Lab 4 Pipelined CPU with Cache
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Lab 4 Pipelined CPU with Cache

Lab 4 Report

1 SEIGHBY

KSR BERAE Lab3 S2BLAY Cache 34Rf F, #3552 Cache #1575 (CMU) I
BET, PR A AR CPU ., AREER T

1. B CMU A S B DL RS LR AR LA

2. B8 CMU IREHLH BRI i, B B AR arh 5 R d
A T R s

3. FIE CMU KThReIRIE Ty ik, 84 FLA6 I w1k

4. B CMU BB 7k, KHEBERE CPU R4, SLOSHIEMT . Thagsei
ITiAE T R 5

2 CMU &EHR#ZEO VAR
CMU ML L1, FIR R ST 50 b R =2,

1. CPU Q.

o clk: HMEIES

- rst: FLEAES,

e addr_rw: i;@/gfﬂﬁko

e en_r: AL, FIKN load 14

« en_w: HffifiE, FIRN store FEL.

e u_b_h_w: HIERMEHIES (IR byte/half/word &KFF51EE5).
o data_w: 5 A Memory M5,

o data_r: M Cache/Memory 152 H FEHE

o stall: X CMU IEFEAERVIAERT, @ RIM/KLE R 1FHAE . 1215 5154 Hazard
detection unit, #8 J51% Unit SHKLE T A4 PC ZFAFas b THEM], AT SE
PR 245

2. AFMFEO:

o mem_cs_o: Memory HEHES, & HFBEUE.



Lab 4 Pipelined CPU with Cache

« mem_we_o: Memory 51lifig, mH-FRREGHRE, NHTFRREHRME.
« mem_addr_o: 1’5 Memory [JHiIE,

« mem_data_o: 5 A Memory [EH .

o mem data_i: M Memory i[9 ) %dE o

e mem_ack i: V\]ﬁﬂﬂfﬁmﬁ?, IR IRBEAE 5E A LB Cache FT Memory A2
H ARG R IR 7 RIER, BIREES I —AF, Memory #8&4—A> ack

55
3. AL EEO:
o cmu_state: i UAPRESILRE, HTIHETHE.

3 RSt 5Y#IZEE

£ CMU 1, TR S 72 M LRGN ERAE . B4 S A LS
A FEHLA A S AR R 2 (B I 7 ¢ R )12 8, H S E 75 B 2 N b
WoER. B, RAARIEHLEET CMU it
IREHLR S A T EFRMIESAERMES T EARBR LG L. T Xz MR
ASREAT VUL
o BERAE RAAELIVIRER M.
o RTERME: RAAE SIS BT

3.1 S IDLE (| HIRE)
o BN RGRTENRE, NoB NEERE.
. BIE:

L R GAF e rh, WAREEPATRAFERAT, AR BN, RAYEFFEIZRE.
2. WARAR AT, WRIGEAE A BSEEZ G, JoE NN IRE.

Code Listing 1: S IDLE IR&#H#124H

S_IDLE: begin
if (en_r || en_w) begin
if (cache_hit)
next_state = S_IDLE;
else if (cache_valid && cache_dirty)




Lab 4 Pipelined CPU with Cache

6 next_state = S_PRE_BACK;
7 else

8 next_state = S_FILL;

9 end

10 next_word_count = 2'b00;

11| end

3.2 S PRE BACK (GE&ZEEIIRE)
o BN HENHORA BT H 1 R B S ) AR
o BME: IR T MUSRET — R BAE IR, A7 Hr R 75 1] 5 B

Code Listing 2: S PRE BACK JR&H#IEH

-

S_PRE_BACK: begin

2 next_state = S_BACK;
3 next_word_count = 2'b00;
4| end

3.3 S _BACK (I[EEEIBIRE)
o BN EIRRET, RGUENEEEES EE N .
. 1RIE:

1. f£ EFHE: ¥ S_PRE_BACK AR st 5 NN AF.
2. fE NFFEAT: NEAFH SO —BEES R EdE, 4~ — R BT .

o B BOEATHEESEH, NtgIdESFES M. BT kAT ERE
TR 4 AN, GRS D BT B NAF IS S mem_ack_i.

Code Listing 3: S BACK JIRZ&#H 21245

1| S_BACK: begin

2 if (mem_ack_i && word_count == {ELEMENT_WORDS_WIDTH{1'b1l}})
3 next_state = S_FILL;

4 else

5 next_state = S_BACK;

6

7 if (mem_ack_1i)




Lab 4 Pipelined CPU with Cache

8 next_word_count = word_count + 2'b01;
9 else

10 next_word_count = word_count;

11| end

3.4 S FILL GERZEEFERE)

o BX: BHPREGEHE, BEARGEEIT, HEACIRE AR AF PO e
AT o

.« #HRIE:

L fEETHI: A AR O
2. fE R KRR Bl 5 AN GAT

o 312 5EEFERLL, NEHEANZAT, ZEENFEES AW, IR N
IMES mem_ack_i.

Code Listing 4: S FILL IRAS#H%T4H

1{S_FILL: begin

2 if (mem_ack_i && word_count == {ELEMENT_WORDS_WIDTH{1'bi1}})
3 next_state = S_WAIT;

4 else

5 next_state = S_FILL;

6

7 if (mem_ack_i)

8 next_word_count = word_count + 2'b01;

9 else

10 next_word_count = word_count;

11| end

3.5 S_WAIT (ZF&HRE)

o BX: BFXSZHT Cache miss HITHHL, A LA AT BERAETEH RS H T3k
AT IR LT AR I3 AT

o BRAE: VYORAE TR PATEAAIRAE, Fe P 84T 58 R 3R (8 22 RPIRAS



Lab 4 Pipelined CPU with Cache

Code Listing 5: S WAIT IRASHZ1ZHE

-

S_WAIT: begin

2 next_state = S_IDLE;
3 next_word_count = 2'b00;
4| end

3.6 KSHREEIER
RASHLRES TS RUR O BT 7R b L THIVAT . LB BT

Code Listing 6: R HriZ i

1lalways @ (posedge clk) begin

2 if (rst) begin

3 state <= S_IDLE;

4 word_count <= 2'b00;

5 end

6 else begin

7 state <= next_state;

8 word_count <= next_word_count;
9 end

10| end

3.7 WRESHYIRIZEEES
BRSO L AT HR
1. S_IDLE: CPU KWHVIfFIERE, REHE LN drh G
o i, B S_IDLE RS SEMRERME.
o BRI HEAA R HESEN, WA S_PRE_BACK RE:;
o THMEBEHEN S_FILL IRASHTEFHA.

2. S_ PRE_BACK: #%&R5, MNP RS R N EdE, FPnhs
ml%es, AE#HAN S_BACK RE.

3. S BACK: #Z FFHAEMN S PRE BACK 3ELEIRE S [ N AE, 18 B FERIS 4k 4
MEEAF U — BB, BN IREREE 2 AN, B2 SR REER AN S__FILL

4. S_FILL: & FFHE MNP se B, T Bk sds 5 N2 17, HRIBA 2T
HREEEHEN S WAIT IRE.



Lab 4 Pipelined CPU with Cache

. S__WAIT: AHRFEEAARGHTE TR TEREAEAE, &2 F S_IDLE R
?‘?%ﬁ F R NG K.

write memi{pos)
read $(neg)
nead 4 clocks

read/write hit

read S(neg)

miss & dirty
5_PRE_BACK

miss & clean

read memy(pos)
write $(nesg)
need 4 clocks

actually read/write $

K 1. CMU RSNV AL E
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Lab 4 Pipelined CPU with Cache

4 SLUGZER

4.1 HEMR S5

O EHIS, BKAE T CMU A RIRIEER . AR GAFIRE N G Bt i3k
WO RZ 4, #fR T CMU %2 48 M Sl
A5 FH (8 005 B SR

initial begin
data[0]=40'h0_2 00000004; //read miss 1+17
data[1]1=40'h0_3_00000019; //write miss 1+17
data[2]=40'h1_2_00000008; //read hit 1
data[3]=40'h1_3_00000014; //write hit 1
data[4]1=40'h2_2_00000204; //read miss 1+17
data[51=40'h2_3_00000218; //write miss 1+17
data[6]=40'h0_3_00000208; //write hit 1
data[7]=40'h4_2_00000414; //read miss+dirty 1+17+17
data[8]1=40'h1_3_00000404; //write miss+clean 1+17
data[9]1=40'h0; //end total:128

end
assign
u_b_h_w = datalindex] [38:36],
valid = datal[index][33],
write = datal[index][32],
addr = datal[index][31:0];
WAFHIGRL N AR

00000000 00000004 00000008 0000OOOOC
00000010 00000014 00000018 0000OOO1C
00000020 00000024 00000028 0000002C

T S ORI A s AT VR 5 -




Lab 4 Pipelined CPU with Cache

4.1.1 Read Miss (Clean)

Name
100,000 ,n 200.000 ,n 300.000 .n 400.000 n

é clk

4 rst
%' clk_count[7:0]
R inst_count[7:0]
B hit_count[7:0]

i stall
R state[2:0]
R next_state[2:0]
%" word_count[1:0]
% next_word_count[1:0]
Wen_r
Hen_w
Mu b h w20]
B addr_rw[31:0]

Bf data_w[31:0]
i data_r[31:0]

i mem_cs_o
i mem_we_o

¥ mem_addr_o[31:0]
M mem_data_0[31:0]
B mem_data_i[31:0]

00000000

i mem_ack_i
4 cache_load
# cache_store
# cache_edit
R cache_u_b_h_w[2:0]
®* cache_addr[31:0]
R cache_din[31:0]
R cache_dout[31:0]

00000204f}
56783705]
00000000
8 cache_hit

& cache_valid

8 cache_dirty

1855

data[0]=40'h0_2 00000004; //read miss 1+17

=

L FERAEBGRRIEN T, BOXZAF A — DA H A B &, RS T
0 (S_IDLE) — 3 (S_FILL) — 4 (S_WAIT) — 0 (S_IDLE).



Lab 4 Pipelined CPU with Cache

2. Hp, £ S FILL BB, BT AAERE I, Kknr DOWEE3] word_count H
0 EIEE] 3 FIRLFE.

3. k4, #£ S FILL idf2m, B4 CPU FTEHNE 0x4 ALMEHRE, 247 WA AEH 32K
M 0x0 3| 0xC B, 7EIRE 0x4 AL 5, cache_hit Al cache valid 48N 1.

4.1.2 Read and Write Hit

é clk

érst

% clk_count[7:0]
% inst_count[7:0]
% hit_count[7:0]

i stall
" state[2:0]
"W next_state[2:0]
% word_count[1:0]
% next_word_count[1:0]
en_r

Hen_w

M u_b h_w[2:0]

A B
—f ]
W adar_rw[31.0] | ooocora |

1
—
W data_w[31:0] | sers2s03 | serspeos | |

R data_r[31:0]

i mem_cs_o

i mem_we_o

¥ mem_addr_o[31:0]
¥ mem_data_o[31:0]
B mem_data_i[31:0]
# mem_ack_i

¢ cache_load

# cache_store

# cache_edit

W cache_u_b_h_w[2:0]

F__( —
W cache_addr[31:0] 00000014

_ o
¥ cache_din[31:0]

% cache_dout[31:0]

8 cache_hit

14 cache_valid

8 cache_dirty

3: HRT: 23

8%

|data[2]=40'h1_2_00000008; //read hit 1

10



Lab 4 Pipelined CPU with Cache

2| data[3]=40'h1_3_00000014; //write hit 1

fRRE
ERAEEA RS ar ey, RESHIRFEE S_IDLE RE, CPU As®FE. fribid
FEH, stall AN 0, cache hit AN 1.

4.1.3 Read Miss (Dirty)

1,70
dclk

drst
" clk_count[7:0]
®inst_count[7:0]
R hit_count[7:0]

il stall
W state[2:0]
W next_state[2:0]
W word_count[1:0]

>
>
>
>

W next_word_count[1:0]

Hen_r

Hen_w

¥u_b_h_w[2:0]

¥ addr_rw[31:0]

% data_w[31:0]

% data_r[31:0]

# mem_cs_o

# mem_we_o

™ mem_addr_o[31:0] ... ) _oooo0o10 |

¥ mem_data_o[31:0] . Joo.. m

¥ mem_data_i[31:0] 00000000

i mem_ack_i I-I.—ll-—-l-_l-r.-ll I Hnil
4 cache_load -
4 cache_store h - -

4 cache_edit

wWicache_u_b_h_w[2:0]

wicache_addr{31:0]

wicache_din[31:0] . _oooooo00

" cache_dout[31:0] 00000010 00002503 00000218 0000001c 00000010 00002503 0000091 |_0000001c j..

8 cache_valid
8 cache_dirty -------- I-----.

4: /R T: T

185

data[7]1=40'h4_2_00000414; //read miss+dirty 1+17+17

-

1. fER A B R HLFR B AT S e iy RS 4 :0 (S_IDLE) — 1 (S PRE_ BACK)
2 (S_BACK) — 3 (S_FILL) — 4 (S_WAIT) — 0 (S_IDLE).

2. Hrh, £ S BACK A1 S_FILL PN B, BT NARBFEEN, FHnT PO ER
@J word_count HH 0 HIEH| 3 pyidHE.

11



Lab 4 Pipelined CPU with Cache

3. £ S_ BACK M4l 5, M%2F| cache dirty 554N 0, cache hit {554
N1, RERIEHEAMER.

4.2 EHMRER S

T BRI, FRIGUE T CMU fEAEEIEER . ANFRZIRE N A5 PR3k
ORI EE B2 5, ik T CMU 5 #1038 45 IE 6 SE
ROM WGBSR -

=z
©

OoKo~NOTU,Ar,WN —» O

[UPGY T QI QY
whN Rk O

=
B

15

16
17

Instruction Addr.

00000013
01c00083

01c01103
01c02183
01c04203
01c05283
21002003
abcdeOb7
402200b3
71c08093
00100023
00101223
00102423
20002303

40002383

41002403

0ed06813
ffdffo6f

Label ASM Comment

0 _ start: addix0, x0, 0

4

8
C
10
14
18
1C
20
24
28
2C
30
34

38

3C

# FOFOFOFO in Ox1C
L x1, 0x01C(x0) # miss, read 0x010~0x01C to set 1 line O
Ih x2, 0x01C(x0) # FFFFFOFO hit
Iw x3, 0x01C(x0) # FOFOFOFO hit
Ibu x4, 0x01C(x0) # 000000FO hit
Ihu x5, 0x01C(x0) # 0000FOFO hit
Iw x0, 0x210(x0) # miss, read 0x210~0x21C to cache set 1 line 1
Iw x7, 20(x0)
lui x1 OXABCDE
addi x1, x1, 0x71C # x1 = OXABCDE71C
sb x1, 0x0(x0) # miss, read 0x000~0x00C to cache set 0 line 0
sh x1, 0x4(x0) # hit
sw x1, 0x8(x0) # hit
Iw x6, 0x200(x0) # miss, read 0x200~0x20C to cache set O line 1
# miss, write 0x000~0x00C back to ram, then read
0x400~40C to cache set 0 line O
# miss, no write back because of clean, read
0x410~41C to cache set 1 line 0

Iw x7, 0x400(x0)

Iw x8, 0x410(x0)

40 loop: orix16, x0, OXED # end

44

RAM #4aE AL T

Oo\lmmthl—‘O%

B R R R R e
U D WNRE O

Data
000080BF
00000008
00000010
00000014
FFFFOO00
OFFFO000
FFOOOFOF
FOFOFOFO
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000

jal x0, loop
Addr. Comment NO. Instruction Addr. Comment

0 16 00000000 40
4 17 00000000 44
8 18 00000000 48
C 19 00000000 4C
10 20 A3000000 50
14 21 27000000 54
18 22 79000000 58
1C 23 15100000 5C
20 24 00000000 60
24 25 00000000 64
28 26 00000000 68
2C 27 00000000 6C
30 28 00000000 70
34 29 00000000 74
38 30 00000000 78
3C 31 00000000 7C

12



Lab 4 Pipelined CPU with Cache

ERRIASE R, 25 UL
MR 1. x1-x5 FFAF A N2 L

Zhe jiang University Computer Organization Experimental
q ¥ SRl 2

#BBBBBRa 3 FFFFFFF@ - FFFFFOF8 = FOFOFore

#88BBAFA #BBArara : 888088808 [2]]2]%]2]2]"]7)
x8:fpsB BB0BBB08 : 88888608 : ad BBBBBBBG : al ©BBBBBARA
x12: aZ 088080808 d 88080808 : a4 BBBBBBAA : a5 08BrrBeRe
x16: ab BBBBRBGRB 3 22121702127 )] : sZ PBBRBLRe : s3 09BBBBRA
x28: s4 BBBOBOB0 g #BBBBBRa : sb BBBBBBAO : s7 BBBBBBBR
x24: s8 BOBOBOBO E 212151217 1212 :s18 BBBBBBRO x27:s11 BBBOBBRA
x28: t3 BBPOBOB0 5 88080800 : t5S BBBBBBRG x31: t6 B0PVBBOA

MR A 2: x1 ZFAEePETHAE IE# 0xABCDE71C

Zhe jiang University Computer Organization Experimental
0C Te

ironment (With RISC-U)
xB:zero BBRBABRA xB2: sp FFFFF@F@ xB3: gp FOFOFOre
xB4: tp BBVABOFA x@5: tH BBUBrora xB86: t1 ABARBAAB x@7: tZ2 80P0BB0A
x8:fpsd B0B0BB00 xA9: s1 BBBBBBRO x18: ad BBBRABEA x11: al 80PBBAOA
x12: a2 08080808 x13: a3 880688000 x14: a4 BBBABBGA x15: a5 POABRAOA
x16: a6 ©BB0BB0A x17: a7 88008068 x18: sZ BBBBBORA x19: s3 B0BBBBOA
x28: s4 08808600 x21: s5 BB088B0RR0 x22: sb BBBABBRA x23: s7 B0BBBAOA
x24: s8 88888868 x25: s9 88808888 x26:s18 PBBBBOBA x2?7:s11 BBBBOBO0
x28: t3 80808800 x29: t4 08800008 x38: t5 BABEABAA x31: t6 08080808

MRS 3: 0x28 54 K4 Write Miss, FENIRSHLIE S FILL IRE

Zhe 'iang University Computer Organization Experimental

SOC Test Environment (With RISC-U)
xB:zero BBBBBOBHE xB1: ra ABCDE?1C xB82: sp FFFFFOFe x83: gp FOFOrere
xB4: tp BOBPBOFA xB85: t0 BABOFEre xB6: t1 BPBBBBOA x@7: t2 0PBABBR
x8:fpsB 0BBABORA xB9: s1 08ABEBE8 x10: aB BBBBBBOA x11: al 9BABABEA
x12: a2 ©PBRBRAB x13: a3 POABBABA x14: a4 BBBBOBOG x15: a5 #BBBBBA0
x16: ab BABABARA x17: a7 PBABBABA x18: sZ2 BBBBBAO0 x19: s3 9BPBBOBO
x28: s4 9BBBBBAO x21: s5 PBABRABA x22: sb BBBBBBO0 x23: s7 0PBBB0R0
x24: s8 ©88BR0RA x25: s9 PBRBBABA x26:s18 B0BBBBB0 x27:s11 0PBEB0RO

xZ28: t3 0BB0B088 %x29: t4 ©BBBBBBA x38: t5 B0BBBBBA x31: t6 ©BBBBBRB

BN oanoee | [oru-Re Goasq

13



Lab 4 Pipelined CPU with Cache

MRS 4: 0x34 $54 K4 Read Miss, #BENJRZSHLA S FILL JRZS

Zhe jiang University Computer Organization Experimental

SOC Test Environment (With RISC-U)
xB1: ABCDE?1C x82: sp FFFFFOF@
x85: B0BBFOre xB6: t1 BABBBBAN
xB89: 80088008 x18: aB BBBBABBO
x13: 08880080 x14: a4 BBBOBBBA
x1?2: 00880088 x18: sZ2 BBBBBBEA
x21: 80688008 x22: sb BBBBBBBB
x25: 888008808 x26:s18 BBBBBBBA
x29: 80088000 x38: tS5 BBBBARGA

[T S

888880680
8808080F0
88888088
#BBBRBER
BBBBBaEe
8888088088
88888808

xB3:
xB?7: t2

gp FOF@FOre
(1212171221717}
x11: al 88BBBBBA
x15: a5 ©#BBBROR0
x19: s3 BOBBEBBA
x23: s7 080BE600
x27:s11 8PRBEBEG

apBBBB0a x31: t6 BPBBBBBO

. onwi |

MK A 5: 0x38 54 KA Read Miss (Dirty), 75565 FIFSL IO, Kk
PRRZS BRI AT IR

Zhe jiang University Computer Organization Experimental

SOC Test Environment (With RISC=U)
xB1: ra ABCDE?1C x82: sp FFFFFOF@
xB5: t8 BPBBFOre xB6: t1 APBBYAAA
xB89: 08808608 x18: ad BBBBAGBBA
13 086880008 x14: a4 BBBBBOABO
X172 8060808008 x18: sZ PBBABOBO
21 80686008 x22: sb BBBB00BR8
Xx25: 80688808 x26:s18 BBBBBABA
> 745 H 80886008 x38: t5 BBBB0B68

[

#BBBBBBe
aBBBvBera
8886860808
#BBBBBBG
88888880
#B8866866
8888608668
BBBBBBAAa

x@83: gp FOFOFEFA
x@7: t2 9ABAPERR
x11: al PBBBABEE
x15: a5 $ABAAARE
x19: s3 $0OBBAE
x23: s7 $0BBB008
x27:s11 89088008
x31: t6 86088008

x8:zero
xB4: tp
x8:fpsB
x12: a2
x16: a6
x28: s4
x24: s8
x28: t3

[ o |

Zhe jiang University Computer Organization Experimental
SOC Test Environment (With RISC-U)

880880080
BBBBBOFA
#B8BBBBA
! aZ B8BBBB08
: ab BBBBBBO8
: s4 BBBBBBBAB

ABCDE?1C
#BBBFera
0880880808
8808086808
88808868008
8BBBBB0A0

x@3: gp FOFOFAF
x@7: t2 9AARAABA
x11: al BAABAABA
x15: a5 80888088
x19: s3 90888008
x23: s7 90888008

xB1: ra
x85: t@
xB9: si1
x13:
x1?:
xZ1=

xB82: sp FFFFFOF@
x86: t1 BPBBOBAA
x18: ad BBABBRBO
x14: a4 BPBOOAAA
x18: sZ #BBOBAAA
x22: sb BBBOBBAA

: s8 BBBBBBee
: 13 BBBBBBee

|

x25":
> 745 1

#BBBBBRe
#88866800

x26:s18 BBBBBBBA
x38: tS5 BBBBBBBA

[

14

ROA=S 11
x31: t6

#BBBBRRG
#BBBBNAA




Lab 4 Pipelined CPU with Cache

Zhe jiang University Computer Organization Experimental
SOC Test Environment (With RISC-U)
xB:zero BBBBBORO xB1: ra ABCDE?1C xB82: sp FFFFFOF@ xB3: gp FOFBFOre
xB4: tp BBBBBBFA x85: t8 BBBBFBre xB6: t1 ABBRBBAR x@7: t2 BBBBBALRA
x8:fpsB BBBBB0B8 x89: s1 B80BBBA68 x18: ad BBABBRBEA x11: al 9@0PBABA
x12: a2 08808000 x13: a3 80080080 x14: a4 BOBBOBBA x15: a5 BPBEBRA0
x16: ab ©8BBBOBA x17: a7 BOBBOBB0 x18: s2 ©BBOBBOA x19: s3 BBBBBABB
x28: s4 08808004 x21: s5 PBABBBB0 x22: sb B8B0BB08 x23: s7 0B0BBB60
x24: s8 08808060 x25: s9 88080880 x26:s10 BBBBBBOA x2?7:s11 8PBBBOBA
x28: t3 ©8BBBEB0 x29: t4 BBBBBBBO x38: t5 88808800 x31: t6 0PBOBOBO

IR oeac] [

Zhe jiang University Computer Organization Experimental
SOC Test Environment (With RISC-V)
xB:zero BBBBBBGA xB81: ra ABCDE?71C x82: sp FFFFFOre xB83: gp FOFOFere
xB4: tp BBBBBAFE x@85: t8 BBBBFAFe x86: t1 ABABBAG0 x@7: tZ 06060008
x8:fpsB BBBBBBOB x89: s1 BBBBBBAA x18: a# BBBBBBO0 x11: al 90B0B0OH
x12: a2 BBBBBBBA x13: a3 BBBBBBGA x14: a4 BBBBBOOO x15: a5 80806008
x16: ab BBBBBBOG x17: a?7 ©BBBBBBB x18: sZ2 ©88BBB00 x19: s3 PBPBBBO8
x28: s4 BBBOBBOA x21: s5 BBBBBBAA x22: sb 88800088 x23: s7 80808000
x24: s8 PBBABARG x25: s9 #8BBEBRA x26:s10 B80BA0RB0 x27:s11 80806008
xZ28: t3 8BBBBBE0 x29: t4 BBB8BBEA x38: tS #06B0B0E0 x31: t6 80600000

[Pe-—Bxe seasenss] [oru—karr oseqy

MR 6: 0x3C #8684 K4 Read Miss, HENIREHLAT S FILL IRE

Zhe jiang University Computer Organization Experimental
SOC Test Environment (With RISC-U)
xB:zero BABBRBOA xB1: ra ABCDE?1C xB2: sp FFFFFOF@ xB3: gp FOFOFOF@
xB4: tp BB0BBBFA x@5: t8 PBBBFOFe xB6: t1 PBBBBBAO xB87: tZ2 80BOBBAO
x8:fpsB B80BRB0RA x89: s1 BBBABOBA x18: a# BABRBBBA x11: al BBBRBOBB
x12: a2 888886868 x13: a3 BBBBBBAB x14: a4 BBBOBBOBG x15: a5 B8BRRBAB
x16: a6 08808868 x17: a? 800808088 x18: sZ BOBBB0B0 x19: s3 BBBBBBBG
x28: s4 PBRBRBRG x21: s5 BBBBB0RG xZ2: sb BBBBBBAO x23: s7? 0PBBBBBO
x24: s8 ©BBBRB0AA x25: s9 #BBBBOR8 x26:s18 BBBABBBO x2?7:s11 88BBBOA8

x28: t3 BBORBBB0 xZ29: t4 PBBBBBBG x38: t5 PBBBBBBO x31: t6 BBBBBBBO

JRES oo | b oiien

MRS 7. TERTATES, x16 A E N 0xED
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Lab 4 Pipelined CPU with Cache

Zhe jiang University Computer Organization Experimental
SO0C Test Environment (With RISC-U)

xB:zero BBB0BOGA xB1: ra ABCDE?1C x82: sp FFFFFOF@ xB3: gp FOFOFOre
xB4: tp 0B0B0AFA xB5: t8 @BBerera xB6: t1 BBBBABEA xB7: tZ 08080688
x8:fpsB 0B0BRBB8 xH89: s1 BBBBBBO8 x18: aB BBBBBBBA x11: al B8BBBBOEB
X125 x13: a3 ©BBBBBBEA x14: a4 BBBBBOAO x15: a5 B8BBBBBA
x17: a? 866GGAB  x18: s2 BABEGPAA  x19: s3 AEAGAAGED

x21: s5 BBBBBABA xZ22: sb PBBBBBBA x23: s7 BPBBBBBB
x24: s8 0880806800 x25: s9 8BBBBBBB x26:s18 BBBBBOAA x27:s11 BBBBBBEB
x28: t3 ©BBBBOBOA x29: t4 ©88BBBBOB x38: t5 BBBBBBBA x31: t6 BBBBOBOA
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