E5%

£% © & E 14 Verilogfi2 =il B S HIRHEIE TR » TR T/ERH -

- PSRNV R (HFESEEX - oY iiEd®En) uitfsisidec -
dec_decode_ctlfidec_gpr_ctlf -

- EX1BEHURHY TR i 4Hexufllexu_alu_ctldr -

- FCAPBEURRY T R A AR IfuRlifu_ifc_ctl -

FCAPEES

- 21 Z%ERFHRA ¢ 1E4HIfu_ifc_ctl

ifc_fetch_addr f1[31:1] = ( ({31{exu_flush_final exu_flush_path final[31:1])

(31 -exu flush final ifc fetch addr 1 raw[31:11));

- SIZERFHR ¢ iE4Hifu_ifc_ctl

fetch addr bf[31:1] ( ({31 miss sel flush exu flush path final[31:1])
((31{sel miss addr bf miss addr[31:1])
({31{sel btb addr bf ifu bp btb target f2[31:11})
sel last addr bf ifc fetch addr f1[31:11})
| next addr bf fetch addr next[31:1]1}));

- FPAMHEhnASS ¢ HHifu_ifc_ctl

overflow nc, fetch addr next[31:1] ({1'b0, ifc fetch addr f1[31:4]

EX1FEE :

- LhifeEE ¢ fH4Hexu_alu_ctl

s T T
- RAEEE A  eq =1
- AR RS  eq=0-

- S HErakhARs © 4Hexu_alu_ctl
or ibradder (

.pclpc_fFI31:11),
.offset(brimm Tf[12:11)},

.dout(pcout[31:11)
);

IR gt EPCE R & 21 -

- YR f5iZHexu_alu_ctl

Imagination K525t — RVipga 16 * I8k © 73 5045%
Hi4<2.0 — 2022424 F
© Copyright Imagination Technologies



Imagination
university programme

actual taken (ap.beq & eq)
{ap.bne % ne)
(ap.blt & 1t}

(ap.bge & ge)
ENREINE

actual takenfEES L HAMEER © MRFEE R - Al SO0 ERE » R EE R
0 Ay apkiE - i
o MRS Fbegts < (ap.beq==1) HWEEETHE (eq==1) >
actual taken=1
o HFHES FonetsS (ap.bne==1) HFIFEHTFIHSE (ne==1) >
actual taken=1
o WIEHSSBIaliES (any jal-=1) > RIS LOEBE> actual taken =1

cond mispredict = (ap.predict t actual taken)

(ap.predict nt & actual taken);

WERFEH T 7Pk (ap.predict t=1) HEEAHHE (actual taken=0) >
HIEH 2 A BE (ap.predict nt =1) HEEP# (actual taken=1) > HI
o3 7 FEHIgERR (cond mispredict =1)

flush_upper = ( ap.jal | cond mispredict | target mispredict) & valid ff flush freeze;

WHRS T FEMIEER: (cond mispredict =1) ~f5SAR (valid ff =1) W HELR
WARHEE SRS > RIVEHEEE SR -

£% : R 4Hexu_alu_ctif & E St eq ~ #HlEH5%ap . beq ~ ap.predict_tHl
ap.predict_ntDURERFHMERGEELFTLlush_upper -

- #Ehe  fHE4Hexu_alu_ctl

actual taken - (ap.beq © eq)
(ap.bne & ne)
{ap.blt & 1t)

{ap.bge & ge)
(any jall;

actual_takenEESL I EMIGER + RHAE R - RIS Z0VEBE - R HER
0 » Ri» SAR1SHbE - (4

o WIRFES Rbeqts < HEEEITTIHE > actual_taken =1

o HMIFRFES Fybnets S HM(EERTTAHE > actual_taken =1

o MHRFELKIalteS » Al CVEBKE> actual_taken =1
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cond mispredict = (ap.predict t actual taken)

(ap.predict_nt & actual taken);

WIRTE > Xk (ap.predict_t =1) HEEARBE (actual taken=0) - B#
TEMI 2 A pki# (ap.predict nt =1) {HEEPH#E (actual taken=1) > {5
Y EMFERR (cond mispredict =1)

flush_upper = ( ap.jal | cond mispredict | target mispredict) & valid ff flush freeze;

WERITSZFEMEE (cond _mispredict = 1) ~f5SAR (valid £f = 1) WHE
SR RPEE BORES - RLDVAFREELR -

% : 7EVerilogf2 5 47 il 9fexu flush final - exu flush upper e2 -
exu i0 flush finalfflexu il flush final¥fEX1KHZFIEFEE: (FC1 ~ FC2 - %7%
RS ) HISZEE - WL AT > 582 BE A iEREEE A R » o DIAEE I AR RRavEHEE -

APRMEAEE -

| FE3 : (BB - BB - i+ 1R+ 2D TRV EHER SR E S TER - |

exu_flush_final

FC1 FC2 { ALN \ \ DECODE EX1 \

CONTROL i0_ap
0 0x07DE0063 UNIT 0x81084
exu_flush_path_final [31:1] 0x000001F0 3T
1 @
ifc_fetch_addr_f1 [31:1] (PC) . > 4
ifu_mem_ctl — g ap.beq
ifc_fetch_addr_f1_raw [31:1] o e
S 1
B ?‘ OXFFFF || OXFFFF
]
2-1 Mux 2ol | radao rd04:l Hﬂ aff bLfﬁ
cl
0x000001F0 fetch_addr_next [31:1] E || raddrt o €4 || ocic flush_upper
16 H 0 0
ifu_bp_btb_target_f2 [31:1] Zz REGISTER 1
- | = FILE r
miss_addr [31:1] ) 0xCa
— 5
ul 31:1 .
exu_flush_path_final [31:1] 5 pe 3111 pe_ff [31:1]
on palh a1 S
%‘ flush_path [31:1]
5-1 Mux 3 brimm_ff [12:1]

H ibradder

LOGIC '7

(158 © ESERPIRER - o in > BBk 2 HLeh A ST - |

ATRfLEE -

| 5 : (BB o B4R - R 2 RV EH SR E B AR - |

Imagination K525t — RVipga 16 * I8k © 73 5045%
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exu_flush_final

ifc_fetch_addr_f1_raw [31:1] o

FC1 FC2 \ ALN l { DECODE EX1
CONTROL i0_ap
0x00000188 1 0xFBCEOOE3 UNIT 0xB81084
B I 0x00000188 g
ifc_fetch_addr_f1 [31:1] (PC) )
ifu_mem_ctl — ap.beq
1
OXFFFF || OXFFFF
2-1 Mux || raddro rdo 4:-_‘ a . bLfﬁ
fetch_addr_next [31:1 o e flush_upper
_addr_next [31:1) e | raddr1 = [ 29 lLocIc PP LOGIC '—
H 1 1
@
16 ifu_bp_btb_target_f2 [31:1] Z REGISTER a1
e = FILE r
miss_addr [31:1] o,
}S\
exu_flush_path_final [31:1] 3 pe_ff[31:1]
"ush_path_final [51-1] | )
£ 0x000001E8 flush_path [31:1]
£ L |
51 Mux 3 brimm_ff [12:1] 0x00000188
0x1FAQ
ibradder
Cycle i+2 Cyclei Cycle i+l

E5 + REE2THES] - A EEI AR - O ATFCA (2 BB R (E -

B > ITERIRFSITIES (AI—4A N SHHES ) BUEN TUmISEREE - f£EfE
T IEREEISweRV EH1R B SR HEI TN N E(E

- EEBUEIAT - S ZEFHREREfetch_addr next > i ZEFHREEHIER HAT
MU (1fc_fetch addr f1) + 16 &t@%EHI—F—{@?EE’ﬂ%ﬁUETE H
- ISEHUR(FRA128f7T) -

- FEEEEEH T 1%)%51%%%%%%2_%1&}%011 addr_f1 > HIEAEHREHGETHIES
B SR B eS0TI S - BRSNS LT R R A E (A HEZ{IT
&<
E7E > {EDDCARVETHH B a5 - !:{I B AFRPCHIEMN4 (EANZIRF#ITIE <R
BIL) - HEMAEEEEREA—RE <

L_JLMIQEQIZEPE’J&EELXLKE%E’J o o B > B DAEBMER 3 SO T — EEA-LIS S
BT EERERRIFFELERES

e T
fEFHLL T AR -
- FEERRE  [RVfpgaPathl/RVipga/Labs/Lab14/LW _Instruction ExtMemory

- TCHESHEESTE
[RVfpgaPath]/RVfpga/Labs/RVfpgalabsSolutions/Programs_Solutions/Lab16/test_Seq
uentialExecution.tcl

f£Verilator o] {5E[ 41 MBS S
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Signals Waves
Time 2=

clk=

flush upper=
ifc_fetch addr fl ext[31:6]=
ifu fetch data[127:0] =
ifu_ie_instr[31:e]=
dec_i@_instr_d[31:8]=
ie_inst _el[31:e]=
ie_inst_e2[31:0]=

ie inst e3[31:0]=
ie_inst_e4[31:0]=
i@_inst_wb[31:0] =

268: 000eae03 Iw 3,0(t4)
26c:  ffffOf13 agdi  t5,t5,-1
270: 00108093 addi ra,ra,1
274: 001f8f93 addi 6,t6,1
278: 00118193 addi  gp.gp,1
27c: 00120213 addi—"tp,tp,1
280: 00128293 addi  t0,t0,1
284: 00130313 addi t1,t1,1
288: 00138393 addi t2,t2,1
28c: 00140413 addi s0,s0,1

AILUEH R R A — (& Y128 T SR -

£% - £EE15Y » M tmE R B A A EALU SR R % ERAWE K B F -
B B RRTHIA-LIE SR 0L » IS SeAis TR AR - AR 52 Al REE A 1
RAWERL B - WMATETRACTEEOHFRE R o WISRMEE 7y S FHIEERR - RILVEIETRACPS BEEE
Bl B E ) - 556 F[RVfogaPath]/RVioga/Labs/Lab16/BEQ _Instruction HazardCommit
BRI RE R CEE2F RV ETT T /0B FltehEZE il -

EAERVRESES

S <LOOP>:
e01fof13 addi t5,t5,1
PEOBO13 nop

3 nop
3 nop
3 nop
3 nop
3 nop
Bee0013 nop

87de8463 beq t3,t4,220 <0UT>
nop
nop
nop
nop
nop
nop
nop

addi t4,t4,1
nop
nop
nop
nop
nop
nop
nop
mul t@,tl,t2

nop

beq t3,t0,198 <LOOP=>
nop
nop
nop
nop
nop
nop
nop
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Verilatorf&E&g :
Signals Waves
Time 56700 ps

clk=

exu flush final=
exu_flush_path_final_ext[31:9]=
ifc fetch addr fl raw ext[31:0]
ifc fetch addr fl ext[31:0]
dec_i@ pc d ext[31:0]

dec 10 instr d[31:0]

]

]

]

dec i1 instr d[31:0
i@ ap[19:@

a ff[31:0
b_ff[31:ﬂ]—

flush upper=

pc Tf ext[31:8]=
brimm ff ext[12:8]=
flush path ext[31:8]=

80166

#fbeqfi< (0xf85e0celd) HEFTHANG » AUBEXT (PIFRAVERITIITIES ) - EX2HIEX3[E
B> Tﬁ?@/\%ﬁcﬁ TSR Exﬂﬂﬁ’ﬁé*ﬁlfza%ﬂﬁﬁi—ﬁ (flush_upper =exu_flush final=
1) M PAEREHE R TR TIE S

(8 * BT - WA AnoptE &3 bt - ZAREBIERRIL - TR -
BEAHBERHBIPC -

B HSweRV EH1 i Y SZFEMIES (T77A Rt B2 PRI GRGIETE <) - Ao #TBH
S AR TR -

Db i {1 B Bl AR A R

R o SOOI

Signals
Time 34180 ps 34200 ps
dec_i0 pc_d ext[31
dec_i@ instr d[31
dec_il instr d[31

i@ _inst el[31

il inst _el[31

ie_inst_e2[31
il inst e2[31
i@ _inst e3[31
il inst_e3[31
i@ _inst e4[31
il inst e4[31
i@ _inst wb[31
il inst wb[31

Imagination A2 1#] — RVipga® k316 : #2258 : 1 iss
fiA%2.0 — 20224F4 H

© Copyright Imagination Technologies 6



Test_Assembly.5 x

TERMINAL

> Executing task: platformio device monitor <

IPC =262 /393 = 0.67

Gshare/y 7 THMIZS -

Signals
Time
clk=
dec i@ pc d ext[31:0]=
dec i@ instr d[31:8]=
dec il instr d[31:8]=
i@ inst el[31:0]=
il inst el[31:8]=
if inst e2[31:0]=
il inst e2[31:0] =
i8 inst e3[31:0]=
il inst e3[31:0]=
i0 inst e4[31:8]=
il inst e4[31:0]=
if inst wb[31l:0]=
il inst wb[31:8]=

Imagination KE251#] — RVipgati§i16 « #efilE kR 773454
Hi4<2.0 — 2022424 F
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Test_Assembly.5 X

, LOOP

INSERT_NOPS_8

end
E  TERMINAL

> Executing task: platformio device monitor <

Ctri+T followed by Ctri+H --

IPC=262/131=2

(i Gshare BPES » TTLUGEIBLEAIPC » (EAE(EFIRHBP » HIHYS — (M5 2555 | 900
PRI » IPCHUBET BIFARAT:

| 1558 47 Bl A SR - B SR T (EI5E B 2LE Gshare BPESRETHIEI = - |

APRMEAEE -

[ 5  AFTEEm e TR - |

APRMEAEE -

| (555 1 WAl RS SRS R B

APRMEAEE -

B AT ZESBTBHEERAYE (btb_rd tgt £2[11:0] ) FMIFC2HHYRAHArHE
(ifc fetch addr £2[31:4]) HUSTEHIEAE L (ifu bp btb target £2) -

fEZHifu_bp_ctl :
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btb sel f2 enc shift[z2:81)
btb_sel f2 enc[2:8])
2

ifu_bp kill_next_f2 & ic_hit_f2), .din{ifc_fetch_addr_f2[31:4]), .dout(ifc_fetch_ adder prior[31:4

1 pc_ext adder_pc_:

e
8] offset_ext btb_r

ifu bp btb_target f2[31:11 - btb rd ret f2 btb rd call f2 7 rets out[81[31:1]1 @ bp_btb target adder f2[31:11

2% : 73tSweRV EH1EEHI SRR EEHIRAS - ]2 E 1 SR AR G RHRZ 45T S 254
{EEER (flahttp://www-classes.usc.edu/engr/ee-
s/457/EE457 Classnotes/ee457 Branch Prediction/EE560 05 Ras Just FYl.pdf) -

AERMEAEE -

| (5 ST E T SR O

AR S -

1) B (S S TN - L HAEE S Gshare BPHAAEE(THLL -

AR S -

2) (LU FHEREP (B #ENZET) (RISC-V/ikZ - Patterson & Hennessy
([HePa]) ) F7:2%4.25 - )
HA D HVERE

LOOP: lw x10, 0(x13)

1w x11, 4 (x13)

add x12, x10, x11

add x13, x13, -8

bnez x12, LOOP

EREERH T 58 E 0 > M (1ESweRV EH1Hr » HER kG (i B 55 — JOA R B T4 1T
Ry) o BHEATHENEE SR ([FERZEESwWeRV EH1H) - 3 H Al 7EEX1FE B E
T SCRATIED
a. Bk EBEE ZRAE =R RERGE R - MEBHHENIT A - TTFEH
[RVfpgaPath]/RVfpga/Labs/Lab16/HePa_Exercise-4-25 12 AtAVFE = -
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Signals
Time

clk=
dec i@ instr d[31:8]=
dec_il instr_d[31:8]=
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