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NN 1P 12),9700 MINRD DX DD10N DH¥N0 VLY IVYN MINK THX , DO NNNY
107=1,7MIYN NP0 NNT DNWRIN DIVIAN N1V OX 717 7P 1D | vequal”
DINN

(Tn°n25 — »oN) FF MmNy 4,000 0yw 011970 TMVID TN (8%) .N
0w NINS NN FF-N nyaaIx 551 wpnwnd 70y .oowap
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.DXV2 NYAIN 2 DN NV 2NN 257 NN Four-bit-adder

four-bit--1 wnRNWN DMOX2 NYAIN 72 D90 NV HAPNN DIV VLIV (8%).N
D>1901N OX 1199YV equal” yp NXIN DIvnNn VO ; DIWIAPIY DINY D YWA adder
NINN 0, 0NV

(12%).2
.VHDL nawa 0>0v>1 NyaIK 2 01901 MY NXNYAY 1337 INNND XN PN
N PYDI UPIAND IR YN NN VOV T TIPN NN DOVN

entity fourbitcompare is
port (a, b: in std_logic_vector(3 downto 0);
equal: out std_logic);
end fourbitcompare;

architecture compare_structure of fourbitcompare is
component fourbitadd
port (a, b: in std_logic_vector(3 downto 0);
Cin : in std_logic;
sum : out std_logic_vector (3 downto 0);
Cout, overflow: out std_logic);
end component;



5 : 9900 NHINN . W A RAv) A

: (20%) 4 NNV

2701 N2 NN NN TAVHN  .NIN OINK 972 008NN data-path -0 )M

DIP DMIOWN TN NNPYI 1D NNAPN BN NNPYI KD conditional-branch nmpav
(TPN stall) 7PN PYY NN Sv

9 TV 3 YV ONTNNA NININ 1YV NIP2IP DI DY IDIY NN YAP NN NIDINN N2Y
YV NN 552 pipelinea MNN 55 NONN NN NTIPO NN NNIN 1D IO O
(Stall "7pan p DY ToaNN TIvN NX Dapn write-enable TF/ID nYpan ypw nin)

17 TAYNN PNNN 1Y SNONNNN I8N
PC=0
All pipeline registers contain 0
Registers: All registers in register file contain 0
Memory: All data-memory locations contain 0

AMv Y95 data-forwarding 2 wHnwnd POy
.muxY DXNNA MDY 2,1,0 NOYND NVNDN OIN MIVDINN O>-MuUX 1 MO DD
N ALU Y mpn

Yalue | Desired ALU Action
00 | Add

01 | Subtract
10 | Determine by decoding funct field
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Instruction memory (MTPan NI153) contains:

J.0701n

00 : addi $3, $zero, 4
04:1lw  $4,100(83)
08: add $2, %4, 93
Oc: beq $4, $zero, 0x14
10: addi $3,9%3,1
14: add $2,$2,$3
.0 91 MTIPON PNIOT INY YD
v |9 |= |8 |=Elelalglae m|lT || wlc
= 2 Q s 510 = lm s |=E | 2|2
Zlz 2 E #2385 522 8¢
O |= |M == |%|E|E £ = E
R - © é S |2 |2
= - | =
IF | 1D EX M [WB| myn
00:addi| - - I
1 0 O 0|0|00|0|00|00| 0|0 O
04:1w | 00:addi -- -- --
1 0 O 0|0|00|0|00|00| 0|0 O
08:add | 04:1lw 00: addi -- --
1 0 O 0|1]00]0|00|00|O0|O0]|O

O (0 N (& (U RWNV = O
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: (25%) § NNV

direct ) 9w nNN NVIVA (cache memory) PNIVN NIIT NN (5%) .N
:IWND (mapped
, TN PNNROVN PIDT DY TIY AWNNN
Cache- 12 9wy wN (IF/ID) Instruction Register-n yoynw nnyna e
.Cache miss 932 pnn) IF/ID 9009 9995 ;miss

T NOY .DTPNND YOV Taynw 15 viTv 'one»nn od-block-n 99010 Nn
M PRI L(ONX N2 501D P12 DOV NIN)  .OTPNNY DN0N NI XIN 12 2NN
NOYT

D»DY9N DTN 190N NN (virtual memory) NMYYTH NI NN (5%) .2
J20M PRI LOTPNNY 99NV NN DY NIDIND WITTY 310000
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DYYYIT NIDT DY DXV NND NN NTNDIV 9D TLB -N NN MY (7%) D
: ON (valid bit n 55) nd
.D>V11 32 N2 NN (virtual memory) NYTHN PIDTANIIND @
.00 31 NN YDN PN NIND
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NTIAYN MDY 919NYN NN NN IAVNNY 0vwpan Intel >o1nnn (8%) .1

HINNA M0N0 N0 NX Y19vN Branch Prediction 1 n 1 ox CPU Sv
DXIVONN D3 .NMININ MORYN DY MIYD POY 7o DWY  .OMNINK NV TN
: NN MNNN 79y ON

NINMN NP NTIPO NN NN MTIPO (1:5) wnpNO NNN @
(conditional branch)

NON 7291 0NN stalls pPxw M) stalls 12 XN P XSO NI PNND @
(23 RO wvinvn oyyany

MXaPNN 95% 2 1) wnan Branch Prediction Unit 1 Moown »a> e
.(Branches)

MYAPNN 95% -2 NI NWNIN NN IWNRD stalls 1 HINK N (4%) (a
1(stalls 1> NYYN > NTNNN HINK NNX NN NXII) NNMND

MNAPNIN 96% -2 NI NWNIN NN IWNRD stalls N HINX NN (2%) (b
NNMNN
MNAPIN 97% -2 NI NWNIN NN IWNRD stalls 1 HINK NN (2%) (c
NNMNN
PN X 20N
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