RS [25..21] @A oA di_ga heg g Ex 1 reas [~ — Signe MEM_mem_Q reg_fEM_ERmen @ Ly
g . - [ = —
> Inst RT [2016] '; ex_ALU_A E < DS L ‘;
Cache @B e 8| & =
Banc de d A R Dat
i ata
Registres z ALU reg_EX_MEM.ual s Cache ‘:
— - ew ) D )
D QB dl_qb g_DI_EX.rt_read B RIW*
/P é ex_ALU_B AS
N W* > ‘ N
§|T T 1 ok
. 0 ——=]
8 reg_DI_EX.rt_read reg_EX_MEM.rt_read
&
o o0 fEM ERual S
RT [20..16] ewoiexn A
RD [15..11] reg_DI_EX.rd '% ex_reg_dst reg_EX_MEM.reg_dst reg_MEM_ER reg_dst
o}
s —= 'y
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Il. Conception de processeur RISC

V. Conclusion

11.2 Unité de contréle (2)

Etage DI Etage EX
Lignes de controle Lignes de controle
MUX MUX MUX
OPCODE FCODE | rt/B —
BN
g = 6| ) [ [ o 5
[0) . = .
O = I || : : - i n 3
ADD 0 - - ALU_ADD 1 REGS_QA|REGS_QB| REG_RD - -
ADDU 0 - - ALU_ADD 0 REGS_QA|REGS_OB| REG_RD - -
SuUB 0 - - ALU_SUB 1 REGS_QA|REGS_QB| REG_RD - -
SUBU 0 - - ALU_SUB 0 REGS_QA|REGS_QB| REG_RD - -
iAND 0 - - ALU_AND 0 REGS_QA|REGS_OQB| REG_RD - -
iOR 0 - - ALU_OR 0 REGS_QA|REGS_OB| REG_RD - -
TYPE R iNOR 0 - - ALU_NOR 0 REGS_QA|REGS_QB| REG_RD - -
"000000" iXOR 0 - - ALU_XOR [0} REGS_QA|REGS_QB| REG_RD - -
SLT 0 - - ALU_SLT 1 REGS_QA|REGS_OQB| REG_RD - -
SLTU 0 - - ALU_SLT 0 REGS_QA|REGS_OB| REG_RD - -
LSL 0 - - ALU_LSL 0 REGS_OB| VAL _DEC| REG_RD - -
LSR 0 - - ALU_LSR 0 REGS_OQB| VAL DEC| REG_RD - -
JR 0 - - - - REGS_QA|REGS_QB| REG_RD 1 -
JALR 0 - - - - REGS_OA|REGS_OB| REG_RD - 1
— BLTZ 1 - — |IT1I[ALU_suB 1 REGS_QA| VAL_O - - -
Gt BGEZ 1 - - ALU_SUB 1 REGS_QA| VAL O - - -
BLTZAL 1 - - 5 ALU_SUB 1 REGS_QA| VAL_O R31 - -
BGEZAL 1 - - E ALU_SUB 1 REGS_QA VAL_O R31 - -
J 0 1 - - - - - - - -
TYPEJ —7T 0 - 1 | - - - - R31 - -
ADDI 1 - -~ |THIALU_ADD 1 REGS_QA| IMMD REG_RT - -
ADDIU 1 - - ALU_ADD [0} REGS_QA IMMD REG_RT - -
SLTI 1 - - ALU_SLT 1 REGS_QA IMMD REG_RT - -
SLTIU 1 - - ALU_SLT [0} REGS_QA IMMD REG_RT - -
ANDI 0 - - ALU_AND [0} REGS_QA IMMD REG_RT - -
ORI 0 - - ALU_OR 0 REGS_QA|[ IMMD REG_RT - -
XORI 0 - - ALU_XOR [0} REGS_QA IMMD REG_RT - -
0 - - ALU_LSL 1 IMMD VAL_16 REG_RT - -
LB 1 - - ALU_ADD 1 REGS_QA IMMD REG_RT - -
TYPE | LH 1 - - ALU_ADD 1 REGS_QA IMMD REG_RT - -
- LW 1 - - ALU_ADD 1 REGS_QA IMMD REG_RT - -
LBU 1 - - ALU_ADD 1 REGS_QA IMMD REG_RT - -
LHU 1 - - ALU_ADD 1 REGS_QA IMMD REG_RT - -
SB 1 - - ALU_ADD 1 REGS_QA IMMD - - -
SH 1 - - ALU_ADD 1 REGS_QA IMMD - - -
SW 1 - - ALU_ADD 1 REGS_QA IMMD - - -
BEQ 1 - - ALU_SUB 1 REGS_QA|REGS_OB - - -
BNE 1 - - ALU_SUB 1 REGS_QA|REGS_OB - - -
BLEZ 1 - - ALU_SUB 1 REGS_QA|REGS_QB - - -
BGTZ 1 - - ALU_SUB 1 REGS_QA|REGS_OB - - -
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Il. Conception de processeur RISC

V. Conclusion

[1.2 Unité de contrGle (3)

Etage MEM Etage ER
Lignes de contrdle Lignes de contrdle
MUX MUX
OPCODE FCODE rt/ B g
g g 5| 3 % d | @
| | | I E E
g | H e o o
ADD (¢] - - - (¢] - (¢} ALU_S
ADDU (0] - - - (0] - (¢} ALU_S
suB (0] - - - (0] - (¢} ALU_S
sSuBU [0} - - - (¢] - O ALU_S
iIAND (¢] - - - (¢] - (¢} ALU_S
iIOR (¢] - - - (¢] - (¢} ALU_S
TYPE_R iNOR (¢] - - - (0] - 0 ALU_S
"000000" iXOR (¢] - - - [0} - (¢} ALU_S
SLT (¢] - - - (¢] - (¢} ALU_S
SLTU (¢] - - - (¢] - (¢} ALU_S
LSL (¢] - - - (¢] - (¢} ALU_S
LSR (0] - - - o - (¢} ALU_S
IR (0] - - - (0] - 1 -
JALR o - - - o - (0] NextPC
TVYPE B BLTZ (0] - - - 1 B_bltz 1 -
" 000061" BGEZ (0] - - - 1 B_bgez 1 -
BLTZAL (0] - - - 1 B_bltz (¢} NextPC
BGEZAL (0] - - - 1 B_bgez (6} NextPC
J (0] - - - (0] - 1 -
TYPE J JAL o - - - o - (o} NextPC
ADDI (¢] - - - (¢] - (¢} ALU_S
ADDIU (¢] - - - (¢] - (¢} ALU_S
SLTI (0] - - - (0] - (¢} ALU_S
SLTIU (0] - - - o - O ALU_S
ANDI (0] - - - (0] - (¢} ALU_S
ORI (¢] - - - (¢] - (¢} ALU_S
XORI (¢] - - - (¢] - (¢} ALU_S
(0] - - - (0] - (¢} ALU_S
LB 1 1 MEM_8 1 (0] - (¢} MEM_Q
LH 1 1 [MEM_16] 1 [6) - 6] MEM_Q
TYPE_I LW 1 1 [MEM_32[ 1 [6) - 6] MEM_Q
LBU 1 (¢} MEM_8 1 (¢] - (¢} MEM_Q
LHU 1 (¢} MEM_16 1 (0] - (¢} MEM_Q
SB 1 1 MEM_8 (0] (0] - 1 -
SH 1 1 MEM_16 (0] o - 1 -
SWwW 1 1 MEM_32 (¢] (¢] - 1 -
BEQ (¢] - - - 1 B_beq 1 -
BNE (0] - - - 1 B_bne 1 -
BLEZ (0] - - 1 B_blez 1 -
BGTZ [¢) - - 1 [B_bgtz 1 -
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11.3.1 Aléas de données
11.3.2 Aléas de branchement
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IV. Synthese

Il. Conception de processeur RISC

V. Conclusion

11.3.1 Aléas de données (1)

1. Aléas de données a I'étage EX

Temps (en cycles d'horloge)

R

=

C3

ésultat a écrire;

dans R1

UAL’2

! | |

C1 C2
Ordre ‘
d'exécution
des instructions ‘ é
ADDI R1,R0,1 @- L Reg
ADD R2,R1,RO‘ MI

2. Aléas de données a I'étage MEM

Ci1
Ordre \ \

d'exécution
des instructions

Cc2

LW R1,4(R0) E

Temps (en cycles d'horloge)

C3

ADDI R2,R0,1

ADD R2,R1,R0

!

—
C4 c5 o
® ‘ ‘
Ecriture dans Rl‘ ‘
MD Re g
MD | I Reg ‘
—
C4 c5 -
| | o |
Résultat a écrire
dans R1, _Ecriture dans R1
MD Re g
UAL M D RE g
Lecture de Rl“
» RE g | UAL M D

Cc7

Cc7

Reg

11
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11.3.1 Aléas de données (2)

—~

reg_EI_Dl.flush
LI

reg_DI_EX.ex_ctrl.J_jalr

reg_DI_EX.ex_ctrl.J_jr

OP [31..26] Unité _
F[5.0] de contréle =
B [20..16]
di_ctrl_diaj |
di_ctrl_di.J_jal

mem

—= H EX/MEM
w% - = mxer MEM/ER
IS EVDI = H\ | i | S
g =] mxEX MEM| NXER [=
S reg_DI_EX.rs_read (PC'range) ——
X | ODLERIS TOACPETANGS) E
I?% reg_EI_DIinst(JADR'range)
»
3 . o P
O | repolPerange) vy IMMD [15..0] 5 di_imm_ext reg_DI_EX fnm| ext reg_EX_MEM.imn| ext i
. ST
1 *\ el_pc_next feg_E |_D|-pC_n6Xt reg_DI_EX.fic_rext reg_EX_MEM.pc_hext g N
i+
NvZC
JADR[25.0] | B
_EX_MEM.pc_fiext _MEM_ER.pc_next 2
ValDec [106] 0. DI EXl_dec res. pe_pie reg. pe_next §
— > s
c 8
. ‘m ©
cP @ inst _ g Sioned —
RS [25..21] @A QA dl_qa req_DI_fx.rp réad [~ — Slgne: MEM_mem_Q reg_MEM_ER.mem_Q
H I
Inst RT 20 16 ‘: ex_ALU_A )E> E DS
Cache [20..16] @B —= £ z ol 'e -
\ < 3| S
2 o H
Banc de S £ }‘—A Dat
Registres > ey exAA ata o
g ‘i ALU s reg_EX_MEM.ual S Cache \é
——ew § ~ i ’
dl_qb reg_DI |EX.rt_read < ‘; SAVID D *
_— —— D QB - RIW
= exAuB_ x AS
e w T -
'y {
;\T T o —= 4§
~_
8 0 - g EX_MEM.1t_read
i 2 exmem daa reg_EX_MEM.1t_rea
2 ]
RS [2521] « reg_DI_EXrs E [“f reg_MEM_ER.ual_S
% =5 —
- reg_DI_EX|it -
RT [20..16 =
g
RD [15..11] reg_DI_EXyd ‘% ex_reg_dst reg_EX_MEM.reg_dst reg_MEM_ER.reg_dst
(o}
OP [31..26] ro0.01 Ex o o] 2 |
i 1 R I AL ! |
reg_DI_EX.rt Un |té reg_MEM_ER.er_ctil.regs_W
reg_DI_EX.rs ' H reg_EX_MEM.reg_dst
d envol veziMENLER reg,ua
-

12




[1l. Réalisation et simulation

l. Introduction au sujet de projet
IV. Synthese

Il. Conception de processeur RISC
V. Conclusion

11.3.1 Aléas de données (3)

3. Aléas de données lorsqu'une instruction tente de lire un registre a la suite d'une instruction de chargement écrivant dans le méme registre
€) Temps (en cycles d'horloge), _—
C1 Cc2 C3 o C4 C5 C6 C7 c8
Ordre | | | | | | | |
d exgcutlon. Résultat & écrird
des instructions dans R1, _|Ecriture dans R1
LW R1,4(R0) ‘ MD Reg ‘ ‘ ‘
‘ ‘Lecture deR I/_,ectu’rederR ‘ ‘
ADD R2,R1,RO‘ ‘\ ; Reg H lRég ‘ MD Reg ‘ ‘
Susgend-re ‘
ADDI R2,R0,1 ‘ ‘ M 2 MD Reg ‘
| |
(b)
Temps (en cycles d'horloge) —
C1 Cc2 C3 C4 C5 C6 Cc7
Ordre \ \ \
d'exécution
des instructions ‘ Ecriture dans Rl‘ ‘
LW R1,4(R0O) ‘ ‘ ‘
ADD R2,R1,R0 Reg ‘
ADDI R2,R0,1 ‘ MD Reg ‘

13
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V. Conclusion

11.3.1 Aléas de données (4)

ex_reg_dst

ex_halt reg_DI_EX.mem_ctr.DC_AS

MEM/ER

REGS_W

L —
Unité de reg_DI_EX.mem_ctr.DC_RW *
reg_EI_DLinst(RT'range) détection RN T
reg_EI_DLinst(RS'range) d'aléas req EI Dlflush o
OP [31..26] Unité ——
- e R —
F[5.0] de contréle —
B [20..16]
dietl_didj ] |
di_ctrl_di.J_jal
mem_branch
I
]
DI/EX T
— i
[
1 ‘ EX/MEM
E] | —
3 : -
J/ ex_pc_branch E] 2 F ‘H—V i
g - - I
E4 | - e g
S reg_DI_EX.rs_read (PC'range) g ] mxEX H: f—
; - -
— 3 reg_EI_DL.inst(JADRange) —
II/J —
F
3

reg_PC(PC'range) +1'

reg_DI_EX.imm|_ext

reg_EX_MEM.imn| ¢

ext

IMMD [15..0] C)i\ di_imm_ext
52
reg El Dlpc_next

reg_DI_EX.pc_rlext

reg_EX_MEM.pc_fiext

lj: ei_pc_next
3 _pcC_|

JADR [25.0] !

T f

NvZC

]

reg_EX_MEM.pe_fiext reg_MEM_ER pe_next 2
ValDec [106] reg_DI_EX.val_dec \é
cP @ inst — H . —
RS [25..21] A di_ga | eooiecsdu [ Signed MEWmen.Q | moMEM ERmanQ g |
Inst RT [20..16] @ QA & | onon 2| 2 DS Q -
- gAY S| — -3
T Cache @B : \él\ 3| ¢ 8
o g
Banc de £ €
Registres . | 5 Jex ALuxa A Data °
g 1= ALU reg_EX_MEM.ual S CaChe \5
aw S | :
. ] -—= | D
dl_qb reg_DI_EX.rt_read \L E j&(iB -
. — D QB -z R/W
/ é ex_ALU_B x AS
— W* > N
— f
=t o § |
: — | |
| S ex_mem_data reg_EX_MEM.rt_read
RS [25..21] x eapiiie B
1. 1 reg DI_EXis © 5 reg_MEM_ER.ual_S
2
RT [2016] reg_DI_EX|rt le\
g
RD [1511] reg_DI_EX rd ‘% ex_reg_dst * reg_EX_MEM.reg_dst reg_MEM_ER.reg_dst
3
|
OP [31..26] s 01 Exdoa] o] &
] rl o | i
reg_DI_EX.it U n | té reg_MEM_ER.er_ctrl.regs_W
reg_DI_EX.ts d'envoi reg_EX_MEM.reg_dst

reg MEM_ER.reg_dst

14
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11.3.1 Aléas de données (5)

reg_EX_MEM.reg_dst

P.vV
mem_halt reg_EX_MEM.mem_ctrl.DC_AS
Unité de reg_EX_MEM.mem_ctrl.DC_RW
rea-bLEx 4 : reg_EX_MEM_er_ctrl.Regs_W
TeaDLEX™S détection
l d'aléas reg_EI_Dl.flush
s 5 g - OP [31..26] Unité —
. F[5..0] { de contrdle =
B
B [20..16]
reg_DI_EX.ex_ctrl.J_jalr di_ctl_didj |
reg_DI_EX.ex_ctrl.J_jr 'J,;:L\;:w f,n'\rh

DI/EX ?
mXER H EX/MEM
/L . ‘ ‘ MEM/ER
ex_pe_branch EI/DI Z — H H [ ] REGs.w
€ | reg b1 Exrs read (PCrange) E —= " Ve e
— :g reg_EI_DLinst(JADR'range) — > I~ flu
gy exfush |
2 o e Y
a reg_PC(PC'range) +1' IMMD [150] s dl_lm m_ext reg_DI_EX.imm|_ext reg_EX_MEM.imm_ext \ )
: 32 A Branch
1—2\ ei_pc_next reg_EI_Dl.pc_next reg_DI_EX.po_ext rog_Ek_MEM.pc_next , ;
i+ [~ aRANGH ‘
T NvzZC j\r’ )
T JADR [25..0] T ) -
reg_EX_MEM.pc_next reg_MEM_ER.pc_next F
ValDec [10..6] 1eg_DI_EXval_dec 8
feg. DL > \l\%
£ 3
. ' S
CP—@ inst ) g — sianed g
RS [25..21] @A oA di_ga reg_D1EX 5 dad [~ L—— Signe o MEM_mem_Q reg_jiEM Efmen
Inst & 2| & b
RT [20..16] 1 emn 2| 2 DS e
T Cache @B 5 \§’\ 3 ¢ 5/
Banc de 5 e E ALU_XA A 1T Data
. e 5 Jex ALy
Reg istres z ALU reg_EX_MEM.ual_S 2
aw 7 S — Cache 3
2 g
di_gb }‘%l R g exae D
D QB | reg_DI_EX.rt_read [ B RIW*
— N,
é ex_ALU_B ‘é AS
— W* ! —
—Z
'n
2 oo g |
[0} =
(O] o = S |ex_mem_data reg_EX_MEM.it_read
RS [25..21] o 2
" reg_DI_EX.rs wgl by reg_MEM_ER.ual_S
St A 2 §
R [20..16] reg_DI_EX.t ; Y
g
RD [1511] reg_DI_EX.rd ‘% ex_reg_dst reg_EX_MEM.reg_dst reg_MEM_ER.reg_dst
3
31 '9 reg_EX_MEM.code_op
OP [31..26] reg_DI_EX.codd_op| 4 -
S " * / | ’
t ——-— ™\ reg_EX_MEM.er_ctrl.regs_W
‘ eg_DI_EX.rt un |té reg_MEM_ER.er_ctrl.regs_W
& eg_DI_EX.Is ' : _EX_MEM.reg_dst
e, drenvol L
I [ Jmembal
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11.3.2 Aléas de branchement (1)

Temps (en cycles d'horloge),

]

Ordre C1 c2 C3 C4 C5 C6 c7 C8 C9 C10
d'exécution | | | Branch t‘ | | | |
. - ranchemen
des instructions  effectus
K R R
i b
& #— Reg
il i
| e e I |

44 ADD R12,R4,R5 ‘

|
|
|

K K Ko + +  +
48 OR R13,R6,R4 ‘ 4 4 B e -
M EE— i i Reg -

XY 4 Rl
bl Y| ¥ + o+ 4

52 ADD R14,R4,R4 J

Fﬁ

\
40 BEQ R1,R3,28 ‘ M %F Reg
|
|
|
|
|
|
|
|
|
\

| ; ;i
72 LW R2,50(R7) i Reg Reg
I |
Temps (en cycles d'horloge),
Ordre C1l C2 C3 C4 C5 C6 Cc7 C8 c9 C10

d'exécution ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘

des instructions Brzl;fcehcmem 7
MD —i— Reg ‘ ‘ ‘ ‘

-
KRésultat a écrir4 ‘ ‘ ‘

3

N
|

44 LW R1,4(R0)

1
|

Ml

48 ADD R2,R1,R0 ‘ ‘

s

zoz]

e,
IRERHIIITS

Reg

4%» Reg
-

Reg

H
52 ADDI R2,R0,1 ‘

T
72 LW R2,50(R7) ‘

ey
TR

Ta%

&2
e

&2

\
40 BEQ R1,R3,28 ‘ M %V Reg
|
|
|
|
|
|
|
|
|
\
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11.3.2 Aléas de branchement (2)

reg_EX_MEM.reg_dst PV
mem_halt reg_EX_MEM.mem_ctr.DC_AS
ol ex Unité de reg_EX_MEM.mem_ctrl.DC_RW
reg_DI_EX.1t . ) reg_EX_MEM.er_ctrlRegs_W
oo exe | d€tection —
d'aléas reg_El_Dl.flush
-/ OP [31..26] Unité —
F[5.00 \ de contrdle P
B [20..16]
reg_DI_EX.ex_ctrl.J_jalr di_ctr_did] |
reg_DI_EX.ex_ctrl.J_jr d :‘»w:h;‘hj;,
l DI/EX
= mxer H EX/MEM
} ‘ MEM/ER
ex_pe_branch EI/DI [ ‘ ‘ REGS_W
g reg_DI_EX.rs_read (PC'range) Gl g o mxex MEM MAER
| — ] —— E =
3 reg_EI_DLinst(JADR'range) ex_flush [ — o ex_flush | — I ex.flush l
‘£ ~— |mem_flush | = T e |
o reg_PC(PC'range) +1' IMMD [150] 9 di_imm_eXt mem_flush req_DI_EXimm_ext eq_ X MEM.mn] okt i
32> D\
. . Branch
1 f\ ei_pc_next reg_EI_DI.pc_neXt reg_DI_EX.pc_next reg_EX_MEM.pc_iext F/ ) §
+ (eranch )
T e o_rvee ‘
A [nvze )
i JADR [25.0] |
reg_EX_MEM.pc_fiex} reg_MEM_ER.pc_next 2
ValDec [10..6] reg.gLEX val_fec 8
SR @
£ 8
CP @ inst ——— | — . g [ Signed £
RS [25..21] @A 0A di_qa reg_O1_EXrs_rdad [~ igne 0 MEM_mem_Q reg_WEM_ERmem Q
g > I [
Clnsf: RT [20..16] 5 [ecawa ElE — DS i s
ache @B T e z 9l & 3
9 = H =
Banc de 3 — E
Registres » 1 Data .
c reg_EX_MEM.uall S I
@wW 2 Cache 3
— Ed 2
. o] =
digb | e poxes i - f b
_ D QB 1o RIW Y
z ex ALUB _ x AS
/ _— w* = i
—
o
2 T o g | T
0 =z
8 0 = ‘% ex_mem_data reg_EX_MEM.1t_read ‘
74 2
RS [25..21] B J L —
RT [20..16] reg_D|_EX|rt ék f
. reg_DI| EXJrd 2 ex_reg_dst reg_EX_MEM.reg_dst reg_MEM_ER.reg_dst
RD [15..11 :
@
I - i d
OP [31..26] ool B * ST I
A P i /¥ | a
—— t ™\ reg_EX_MEM.er_ctrl.regs_ W
T eg_DI_EX.rt un |té reg_MEM_ER.er_ctrl.regs_ W
- eg_DI_EX.rs ' : reg_EX_MEM.reg_dst
mem_halt d'envoi reg_MEM_ER.reg_dst
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I11. Réalisation et simulation

[11.1 Mise en ceuvre de processeur RISC en VHDL
[11.2 Compilateur
[11.3 Reésultats de simulation
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[11.1 Mise en ceuvre de processeur RISC en VHDL

registres.1.vhd
memory.1.correction.vhd
cpu_package.2 1.vhd
V5cpu_package.2.vhd et V5risc.0.vhd
V6cpu package.2.vhd et Vé6risc.0.vhd
logique.i.O.txt

logique.d.O.txt

[11.2  Compilateur

r3kasm2.c et r3kasm2.h
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[11.3 Reésultats de simulation

a. Les résultats de simulation des fichiers V6cpu

Avec fichier testadd.txt :

ftest_risc/r3kfer_regd X

frest_risc/r3kfer_adrw X

Avec fichier bench_1.txt :

// Bench_1.txt
addi R1,RO,1
sw R1,2(R0)
addi R1,RO,1

//R1&1

// M[2+R0] € 1

//R1&1

ftest_risc/r3kfer_regd X

Jtest_risc/r3k/fer_adrw X

ftest_riscfr3kfer_reqd X

Jrest_risc/rIkjer_adrw X

Avec fichier testadd.txt :

frest_risc/r3kfer_regd X

frest_risc/r3k/er_adrw X

Avec fichier bench_1

ftest_risc/rikfer_regd X

Jrest risc/r3kfer_adrw X

ftest_risc/r3kfer_reqgd X

Jtest_risc/r3kjer_adrw X

—12_J16 641 256 [4 }" le {200 sw R1,4(RO) // M[4+R0] €1
L o I3 fs Is Is Jo lw R1,4(RO) // R1 € M[4+R0] (R1=1)
addi R2,R1,2 //R2 € R1+2 (R2 =3)
TR Coeon o | add R].O.RZ,R]. // RlOé R1+R2 (R10=4)
015 50 ns lﬂ%ns
Sans-suspension-au-pipetine
—1 2 I [« It B I+ 12 5 2 Iz 22 5 Iz s I I« I Iz I« |2
It Jo Ji Jo Ju o It 2 I 2B I 265t Jo 1 Jo It T2 Twor
T sans suspension du pipeline ¢
Avec fichier test_aleas_plus.asm : P P1p
—{10 Jao 1 ]z 3 l4 5 110 Jo 5 I8 0 5 1] 10
J1 3 |4 fo_Juw o Js Jo ) CHD (G | £ T 0 i
v~ |
branchement effectué
b. Les résultats de simulation des fichiers V5cpu package.2.vhd et V5risc.0.vhd
——{12 16 Jsa1Jese]a I8 Jie Q20 Jao [oa Je41 J12 657 Js12 J897 Js49 24 iﬂ
I I k& I« Is I lo 131 Joao J21 J22 Jw J7 Is Yo Ji1 Ja Jao J21 a2 {u
xt - P-avec suspension du pipefine
—1 I 1 [« 1 I G b & 6 & B B & B 5 &2 s 1 Ja i Is I
I1 [n i o n |2 1w it [z hoI2 I3 I 2 Iz b Iu I e 1 |2
Avec fichier test_aleas plus.asm : AVEC SUSPETTSTON Uurpipetine ¥
——{10 120 1 |2 [3 J« s lio 1o s s Tl: s & s o J10
L Iz Iz I« o Tiolo 5 o | (D G 31 To L
~ 1 20

branchement effectué
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V. Synthese

Fichier de Période Fréquence | Chemin \oltage | Puissance | Puissance | Nombre

synthese d'horloge | de I’horloge | critique [V] dynamique | statique de
TeLk [ns] [MHZz] [ns] [mW] [UW] cellules

V5risc.0.vhd |10 100 9,85 3,30 54,5345 1,4224 14185
9 111,11 8,85 3,30 60,7387 1,4325 14322

8 125 7,85 3,30 68,3236 1,4376 14383

7 142,86 7,68 3,30 78,2718 1,4425 14415

Vérisc.0.vhd |8 125 7,96 3,30 68,7665 1,4603 14583
7 142,86 7,79 3,30 78,4423 1,4596 14603
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V. Conclusion

Important
- Aider a comprendre les concepts abordes dans le cours

- Maitriser les logiciels: ModelSim, Cadence, AutoCAD, Synopsis

Difficultés

- Prendre beaucoup de temps

- Blogueé parfois

- Sans logiciel Synopsis sur mon PC pour faire la synthese
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11.1 Chemin de données pipeline (2)

reg_DI_EX.ex_ctrl.J_jalr

di_ctrl_diJj |

EX/MEM

LI 1
El 3
= G
]

2 )

reg_EX_MEM.imm_ext

reg_EX_MEM.pc_next

reg_DI_EX.ex_ctrlJ_jr uu‘:l’”!‘?f“jyl ;
DI/EX
g EI/DI 1F
; reg_DI_EX.rs_read (PC'range) ; g e g
‘g reg_E|_Dl.inst(JADR'range) z —
3 reg_PC(PC'range) +1' IMMD [15..0] /ej—\ di_imm_ext reg_DI_EX.imm_ext
32
1 —b ei_pc_ne)Lt reg_EI_DI.pC_neXt = reg_DI_EX.pc_next
JADR [25..0] T
ValDec [10..6] reg_DI_EX.val_dec
cPL-—@ inst — 8
RS [25..21 di_ga e s_rea
Inst [ ] @A oa =2 T
5 ex_ALU_A
st RT [20..16] o8
Banc de £
Registres z
— Jaw @\
di_gb reg_DI_EX.1t_read

El

RT [20..16]

ex_ALU_B

84S NIV XNW

reg_DI_EX.rt_read

paubis™ Ny

MEM/ER

nvze
| — -
reg_EX_MEM.pc_next reg_MEM_ER.pc_next F]
8
E
8
5
Slgne MEM_mem_Q reg_MEM_ERmem Q '3
R 8 —
a
DS %
L—— 8
=
Data o
reg_EX_MEM.ual_S Cache 3
2
D
R/W*
AS
—

reg_EX_MEM.i}_read

/150 034

reg_DI_EX.1t

RD [15..11]

reg_DI_EX.rd ex_reg_dst

reg_MEM_ERual_S

reg_EX_MEM.reg_dst

reg_MEM_ER reg_dst

N
oY

1Sa 939 XNW

31—t
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11.2 Unité de contréle (1)

reg_EI_Dl.flush

OP [31..26] Unité ]
- F[5.0] de contréle —
B [20..16]
reg_DI_EX.ex_ctrl.J_jalr dicti_didj |
reg_DI_EX.ex_ctrl.J_jr d ;”ﬂ‘”“:rlnh
H EX/MEM
o} EI/DI ‘ —= ‘ MEM/ER
ex_pc_branch IS &
H I — z \— ‘ NXER | rees W
S reg_DI_EX.rs_read (PC'range) i E
‘3 reg_EI_DLinst(JADRTange) [ ﬂ \‘ l
8 | reopc(eerange) +1 | IMMD [15..0] 5 di_imm_ext e, EX MM ot
_ ; El DI 32 ’\ Branch
1 \ ei_pc_next reg_EI_Dl.pc_next oo Ex et b / | % 7
p | BRANCH
B_TYPE
JADR [25..0] -
ValDec [106] - reg_EX_MEM.pc_fiext reg_MEM_ER pc_next g
> ‘u;
CPL—@ inst—~ | — 2 _ \g\a
RS [25..21] z Signed MEM_mem_Q reg_MIEM_ER.mem_Q ‘%
Inst @A QA g e _Mewmen-2 | iy
> RT [2016] 5o [exAup E ‘E DS ‘%
Cache @8 g [ L [ g
Banc de 3 A oat
. ata
RegIStres E ALU reg_EX_MEM.ual S Cache ‘:
— @W é 5 &
7 — P QB B = RW* !
/P = [exaAwp AS
- W g ‘
=l
2
8 _ reg_DI_EX.rt_read reg_EX_MEM.rt_read
= g
o ’7 reg_MEM_ER.ual_S
RT [20..16] .
RD [15..11] '% ex_reg_dst reg_EX_MEM.reg_dst reg_MEM_ER reg_dst
@




l. Introduction au sujet de projet
lll. Réalisation et simulation

IV. Synthése

Il. Conception de processeur RISC

V. Conclusion

11.3.1 Aléas de données (2)

—~

reg_EI_Dl.flush
LI

OP [31..26]

i
F[5.0]

reg_DI_EX.ex_ctrl.J_jalr

reg_DI_EX.ex_ctrl.J_jr

f_didj |

Unité
de contréle

[RECE AN
‘ B [20..16]
di_ct
di

ctrl_di.J_jal
mem_branch

H EX/MEM
j/ - —= ‘ = - MEM/ER
ex_pe_branch EI/DI = — = H‘ ‘ REGS_W
g =] mxEX MEM| NXER [=
|§ reg_DI_EX.rs_read (PC'range) ] — —
I?% reg_EI_Dlinst(JADR'range) 1 \ B \—
8 | s pocmnge e IMMD [15..0] 5 diimm_ext i
32
1 *\ ei_pc_next reg EI_DIl.pc_next = reg_DI_EX.c_rext reg_EX_MEM.pc_fiext g ¥
i+
NvZC
JADR[25.0] |
ValDec [106] reg_DI_EX.val_dec rog EXMEM e peot 1e9_MEM_ER pe_next g
— > s
e 8
cpP @  inst 8 oned I
RS [25..21] on LI A S T - Signe e mem0 | | oo wew_chmen 0
Inst RT [2016] || ‘; ex_ALU_A _ E E DS
Cache @B < g 8| ¢
Banc de S £ }\—A X Dat
. R I ex_ALU_XA ata -
@I?;leglstres g \/ ALU o reg_EX_MEM.ual S Cache §
dl_qb reg_DI |EX.rt_read iJ\ ; oA e D
I — D QB — —Iz R/W*
£ B % AS
. W+ T —
;\T T o —= 8
n T
8 ° / E ex_mem_data reg_EX_MEM.rt_read
RS [2521] 14 reg_DI_EX.rs é - é reg_MEM_ER.ual_S
RT [20..16] ewoiexn [ T
RD [1511] reg_DI_EXfd ‘; ‘ex_reg_dst reg_EX_MEM.reg_dst reg_MEM_ER.reg_dst
(o}
OP [31..26] req.01 Exdot op| 3 )
Pl 7 oy 7

reg_DI_EX.rt Un |té
reg_DI_EX.rs d'envoi
|

reg_EX_MEM.er_ctrl.regs_W

reg_MEM_ER er_ctrl.regs_ W

reg_EX_MEM.reg_dst

reg_MEM_ER reg_dst
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11.3.1 Aléas de données (4)

ex_reg_dst
ex_halt reg_DI_EX.mem_ctr.DC_AS
Unité de reg_DI_EX.mem_ctr.DC_RW — *
reg_EI_DLinst(RTrange) déleclion req_DI_EX.er_cirlRegs W
reg_E|_DLinst(RS'range) d'aléas reg_EI Dl.flush .
OP [31..26] Unite —
- - f .
. F [5..0] de contrble —
B [20..16]
reg_DI_EX.ex_ctrl.J_jalr dicnl didj | [
di_ctrl_di.J_jal
reg_DI_EX.ex_ctrl.J_jr S

== mxer EX/MEM
y £ N == vem meeR MEM/ER
/i/ ex_pc_branch ] - = 7EX L H " ‘ = REGS_W
S reg_DI_EX.rs_read (PC'range) S ™ J
— :E reg_EI_DLinst(JADR'range) . —
v
9 ey 1
O | reo-PCPCrange) +1 IMMD [15..0] 5 di_imm_ext req_DI_EX.imm|_ext reg_EX_MEM.imn] ext
52
1 j ; ei_pc_next reg_EI_Dl.pc_next e reg_DI_EX.pc_tlext reg_EX_MEM pc_fiext
+
T * NvzZC
JADR [25.0] !
reg_EX_MEM.pc_fext reg_MEM_ER.pc_next k-]
ValDec [106] reg_DI_EX.val_dec \é
Teg_DL N i
c 2
cP @ inst — 8 — Sioned — -
RS [25..21] @A oa 9| e S \gne Mewmen.Q| s MeMERmenQ g |
Inst & = DS B
ex_ALU_A < 1)
T Cache RT [20..16] @B § \él\ E 3 g
3 > 2
Banc de £ < A Dat
. | 5 Jex ALuxa ata
Registres E ALU o e EX_MEM.ual S Cache a
@w ] -
di_gb o ex s [ = wAe g 7 D
_ eg_DI_EX1t_reax
— — D QB -z R/W*
/ é ex_ALU_B x AS
J— W* > * ..
-
|
e
=t N
0 B
8 0 ——= ‘% ex_mem_data reg_EX_MEM.1t_read ‘
RS [25..21] @ oL B
L 1 reg_DI_EXurs pis g reg_MEM_ER.ual_S
I
RT [2016] reg_DI_EX\rt le\
£
RD [15 1 1] reg_DI_EXd ‘% ex_reg_dst * reg_EX_MEM.reg_dst reg_MEM_ER.reg_dst
OP [31..26] 15 01 Ex o o
/ / * L7 ? reg_EX_MEM.er_ctrl.regs_W ‘ ‘
reg_DI_EX.rt Un i té reg_MEM_ER.er_ctrl.regs_W
reg_DI_EX.rs ' : _EX_MEM.reg_dst
denvoi - e
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11.3.1 Aléas de données (5)

reg_EX_MEM.reg_dst

P.vV
mem_halt reg_EX_MEM.mem_ctrl. DC_AS
Unité de reg_EX_MEM.mem_ctr.DC_RW
oo b 4 : reg_EX_MEM_er_ctrl.Regs_W
o bl x| d€tection
l d'aléas reg_EI_Dl.flush
S5 3 - OP [31..26] Unité —
. F[5..0] | de contrdle =
R
B [20..16]
reg_DI_EX.ex_ctrl.J_jalr dicti_diJj |
reg_DI_EX.ex_ctrl.J_jr di\:‘u?v‘fJ’\‘rh

DI/EX ?
mxER H EX/MEM
MEM/ER
j/ ex_pc_branch EI/DI : - H REGS_W
£ z —=] mxex Ve | mxER =
[ reg_DI_EX.rs_read (PC'range) ; f—— = \;
— :g reg_EI_DLinst(JADR'range) — > I~ flu
oy f— - =
2 o v P
& reg_PC(PCrange) +1 IMMD [150] s d|_|m m_ext reg_DI_EX.imm|_ext reg_EX_MEM.imm_ext \ )
1*\ i EI_DI t 2 . Branch
el_pC_neXt reg_kl_DIl.pCc_nex reg_DI_EX.pc_ext reg_EX_MEM.pc_next i :
E+ / BRANCH ‘
T NvzC ;\y’ )
T JADR [25..0] T ‘ .
reg_EX_MEM.pc_next reg_MEM_ER.pc_next 2
ValDec [10..6] eg_DI_EXval dec 8
z \l\g
£ 3
. k o
CP——@ inst ) g 7 Signed g
RS [25..21] di_ga  poiec s [ -~ Signe MEw e | g EW Een 0
Inst RT [20..16] @A QA S Jocmuk 2| 2 DS Q
> ex_ALU_f | »
- S B DDA L — 3
T Cache @B ; % f 3 H 8/
Banc de > —=c _—
Registres 2 s A Data N
g = ALU reg_EX_MEM.ual_S cC h [
a@w 7 S — ache H
] 8 -2 D
D 0B di_gb reg_DI_EX.rt_read ‘; Z‘ALU'XB B R/W*
— -
ApB
/;\— - é e AUl x AS
— = > — =
—
'»
2 oo g |
a Pp—— g
1 g ex_mem_data reg_EX_MEM.rt_read
z E
RS [25 21] @ reg_DI_EX.rs El ‘; reg_NIEM_ER.ual_S
RT [20..16] ogoLecn [ .
g
RD [1511] reg_DI_EX.rd ‘% ex_reg_dst reg_EX_MEM.reg_dst reg_MEM_ER.reg_dst
8
31 '9 reg_EX_MEM.code_op
OP [31..26] g o1 Excon) o] 4 .
Vax| ya R /
‘ eg_DI_EX.rt un |té reg_MEM_ER.er_ctrl.regs_W
& eg_DI_EX.rs ' B _EX_MEM.reg_dst
e, drenvol L
L — - —_—
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11.3.2 Aléas de branchement (2)

reg_EX_MEM.reg_dst P V
mem_halt reg_EX_MEM.mem_ctr.DC_AS
- Unité de reg_EX_MEM.mem_ctr.DC_RW
reg_DI_EX . ) reg_EX_MEM.er_ctrlRegs_W
oo exe | d€tection —
d'aléas reg_El_Dl.flush
-/ OP [31..26] Unité —
F[5.00 \ de contrdle P
B [20..16]
reg_DI_EX.ex_ctrl.J_jalr di_ctrl_diJj |
l DI/EX
= mxer H EX/MEM
} ‘ MEM/ER
ex_pe_branch EI/DI [ ‘ ‘ REGS_W
= — = ex MEM meer | =
& reg_DI_EX.rs_read (PClrange) di_flush| 3 f—— - = J
3 reg_EI_DL.inst(JADR'range) ex_flus [ 5 ex_flush | — T~ exflush [ l
o [ |mem fugh| = T e |
a reg_PC(PCrange) +1' IMMD [150] 5 di_imm_eXt mem_flush eq_DLEximm ext eq X Ew ok i
32 D\
i . Branch
1 f\ ei_pc_next reg_EI_DI.pc_neXt reg_DI_EX.pc_next reg_EX_MEM.pc_iext F/ ) §
+ (eranch )
T e 6_Tvee ‘
[nvze )
i JADR [25.0] |
reg_EX_MEM.pc_fiex} reg_MEM_ER.pc_next 2
ValDec [10..6] reg.gLEX val_fec 3
SR @
£ 8
CP @ inst —— — . 8 I Si d ——— ¢
RS [25..21] @A 0A di_qa reg_O1_EXrs_rdad [~ igne 0 MEM_mem_Q reg_WEM_ERmem Q
c > I o
Clnsf: RT [20..16] 5 Jecawa ElE — DS ; i
ache @B T e g 9l & g
g | H =
Banc de 3 —=E
Registres > -2 Data .
c reg_EX_MEM.ual S I
@w DA Cache K
JEE—— 2 a
. o] =
digb | e poxes i - f b
— — D QB i R/W 1
z ex ALUB _ x AS
/ _ we T _
—
o
2 T w8t T
0 =z
8 0 " ‘% ex_mem_data reg_EX_MEM.rt_read ‘
4 2
RS [25..21] req DL EXs @ — E J . reg_NEM_ER ual S
RT [20..16] reg_D|_EX|rt ék f
RD [15..11] rég_DI Exrd ‘% X _reg_dst reg_EX_MEM.reg_dst reg_MEM_ER reg_dst
@
I - i d
OP [31..26] LT * ca.ex oo
ani — ? N | a
- t ™\ reg_EX_MEM.er_ctrl.regs_ W
T eg_DI_EX.rt un |té reg_MEM_ER.er_ctrl.regs_ W
- eg_DI_EX.rs ' : reg_EX_MEM.reg_dst
mem_halt d'envoi reg_MEM_ER.reg_dst
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11.3.2 Aléas de branchement (3)

reg_MEM_ER.reg_dst

ex_reg_dst
ex_halt reg_DI_EX.mem_ctrl.DC_AS
Unité de reg_DI_EX.mem_ctrl.DC_RW
reg_EI_DLinst(RT'range) détection reg_DI_EX.er_ctrl.Regs W
reg_EI_Dlinst(RS'range) d'aléas reg_EI_Dl flush o
& 3 - OP [31..26] Unité —
N . F[5.0] de contrble —
- B [20..16]
reg_DI_EX.ex_ctrl.J_jalr dict di)j |
reg_DI_EX.ex_ctrl.J_jr : ‘«‘1:”(\?"'\"\(“
1
DIEX |
Y mxER ) EX/MEM
—= 1 | [ o]
4 P ) == e ‘ ‘ . MEM/ER
ex_pc_branch %_,%lDl 5 = ‘ ‘ REGS_W
z 1 § wex E = meeR |
S reg_DI_EX.rs_read (PC'range) di_flush 3 i
| H == E
3 reg_EI_DL.inst(JADR'range) x_flush o flush —— ex.flush l
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11.3.1 Aléas de données (1)

1. Aléas de données a I'étage EX

Temps (en cycles d'horloge)

R

=

C3

ésultat a écrire;

dans R1

UAL’2

! | |

C1 C2
Ordre ‘
d'exécution
des instructions ‘ é
ADDI R1,R0,1 @- L Reg
ADD R2,R1,RO‘ MI

2. Aléas de données a I'étage MEM

Ci1
Ordre \ \

d'exécution
des instructions

Cc2

LW R1,4(R0) E
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11.3.1 Aléas de données (3)

3. Aléas de données lorsqu'une instruction tente de lire un registre a la suite d'une instruction de chargement écrivant dans le méme registre
€) Temps (en cycles d'horloge), _—
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11.3.2 Aléas de branchement (1)
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